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PROCEEDIL NGS
8:00 a. m

COHON: My nane is Jerry Cohon. |'mthe Chairman of the
Nucl ear Waste Technical Review Board, and it's ny pleasure to
wel conme you to this second day of the Board's wi nter neeting.
We did the introductions of Board menbers and staff, as well
as our three visitors fromthe Swedi sh nucl ear waste program
W' re pleased to wel cone them back today as wel | .

Today we will devote the entire session to
presentations on and di scussion of the DOE's Viability
Assessnent for a Repository at Yucca Muntain.

In the 1997 Appropriations Act Congress directed
DCE to prepare a viability assessnent consisting of four
parts: A prelimnary design for the repository; a total
system performance assessnent, or TSPA, describing the
probabl e behavior of a repository in the Yucca Muntain
geologic setting; third part was a plan and a cost estimate
for the work required to submt a license application to the
NRC, and finally an estimate of the total cost of
constructing and operating the proposed repository.

The DCE has been hard at work these |ast two years,
to say the least, and the issued the viability assessnent in

Decenber, last nonth. As the viability assessnent states,
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its purpose is to--and this is a quote--"provi de Congress,
the President and the public with information on the progress
of the Yucca Mountain Site Characterization Project.

The assessnent also identifies the critical issues
that need to be addressed before a decision can be nmade by
the Secretary of Energy on whether to recommend the Yucca
Mountain site for a repository.”

The Board strongly supports the DOE in its position
that the viability assessnent is not tantanount to a site
suitability evaluation. It was not intended to be so, and
shoul d not be construed as an evaluation of suitability. The
VA is, however, the nost significant |landmark thus far in the
characterization and assessnent of the Yucca Mountain site.

| nmust say |'mvery pleased that we have such a
good turnout for this nmeeting because this neeting and this
day in particular promses to be an excellent opportunity to
get a conplete picture of the state of DOE' s understandi ng
of , and plans for Yucca Muntain.

W will start nonentarily with a presentation by
Lake Barrett, acting director of the DOE's Ofice of Gvilian
Radi oacti ve Waste Managenent. We're very pleased that M.
Barrett could take tinme fromhis busy schedule to initiate
this session and to give the Board his views of the viability
assessnent and any ot her aspect of the programas he feels

necessary. The Board as always is very appreciative of
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Lake's ongoing willingness to address the Board at its
neetings and to furnish us with this val uable insights.

Fol | owi ng Lake's comments we will have a series of
presentations structured around the Vol unes or sections of
the viability assessnent itself. So as to get as nuch as
possi bl e out of this neeting and out of these presentations
that are about to cone, we have asked the DOE speaker to
address the foll ow ng questions.

Every speaker after M. Barrett is to address these

guestions: Wat is the purpose of the section being
presented? How would you summari ze what the section says?
How robust are the concl usions and what are the
uncertainties? And what is the proper use of this material,
and what uses shoul d be avoi ded?

We al so asked sone additional questions geared to
particular Volunmes. | will show you these questions as |
conplete my Overview of the rest of the neeting

Steve Brocoum and Jerry King--not Rick Craun, it

changed fromthe schedule--will follow Lake Barrett with an

introduction to the viability assessnent in a presentation of
the all-inmportant Overview Volune. This Volune is so

i nportant because in reality it's probably the only part of
the viability assessnent that nost people will read.

W would like to know how this Overvi ew shoul d be

regarded and how it is linked in its concluding observations



© 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

175

to the other Volunes. Are there conclusions drawn that do
not appear elsewhere in the viability assessnent? Steve
Brocoumw || also tell us howthe DOE intends to get fromthe
assessnment to a possible site reconmendati on.

They will be followed by Tim Sullivan, who will be
presenting Volunme 1, Introduction and Site Characteristics.
The site characteristics section is a basic description of
Yucca Mountain and represents the DOE s accunul ated know edge
of the proposed site. W have specifically asked the DCE to
address the conpl eteness of the site description and how and
when any gaps will be filled.

The | ast presentation by DOE in the norning wll be
by Dan Kane, who will discuss Volune 2, Prelimnary Design
Concept for the Repository and Waste Package. In asking for
this prelimnary design concept, also called the Reference
Desi gn, Congress undoubtedly wanted to see a real plan for a
repository, not just an undifferentiated conceptual idea.

We have asked the DOE several specific questions:
How was the reference design arrived at? How, if at all, was
t he design constrained by 10 CFR Part 960 or other criteria
and standards? 1s all of the reference design based on
denonstrated technol ogy? What role does the reference design
pl ay, given the ongoing work on alternative designs?

After this presentation, and before [unch, we have

schedul ed the first of today's two public comrent periods.
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As | expl ained yesterday, individuals who would Iike to speak
shoul d sign the Public Comment Register with Linda Hatt in
the corner here near the door. W may have to limt the
anount of tinme each commenter is allowed, and |I'm sure you
all understand that. You've been very respectful of that in
the past, and we appreciate that.

Those of you who prefer not to speak or who have
nore extensive comments, can submt your questions or
comments in witing. And let ne reiterate from yesterday,
witten questions can--we will attenpt to ask those during
the course of the neeting itself and not wait until the
public conment period. So witing your questions gives you
another way to participate in the neeting.

After lunch, Abe Van Luik will address Vol une 3,
Total System Performance Assessnent, or TSPA-VA as it's
called. The TSPA-VA is the heart of the DOE s technical
assessnment of the proposed repository at Yucca Mountain. It
is a predictive conputational nodel, or in reality a set of
nodel s, that describes repository performance in the future.

The Board has heard prelimnary versions of the
TSPA- VA at our public neetings in April and June of | ast
year. W have asked the DOE several specific questions
relating to TSPA-VA: What assunptions and nodel s does the
DCE consi der conservative? Wat assunptions and nodel s does

t he DCE consi der nonconservative? Wat are the bases for the
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assunptions, for exanple, with respect to cladding credit and
saturated zone flow? What does the TSPA-VA tell us about the
exi stence and effectiveness of nmultiple barriers at the
proposed repository? What does the DOE consider valid uses
and potential m suses of the TSPA-VA?

This is a tall order, a lot of questions, and a set
of rather delicate issues. But we know that Abe is up to the
chal l enge and will address themw th his usual candor and
el oquence. That was a plug, Abe. | was told to say that.

Carol Hanlon will then discuss Volune 4, License
Application Plan and Costs. In many ways this is the nost
inmportant part of the viability assessnent, at |east for the
future, that is where the programgoes fromhere. This

Vol unme | ays out a rationale and plan for how the project wll

proceed fromthe viability assessnment to a site suitability
eval uation, a potential site recommendation, and a potenti al
I icense application.
We have asked sone specific questions for this
Vol unme's presentation as well. WIIl the DCE have a plan for
al l ocating performance, that is how various parts of the

repository systemcontribute to a neeting of the dose
standards? How have priorities changed from previ ous project
pl ans? How are these priorities affecting funding | evel s?
Anmong many specific issues, the Board also would like to hear

about the status and plans for long term corrosion studies
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and natural anal og studies.

The | ast specific presentation on the VAw Il be by
Rob Sweeney on Vol une 5, Cost to Construct and Operate the
Repository. This Volume responds to the |last of the four
conponents of VA mandat ed by Congress.

Russ Dyer, Director of the Yucca Muuntain Site
Characterization Project, if he's still successfully fighting
the flu by that time, will then sunmarize for the DOE
covering a nunber of topics, including the viability
assessnent, some recent Board reconmmendati ons, and proceeding
to a possible site reconmendati on.

The Board is aware that there is considerable
interest in hearing the Board's views on the viability
assessnment. We will be commenting formally and in witing at
a later date. Indeed the presentations and di scussions that
are about to take place wll provide inportant input to the
Board's eval uati on and deli berations about the docunent.

Al though it would be premature to coment in any
specific way, the Board does have an overall and prelimnary
i npression of the VA which | wll share with you at this
time. The conpletion and i ssuance of the viability
assessnment represent a major acconplishnment by the DOE and
its contractors. The Board is pleased to congratul ate them
on this achievenent.

The Board found the reports to be well witten and
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attractively presented. This is not a trivial matter,
especially in trying to communi cate such a | arge anount of
techni cal information about such a conplex project. The
Board believes that the VA is an inportant mlestone for the
Yucca Mountain Project. Most significantly the Board
observes the the VA proved to be the hoped-for nmechanismfor
achieving better integration of the program s many parall el
efforts in science and in the design aspects of the project.

As | noted earlier, the identification of the work
yet to be done for a determination of suitability is perhaps
the nost inportant part of the VA. The remai ning work
includes site research and design. Here the Board is pl eased
to note that the VA's priorities for the remaining work agree
in nost respects with the priorities identified and di scussed
in the Board' s report issued in Novenber 1998.

Finally, I wish to reiterate what the VA is not.
The viability assessnent is not a suitability eval uation.
The Board believes that the DOE has work hard to keep a clear
di stinction between viability and suitability. W support
DCE' s position and commend themfor their efforts in this
regard.

As | said earlier, the Board will issue a report
with nore detailed comments on the viability assessnent.
Until then we will offer no nore public coment on the VA

Now finally, just to go over ground rules for the
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rest of today, please let nme rem nd speakers that half of
their allotted tinme should be devoted--should be reserved for
guestions fromthe Board and others. As we did yesterday,
after each presentation we will ask Board nmenbers for their
guestions and comments. If tinme allows, | will then ask our
guests from Sweden if they have anything to add.

This will be foll owed by questions fromthe staff,
if any, and witten questions fromthe public, if any have
been submtted. Let ne rem nd you, nenbers of the public,
you wi Il have two chances to speak |ater today in our open
sessions at 11:30 and approxi mately 5:00 at the concl usi on of
t he neeting.

Wth that, it's time to get started; and again,
it's ny pleasure to wel cone Lake Barrett. Lake?

BARRETT: Thank you, Chairman Cohon. Menbers of the
Board, it's a pleasure to be here this norning to share with
you ny thoughts on the program As the Chairman has
menti oned, we've nmade substantial progress since | |ast
addressed this Board | ast June.

Most inportantly, as you know, the viability
assessnment was submtted to the Congress and the President by
the Secretary in Decenber. W will be presenting the details
as Dr. Cohon just described throughout the day.

We do believe this is a significant m|estone, and

we are pleased to be able to tell you about the progress that
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we've done. |I'd also like to express ny gratitude to the
Board, which their comments throughout the process over the
| ast several years has been hel pful to us in making the
viability assessnent the success that we believe it is.

The viability assessnent intention was to provide
all the parties with a better understand of the work that has
been done and the renmaining technical work necessary to
eval uate the site, to support a decision by the Secretary
whet her Yucca Mountain wll be suitable to recomend as the
nation's repository. That schedule, if the budgets support
that, will be in 2001.

Conmpl etion of the viability assessnent effectively
mar ks the m dpoint of our five-year plan to finish the site
characterization under the revised program approach. This
focused approach, along with the ongoi ng nmanagenent
i mprovenents, have trimed approximtely $2 billion fromthe
estimates that we had before that tine.

One thing | also would Iike to nmention, besides the
science and technol ogy that we've put into the viability
assessnent, we al so took considerable efforts to be sure that
it was available to everybody to be able to understand what
it is.

We spent a lot of energy and tinme to put all the
scientific reports on the Internet, also to put the viability

assessnment on the day of release on the Internet; and we've
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had trenmendous interest in that. W' ve had over 10,000 hits
a nonth on our web sites for that information.

So we did spend considerable effort and cost to get
that in basically the formats to make it as accessible as we
possi bly can, because it is a conplex conpilation of a |ot of
information. | was trying to touch on various aspects of the
program besi des the VA, because that you wll hear nore about
| at er.

In fiscal year '99 Congress appropriated $358
mllion for the program That was | ess than the President's
request of $380 million for '99. Wthin this anpbunt Congress
appropriated $5.5 mllion for the local counties and $250, 000
for oversight by the State of Nevada.

Congress also directed the programto further
reduce its managenent and adm ni strative support service
contractors by an additional 10 percent. Congress also
further directed that $4 mllion was to be used for the study
of accelerated transnutation of high |evel waste.

Specifically we are developing, with internationa
col | aboration, a road map to identify the benefits and issues
regarding the treatment of civilian spent nuclear fuel with
accel erator transnmutation technology. |[|ssues that we are
addressing are the technical feasibility of that concept,
time schedules, the capital and operating costs, and the

institutional challenges involved in such an endeavor.
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Al t hough the FY' 97-FY' 98 budget reductions have
made things difficult for us, we do believe that the fisca
1999 funding wll be adequate to continue inplenenting the
revi sed program approach, as we refined it in the viability
assessnent .

We plan to nmaintain our schedules to issue a draft
environmental inpact statenment this summer, and conpleting
the necessary site activities to support a decision for a
site recommendation to determne if the site is suitable for
recommendation in 2001. These budget constraints
unfortunately have caused us to defer work in the
transportation areas beyond that transportation work that is
in the DElIS.

Now turning on to sonme Washi ngtoni an
unpl easantness, litigation. As you are aware the Departnent
isinlitigation with over a hundred various different
agenci es and corporations in dozens of cases in Washi ngton
and al so in M nnesot a.

In 1996 the U. S. Court of Appeals for the D.C
Circuit held that the Departnment has an obligation to start
di sposi ng of nuclear spent fuel by no |ater than January 31,
1998. In 1997 the sane court held that the Departnent could
not excuse its delay as unavoi dabl e under the contract.

The court also held that contracts between the

Department and utilities provide a potentially adequate
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remedy for the Departnent's delay and therefore refused to
order the Departnent to renove the spent fuel fromreactor
Sites.

This ruling was appeal ed by both utilities and
state agencies, and the federal governnent, to the Suprene
Court. The utilities and state agencies asserted the court
shoul d order the Department to begin renoving spent fuel from
utility sites, and sought Suprene Court review of the ruling.

The federal governnent al so requested Suprenme Court
review of the portion of the ruling which prohibited the
Department from making a determnation that the delay in
renovi ng fuel was unavoi dable. On Novenber 30, 1998 the
Suprenme Court declined to accept either request for review,
and the appeals court ruling stands.

The Departnent will conply with the | ower court's
ruling and process any clainms presented to it under the
standard di sposal contract. To date 10 utilities have filed
clainms for nonetary damages in the Court of Federal Clains in

Washi ngton. The Departnent of Justice estimates these clains

could total as nuch as $8.5 billion.
On Septenber 16, 1998 oral argunments were held in
the lead cases in this series. As of |ast week no schedul es

have been established for hearing the cases. The results of
the litigation could severely inpact the funding and possibly

t he continuation of this program
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I n Novenber the Board--you have issued your report
to Congress and the Secretary providing your views regarding
the objectives and priorities for the site characterization
program This report discussed the key remaining scientific
and technical uncertainties related to the perfornmance of a
repository at Yucca Mountain.

We appreciate the Board's recognition of the
consi derabl e progress that we have nmade characteri zing the
Yucca Mountain site, and devel opi ng a conprehensive
repository safety strategy. W also appreciate the Board's
views on specific technical and scientific activities
undertaken by the programand its suggestions to inprove
t hose.

We are in the process of preparing a detailed
response to your report. |In advance of that, however, |
would like to briefly discuss our plans and how we are going
to address the suggestions in your report. Both your report
and our revised program approach explicitly recogni ze the
site characterization cannot resolve all uncertainties and
provi de absol ute proof of any repository performnce.

We agree that an acceptable | evel of uncertainty
for decision making is ultimately a policy question. CQur
experi ence has shown that significance of uncertainties, as
they relate to our understandi ng of natural and engi neered

processes, cannot be determned in the abstract. These
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uncertainties can only be nmeaningfully evaluated within the
context provided by a specific geologic setting, a coherent
repository design, and a conprehensive assessnment of its
performance through TSPA. Only then can we ascertain what an
accept abl e degree of uncertainty may be.

For the viability assessnent we assenbl ed
information collected in nore than 15 years of
characterization at the Yucca Mountain site, and our efforts
to put that into a workable repository concept and a
reasonabl e assessnent of its cost as well. Thi s process
illum nated several issues with uncertainties and inpacts to
repository performance. The plans we devel oped to address
and potentially reduce these uncertainties and provide the
underlying |l ogic for decision process were very inportant.

We | ook forward to receiving the Board' s views
today and in your future reports regarding the work plans
that we have laid out in the viability assessnent.

The work plan we have established for conpleting
t he characterization retains the basic tenets of our revised
program approach by seeki ng convergence of the technical work
and conpl etion of key mlestones. W have set forth an
i ntegrated approach that will produce conprehensive technical
docunentation to support a potential site recommendati on.

This body of information will enable policy makers

to evaluate both the suitability of the site and the
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significance of residual uncertainties to the national
deci si on on whether to proceed with designating the site and
t hen proceeding through a licensing case if that is
war r ant ed.

The Board's report highlights the need to continue
focused studies on both the natural and engineered barriers
to devel op a defense in depth repository design, and to
i ncrease the confidence in predictions of future repository
performance. Qur efforts to streamine the site

characterization programcentered on the inportance of the
information as it relates to the performance of the
repository. The logical evolution of this approach is to
identify the methods to reduce uncertainty in repository
performance and to al so devel op defense in depth.

In addition to providing estimtes of potenti al
does in the future froma repository, the total system
performance assessnents that we have prepared over the past
several years have also helped identify those areas where
uncertainty significantly affects repository perfornmance.
This information in turn supports the prioritization of
future activities.

As we proceed | expect that decisions on these
issues, and ultimately those in repository licensing, wll
center nore on the underlying confidence in our analyses than

on the absolute values that the anal yses produce.
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The Board's report also highlights the need to
investigate alternative waste package and repository designs,
i ncluding those that may provide benefits to repository
performance and to al so reduce uncertainty.

| agree that the repository design should not be
prematurely fixed, and potential design enhancements shoul d
not be foreclosed. Qur design approach bal ances the need to
mai ntai n a cohere working concept with the recognition that
such a design concept will invariably change over tine.

In response to suggestions by the Board our
contractor team has undertaki ng an eval uati on of design
alternatives. On Monday a panel of the Board received a
detailed briefing on that status. | hope those discussions
were hel pful so you could see the progress that we're making
in this area.

| believe it is essential that we conplete a fair,
unbi ased eval uation of alternatives wth insights gained from
the site characterization before we proceed with the evol ved
reference design for the site suitability activities and the
i cense application thereafter. The reference design is
envi sioned to continue to evolve through the site
recommendati on process, the licensing process and actually
into construction and operation.

| amclosely follow ng the eval uati on of these

design alternatives, and pleased with the questions and the



© 00 N oo o B~ w N P

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

189

di al ogue that is taking place in this process. It is very
healthy in our internal famly, and al so dial ogue |
under stand occurred between the Board and our team on Monday.
| am al so pl eased that the process has enabl ed us
to |l ook individually and collectively at the previously
identified design features with a new perspective. | urge
the Board and other interested parties to followthis
important activity. | believe it is inportant for the
program and interested parties to devel op a comon

under standing of the repository reference design for Yucca
Mount ai n.

Ceneral agreenent on the concept will ensure we
have considered the facts objectively and reached a sound
position for this point in the programis evolution. The
public interest deserves constructive input fromall the
know edgeabl e participants in the evolution of this design
pr ocess.

On several occasions over the past three years |
have di scussed wth you the status and our plans in the
program In those discussions | enphasized our focus on
conpleting the viability assessnment. Assenbling this
information into a coherent workable repository concept was a
signi ficant chall enge and acconplishnment for the program
t eam

| also noted that our plan called for substanti al
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effort in the viability assessnent to conplete the
characterization, continue our design evolution activities,
and to conplete site activities necessary to determ ne
suitability. W are now well into this post-viability
assessnent worKk.

One of the challenges that we have in this area is
to conplete our inplenentation of the nuclear quality
assurance requirenments of the Nucl ear Regul atory Comm ssi on.

Wirl d class science and state of the art science is
necessary but insufficient in Nuclear Regulatory Conm ssion
i censing proceedings. This is a nmeshing of cultures that we
need to do.

We faced this four years ago in the tunnel
construction where basically tunnel construction folks really
weren't in tune with Nucl ear Regul atory Conmm ssion
requi renents for quality assurance.

We successfully passed that and we now have a
challenge in front of us with our scientific comunity, nost
in the natural sciences area, that Nucl ear Regul atory
Comm ssi on requirenents for docunentation, traceability,
process control for evolution of codes and nodels is also a

requi renent that we nust work into the system So this is

going to be a major area that we are factoring into the
program that nust be done for a successful |icense
application.
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This year we plan to publish the draft
envi ronment al inpact statenment for Yucca Muuntain this
summer. In general the environnental inpact statenment will
descri be the environnmental inpact statenments of the Yucca
Mount ai n repository under a range of inplenenting
alternatives.

Fol |l owi ng the public hearing process and
consi deration of comrents as required by the National
Envi ronnmental Policy Act, we are scheduled to publish a final
envi ronnmental inpact statenent in the year 2000, provided we
have the necessary fiscal 2000 financial support from
Congr ess.

Shoul d the technical information assenbled by the
program i ndi cate that geol ogi c disposal at Yucca Muntain is
an environnental |y sound approach for the managenent of
radi oactive waste, we will conplete the evaluation of the
site and prepare the technical docunentation necessary to
support a secretarial decision and a recommendation to the
President in 2001 concerning the suitability of the site.

Shoul d the site be designed under |aw, we woul d
then proceed to submit a license application to the Nucl ear

Regul at ory Conmission in early 2002.

The viability assessnent clarified the remaining
work required and illum nated those technical issues that
shoul d be further addressed prior to determning suitability
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of the site. W are addressing those issues in an aggressive
manner and we have commenced work on assenbling the
information required to support national decisions for

geol ogi ¢ di sposal at Yucca Mountai n.

| would be pleased to try to answer any questions
that you may have at this tine.

COHON:  Thank you very much, Lake. That was a nice
presentation; very informative. Bullen, Board.

BULLEN:. Bul |l en, Board.

Lake, on Monday and Tuesday of this week we | earned
about enhanced design alternatives and we | earned about the
alternative design that may be carried forward. And in |ight
of the budget constraints that you see, is there a
possibility that nore than one design may be carried forward?

O are you going to have a tight enough budget that you'l
only be able to pick one and not be able to carry forward a
coupl e of designs that would be appropriate for further
consi deration?

BARRETT: Excellent question; difficult bal ancing that
we're trying to do here as we try to balance all the drivers
in the program The principles we have in the design is we
need a reference design and going to have a reference design.

We al so do not want to prematurely forecl ose other
consi derati ons.

Keeping in our approach as we shifted to the
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noni t ored geol ogi ¢ repository concept is maintain
flexibility, maintain reversibility throughout the process.
So we are bal anci ng now how much we can afford to carry in
design flexibilities as we go forward. W are striving to do
as nmuch as we reasonably can. | doubt we can carry multiple
desi gn concepts done equally all the way through the process.

So we're bal anci ng trenmendous needs throughout the

programto address natural science issues, to address issues
that are of inportance to many of the inportant parties, and
still do all the necessary things; and also to inprove our
processes and inplenentation on the quality assurance areas
as wel | .

So it's a challenge. | think the views of this

Board are hel pful to us as we go through this process. CQur

i ndependent repository consulting board gives us input, so we
are--you know, it is helpful as we go forward. And | really
don't know yet what we're going to be able to do. | think
how t he 2000 budget goes will also be inportant as we | ook on
mai ntai ning the schedules if we can.

COHON: | have a--Cohon, Board--1 have a coupl e of

questions, one related to Dan Bullen's question. First

t hough, on the budget, do you have a nunber yet from OVB for

FY20007?
BARRETT: Yes, | do, but in accordance with that 1948
Harry Truman nmeno, on Monday the President will roll out the
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budget and it's the President's budget and he will roll it
out. And we will followit up Monday afternoon.

So I"'mnot going to get out in front of the
President and Secretary. But | wll forecast that we wll be
consistent with the nunbers in the viability assessnent in
the President's request for the year 2000.

COHON:  Thank you. The question that's in the sane
spirit as Dan's but in a somewhat different direction, one of
the aspects of the programat this stage which really can't
be avoided is the need to do research that necessarily
ext ends consi derably beyond both suitability decision as
currently schedul ed and even a license application, and
perhaps quite a bit beyond that. | know you've given thought
to this and the programcontinues to work on it.

|'d be interested in your current thinking about
how sone of this m ght be handled; that is, if you' ve thought
about a waste enpl acenent schedul e that m ght be able to take
advant age of research that's ongoing as we di scover ever nore
about the nountai n.

BARRETT: As we prepare our work plans, once we get a
budget from Congress, we spend an awful | ot of managenent
energy trying to have a bal anced programthat addresses al
t he desires and needs but doesn't necessarily fulfill them
conpl etely, but does themall necessarily, for exanple,

engi neering, natural sciences.
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And those all have a timng conplenment to them
short term long term and you need to deal with the short
term fire drills and crises that we may have; but you al so
better be investing in the long termbecause that's the
crisis of tonorrow.

An exanple would be we spent a lot of tinme on |ong
termmaterials corrosion tests that we started at Livernore.

It is amnmltimllion dollar operation. W have--1 think you
may have been briefed on that--over 14,000 coupons that are
in place in these very carefully done, under full nuclear
qual ity assurance requirenents and docunentation, that are
going to go for many, many decades into the future. W have
invested in that. It's along terminvestnent, we think it
was the right investnment, and also dealing with the short
termitens.

We al so need to bal ance issues that | think you
probably di scussed on Monday about to what degree do we do
t he design alternatives and do we want to go forward, and
what we're going to go forward, how many can we carry
forward, and try to have a bal ance of all of these; and have

t he proper bal ance between the natural and the engineered,

and al so the Nye County drilling and bal ance all of these
t hi ngs.
And we are still straining under the success of
nom nal $30 million cuts that we received in '97 and '98. W
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committed virtually all our reserves at the tinme to do the
cross drift on an accel erated schedule. And there is not
much margin for us to do it. | nean Russ and | commt our
reserves nmuch too early in the year for confort, that we not
end up in an antideficient situation, and you' re never quite
sure at the end of the year what's going to happen between

t he Congress and the President budgets.

So we're trying to bal ance these things, and we try
to get what we consider the right bal ance between the | ong
termand also the short termas we go through this all the
time. So we're trying to get the bal ance. An exanple would
be in the quality assurance area.

We spent--1 w shed we'd nmaybe spent nore

historically on the nuclear culture in the scientific

community on inplementing the quality assurance requirenents
down on the deck plates or in the |aboratory, | guess |
should say in this case. But we also needed to get the

viability assessnment out and have that integrated and have
appropriate substanti ated cost estimtes and ot hers.

So it's a constant struggle for us for this bal ance
as we go forward, and it's very difficult; and it ends up
that if all the various segnments are equally dissatisfied, I
feel we're probably about close; because |I've used the
analogy, it's like a chain with a lot of links init, and we

hold up a very heavy | oad, and you don't want to have one
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link very big and the other link smaller because the weakest
link is the one that snaps.

So we constantly are evaluating that each link is
at the right strength relative to the whol e program working
within the constraints that are severe constraints that we
get fromthe budgetary situation

COHON: Ot her questions from nenbers of the Board?

Debra Knopman?

KNOPMAN:  Knoprman, Board. Lake, 1'd be interested in
hearing your views about |essons |earned froma managenent
perspective on howto integrate |large anmounts of scientific
information with the engi neering design, and then the
mechani cs of assenbling VA as you did; if this may turn out
to be a dry run of a |icense application.

And |' m wondering what things came up in the course
of this process that you'd do differently, or that you found
nore difficult than you anticipated, or easier? Just what
did you learn fromhaving to go through this nmanagenent
exercise?

BARRETT: There was nothing easier. | expected it to be
hell, and it was. But it's like steel. | nmean you beat it
up and it gets stronger as it goes, as you forge it. | think
some key things are everybody needed to have their eye on the
goal for the programfor the nation. There would be a fair

objective evaluation to this; we weren't rushing to anything;
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there were no--it was appropriately bal anced as what we were
trying to do.

Everyone--and | think did--on a teamrespected
ot her people's views on this thing, and we forced the
practicing of covey skills, listen, add Iight not heat--those
kinds of--it was a teamtype of thing sort of like the
hal fti me coach giving a speech in a football gane kind of
thing. Don't get--stay in the mddle and |listen and act
right for the nation on what you're trying to do, and let the
chips fall where they may from a science and engi neering
poi nt of view.

Communi cations was another critical thing, that the
| eft hand had to constantly know what the right hand was
t hi nking as you went forward. Traceability and don't
overreach. W constantly were tenpted in the technical areas
in science, well if | could only put in this next iteration
of the nodel or this next piece of science, it'll make a
difference. And this is constantly dynam cally changing al
the tinme.

And you don't want to use the word--1 hate the word
"we've got to freeze that" nonths before. But you had to
basi cally kind of blow the whistle and say "That's--for now
we'll do that later."

It's very hard to take basically thoroughbreds on

the teamwho want to go that extra little bit, but that extra
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l[ittle bit can be out of synch with one of your coll eagues.
And that is very detrinental to the process, because the
wor st thing people would say, "If on page 325 of Vol une 2
di sagrees with page 400 in Volunme 1, that wll be pointed
out.” And you will be penny w se and dollar foolish.

So coordination--we had weekly neetings, we put
managenent schenes in place, we had--Steve Brocoumran a
group, | ran a group, the contractors had groups that went
t hrough these many tines. W had to be able to withstand the
changes in enphasis as we received feedback and in put from
parties beyond the program

The Board clearly, the Secretary instituted revi ews
of his own, other parties--the Nucl ear Regul atory Comm ssion
and the issues that were inportant to those groups were
naturally inportant to us, and as those would change a little
bit, or change in intensity with the function of tine, we had
to respond; but we had to make sure the team stayed
relatively--no big sw ngs--but change when you need to change
but bend when you need to bend; but keep your principles and
keep the basic tenets there.

So it was a constant thing that we had to all be
darn near hundred percent focused on to steer it, manage it
to withstand the forces that forced us sonetinmes to the left,
sonetines to the right, sonetines faster, sonetinmes slower,

to keep it on a steady keel with your guiding star being that
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we are public servants, we are trying to do an accurate fair
portrayal of the situation for the policy nmakers and deci sion
makers--not a decision in itself to not.

So that was some of the lessons that | personally
got fromit, and | was just so pleased that the team the
contractor and DOE team w t hst ood the pressures and w thstood
some very difficult internal neetings and canme through with a
product that we're all proud of.

And we do appreciate the recognition that the Board
has given us in the neeting that you had with the Secretary
and Chairman on behal f of the Board, and the Board comments
t hat have been nade.

COHON: Dan Bul | en.

BULLEN: Bullen, Board. Lake, you nentioned potenti al
l[itigation or the litigation that is underway, and it may
threaten the actual existence of the program

| was just wondering if you had done sort of the
scenario analysis of the "what-ifs"; that what if the
[itigation goes one way or the other. How w Il or how do you
foresee--and | know |I'm asking you to look in a crystal
bal | --how do you foresee the program continuing, or do you
actually see its conpl ete dem se?

BARRETT: All those things are possible. W just don't
know what is all going to happen. These are very conplicated

things. W' re going places where Suprene Court rulings wll
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tell us and votes in Congress and the President will tell us,
and we don't know. The whole range of things are there from
continuing as sort of normal to substantial huge changes; and
they're all there, and I don't know what is going to happen.
We on the teamare going to continue doing the
scientific technical work to evaluate the situation at Yucca
Mountain--is it suitable to be reconmmended or not--and try to
withstand that. | try to isolate the Yucca Muuntain fol ks
fromthis stuff back east. But it does take up nore of ny

personal tinme in sworn declarations under penalty of perjury
before courts than 1'd rather have to do.

COHON:  Priscilla Nel son.

NELSON: Nel son, Board. | want to tell you that the
Board neeting on Monday was very interesting, and our
participation as observers at the tremendously intensive
wor kshops that were held earlier this nonth was wonderful to
be able to hear the discussion--lots of good ideas com ng
out. And we realize that many of these ideas, alternative
concepts have received attention before now on the project.
And sone are being treated newWy or again in a different
light now It's very exciting.

| believe it's fair to state that the people who
attended, the Board nenbers who attended the neeting however
were extrenely concerned about the possibility of not having

enough tinme, or having schedule really Iimted the good work
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t hat woul d be possible as an outcone of this exercise.

So the question | have for you is how-is there
flexibility in the schedul e where additional tinme can be nade
for seeing this process through as fully as it mght go and
beconme fully devel oped as alternative concepts?

BARRETT: Yes. Now this gets into a question fromthe
chairman, and al so on | essons |earned fromthe viability
assessnent. If you're going to manage a conpl ex programlike
this, sone of the Managenent 101 principles kind of go down
into this.

First of all you need to have a reference schedul e
that you are working toward, and you start backing out from
maj or things like site suitability evaluation, and you start
backi ng up what you need to do where; and we have 4000 node
schedul e that we nmanage this to.

And you start backing up and you start finding the
design is that we would really like to have the conceptua
design | ocked down and very clear, and only that one itemin
May of '99--let nme take an exanple. So you start this back
say a year ago when we started this, and we said "Go forth
and try to do this and do an appropriate evaluation of this
that's fair, unbiased and conpl ete enough for where we are in
this program™

Now once you start that, as you w tness sone of

that, this programhas a lot of creative minds to it and al
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ki nds of neat things come out of that. Now if you |et that
go unrestrained it will go on forever and ever and ever and
never come to closure.

Now you can't say you have one week to go do this
and it's over and I want the final report. So you start off
and give what is a reasonable tine that you think you have,
and we had a goal and a m | estone of My.

Now t hey are working, as you saw, very vigorously
under those constraints. Now we're going to see--we
constantly watch this, and we've done this--we wll extend
that if it needs to be extended, but only in the bal ance of
| ooking at every link in the chain and everything el se where
we are. So--and we're going to see where that is.

If it's necessary to do, we'll do that, and we have
wor k- arounds and adj ustnments and how many we carry and this
all fits together in the entire programand how we bal ance

this. An exanple is that would be nore work, nore noney,

nore tinme.

| don't knowif we're going to talk about it today,
but I mean I"'mstill struggling on trying to put in sonme of
t he al coves and do sone of the science in the cross drift

that you and I would |ike to do, that |1've had to defer; and
some of that is deferred out into 2001 that | really wish it
wasn't, so we're trying to bring sone of that in, trying to

support the Nye County drilling and all those other things.
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So we've got to balance this thing, and we're not
going to prematurely close this and we're not going to let it
run on unnecessarily long and start to affect other parts.
This is |ike porridge tenperature--not too hot, not too cold;
just right.

We're going to look a little closer to May and see
where we are. Russ and | and Steve are watching it closely,
and we will extend it if it needs to be extended, it should
be extended, and we won't if it shouldn't. And | don't know
what that's going to be.

We're going to see what kind of progress they nake,

but we do hold--we don't tell people now, "Ch, yes, you're

going to get an extension" because | just know automatically
what happens, from Managenent 101. The work will imredi ately
expand to fill whatever tinme Russ and | set.

NELSON: | was wondering, we've had so many anal ogi es
over the past couple days, and porridge is a new one.

BARRETT: One of ny favorites.

NELSON: Do you have--is there a project anal ogi st who--

BARRETT: That's about Col dil ocks and Three Bears.

COHON: We have a question fromDr. Forsling fromthe
Swedi sh National Council for Nucl ear Waste Managenent.

FORSLING I'malso very inpressed by this docunent,
viability assessnment docunent, and al so yesterday and today

we |istened a | ot about different activities going onin this
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area. Actually I"'minterested--1 think all this activity
nmust be part of a big master plan, original master plan, and
I"minterested in who has nade this master plan fromthe
begi nning? And in what way has it been worked out?

BARRETT: We'd all like to knowthat. It's kind of like
t heol ogi cal activity, to say it was all nade above and it was
all preordained. But | don't think it was.

Basically the Congress in '82 set out after nuch

t hought and debate over the '70's and early '80s on a path
forward policies basically forned by intergenerational
ethics, the generation that made this stuff should not pass
it on wth an unknown consequence to the future. W should
start to work on that. And then it was adjusted by the
envi ronment around us. And so there's been changes, and in a
denocracy it conmes through basically statute changes, and

al so envi ronnent.

"1l tell you sonmething that | think is in play
today, and we'll be changing things and you will see it
ri ppl e down here, is good things happened in the world in the

|ate '80s and '90s, and that was the end of the Cold War.
And the global situation on global nuclear materials
managenent including donmestic in this country about what
we' re doing, and what's going on in nonproliferation.

The Secretary announced that we're having a

conference this fall here in Las Vegas on gl obal nucl ear
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mat eri al s managenent and repository technol ogies, which are
quite intertwi ned. What goes on in the United States, what
goes on in the North Korea negotiations, in the fornmer Soviet
Uni on, you know, Russian submarine fuel, and litigation and
all sorts of issues.

As we, the world--and the world gets smaller every
year--wrestle with responsi bl e managenent of materials that
we' ve al ready made and continue to nmake, and how this al
fits in, in global risk, in this smaller information age

worl d where there, as the Secretary said on national

tel evision here not too |long ago--1 nean there are risks
involved that are real and they're now. And this plays a
role in that as we in the United States who basically in

Wrld War Il started this, is to that we continue to
responsi bly manage this.
So these forces work, and what they do is they
ri ppl e on down into budget decisions which are very inportant
here as to we do nore of this, nore of that, and how nuch of
this, to what conpl eteness, because everything in a
scientific endeavor like this is never done conpletely to
everybody's satisfaction. And you have to have a bal ance.
So the basic policies are there in the |law, and
then we get buffeted by these hurricane force winds, it
seens, that flow fromdifferent angles, and we try to keep a

conmon course, doing basically the right environnental
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t hi ngs, | ook back to our mssion plan for responsible
managenent of this material for the future, and bal ance the
crises of the day, but not |ose sight of what it's about;
that we are an environnental programtrying to inplenent our
responsi bilities for responsi bl e managenent of what this
soci ety has nade in the gl obal schene of things.

So then we try to articulate it as clearly as we
can, realizing that we have an audi ence that reads the VA
from basi c people at honme watching tel evision to em nent
scientists that get down into detail. So it's a fine bal ance
that we try to do as the forces work upon us.

COHON: CGoing to conclude this with two questions
submtted fromthe audience. W're a little bit over tine,
and these are brief and to the point, and | think you can
deal wth them quickly. They' re also relevant.

One is fromSally Devlin, who nmade the point
yest erday, Lake, when you weren't here, that she and others,
especially in the communities near Yucca Muntain don't have
access to the Wb yet. So that conmunication for themis
nmore difficult.

So the question--two questions really--is what can
DCE do to make conmuni cation better for people who do not
have access to the Wb, and maybe find it difficult also to
get the Federal Register; and in particular, what can be done

to make this ongoing LADS alternative design process nore
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accessible to the public?

BARRETT: Ckay, we still have the good ol d fashioned 800
phone nunber that--sonme places don't have phones--nost have
t el ephones. Call that nunmber and we'll send any of the
information that's on the Web to you. Sally can have a copy
of the viability assessnment if she would like to carry it
honme. So we still have that.

You can wite. W respond a lot of tinmes in

witing, sending things to anybody--anything that's on the
Web we'll give you hard copies. So that's what we can do,

and we have the reading roomin Pahrunp.

Now | realize Pahrunmp is not Amargosa Valley, and
Beatty--and we have a reading room-1 believe we still do.
And we have an office in Beatty, and we're going to having

sonme update neetings up that way com ng up in the next couple
of nonths throughout the state.

So | nean there are other good things, so those
nmet hods still exist for those that don't have access to the
Wéb.

COHON:  Last question, also fromthe audi ence though
don't know who submitted it. How many of the advanced
designs that are now being considered will be addressed and
included in the EIS?

BARRETT: Basically the EISwll--there's an infinite

nunber of pernutations and conbi nati ons of various design
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features. The EIS under the NEPA rules basically will bound
t hese.
| believe what we have in the EIS are basically
three that will adequately bound the range of--because |
think the design alternatives are 26 various, and then there
are--we call that froma broader set.
So the EIS will basically have three that wll
basi cal |y bound the considerations that we have in the design
wor k, and the design engineers and the EIS team are cl osely
coupled. The EIS teamis using the best avail able
information to bound it.
COHON:  Thank you very nuch, Lake; and thank you again
for taking your time to be with us.
BARRETT: Okay, thank you.
COHON:  CQur next presentation and the first one on the
VA specifically will be by Steve Brocoum and Jerry King.
Steve, as you know, is fromDOE;, Jerry King is assistant vice
president, SAIC, and they are viability assessnent nanagenent
for the Yucca Mountain project.
St eve Brocoum
BROCOUM  Assune this is on?
COHON: It is.
BROCOUM M role here today is to introduce the
viability assessnment and begin the transition of the

viability assessnents to the continuation of the program



© 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

210

culmnating if we get that far at site recommendation and a
I icense application.

Russ Dyer at the end of the day will also build on
what | started, how we're noving on beyond the viability
assessnent .

kay, so I'mtal king about the viability assessnent
and the transition to site recommendation, title of ny talk;
so |l will talk about the viability assessnent and its
contents in Overview fashion, about the availability of

viability assessnent.

| will then give an introduction to the planning
we're doing for site recoomendation. | wll talk about the
content of the site recommendation, the major products for

fiscal year '99, and I will close with overall program
schedul e.

The Congress directed the Departnment of Energy in
t he Energy Appropriations Act of '97 to prepare a report in
'98 to assess the feasibility of devel oping a repository at
Yucca Mountain. The viability assessnent provides that
information on the progress of site characterization through
| would say fiscal year '97, and identifies the key issues
that must be addressed before we can proceed with the site
reconmendati on.

The viability assessnent is conposed of an Overvi ew

and five Vol unes. In the back of the room we have the
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Overview for those that have not picked it up yet. The
Overvi ew contains a CD ROM whi ch contains the whole viability
assessnment, so in a sense if you get the Overview you have
the whole viability assessnent. The Overview was witten for
t he general reader, and Jerry King will go through the
Overview in the next presentation.

Volunme 1 is an introduction and a summary
description of the Yucca Muuntain site, and Ken Sullivan w ||
go through that. Volunme 2 is a description of our
prelimnary repository and waste package design concept, the
viability assessnent design concept, that will performin
concert with the natural systemto protect public health and
safety. Dan Kane will talk about that Vol une.

Volunme 3 is a total system perfornmance assessnent
of this design, and of the national systemwas we understand
it today. And Abe Van Luik wll talk about that. Volune 4
is the plan for conpleting the necessary work to eval uate the
suitability of a site and to prepare a defensible |icense
application if the site recomendati on proceeds. Carol
Hanlon will talk about that.

Finally, Volume 5 is is an estimate of the costs to
construct and operate the repository in accordance with the
desi gn concept we have in the viability assessnment. And Rob
Sweeney fromthe MO will tal k about that.

We have all but 300 references and supporting
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docunents today avail able on the Internet.

We've shown this diagrambefore. W call it the
bookcase. The top layer of the bookcase is the viability
assessnment itself. It is supported by technical docunents
such as the site description and process nodel reports.
There's various design anal yses, the technical basis report--
t hat bi g 3000- page docunent that supported the VA the
repository safety strategy, and other technical records.

Total systemlife cycle costs, fee adequacy report
--all these docunents in green are now on the Internet.
Copi es may be obtained by either going to that Internet URL
address shown here, or by calling the Yucca Mountain office
at 1-800-225-6972.

The VA was transmtted to Congress on Decenber 18,
1998 and was nmade available to the public in paper form on
CD ROM and on the Internet all at the same tinme. Supporting
docunentation was also put on the Internet. Hypertext |inks
fromthe VA to the actual references are in the process of
bei ng prepared and they will available by the end of January.

Checking with Caudia here to get an affirmation of that.
That's just a few days away.

One can go to our home page. That's the Yucca
Mount ai n honme page, click on What's New Here and get into the
docunent assessnent.

Just again to show you the public interest, | have
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some updates to this. These are the hits we got on the
docunent assessnent over--through January 5, overall, and
then by Vol unme in Overview.

And |'ve got a couple of updates here. Since
between the 5th and the 26th we've had 1,948 nore hits
overall, we've had 216 additional hits on Volune 1, 239
additional hits on Volune 2, 299 hits on Volunme 3, 114 hits
on Volume 4, 147 hits on Volune 5; and another 437 on the
Overview-those in addition to what this histogram shows.

So that was on the Internet. This viewgraph is the
800 nunber. You can see overall about 400 or 500. Since the
5th--since the 1st because there's a blank here--we've had
about 162 additional requests for the Overview and 172

additional requests for Volumes 1 through 5. G ves you an

idea of the type of interest there is in the viability
assessment .

The viability assessnment is out in the sense it's
history. It's a point intine. So the rest of ny talk is
basi cally now, how do we now transition from having done a

viability assessnment to nove on.

Site recommendation--we're preparing a work plan
for acquiring the necessary information to evaluate the
suitability of a site and to prepare, as | said earlier
defensible LA, assumng we get to a site reconmendati on

We have a conprehensi ve--soneone asked before about
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how all this was planned. WlIl| we do have a conprehensive
multi-year plan that is consistent with Volune 4, and that's
the plan we update every year as we go into each new year to
do our work.

We are currently conducting detailed planning on
the site recomrendati on and conpany reports, and we are
prepared an outline of the site recomendati on, which
believe is comng out in March of '99. So fromthat outline
could tell exactly what our site recomendation will | ook
like.

This is just a kind of a sunmary chart of a flow of
work in the project. W have site characterization and site

testing work, we have design work, we have TSPA work; and the
all feed the EIS and site recommendation, and things |ike
site testing, fluids or drift-scale heater test, unsaturated
zone flow and transport tests, saturated zone, rock
mechani cs, cross drift tests.
Desi gn, of course, the LADS effort, study EBS
mat eri al, devel oping the design for the SR and so on. The
site information feeds the design, both of themfeed update
in the process nodels, updated process nodels feed the TSPA
We have to address peer review in oversight
comments we get. W have to incorporated updated nodel s and
do anal yses, create updated versions of the TSPA, the EIS,

which is comng out at 8/ 00--that's the final one--and the
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site recommendation in 7/01.

|"mgoing to try--1 don't usually do it--a two
projector thing for a few mnutes here. |1'magoing to | eave
that on as we talk. This triangle kind of shows you the
whol e site recommendati on docunentation structure that we
envision today. This is the site characterization program
these are the nore detail ed docunents.

There will be four Volumes which I'Il go through in
ny viewgraphs. There wll be an Overview, a reconmmendation
fromthe Secretary to the President, probably fromthe
President to Congress.

Now, next viewgraph on the machine there, we wll
have four Volunes. The first Volume will be a summary of the
technical information required by the Act itself. The Act
requires a description of the proposed repository design.
These are the sections of the Act: description of the
proposed waste form and the packagi ng, and the data obtained
in site characterization related to safety of the site.

Volume 2 will contain our conpliance analysis with
respect to our siting guidelines, based on our TSPA for site
recommendation. That represents our |ower case suit
suitability anal ysis.

Volume 3 will contain other information required by
Section 113 of the Nuclear Waste Policy Act. Those are the

views and comments of the governor and | egislature of any
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state or affected Indian tribe, together with the Secretary's
response; any other information the Secretary m ght consider
appropriate; and any inpact report submtted under Section
116 by the State of Nevada.

Vol ume 4--fourth Vol une site recomendation will
contain the NRC s prelimnary coments on the sufficiency of
site characterization. The NRCis required to provide those
comments. The final EIS will acconpany the site

r econmmendati on.

Vol unes 1 and 2--go back a slide--Volunes 1 and 2
will be issued in our current planning in draft formin the
fall of 2000 as we go into our hearing process. So that wll

consider the informati on we prepare required by the Act and
the information we prepare relating to how we neet our
gui del i nes.

Next viewgraph. Volunes 3 and 4, we don't have
that information at that time, so that conmes in |ater

Next viewgraph. This is just an overall mlestone
chart for the project, and we nmention the integration, we
were able to achieve with the site recommendation. | just
want to rem nd the audience that integration requires
constant vigil ance.

Last night | was reviewing ny talk at 10:00 | ast
night and | noticed that this chart, the dates on this chart

were not consistent with the dates on the next chart.
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pi cked up the phone at 10:00 to call our technical support
contractor, and they sent people into the office to update
this chart overnight and get it on that projector.

Unfortunately they were not able to update the CD
ROM t hat we prepared for the Board that has all the
presentations, so this chart has sonewhat different dates in
the CD ROM It's the sanme chart. | just wanted to give you
an exanple of integration. It's always a chall enge.

If we go down the chart we're going to publish the
draft notice of availability, DEIS in July of '99. In blue
are the design things. W're going to have the SR design and
any options or nmultiple designs in May of '99. W talked a
| ot about that yesterday.

Feeds from design to TSPA go in about 6/00 and
the--1 don't want to call it the final design--but the SR
design is in a sense locked in in 8 00. Renenber we're going
into hearings at the end of the year.

In July of this year we'll have the nmethodol ogy and
assunptions for the TSPA SR. W'Il| have various info feeds
in October of this year. W'Ill have the first rev of the
TSPA-SR in Septenber of '00 and we'll revise it one tine
before the site reconmmendati on goes out.

W can't go to site recomendati on w thout our
gui delines. On our current baseline we have conpl eting our

guidelines in June of this year. |If you have any questions
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on that I"'mgoing to defer those to Lake.

In our current planning we would go into the
consi deration hearings around Novenber of '00. At that point
we will have released Volunes 1 and 2 in draft form So
that's what this next bullet is here. W wll conplete those
consi deration hearings in Decenber and January, conplete our
comment period in January; we will notify--the Act requires--
the state of our intent to proceed in April 'O01.

We hope to receive our sufficiency comments from
the NRCin May of '01; we will conplete any revisions to the
SR based on all these inputs and hearings and public
comments, submt the SRto the President in July of 'OLl.

That is the overall current planning, actual baseline
schedul e for the project.

Next viewgraph. This is somewhat a nore detailed
chart. This chart and the previous one did not agree on
dates, and that's why | had to | ast night make that phone
call and make people go to work overnight.

The top line, for those that are interested in the
actual steps in the process, are all the steps in the SR
process. The different colors are just whether it's a
project level, a programlevel--project level in green, a
programlevel in red, or Secretarial level in yellow

The bottomline of the key are techni cal

mlestones. The mddle line has to do with EIS. This is
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consistent, but has a few nore--little nore detail. Next
vi ewgr aph.

Qur major products this year: we issued the VAin
Decenber of this year. That's one of the major products. W
will conplete an annotated outline for the site
recomrendation in March of '99.

W will conplete our design alternatives activity
and select the SR design concept and any options in My of
'99, hoping to conplete the rule making in June of '99,
publish a notice of availability for draft environnental
i npact schedule in July; and thinking al so ahead to the LA,
we will have a working draft LA in August of '99. That's
really a detailed skeleton of the LA not a conplete LA

Next viewgraph. So in summary, already ny
t hi nking, since I'mresponsible for nost the things | showed
you in previous pages, |'mbeyond VA right now. |'mthinking
ahead as the products are com ng out ahead.

So we're shifting fromfocusing on the VA to
focusing on the EIS--obviously a big issue this year with the

July date just around the corner--and the SR and we are

finalizing a plan that will | hope provide sufficient
information for defensible evaluation of the suitability in
2001, and if suitable, recommend to the President that DOE

proceed with submtting a |icense application to the NRC for

construction of a geologic repository.
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Any questions at this point?

COHON: Hang on one second. Should we entertain
guesti ons now?

BROCOUM  Yeah, now what we do is we go into each
Vol une.

COHON:  Priscilla Nel son.

NELSON: Nel son, Board. On slide 12, is there a chance
that you mght pull that up? You have a one-way arrow goi ng
fromsite testing down to continued design, and this may be a
m nor point, but it's sort of inportant to ne.

BROCOUM | know it is.

NELSON: | can see a real opportunity for sone of the
design alternatives to actually perhaps give sone feedback
into the site testing program and wonder if there m ght be
consideration to maki ng that arrow two-headed?

BROCOUM MW mind recalls, and | think you' ve asked ne
t hat once before.

NELSON:  Maybe.

BROCOUM You're correct. There has to al so be feedback
fromdesign to site testing, because as the design
alternatives are evaluated and we start to focus on design
concept, we get a set of requirenents, if you like, on the--
one case, on different barriers, including natural ones, that
will have to conform

So you're correct, there should be--1 will nake a
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note to correct that in future charts, that there is a
f eedback fromdesign to site program

NELSON: Right, that canme up in sonme of the figures of
t he panel neeting on Monday as well, that sense of the
f eedback.

COHON:  Dan Bul | en.

BULLEN: Bullen, Board. Actually along this sane
diagram if you conpare the feeds that you have from
continued design and continued testing and conducting a
| aboratory and data gathering efforts, but then you go | ook
at your tineline that basically says--and |I'm quoting the
date here--10/29/99 you have the conplete information feeds
from sci ence and design to TSPA.

So basically that's the end point? |Instead of
having information feeds are you going to have to--

BROCOUM That's not an end point, but PA--the PA people

are at the very top of the pyramd, and certainly in doing PA

t hat becanme very apparent. The PA peopl e depend on
engi neering, they depend on science to do their PAs. They
have to get sone input to be able to proceed, and they have
to get input.

Now i nformation continues to cone in. If it's

consistent with the previous information | think we're okay;

but if there's sonmething new you ve got to go back and have a

f eedback |l oop to do that. And we're very well aware of that.
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In fact that happened often in the VA

BULLEN: Ckay, | wanted to reiterate that Lake nentioned
t hat you have to kind of hold back the pal om nos here, and
anot her anal ogy | know-1'm sorry about that--but it
i ndi cates here, | want to make sure that you have conti nued
input all the way up until sort of the bloody end there, that
if you get new data it's incorporated into your nodels and
that you can--

BROCOUM  Yes.

BULLEN: --provide nore justification for the technica
bases for a decision at 7/01, which is your site
reconmendati on.

BROCOUM  Just as an exanple, our actual final draft of
t he VA was conpl ete on August 28, and we were incorporating
new i nformation right through I would say early August. In
the Overview itself we were incorporating it--which is a nore
general thing--information right alnost to the tinme of
publication. So we were able to do that in this case, so |
see no reason we won't be able to do that in the future here.

COHON:  Debra Knopman.

KNOPMAN:  Knoprman, Board. [|'mwondering in the spirit
of integration if you were able to line up your planned najor
m | estones schedul e with what John G eeves showed us
yest erday about the NRC schedul e; and wondering if the NRC

dates jive wth what you' ve got. It seens like it's alittle
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bit out of synch or phase, just froma quick glance.

BROCOUM  They should jive. 1Is John here--the NRC here?
They should jive. | nean their work--

GREEVES: The SR date is the one | focused on, the
Iicense application date is the one | focused on; and in our
arena, having a standard in place so that they have a target

to design to, to do a performance assessnent to, those are

the key dates, and |I think they do jive. | just got this
chart. | will look at it and the next tinme |I'm back they
wWill--if they are not consistent I'll explain to Steve why

t hey shoul d be.

KNOPMAN:  Ckay, it seens a few things off by a few
nmont hs, and things are tight enough that you m ght want to
tal k about that.

COHON: Richard Parizek

PARI ZEK: Pari zek, Board. |'m/looking at that sane
plan, major mlestones, and | see all of the boxes that have
been drawn in there. To what extent do the worker bees have
to kind of provide information to neet those deadlines, have
input into this?

| mean if you'd ask me "well | want to have that

yellow star by that date,” and then I'"'mout in the field
trying to collect data, there's "no way | can deliver this
stuff,” so you really put a |lot of pressure on the people.

The VA nust have been very demandi ng on science and
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engi neering staff who woul d have ot herw se been out | earning
nore about the Mountain. You had to gather themall in and
say "help us with this task."
So these checks really dry the system and in an
actual programwe put that red star on the bottom floating.
They let that thing float. Maybe you want to rem nd us, can
that red star float or is that fixed--and who fixed it--
because this conpresses the whol e process; and then we worry
about adequacy of the data and can you get it all in the tine
avai | abl e, and how nmuch staff tine is commtted to each of
t hese boxes and stars.
BROCOUM Let nme talk fromthe VA and I'll nove to this.
In the VA there was a | ot of pressure; in other words a | ot
of pressure fromLake to Russ and from Russ to ne, and from
me to the people that did the work. But we had what we
called the VAIG VA integration, which consisted of
representatives fromall parties--MQO, various parts of MO
and DOE, and technical support contractor.
So we net once or twi ce a week, and we addressed
t hese kinds of things in real time. |f sonebody said "I need
anot her week" to do something and they convinced us, we gave
t hem anot her week; and we took it el sewhere.
In the license application design effort we're
doing the sane thing. W have forned an LADSI G which has

nmet twice so far and is going to go as we do the LA MW
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guess is we will set up sonme kind of an organi zati onal
structure simlar as we go on the SR
In the planning we bring all the parties together,
we debate these, we argue these things. It's done in an
overall spirit of cooperation. |It's never, | would say, done
in the sense "You've got to be here July 1st," boom end of
argunent, okay? It's always in the spirit of cooperation,
and | say in nost cases the parties on both sides agree.
There are sone tines they don't and we elevate it

in managenent. It's |ike any--what happens in probably any
organi zation. As much as we can we try to get buy-in from
the people that are feeding the information, so they can get
it done. But yes, there is a lot of pressure. [It's not--

PARI ZEK: But the VA star deadline is set. That star
down there, deadline is set--

BROCOUM  Yes.

PARI ZEK: --environnmental inpact statenent--

BROCOUM  But - -

PARI ZEK: --sonme of these are pretty much--

BROCOUM --as we're going through this--say | cone in

with "It's inpossible to neet,” or "we can't do it," ny first

thing is to go Russ, and say "Russ, we can't neet it." He's
going to of course want to know why. | just can't say "we
can't neet it," and he's going to just change it.

W' || have a big debate and we'll go to Lake.
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That's how it works in the real world. But we will try to
figure out a way to neet that anyway, before we ask for
relief. That's in a sense our |ast option, not our first
one.

COHON:  Colin--on, |I'msorry, Lake.

BARRETT: Barrett, DOE. 3/02 date, the way those--we
did those dates, and the process we used sort of as foll ows.
We ended up--we started off back in '94. That used to be
9/01 1 believe it was in "94 in the very first program pl ans.

The way we did that is we got basically Steve and
basi cally the high conmand in the room-the science people
t here, the engineering people there, senior ones--went
t hrough and said "Wat | ooks |ike a reasonable plan
achi evabl e, given budget scenarios.” W cane up with the
best, and then we said go back to the troops and do the
pl anni ng exercises with those as targets to see how this
wor ks.

Sonme of those dates in the very first phase were
sustai ned by the workers. Sonme were not, and we changed
them And this is a dynam c schedul e.

The 4000 node things, it's dynam c--they change
dependi ng on what happens. Sonetines the work scope grows.
Sel dom does it shrink. Sonetinmes the noney changes,
sonetines the staff availability changes. W had budget cuts

and | ayoffs and all kinds of things; we've had storns we've
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had to withstand. And on good reason we'd change them and
we do change them

And |'ve gone back--sone of these are secretari al
control, sonme are ny control. | say now "why can we not neet
that," and he will have an answer--"Here's the situation.”
And we will change these dates if they need to be changed,
but we will not change them not for good reason kind of
t hi ng.

So it's a process: starts at the top, goes to the
bottom bottom conmes back up, and the work plans are signed
of f by the engineers, the principal investigators each year,
what the deliverables are, the contractor awards. They're
all held accountable for these dates in a controlled dynamc
manner. And that's how the process really works.

We have reserves and |I'Il ask Russ, "Wy have you--

if before you changed that have you exam ned everything, have

you bal anced it," just like |l wll--if | go to the Secretary
and say "Sir, | recomend we change a date out there," he's
going to say "Why?" And |I'd better have a story and expl ain

t o hi m why.

|"ve never had a case before when we change that
date, when we had a budget we changed the |icense application
date. | wote a thing up and expl ained to hi mwhy, because
of the budget cuts of '96, and we changed it. And that was--

but not without a basis in control.
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COHON: In calling on Paul Craig, let ne just say that
we're going to limt questioning at this stage to five nore
m nutes so we can nove on with Dr. King's presentation

CRAIG Paul Craig, Board. Yeah, this is nore in the
way of an observation. W have a Swedi sh del egation here,
and a couple of days ago we had a briefing fromthemas to
how they' re proceeding. Their program appears to be
primarily science driven and public acceptance driven,
whereas you' ve just described a schedul e driven program -
very, very different approaches to the sane probl emthat
per haps represents different national styles.

And |'mjust hoping that at sonme point you'll react
to what you' ve just heard and give us sone of your insights

about this whole difference, perhaps not now, but at

soneti ne.
COHON:  Actually the U S. program if I'mfollow ng the
net aphors, is a bunch of worker bees acting |ike pal om nos,

creating--making porridge to try to neet a red star floating
in the sky. It's a great image. |'msure we'll be hearing
fromour colleagues in Sweden about this.

| have a couple of questions, one dealing with this
diagram Clearly there is a key decision point where the
Secretary decides or not to recomend a site to the
President. But not explicit in this--and | would Iike to

know whet her there is also a decision point before that where
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t he OCRWM director decides or not to recommend the site to
the Secretary; and if so, where is that?

BARRETT: Page 17. Put page 17 on the screen. |It's
there, follow that, right before the reconmmendati on

BROCOUM On July 11 of '01 OCRWM conpl etes the review
and concurrence. In other words OCCRWM that's the director,
concurs on that site reconmendati on.

COHON:  Onh, okay, concurs. Al right, I've got it.

BARRETT: And forward to the Secretary, just like in the
viability assessnent--Barrett, DOE--we reconmended that the
Secretary issue the viability assessnent in their review.

COHON: | infer fromthis, and check me if |I'mcorrect
or not, that this is a decision point in the sense that the
director, having | ooked at everything that's been coll ected,
may say "You know, this doesn't |ook suitable to ne, and ny
recommendation to you, Secretary, is not to recommend this to
the President.”

BARRETT: That coul d happen any day if we believe--

COHON:  Okay, but the concurrent step applies--there's a

formal point in this process where the director nust say

"Yes, | concur, this should go ahead,"” or not.

BROCOUM Director, yeah--1 don't have del egated that
authority to nmake the decision. |'mdelegated the
responsibility to nake a recommendati on and a proposal to ny

superior, Secretary, to take an action on that thing.
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And comment on Dr. Craig's comrent, | would say
this is a science driven programto a schedule. It's not
schedul ed for science second.

COHON:  The other question | have is a big one, and one
we' ||l be tal king about I'msure for nonths or years--and have
al ready. But your very explicit presentation here really
brings to the fore the question of uncertainty, which we just
can ignore any |longer, and we have to start getting explicit
and quantitative about.

Your page 14 refers to a conpliance anal ysis,
conpliance analysis with the DOE siting guidelines. Wat do
t he proposed gui delines say about uncertainty, howit wll be
quantified, and what role it will play in a decision? That
i s what does conpliance nmean in this case with regard to
uncertainty?

BROCOUM | just | ooked at Abe, who's sitting way back
in the corner there, and he went |ike that.

COHON: But he didn't |eave the room

BROCOUM He didn't |leave the room And as we speak
the lawers are working on 960, which will be called I think
963 in the new version. \Watever the regulation says, our
general policy has been to present all the information. In
ot her words that debate that you had with Tim MCartin
yest erday, you know, we would envision not only presenting

the mean or the nmedian with the 95th and 5t h--and any ot her
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information we had. So our vision has al ways been to
present all the information.
For exanple, if it's a 10,000 year, we wll still

present information beyond 10,000. So we have all that

information will be available; will be in our technical basis
docunent, whatever we happen to call it; and it is available
in the current one. So we will put all the information out

there and we will discuss it with all the parties that are
i nt erested.

So our policy is to be open and have all the
information available; it will be on the Internet, it wll be
on--you know, available by all nmeans that we can. So that's
the best | can do in answer to your question now, because |

don't know exactly what 963--

COHON: It's a good--

BROCOUM - -say--yeah.

COHON:  --but one that | said that I'msure we'll
continue to discuss. I'mafraid we'll have to nove on, but
|"m sure you won't go away, Steve. | expect there wll be
nor e questi ons.

We turn now to a presentation by Dr. King as part
of this still first presentation on the VA. And Dr. King, if
you can, do you think you can [imt your presentation to

about 20 m nutes? GCkay, hang on, | don't think the m ke's--

oh, that's because you're not mked. |Is 20 m nutes enough?
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KING Yes, | will do ny best to nake it fit into 20
m nut es.

COHON:  Thank you.

KING | will make it fit into 20 mnutes. Wel| Steve
has already relegated the viability assessnent to the dusthbin
of history, but 1"'mgoing to talk about it anyway. [|'m
subbing for R ck Craun, obviously, who still has a very bad
cold. | need to skip to 3 and then cone back to 2 pl ease.

As Steve nentioned, the viability assessnent
overall is primarily intended to be a progress report to
Congress and the President, and to the public. So one of our
key audi ences, on the Overview in particular, is focused on
Congress and the public, congressional nenbers and staff,
peopl e generally interested in radi oactive waste issues; and
secondarily the broader policy community, and of course we
knew t he docunment woul d be of great interest to the Board,
t he NRC and t he ACNW

But because the Overview is specifically targeted
toward congressional nmenbers and staff and the general
public, it was witten to be accessible to a non-expert, non-
techni cal but educated audi ence. Now we can skip back to the
first one please.

So therefore we thought that the Overview needed to
provi de information beyond what was in the technical Vol unes

1 to 5 on the background of the program specifically what
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is the nature of the problemwe're dealing wth, general
introduction to the project that would not appear in the
techni cal vol unes.

W tried very hard to keep the | anguage non-
technical, to provide a glossary of the technical terns that
we couldn't avoid using, and it was obviously a vehicle to
present programmati c concl usi ons because we realize, as Dr.
Cohon pointed out, that for many people the Overvi ew woul d be
the only docunment that would be read.

And | will use this opportunity to answer one of
the Board's questions. Sinply put, there are no concl usions
in the Overview that are not also in Volunes 1 to 5. Now
having said that, a little nore on process as appropriate.

Vol unes 1 through 5 were conpl ete when the Overview
was goi ng through DOE headquarters review, and it was in the
headquarters review that the final |anguage about DOE
considers that the site remains prom sing, work should
proceed to support a site recommendati on decision, that's
where those final words were distilled in that back and forth
wi th DOE headquarters in the final review of the Overview.

Then after those words were agreed upon, they were
then put into Volume 1 to 5 to be consistent. So it was not
a linear process of developing 1 to 5 and drawing all the
conclusions there, and then witing theminto the Overview.

It was nore of a iterative process.
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For readability, and again recogni zing that many
peopl e who have a limted interest or limted need to know
woul dn't even read the entire Overview, would | ook at the
results in brief and skip to the end. W sunmarized the
overall results at both the beginning and the end of the
docunent .

As | said, the text is witten for a non-technical
audience. W tried to maintain parallelismwth Volunes 1 to
5 so we address the site information, PA, the design PA, the
license application plan and the cost in the sane order as in
Volunmes 1 to 5.

We tried really hard to nake the Overview a
readabl e docunment, so it's designed to be read in chunks.
Specifically, if you open it up any two opposi ng pages are
designed so that you can read those two opposing pages in one
sitting between nmetro stops on a subway, if you will, get
sonmet hing out of it, understand it, be able to go back to it
at a later tine.

That approach to designing the docunent necessarily
i ntroduced sonme redundancy in the docunent which you will see
if you just sit down and read it all the way through from
start to finish. W thought redundancy in this case was
okay. And of course we attenpted to nake it a coherent story
if you do read it fromfront to back

As | nentioned, we do provide background
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information in the Overview that is not in the technical
Vol unme itself, sone overview on the nature of the nuclear
waste problemitself, the nature and types of waste that are
destined for geologic disposal, where they are currently
| ocated, a brief history of the nation's history of dealing
wi th nucl ear waste disposal starting with the Nati onal
Acadeny's 1957 report sunmarizing the major |egislation which
provi des the framework that we work in, the NWPA, and | eading
up to the Energy Policy Act of 1992, and the National Acadeny
recomendati ons and the pending regul ations fromthe EPA.

We al so provide a short answer of why Yucca
Mount ai n- - because that's obviously a question that many
menbers of the public ask--this section on why Yucca Muntain
parallels the site characteristics in Volune 1, and we talk

about the basic attributes of Yucca Mountain that nade it

initially attractive to scientists in the late '70s, and that
make it still attractive--nanely it's renoteness, geol ogic
stability, sem-arid climate, and an unusual ly deep

unsaturated zone that enables a design in which the
repository would be |ocated well below the surface yet well
above the water table.

We have a section on reference design which
paral l el s Volune 2 of the Overview-of the major docunent, a
bri ef discussion of the design process itself in which we

point out the iterative nature of design, doing site
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i nvestigations, devel oping prelimnary design, running

per formance assessnents, anal yzing how how t hat works,
feeding that back into the site program by identifying

i nformati on needs, updating the design and continui ng that
iterative process. W' ve done that about three major
iterations now and we're now begi nning the fourth and fi nal
iteration.

It describes at a very high | evel what the current
reference design, VA design is, describes what the surface
facilities would | ook |ike, what their functions would be,
wast e handling, ventilation, support for excavation of the
repository, describes the engineered barrier system the VA
reference design of having the in-drift enplacenent of the
| ar ge wast e packages, dual | ayers.

It introduces the design options that are
associated with the VA reference design, nanely drip shields,
ceram c coatings and backfill; points out the inportant fact
that NRC regulations require retrievability of waste up to 50
years after waste enpl acenent operations have begun; and
states that it's DOE's policy--was DOE' s objective in
designing the repository that it could support closure as
early as 10 years after waste enpl acenent operations end--
that woul d have to be with NRC approval --or for hundreds of
years if society deened it advisable to keep the repository

open for hundreds of years. That certainly would require



© 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

237

mai nt enance, but that is one of the objectives of the current
ref erence design

| mportant section on performance assessnent which
parallels Volune 3, a very high |level description of how one
goes about constructing a performance assessnent nodel,
collecting the data on the site processes that are inportant,
constructing process nodels and then abstracting those
process nodels into a total system performance assessnent;

i ntroduces attributes of safe disposal.

In Volunmes 1 to 5 these are called the four key
attributes of the repository safety strategy. W didn't want
to get into that termnology in the Overview in that |evel of
detail, so we call it the attributes of safe disposal here,
which are Iimted water contact, waste packages, |ong waste
package lifetine, lowrate of release of radionuclides from
breached waste packages, and reduction in the concentration
of radionuclides as they are transported fromthe waste
packages.

We have one page in the Overview devoted to each
one of those four key attributes, summarizing in |layman's
terms where we are now, what we think we know about each of
these key attributes, what the uncertainties are about them
and what we're planning on doing about those uncertainties in
future work.

We al so present the mean peak annual doses that
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correspond to the TSPA base case, and we present sone of the
fifth percentile and other percentiles to help characterize
what the uncertainty about those does is. And there's also a
text box on that page to provide sone context for the non-
expert reader about what a mlliremis or what does a 100
mlliremnean. The text box describes what average
background radiation is in the United States, just so there's
sone neans of conparison

O her safety issues--this is where we tal k about
potentially disrupting events, volcanism earthquakes, human
intrusion and nuclear criticality, and devote a paragraph to
each one of those describing what our current assessnent is
of each of those.

And then it sums up with a Wat W Are Learning
page, and this is where we nake the point that the nost
i mportant single factor affecting performance is the anount
of water that directly contacts the waste. And therefore
multiple barriers are inportant.

We nmake the point that Yucca Muuntain serves well
tolimt the anount of water that could contact waste, but
there is enough water to cause dripping after sone tinme and
t he ambunt of that water is uncertain; therefore we need to
have a systemof nultiple barriers, including engineered
barriers.

We also state in there that--or nmake the point that
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only 0.2 percent of the inventory by--as nmeasured by curies,
is nobile and capabl e of noving at Yucca Muntai n;
nevertheless that small fraction is hazardous enough that it
needs to be mti gat ed.

Li cense application, this corresponds to Vol une 4
of the VA. This section goes into sone detail about what the
i censing process is, what the process is envisioned in the
Nucl ear Waste Policy Act for recommending the site, what the
State of Nevada's role is in that, what Congress's role is in
that; and provides dates--as Steve just tal ked about - -
provi des the dates of the major mlestones to put all of this
i n context.

Operational safety outlines DOE s overall approach
to ensuring operational safety in the repository design, and
enphasi zes the basic point that DOE is using all of the
information it can or all of the industry experience that it
can use that's relevant to design an operation of nucl ear
facilities, using the existing NRC reg guides to the extent
that they're applicable, existing industry standards, and try
to mnimze the anount of novelty involved in the actua
precl osure operational phase of repository operations; and
al so nakes the point that DOE has a specific programto
identify design basis events |ike earthquakes, external
events |ike earthquakes, internal events |ike cask drops in a

design programto assure that those design basis events wll
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be acconmodat ed.

Then it goes into long termsafety, and here is a
little bit of a departure between the Overview and Vol une 4,
inthat in the technical Volunmes 1 to 5 and in Volune 4 we
tal k about 19 principal factors of expected post-closure
performance and summari ze what we know about each of those,
how i nportant they are and what our plans are for gaining
nore information about that.

We decided that 19 factors of principal post-

cl osure performance was a |level of detail that was

i nappropriate for an Overview, so we rolled that up into
three key objectives. 1It's no different; it's just described
at a higher |evel, nanely increasing understandi ng of key

nat ural processes, specifically the novenent of water in the
unsaturated zone, the effects of heat on water and water
novenent in the saturated zone; evaluating ways to inprove
t he design, including increasing design margin and defensive
dept h, eval uating design options and design alternatives
whi ch you' ve heard about earlier this week; and increasing
confidence in the reliability of the perfornmance assessnent
nodel s.

Next. The section on estimated cost corresponds
with Volume 5 of the VA. Qite sinply we present the high
| evel cost, estimated cost of |icensing, building, operating,

nmonitoring and closing the repository; and the key
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assunptions that those cost estimates are based on, including
a license application in 2002, construction authorization in
2005, enpl acenent beginning in 2010 and extendi ng through
2033; a capacity of 70,000 netric tons of heavy netal; and
closure in the year 2116--in other words a 100 year operation
peri od.

We al so note that DOE is considering approaches
that will enable the Departnment to reduce or |evelize the
annual funding requirenents to knock down sone of those
fundi ng peaks, probably at the expense of stretching out the
progr am

We al so present total systemlife cycle costs in
this docunent, and the only reason we do that is because we
did not want to mslead the readers into thinking that the
$18.6 billion repository cost would be the total bill for the
national programto di spose of spent nuclear fuel, high |evel
wast e.

So we present the entire programmtic cost profile
in this docunent, and it concludes with a description of a
nucl ear waste fund and a statenent that the Departnent has
determ ned that the current fees are adequate in a nucl ear
waste fund considering projected incone and cost, assum ng
t hose funds are available to build a repository.

And then finally the concludi ng observations in the

Overview, as |'ve already stated, based on the viability
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1 assessnent DCE believes that Yucca Mountain remains a

2 promising site for a geologic repository, and that work

3 shoul d proceed to the site recomrendati on deci sion.

4 We al so conclude on this page that although 15

5 years of research is validated, many--not all, but many of

6 the expectations of the scientists who first suggested deep
7 unsaturated zone as a favorable | ocation for disposing of

8 high level waste, that performance of a repository over such
9 long tinme periods cannot be proven; that there are

10 irreduci bl e uncertainties involved in the forecast of

11 repository performance over such long tine periods and these

[EEN
N

uncertainties can never be conpletely elimnated; but that

[EEN
w

the NRC s overall standard for licensing is reasonabl e

=
N

assurance that public health and safety can be protected, and

[EEN
a1

t he Departnent believes that the work that is planned, if

[EEN
»

conducted, should lead to being able to denonstrate

[EEN
\l

reasonabl e assurance in a |licensing process.

[EEN
[o0]

And | think | was |less than 20 m nutes.

[EEN
(o]

COHON:  Thank you, Dr. King. Questions for Dr. King or

N
o

Dr. Brocoumfromthe Board? Dan Bull en

N
=

BULLEN: | was waiting for ny colleague Paul Craig to

N
N

ask this question, but I'll ask it in his stead if you don't

N
w

m nd.
24 NELSON: Excuse ne, Bullen, Board.
25 BULLEN: Ch, Bullen, Board. |I'mreally sorry, Dr.
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Nel son. | thought Dr. Cohon introduced ne.

| have to admt to being one of the five percent of
educati onal people that have surfed the Wb and | ooked at the
VA online. | also |ooked at the other associ ated docunents
that are there, like a fact sheet and a press rel ease.

And | guess |I'd like you to comment sort of on your
| ast conclusion and observation, there's probably a caveat
m ssi ng when there was the no show stoppers statenent that
was nmade by the Secretary in the announcenent of the VA in
that that's based on the fact that you don't have a
regulation. And so if you have a 10, 000-year regul ation
there's no show stoppers, but if you go beyond 10, 000 years,
what's the VA s concl usi on?

Tough question for you or for Dr. Brocoumthere.

BROCOUM The debate--we had a | ong debate on that

statenment that Jerry showed at the end, concluding statenent,
which is in the VA Overview. And the debate varied because
there was a range of opinion as to what we should say; and
the range of opinion went froma statenment put in the
positive to one in the sense in the negative. There was no
show st oppers.

And so | truly say there was a range of opinion.
This is howit was decided to go when we went to press on the
VA and the Secretary decided to nmake the statenent he nade

when he went public. W' ve seen the whole range within the



© 00 N oo o B~ w N P

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

244

Departnment. But keep in mnd that we're going through the
i cense application design workshop and we are hoping to have
a nore robust, if you like, repository and waste package and
overal |l system

So based on what we know we see no reason not to
continue. The bottomline is the program should conti nue
because there is no reason we should stop; that if we can
prove our design we should have a satisfactory site for a
repository.

BULLEN: Bullen, Board. | agree with that. | was just
wondering if there shouldn't have been a caveat in there that
says "based on what we know about the regulations to date,"
or sonething like that; because it's always couched in that.

And if you look in your regul ations section of the
Overview you say--you tell us the history, but--and obviously
you don't predict the future, but you do set things |Iike your
25 mlliremdose or the NRC s 25 mllirem dose.

BROCOUM Sure, and we realize the NRC at | east has gone
public with their--not their proposed draft but their pre-
proposed draft, so we know what that regulation at |east is
sayi ng, and they gave that presentation last night. W are

wor ki ng on 960, we had a proposed draft on the street about a

year ago--EPA, we're still waiting on to see where they--how
they come out. They're all--right--that all contingent on
the regulatory structure finally getting in place.
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BULLEN: Thank you.

COHON: Richard Parizek

PARI ZEK:  Pari zek, Board. |'mlooking at the total cost
of the project, and then we read the period 1983 to 1998,
$5.9 billion spent. And this always creates a | ot of anxiety
around the nation as to where did all that noney go. And in
here you do point out that a |ot of that noney went into the
expl oratory tunnel and also in |looking at nine sites all over
the nation before you got to Yucca Muntai n.

What percentage of that total dollar anmount was

really Yucca Mountain dollars? |It's obviously one of the
nine, but it would help to maybe put in perspective that not

all of this noney was spent at Yucca Muntain.

KING | don't have that nunber. |s Rob Sweeney here?

BROCOUM Believe the Yucca Mountain nunber is in the
range of $2 billion plus.

KING Sonewhere around there.

BROCOUM But | don't want to be--1 know this is being
on the record, so | want to try to qualify because | don't

have t he exact nunber.

PARI ZEK: Is that in the main docunent? | didn't happen
to dig it out to see, because | think the public in general
needs to know the focused effort on Yucca Muntain has
produced a lot for a limted nunber of dollars, relatively

speaking, to this total for that 10-year period. | think



246

it's hel pful to understand that.

Kl NG You' d probably have to go to the total system
life cycle cost estimate docunent itself to get that exact
split, which is also available. It's not in the VAitself,
that particular split.

COHON:  Leon Reiter has a question.

REITER | have two questions. | guess the first is
Steve and/or Lake, about 960 or 963, as you say it's probably
really inportant to get this criteria standard in there so
peopl e can know what they're working towards. John G eeves
was indicating that they were trying to work to give you a
standard also. | know you said you're going to try and get
it out or decide by June.

Can you give us sone insight as to sone of the
considerations that you' re working with back and forth on the
old version or the new version?

BARRETT: Barrett, DOE. Is this thing alive? On 963
will be the new nunber for the siting guidelines. That is

because we're going to follow the EPA and the NRC, which we

must do.

Now regardi ng the proposal from Decenber of '96--if
|'ve ny year right, long tinme ago--we received public
comment, we're going through those public comments and

digesting that at this tine and waiting to see what happens

with the EPA and the NRC, what that will be.
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So we will follow what they do in our siting
gui delines. W would--ideally one would |ike to have had
that years ago all set up, but it's not. But we are
basi cal |y devel opi ng sort of the best available technology in
both the natural sciences and al so the engi neering sciences
to have basically a good repository as we can to perform over
the I ong haul, and that's what we're doing.

So with the schedule, | doubt very much that
m | estone of June of '99 of Steve's will be net--quite sure
it will not be nmet, | would say. Now what it will be, |
don't know yet. W must have that in place before a
suitability decision because that's what it's conpared
agai nst .

COHON: I'msorry to interrupt, but Lake is on a
particul ar point about which there is a question fromthe
audi ence. And you nore or |ess answered this, Lake, but |
just want to pursue it a little bit further.

Judy Treichel asks basically what happened to 10
CFR 960 and how do you get fromthat to 963? You talked
about 963, but the first half of that is, is 960 gone

forever? Isn't it still the applicable siting guideline?
BARRETT: It is the siting guideline. It remains the
siting guideline unless it is changed. W have not deci ded--

we proposed to change it, we got a |lot of coments, sone of

t hose comments rangi ng from supporting the change to
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vehenment|ly opposing the change. W are digesting those and
deci di ng what we're going to do.

| f the NRC has changed the nunber to 63, if we're
going to change we'll change our nunber to 63. So it will be

the DCE siting rule and it may be 960 and it may be 963 if we

change.
BROCOUM | believe that 10 CFR 63, the NRC regul ation
will be site-specific. | also believe that we're going to

keep 960--the | awers aren't here, they're off working on the
regul ation--and if we were to start over to conpare sites we
woul d use 960. | think 63 is for the situation wherein we
have a single site and need to evaluate it.

BARRETT: But again, this is--there is no agency
deci si on regardi ng changing 960 or not. Right now the
pl anning basis is that will be changed to be consistent with
the EPA and the NRC, but that is under review, we've made no
decision on it; that's a planning date there that I"'mquite
sure we're not going to neet even if we did change it.

COHON: Go ahead.

REI TER  Yeah, just aside from which particul ar
performance assessnent standard you use, 960 has sone
additional requirenents that the revision doesn't have, for
i nstance ground water travel time, and also things |ike
reasonabl e--1 nean there's who bunch of things that are not

related to the standard.
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It seens to nme that people who are working on
preparing conmpliance should know whet her they have to neet
t hese standards or not, particular ground water travel tine
we know has al ways caused a | ot of problens for |ots of
peopl e.

BROCOUM Leon, we are assumng right now that we have
960 in our planning.

BARRETT: And the saturated--as the VA says, and as the
Board has recomended, we have work to do in the unsaturated
zone and the saturated zone; that's why the Nye County
drilling, et cetera. So we are working very nuch in those
scientific endeavors.

| f those scientific endeavors are against the
existing 960 or if it's against a new one, whatever that may
or may not be, the sane basic science program serves all.

REI TER. | have a question for Jerry King, if I can?

COHON:  Sure, go ahead, Leon.

REI TER. Jerry, the statenent that you made about |iving
up to the expectations of 15 years ago, | wonder if you could
be a little nore explicit and say what expectations you think
have been nmet with respect to the site and what expectations
you t hink have not been net or have not yet been
denonstrat ed?

KING | say a basic expectation that the anmount of

water is limted, quite limted at Yucca Mouuntain and ot her
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sem -arid areas of the desert southwest; that the unsaturated
zone, a thick unsaturated zone provides a uni que opportunity
to site a repository at a location where it is not going to
be imersed in water, where waste packages are not going to
be i Mmersed in water

They may be dripped on--probably will after a tine.
They're not going to be conpletely submerged, which is the
case for any site that would be in a saturated zone. It is
geologically stable with respect to the tinme periods that
we' re concerned about. W're not stable conpared to the
Canadi an Shield, but that stable with respect to the tine
periods that we're concerned about.

| think an expectation that was not net, and this
is actually explicitly pointed out in the Overview, is that
infiltration rates are higher than we initially expected.
Percolation flux is higher than we initially expected.
That's what cones to mnd i nmmedi ately.

COHON:  One of our standard questions that | articul ated
at the outset was what uses of this volunme should be avoi ded?

Are there any?

KING | would say just the point that you al ready nade,
that that is not a suitability evaluation. And we know there
are sonme people who are tenpted to treat it as such, and it
sinply isn"t. [It's a progress report and it nmeans what it

says.
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We think the site's prom sing but there are
significant uncertainties that remain to be resolved and need
to be resolved before a suitability determ nation can be
made.
| think that's the biggest caveat.

COHON:  Thank you. Seeing no other questions--oh,
Ri chard Pari zek

PARI ZEK: Pari zek, Board. About expectations, in terns
of stability of a site, as you spoke, the news nedia and TV
brings up the earthquake and this proves that the whol e place
is unstable and so on argunents, there's sonme question about
clarity. Under what situation would earthquakes be dami ng
to the site?

Qoviously the one that occurred was not felt by
peopl e who were underground at the tine we there on Monday,
and so you coul d have earthquakes and it wouldn't necessarily
threaten the site; but what kind of earthquake could you have
and when should it threaten the site or design or
engi neering, safety concerns.

Can you kind of speak to that, because that's
definitely a big issue in the news right now -

KING Sure, be happy to--
PARI ZEK: --itself would be a basis to throw the whol e
pl ace away.

KING | think what we would really consider to be
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unacceptabl e, and I woul d expect the NRC woul d consider to be
unaccept able woul d be locating facilities where they have a
significant probability of being subjected to actual fault

di spl acenent. There would just be no excuse for that.

mean we know you can find sites where you couldn't have to
put up with that type of hazard.

We believe that the site has been investigated and
mapped i n enough detail. W dug a trench all the way across
M dway Valley where the surface facilities would be | ocated.

There's no detectable surface offset at that |ocation.

We bel i eve we know where the active faults or
potentially active faults are. The repository has been
designed to stand off fromthem and earthquake shaki ng,
whi ch we obvi ously can experience and will experience, is we
bel i eve a design issue rather than a suitability issue.

And we believe that we know enough about the
eart hquake hazard--or assunme will know enough about the
eart hquake hazard to be able to fornulate a design basis that
will stand up to regulatory scrutiny; and that the
engi neering expertise and know edge is sufficient to design
any critical conponents of the repository to wthstand
ear t hquake shaki ng.

PARI ZEK:  Pari zek, Board again. So shaking by itself
obvi ously can be tol erated providing you can include that in

design. On Monday | didn't think I heard too nuch specific
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di scussi on about the magnitude of shaking that needs to be
designed for, and then exactly how that design would be
acconplished. And that may have been di scussed during the
t wo- week wor kshop.

| guess nore clarity needs to be given to us
because | guess if you heat up the rock and then you have
shaking, is that different than if you didn't heat up the
rock, and on and on--all of those kind of open ended
di scussions cone into play on earthquake stability. Surely
the notion itself isn't necessarily a problem

You could design for the notion is what you're
saying, and there's no active faults you say--and there are

faults, but they haven't been shown to be active in sone |ong

timeframne.
KING Well there are--be a little nore clear. W have
the Bow Ridge Fault for exanple, which bisects the repository

bl ock. There is no evidence of quaternary novenent on that
fault, but there's also a lack of alluvial cover that would
enabl e you to make that determ nation wth high confidence,
because we know the bounding faults, Paintbrush Canyon,
Solitario Canyon, Wndy Wash, are active faults, we assune
t hat Bow Ri dge could nove. Therefore we stay away from Bow
Ridge in the waste enpl acenent area.

COHON: Al berto Sagués.

SULLIVAN. 1'd like to add sonething to that please, Tim
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Sul l'i van?

COHON:  Just one minute. Could you identify yourself
agai n?

SULLIVAN:  Tim Sul l'ivan, DOE. Just for the record, hate
to correct ny colleague, Jerry. There is evidence of
guat ernary novenent on several of the block bounding faults
in the vicinity of Yucca Muntain, including the Bow Ri dge
Fault. 1'Il discuss that briefly in my upcom ng
present ati on.

COHON:  Okay. Thank you. Al berto Saglés.

SAGUES: Very good. | got inpression during the panel
nmeeti ng Monday that the reference design as described in the
VA Overview and the other docunents, nmaybe does not provide
defense in depth, the definitions that will be understood in
here, or would you say that it does provide defense in depth?

KING That question per se is not addressed in the
viability assessnent, but | do believe that is the way we are
headed. Dennis Richardson's presentati on which showed one
rem 1000 mlliremdoses in the case of neutralizing the
wast e package, | think nost people would agree that's
unacceptable. And that probably the reference design that's
in the VA, unless it were augnented with one or nore of the
desi gn options, probably would not provide adequate defense
i n depth.

| don't think we woul d--know ng what we know now- -
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woul d put forth the VA reference design w thout design
options as a design that we would like to license.

SAGUES: Thank you.

COHON:  Donal d Runnel |'s.

RUNNELLS: Runnells, Board. Sonething you said a nonent
ago caught my ear when you were tal king about the earthquake
hazard. You said that we know enough or will know enough
very soon to design a repository to take account of the
eart hquake hazard.

You also said it would be inexcusable to put the
wast e packages near a fault that m ght nove. Those are very
positive kinds of things. They go directly to the design and
to, if you like, optimzing the design to avoid the

eart hquake hazard and the faulting hazard.

Let nme ask you what you think about the seepage
hazard, the seepage of water into the repository? | know we
don't know enough at this point in tinme to sort of design

around that. In other words we don't know enough about the

flow paths to make sure we don't put a waste package under a

flow path. [Is that right, we do not know- -
KING | agree that knowi ng the details of the nountain
to the extent that you could predict where particular drips

are going to occur is probably unattainable.
RUNNELLS: Ckay, that's the rest of ny question. Do you

think it's attainable to know enough about npisture seepage
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to be able to incorporate that into the repository design?

KING First et me caveat ny answer by saying |I'mnot a
hydrol ogist. [|'ma seisnplogist which is why | was answering
sonme of the earthquake questions in detail. But ny
understanding is no, that you would have to--you sinply
cannot predict a flow path of water. There's too many
fractures, they're too tortuous.

There's just no way that you could do that, and
furthernore the drip patterns nmay nove around. You nay get
m neral deposition that would plug up a certain path and the
dri ps would nove to sone other point.

So | personally don't think that there's any way
you're going to be able to determnistically predict where
particular drips are going to occur.

RUNNELLS: This probably isn't the tine to ask anybody
fromthe USGS to comment on that, but | gained a nore
optimstic view fromsone of the USGS people when | visited
the site about 10 days ago, in the sense that they're
begi nning to recogni ze what controls the fl ow paths of

noi sture. Maybe sonetinme during the course--

KING | hope | stand to be corrected. They've got new
i nformation; you're obviously nore up to speed on that than
am

RUNNELLS: Well if--

KING They'd have to convince- -
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RUNNELLS: --USGS people in the audience would |like to
grab me on a break, I'd be--

KING Oh, here cones one.

COHON:  Let Bob Craig fromthe GS--

CRAIG Bob Craig, I'mthe technical project officer for
the GS, and to answer--the last thing | heard, "would like to
grab"--not really, but I will. | think we're sonewhere
bet ween.

| think there is high value in the information that
we have | earned and are | earning, and assume we will continue
to refine in the next couple of years, the processes--the

al cove one stuff, the anount of water that's comng into the
systemor putting in artificially, where it's com ng out.

This certainly can help refine, define and refine
the design to be able to predict as you | ook--as you map a
section of tunnel or a drift, an enplacenent drift, and say
"that fracture up there in the crown is going to drip, and
t he next one down isn't."

We don't have enough noney in this programto ever
refine it and understand to get to there, but | think we can
provide value in ternms of the processes in defining likely
pl aces and nore concentration of the water versus others. To
that extent | think we can inpact it.

RUNNELLS: And your |ast sentence answered mnmy next

guestion, nanely zones of noisture seepage may be
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identifiable and perhaps you can design the repository in
such a way you take advantage of that. That is the nost
likely zones of seepage, the greatest water flux will be
recogni zed and i ncorporated into the repository design, or
coul d be.

CRAIG | believe we can provide sone value to that
desi gn process.

RUNNELLS: Ckay, thank you.

COHON:  That's a nice upbeat note on which to concl ude.

Qur thanks to our presenters this norning. W wll take a
break now for 15 mnutes. W wll reconvene at 10: 30.

(Whereupon a brief recess was taken.)

COHON: W will not continue the presentations on the
viability assessnent. Havi ng heard the presentation on the
Overvi ew vol une, we now turn to Volunme 1, Introduction and
Site Characteristics. TimSullivan fromDOE wi Il present.

SULLI VAN:  Good norning. |I'mgoing to give you a
summary of what's in Volume 1 of the VA, and I'"'mgoing to
focus particularly on section or chapter 2 on site
characteristics.

The first part of Volune 1 is the introduction, and
it provides information on waste forns, the history of the
program the regulatory framework with which the program
operates, the organizational structure that DOE uses or did

use to manage the programat the tinme the VA was issued, and
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a description of the key conponents of the program
introducing the repository safety strategy.

The repository safety strategy is introduced in
Vol une 1 because it provides an organi zing thene that is used
in the subsequent Vol unmes of the viability assessnent,
particularly in the LA plan where the repository safety
strategy is described in nore detail, and finally in a
separate repository safety strategy description docunent that
provi des additional detail.

"' m going to nove quickly now to section 2--chapter
2, excuse ne. Chapter 2 provides an overview and description
of the characteristics of the natural setting at Yucca
Mountain. Now the appropriations act itself and DOE s
program plan in describing the viability assessnment did not
explicitly call for a description of the natural setting of
Yucca Mount ai n.

We felt however that it would be useful and hel pful
to include an additional volune in the viability assessnent
to provi de background for the design chapter, the design
Vol une 2, and for the performance assessnent that's descri bed
in Vol unme 3.

Chapter 2 consists of seven sections, as you see
here: geology, climte, unsaturated zone, saturated zone,
radi onuclide transport, and the effects of repository

construction and operation, and disruptive events and
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processes: earthquakes, vol canos and human intrusion. This
organi zation is parallel to that which is found in the site
description, which is our conprehensive treatnent of our
current understand of the Yucca Muntain site.

In Volurme 1, in each of the seven sections we
provi de a conprehensive but not a detail ed description of our
current understanding of the features and processes that
could affect the site's ability to isolate waste. It's
technically accurate and defensible, but it's witten at a
| evel that we hope will be understandable to the non-
techni cal reader, to nenbers of the general public.

In addition to description of our current
under standi ng we include a brief statement of the issues and
concerns identified by the NRC and a brief summary of the
current status of site investigations and planned work. O
course Volunme 4 contains a thorough treatnent of DOE s
pl anned work between now and the |icense application.

Now | ' m going to step through each of the seven
sections here and provide you sonme highlights of the
information that's contained there. First in the geol ogy
section, the stratigraphic and structural features of the
site are well known and are incorporated in the integrated
site nodel that forns a consistent framework for the process
nodel s that describe the natural processes, and as well

provi des a consistent basis for repository design.
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The nodel is built from surface mapping at severa
scal es, from underground mappi ng of the tunnels and the
drifts, and from bore holes that have been drilled since the
| ate 1970s at Yucca Mount ai n.

The description of fractures with respect to rock
characteristics and geologic structures is generally
understood. For exanple the density, connectivity and
conductivity of fractures is greatest in the non-Ilithophysal
wel ded tuffs and least in the non-welded tuffs, with the
wel ded |ithophysal tuffs attenuating the fractures and havi ng
properties internediate.

In terns of geologic structures the influence
associated with faults in the underground is one to seven
neters; that is the influence on the fracture sets by the
fault zones exposed in the ESF, and not the cross-drift now,
is one to seven neters.

Finally, the potential repository host horizon
which wi Il support construction of stable openings is of
sufficient lateral extent, and |located sufficiently above and
bel ow the surface, to support repository construction at
Yucca Mountain. |It's located in the mddle and | ower Topopah
Springs wel ded units.

The | ocations of block bounding faults are well
defined. They are restricted to areas outside the potenti al

repository block. | should say nore exactly that the
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repository block is located in the areas in which the bl ock
boundi ng faults do not exist.

Alternate tectonic nodels are conpatible with
avai |l abl e data and are considered in assessing geol ogic
hazards, particular seism c hazards. Such tectonic nodels
assess the subsurface geonetry of faults at Yucca Muntain
whi ch are not anenable to direct eval uation.

The principal tectonic nodels considered a planar
fault nodel, allistric fault nodel in which the fault's
shal l ow at depths--shallow in dip at depths of two to six
kil ometers, and a buried strike slip fault nodel.

Also in this chapter, long termerosion rates a
Yucca Mountain are |ow, approximately a tenth to a centineter
per thousand years. This is based on several |ines of
evi dence, including cosnbogeni c exposure ages of bedrock on
hill slopes at Yucca Muntain, and rates of downcutting of
al luviumboth in Forty Mle Wash and in Mdway Valley to the

east of the repository.

The climate--the Yucca Mountain vicinity is
currently sem-arid with annual precipitation averagi ng about
170 mllinmeters per year. This information conmes from
weat her stations that have been established at Yucca
Mount ai n.

Evi dence of past climates in the Yucca Muntain

vicinity indicate that the area was often wetter and cool er
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than today. Such evidence includes pal eodi scharge sites at
which springs flowed in the past, and they represent higher
el evations of the water table.

Vegetation found in pack rat m ddens such as
junipers, pines and firs; these pack rat m ddens span a
period of 10 to as nmuch as 50,000 years ago. The creosote
bush whi ch dom nates the | andscape today did not appear until
about 4,000 years ago.

Over the last 500,000 years conditions have been

gl aci al over about 80 percent of the tinme, and intergl aci al

simlar to today for only 20 percent of the tine. Future
climates a Yucca Mountain wll likely be simlar to those in
t he past, wetter and cooler. Future annual precipitation my

be double or triple that observed today.

UZ hydrol ogy--Yucca Mountain exhibits a thick
unsat urated zone; provides a key barrier to limt water
avai l abl e to contact the waste. Available data support an
infiltration nodel indicating that infiltration varies
spatially across Yucca Mountain and ranges fromzero to 40
mllimeters per year, wth an average val ue of about seven

mllinmeters per year, as described in the VA

This infiltration nodel, together with climte
estimates, indicates infiltration will increase by a factor
of seven to 20 under conditions of greater precipitation

expected in the future.
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Mul ti pl e approaches to determ ning percol ation flux
at the repository horizon yield values ranging from.1 to 18
mllimeters per year. Six different |lines of evidence are
descri bed, including tenperature and heat flow, matrix
saturation, carbon 14 equilibrium perched water volunes and
residence tinmes, and two approaches to chloride mass bal ance.

This percolation flux occurs through a conbination
of fracture and matrix flow Sone fraction of the flux noves
downward rel atively quickly; much of it, however, travels
nore slowy.

In the PAtreatnent in Volunme 3, six spatial areas
of the repository were assigned differing val ues of
percol ation flux based on this UZ nodel. They varied between
3.7 and 11 mllinmeters per year. Detailed mapping of
fracture fillings in the underground have provi ded sone
insight into the fraction of flux that noves through
fractures.

For exanple, nine percent of the fractures in the
ESF contain calcite fillings. This suggests that there is a
[imted nunber of interconnected continuous pathways at Yucca
Mount ai n.

The Gnhost Dance Fault contains no nore abundant
calcites than the surroundi ng rock, suggesting that it has
not been a mmjor pathway for water novenent, although there

is so me bonb pul se chlorine 36 associated with the CGhost



© 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

265

Dance Fault, which suggests there nmay be sone past patterns.

Current data support a nodel of unsaturated zone
flow that yields a percolation flux that varies between one
and 20 mllineters per year. Perched water is probably
common t hroughout the site near the base of the Topopah
Springs or in the Calico Hlls, and may indicate sone |ateral
di version of flow, down dip to the east or southeast from
Yucca Mountain. Adjusted carbon 14 ages of the perched water
range from2,000 to 6,000 years, indicating a post-glacial
origin for the water.

The tertiary volcanic section at Yucca Muntain has
a conposite thickness of approximately 6,000 feet. 4,000
feet of that section lies below the water table, and for the
pur poses of saturated zone hydrol ogi c nodeling has been
di vided into four hydrogeologic units: two aquifers and two
confining units. The aquifers generally consist of wel ded
tuffs or lavas that are fractured. The confining units

contain noderately wel ded or unwel ded units that have been

al tered.

Regi onal |y, the underlying carbonate aquifer and
the valley fill aquifer beneath the Amargosa Desert are al so
inmportant. Hydraulic tests in the volcanic rock suggest
fractures are nore inportant than rock type in determ ning

conductivity. For exanple, multi-weld tests at the CGwells

yield transm ssivities that are 100 tines single well tests,
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suggesting that as |arger rock volunes are accessed nore
fractures are identified. Mre fractures contribute to flow

The regi onal saturated zone nodel is limted by
sparse data, but it indicates that water from Yucca Muntain
flows to the southeast toward Forty Ml e Wash and then sout h-
sout hwest toward Amargosa Vall ey.

M ner al ogi ¢ and pal eodi scharge studies indicate
past water |evels at Yucca Muntain have been no nore than 60
to 130 neters higher than present, neaning they have never
been cl oser than 100 neters to the repository |evel.

This is based on evidence fromthe el evation of the
vitric to zeolite transition in bore holes at about 100
neters, and fromreconstructions of water table elevations
based on pal eodi scharge sites at Lathrop Wlls, again
i ndi cating water |evel changes of about 100 neters.

Radi onucl i de Transport--the range of solubility for
key radionuclides has been determ ned for expected conditions
int eh repository. In table 22 in Volune 2 you will see a
range of solubilities for americium plutoniumand neptunium

The solubilities vary with environnental conditions over
several orders of magnitude.

Absorption coefficients have been determ ned for
key radionuclides, and three principal mneral groups may
function as barriers to radionuclide transport. Zeolites are

t he nost continuous and well defined, clinoptilolite and



© 00 N oo o B~ w N P

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

267

norganite; clays and snectites are not as abundant, but are
wi despread, and exhibit a strong affinity for plutonium
Magnesi um oxi de is | ess abundant, but it is conmon in
fractures, and sone recent evidence suggests strong neptuni um
interactions that may contribute significantly as a barrier

at Yucca Mount ai n.

A 3-D m neral ogi cal nodel based on site data
indicates that zeolitic altered zones are present between the
proposed repository and the water table that defines the
t hi ckness and areal extent of those units, and it's
incorporated in the integrated site nodel. Wb rk continues to
determ ne the effects of colloids on transport.

Ongoing work is focused on better understandi ng
t hat concentrations of colloids that are or may be avail abl e
at the repository and bel ow, better understanding the
reversibility of colloid absorption, and anal yzi ng exanpl es
of colloid transport fromthe NTS for their application to
Yucca Mount ai n.

Potential effects of repository construction and
operation--thermal effects on rock properties have been
characterized for Yucca Muwuntain tuffs through | ab testing.
Thermal effects on the hydrol ogic system at Yucca Muntain
may i nclude dry-out zones caused by the boiling of water.
This is a transient effect that |asts hundreds to thousands

of years.
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The maxi num vertical extent is about 100 neters, or
approximately to the top of the Topopah, with the result that
relative humdities are | ower than anbi ent conditions.
Condensati on zones--these are zones where the saturations
exceed anbi ent conditions.

And alteration of fracture properties affecting
flow -stress redistribution fromthe heating and expansi on of
the rock mass are expected to affect fracture properties.
Thermal effects on the geochem cal system may include
redistribution of silica in the unsaturated zone, principally
by di ssolving quartz or chal cedony in the fractures,

resulting in opening and closing and redistribution of the

fracture fillings.
Changes in the sorptive properties of the zeolites,
their ability to absorb decreases with tenperature, | eading

to the design requirenent to limt tenperature at the top of
the--at the base of the Topopah to | ess than 90 degrees C.
And alteration of water chem stry, as the water evaporates as
aresult of its heating, solutions will becone nore
concentrated and calcite will precipitate.

COHON:  If we could nove quickly through the rest--

SULLI VAN  OKkay- -

COHON:  --questions. Thank you.

SULLI VAN:  Okay, | just have two nore. The final

section of chapter 2 assesses potentially disruptive events.
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We conpl eted a probabilistic analysis of vol canic
hazards involving an expert panel fromw thin and outside the
project, and the results of that analysis indicate that the
annual probability of a volcanic event disrupting the
repository is one and a half times 10 to the mnus 8  The
hazard investigations at Yucca Muntain are now cl osed, as we
believe further information is not likely to reduce
uncertainties in that estimate.

A probabilistic analysis of seismc hazards
i ntegrates ground accelerations of .17 and .53 G
respectively, have an annual probability of being exceeded of
10 to the mnus 3 and 10 to the mnus 4, for a reference rock
out cr op.

| want to be careful to point out here that these
results at a reference rock outcrop do not--are not the
seism c design basis for the surface facilities. Qur
i nvestigations of ground notion side effects at the surface
facilities continue, and need to be conpl eted before we
finalize the seismc design basis--which will be higher than
t hose val ues.

For the first tinme that |I'maware of, we've
conpleted a probabilistic fault displacenment hazard for a
civil engineering facility. The results of that assessnent
indicate that fault displacenent hazards are | ow except al ong

the primary bl ock bounding faults.
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Away fromthose faults within the repository bl ock,
within Mdway Valley, displacenments with a 10 to the mnus 5
or one in a 100,000 annual probability of being exceeded are
tenth of a centinmeter or a mllinmeter or less. This includes
areas of the Ghost Dance Fault, the Sun Dance Fault. These
shoul d not be a concern then for waste enpl acenent or for
seism c design. For the block bounding faults potenti al
di spl acenents at an annual probability of 10 to the mnus 5
are 7 centineters and 32 centineters.

An econom cal ly viable natural resource potention
at Yucca Mountain is low. The evaluation included netallic
resources such as gold and uranium industrial mnerals such
as building stone, clay, fluorite and oil and gas resources.

So in summary, section 1 of Volune 1 provides
background i nformation, and section 2 is a summary of our
current know edge of the geol ogic--of the natural setting at
Yucca Mountain, but it is not a detailed technical discussion
and it should not be regarded as such. That discussion is
found in the Yucca Muuntain site description which is
currently available on the Internet and wll be available in
hard copy soon.

| have included at the back of your package a
series of five figures out of chapter 2 which | don't intend
to di scuss today, but they' re available for your information.

Thank you.
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COHON:  Thank you. Questions fromthe Board? Debra
Knopman.

KNOPMAN:  Knopman, Board. Tim can you--let nme do this
question in phases. |s there any other place in the United
States or in the world that you're famliar wth that has
sim |l ar hydrogeol ogi c properties that has been characterized
in the way that Yucca Mountain has? |s there any conparabl e
study of this step in any other place on the Earth that
you' re aware of?

I"mtrying to develop--trying to establish the
notion of baseline of what's adequate information and how one
proceeds to make what you have better.

SULLIVAN: | don't know that | can answer that question.

KNOPMAN:  Ckay, well let ne--

SULLIVAN: | can get you answer if you'd like, or we
could table it for--

KNOPMAN: | think it would be good to have that in the
record just in terns of sonme standard here. But how do you--
how shoul d one read this Volune in terns of understanding the
conpl eteness of the characterization?

What yardstick do you use or do you suggest for
determ ni ng how nuch is enough in terns of understanding the
site, and to the extent you see gaps how do you antici pate
they're going to be filled?

SULLIVAN:  You will not find that in Volume 1. It's
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intended to capture our current understandi ng.

In Volune 4, as you will hear |ater today, we have
eval uated our current understanding of the natural and
engi neered systens at Yucca Mouuntain, we've identified where
we think we need to be at the tinme of the |icense
application, and we've used those assessnents conditioned by
our understanding of the inportance of each of these factors
to performance assessnent in prioritizing the work and
identifying the key data caps.

COHON:  Could I just give one specific instance that to
sonme extent takes issue with what you just said? Mybe it
doesn't; you maybe perhaps can explain this away. | may have
this wong, but on your slide 6, your first bullet was "The
stratigraphic and structural features of the site are well
known and are incorporated in the..." et cetera, et cetera,
et cetera.

And if | followed it appropriately yesterday, |
t hought | heard in a report on current work in the cross
drift that we discovered structural features that we weren't
aware of, that we could not--did not know of from our
exploration fromthe surface.

So how do | reconcile, if | have that observation
correct by the way with regard to the cross drift, how do |
reconcile that with your statenent?

SULLI VAN:  Yes, there are several mnor faults, if
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that's what you're referring to, exposed in the cross drift
that are not mappable at the surface. And we understand and
woul d expect that there will be features beyond the
resolution of the mapping and the drilling data that will be
present in other drifts that are constructed at Yucca
Mount ai n.

However ny view woul d be these features are not
significant to the geologic setting or probably to the
hydrol ogi ¢ setting.

COHON:  So this goes to the point, how nmuch is enough?
We recogni ze you could study this site forever--

SULLI VAN: R ght .

COHON:  --and still discover nore probably with nore
study. So--but | accept your comment al so, but this Vol une
is not the place to address that.

SULLI VAN:  As you will hear, performance assessnent is
the tool that we use to identify--is the tool we will use to
identify the inpact of additional work on reducing
uncertainty. And that forns the basis for our prioritization
of the work to be done.

COHON:  Debra, did you finish?

KNOPMAN:  Yeah

COHON: Richard Parizek

PARI ZEK: Parizek, Board. A different tack on this

woul d be the infiltration and percol ation flux issue, and
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some nore recent discussions by survey, USGS nenbers about
t he magni tude of the nunmbers that are being used in VA versus
some ot her opi ni ons.

El aborate a little bit on that, as to how that
maybe i nportant in the work that still remains to be done,
characterizing infiltrations. That's a critical part of the
whol e dripping issue and the rate at which counter schist may
cone apart and cause problens for us.

SULLI VAN:  Well I'mnot aware of the coments the Survey
made yesterday. |'Il ask Bob to respond to that. Wat ['ve
presented here conmes fromchapter 1 and indicates that the
avai l abl e lines of evidence support a wi de range, as nuch as
two orders of magnitude for percolation flux. And that is
treated in the VA through sone sensitivity studies, and in
chapter 3.

We do believe that our know edge--as you'll see in
chapter 4--we do believe that we can continue to reduce that
uncertainty through additional data collection, specifically
seepage tests in niches and the drifts, and the cross drift.

And so we have prioritized that work to attenpt to reduce
that uncertainty and provide greater confidence in our best
estimate of the infiltration.

Bob, do you want to add anything to that? | wasn't
here yesterday.

COHON:  If you could identify yourself again for the
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record.

CRAIG Bob Craig, USGS. |I'mafraid |I'mgoing to have
to maybe get a quick recast of what you heard from ot her
Survey peopl e yesterday, because | did mss a good portion of
the Board neeting yesterday. | was--John Geeves was sitting
next to me--1 was at Scientific Notebook training yesterday
afternoon, the first part of the afternoon.

| wonder if | could get you to maybe ki nd of
par aphr ase?

PARI ZEK: | think--Parizek, Board--Debra, you asked that
guestion and | thought you got a response. Can you renenber
whet her you were happy with the response?

KNOPMAN:  No. Wiy don't you--

PARI ZEK: Wl |, maybe just bring us up to date in terns
of sonme of the thinking of sonme nenbers of the Survey that
guess have a position, suggests the nountain could be dryer.

SULLIVAN:  Can | ask for clarification?

COHON:  Sure.

SULLIVAN: Did you hear information that suggested that
t he percolation flux was outside of the range that's
presented in the VA, point 1 to 187

PARI ZEK:  No, i nsi de.

CRAIG I'll admt I'mstruggling a little bit with it.

The only thing I can think of that would have a tag of USGS

on it is sonmething that was done outside of our branch, which
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was a review done on behalf of the director of the Survey for
providing the director a recommendati on should the director
be queried about his position, what did he think about the
viability assessnent.

The revi ew panel that |ooked at the viability
assessnment and provided that recommendation to the director
did feel or does feel that the future climte input to TSPA
is wetter than they m ght expect, and of course that then
ri ppl es down throughout the systemif you were to go with
what they believe.

And quite frankly, that's the only thing that pops
tony mind that falls into this vein of perhaps dryer than we
wer e | ooking at.

COHON: Richard, let nme suggest that if we want to
pursue this further we do it later. That will allow M.
Craig to be infornmed of what happened yesterday rather than
havi ng to guess.

Paul Craig.

CRAIG Paul Craig, Board. On the sequence that begins
on page 6 that you have here and extends through page 10,
there are sone 14 different points made.

A rough review of those shows that 13 of those
points relate to the geol ogi cal characteristics, infiltration
characteristics and the |like, and one of them-the one at the

bottom-is the only one that refers to assunptions about what
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you might actually put into the nountain.

And inplied in that |last one is an inplication
where you say "sufficient |lateral extent,” there is an
inplication of some kind of an assunption regardi ng the heat
| oading. Now as you recall, the heat loading is a matter of
considerable interest to the Board, and ny question to you is
how | ow a heat | oading could you go to such that that
statenment would remain correct?

SULLI VAN: 25 MIUs. Renenber the natural setting
di scussi on here was intended as background for the VA, which
assunes a reference design that you'll hear described in a
m nute by Dan. That's a 70,000 netric ton repository high
t hermal | oad.

As described in the site characterization plan,

t here are expansion areas available in the same rock units to
the west, to the east, and to the north. So considerable
areal expansion can be accommpdated at Yucca Mount ai n.

COHON: We're going to have to--

SULLI VAN:  That is not discussed in the VA however.

COHON:  Sorry. W have two nore questions and then nove
on. Priscilla Nelson.

NELSON: Tim can--and | have not been exhaustively
t hrough this Volune yet, but in your reference you have
reference to nodel s and ot her sources of information that

derive the concl usions.
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Thr oughout there's been input fromdata and al so
i nput fromexpert elicitations. To what extent is that
nature of that input clarified in terns of where these val ues
are coming fromthat becone part of what you present as
license site characteristics?

SULLI VAN: Vol une 1 presents the results of DOE and
ot her investigations. The expert elicitations consider that
information and other information that the experts considered

appropriate to come up with specific key paraneter val ues
and uncertainty in those paraneters. That was input to TSPA.
So that is discussed in chapter 3.

NELSON: So the information in this Volunme is just the
facts, and it's not including derivations from expert
elicitations.

SULLIVAN:  Correct. But it's intended to describe the
information that the elicitation panels had in front of them
as they continued their elicitations.

COHON:  Debra Knopman.

SULLIVAN:  That and its references. | nean as | said,
this is not a conprehensive tool, not a detailed treatnent.

KNOPMAN:  Knopman, Board. Just a point of clarification
about your statement of the relative fraction of flow going
t hrough fractures versus matrix, you tal ked about the nine
percent of fractures that contain calcite. But what can you

say about volunetric allocations of percolation flux through
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fractures versus matrix?

SULLIVAN:  Well as | said, the secondary mneralization
in the fractures gives us an indication that water has fl owed
t hrough those fractures in the past. And a relatively snal
percentage of fractures that contain calcite suggests that
the fracture systemisn't interconnected.

That doesn't get at the amobunt of water that noves
t hrough fractures versus through the rock matrix. | mean our
early conceptual nodels at Yucca Mouuntain had significant

proportions of percolation flux flowng through the matrix as
a result of suction fromfractures.

Chlorine 36 and ot her evidence suggests that there
are fast and continuing flow paths fromthe surface to the
under ground, that suggest that there are sonme vol unes of
wat er that nove quickly through fractures and avoid
i mbi bation into the matri x.

However the UZ flow nodels constrained by the six
lines of evidence that | nentioned do put limts on
percol ation flux, and on the volunmes that can flow in
fractures. But | don't know what those limts are.

KNOPMAN:  You don't know - perhaps sonmeone coul d provide
that information to us so we know exactly how the nodel is
[imting.

SULLIVAN: | think Abe is going to address that in

chapter 3, the proportion of matrix to fracture flowis an
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important sensitivity study in the TSPA/VA and he'll provide
some information
COHON:  Thank you very nuch, M. Sullivan.

We turn now to Volume 2, Prelimnary Design Concept
for the Repository and Waste Package, with a presentation by
Dan Kane. W would ask that you limt this to 15 m nutes
pl ease, so we have tinme for questions.

KANE: |Is this thing on? Yes. Apologize for that.
COHON:  Probably needed the wakeup call.
KANE: Everyone's awake. M. Chairman and di stingui shed
menbers of the Board, and | adies and gentlenen, it's a
pl easure to be here with you this norning to share a few
t houghts on what we were doing with Volunme 2 of the VA
desi gn.

There's been a |l ot of discussion as to is this the
design, is this a good design, is this a bad design. W'l
|"man old engineer. |'ve spent alnost 30 years doing
engi neering, and to go back to sone of the things we |earned
earlier when we were engineers, I'd |like to ask you a sinple
question, all of you in here.

How many of you drive the best car? Al right,
we' ve got--and what kind of a car do you drive?

SPEAKER: A Vol vo.
KANE: What ki nd--what kind of car do you drive, Ton?
TOM  BMW
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KANE: Well, then | think we've got a problem here,

don't we, |adies and gentlenen, as to who has the best car.
The rest of you who do not drive the best car, are

you sonewhere significantly dissatisfied to terribly
di ssatisfied wwth the performance of your car? Wuld you
rai se your hand?

SPEAKER: At tines.

SPEAKER: Currently.

KANE: Al right, we have one brave soul. So what we
have here then is a | ot of people, none of whom except for
two, drive the best car; they can't agree what's the best

car; and the rest of us who admt we do not drive the best

car are reasonably satisfied. | think you guys know where
|"mgoing with this conversation

One of the things we have to keep in mnd is that
we have to have a good design, we have to have a defensible

design, we have to have a design that we as DOE are confi dent
will work. W have to have a design that we have confi dence
in, that we can convince the NRC and they can cone to the
same concl usions that we have.

Ri ght now we have sonething called a reference
design. W present it in the VA And no doubt everyone on
this Board could | ook at that design and say "Ah, okay, but I
could make it better if | tweaked it here. It's pretty good,

but | can make it better if | tweaked it there."
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And after everyone was through with their tweaking,
if we don't integrate these things correctly, we have one of
those types of cartoons you see in the engi neering nmagazi nes
about what the client really wanted, and here's this conpl ex
Trojan Horse that was actually built instead.

So these are just some caveats that | wanted to
address up front, that is to reconfirmthat we have a VA
reference design. W're not saying that that is the design
and we're finished, but by the sane token we don't want you
to think we came to that design sinply because a stork

dropped it off on our front porch. Thank you.

Coul d you go to about--let's do one nore? Ckay,
|"mnot going to go through all this where you can read it.
It's in Vol unme--next Vol ume--thank you, John--it's in the
next slide. It's in the VAin Volume 2 in quite a bit of
detail .

Now one of the things | nmention to you is that this
design we currently have did not get dropped on our front

porch by the stork. W have cone a |ong way since we
devel oped the site characterization plan design and the
advanced conceptual design.

M I 1lions of dollars have been spent in | ooking at
materials, in |ooking at design features, and eval uating
mat eri al - -eval uati on design features, conducting TSPA so that

we coul d nove fromwhere we started when this project was
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given to DCE in 1982, so that we could nove out and nake
progress--keeping in mnd conming to a focal point at sone
point in tine.

One of the things that we've done that's
significantly different fromour earlier designs is we're now
usi ng nmechani cal excavation. W had earlier planned to use
drill and blast. Courtesy of the Board at that tinme you and
your predecessors suggested that we go to nechani cal neans,
and indeed we did. W feel that's nmade sone significant
i mprovenents.

In 1992 the Departnent came up with a nmulti-purpose

cani ster concept which took us by necessity to a large thick

wal | , heavy waste package. Prior to that tine we were
| ooking at a thin wall, about 5/8 of an inch, much smaller
wast e package that would be put in vertically into bore

holes. So that's been anot her aspect of the change, going to
a |l arger waste package.

| hate to get to this one with Dr. Bullen in the
audi ence, but nevertheless | shall persevere. Earlier
desi gns were spent fuel rod consolidation. W're no |onger
| ooking at that as part of the reference design, but we are
evaluating it as part of our alternatives.

W felt at that tinme that the experience the
industry had with regard to rod consolidation was a little--

well, I'l'l be honest--it was significantly | ess than what we
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t hought it was going to be.

We did sone rod consolidation in about four plants
under 5059, which is the NRC regul ation, and we were
expecting great things and the great things didn't
materialize, and that's why we went to increased density of
spent fuels storage racks and the pools, as well as
subsequent to that--when that ran out--to onsite dry storage.

As | nentioned earlier, we now have a very robust
wast e package design, thick walled, dual material for
defense. Wth regard to the design and | ayout of the
repository, the repository host horizon area, the earlier
design had a ranp that had a six to eight percent grade. W
couldn't use ordinary industry type of railroad equipnment.

We have subsequently changed that and we now have
in our enplacenent drifts sonething on the order of about a
two percent grade, and we can use standard railroad
technol ogy, standard railroad equi pment. W think that's
been a significant inprovenent. And we've extended the

retrieval period and the service life.

These are things I"'msure you're famliar with, the
size and the buildings that we're going to use. W'Ill say a
l[ittle nore on that later.

This is a figure fromVolune 2. It shows the
radi ol ogically controlled area here in pink. It shows the
carrier preparation building as well as the waste treatnent
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bui | di ng, which are both prom nent buildings in our m ssion.
The carrier preparation building of course is a
non- cont ai nnment building. The reason it's non-containment is
t he head of the incomi ng transport cask is never taken off.
VWhat we do in the carrier preparation building is we renove
t he personnel barriers which are on there to prevent sonebody
putting his or her hand on the cask and receiving a nasty
burn, and we al so renove the inpact limters. W conduct HP
work in that area too. Then when the cask has been nade
ready, then we send it off to the waste handling buil ding.
Now t he waste handling building is a contai nment
bui | di ng because in that building we will be taking off the
head of the transport cask that's comng to the site. W
will also be handling fuel. This is going to be done in

shi el ded areas, whether it be the pool or whether it be the

dry transfer cells. It will be done renotely when the head
is off.

And we have a segnent HVAC, radiation control and
nonitoring, for the various areas, with the affl uent

nmonitoring, the ability to run through HEPA filters to filter
out any particul ates that may get invol ved.

This is a plan view of the waste handling buil di ng.
We have three lines for individual spent fuel assenbly,
handl i ng; we have three pools, then after the cask is

unl oaded at the pool the fuel is transferred to baskets, the
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baskets are sitting on an incline plane nmuch like you're
famliar with BWR--for those of you that are--up to a dry
transfer cell, assenbly cell, where the assenblies are picked
up individually one by one and transferred into the waste
package.

Then the waste package woul d be noved to anot her
area where the first head would be inserted, the first head
woul d be wel ded and tested, then the second head woul d be
wel ded and tested; and then it's ready for novenent
under gr ound.

We al so have two dry transfer cells for canisters.

We'l|l be getting some--we anticipate getting sone |arge
canisters with comrercial fuel, and we al so anticipate
getting sone Navy cani sters and al so sone high |evel --
solidified high |l evel waste, which wll be smaller canisters,
all suitable for direct insertion into a waste package.

The repository host horizon is about 1,000 feet
bel ow t he surface and about 1,000 feet about the water table.

The footprint at this tine, based on the 85 MIU per acre is
about 741 acres.

You can see we have the dianeter of the drifts, 18
foot in diameter. W have on the order of 100 drifts, we
have contingency area there if we need to expand or if we run
into an area where we don't believe that it would be

appropriate to insert packages. So we're not forced with
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regard to space.

We have a bifurcated ventilation system-that is
t he enpl acenent area ventilation--and the construction are
separated. You have the higher pressure on the construction
site so that any bypass | eakage--for you old reactor guys
i ke me--would be fromthe uncontam nated to the potentially
cont am nat ed, where you have HEPA filters that in the event
that there is a release--which is very unlikely--the HEPA
filters would filter out the particul ates.

This is just a cross section section of the
nountain to give you an idea of the different stratigraphy.

Now t he present design that is discussed in the VA
the reference design, doesn't use ventilation in the post-
cl osure period. W have a ground control systemin there for
t he enplacement drifts--I"mtalking strictly enplacenent here
now -t hat woul d consist of either precast concrete or steel
sets with steel |agging.

But this has not been cast in stone. W're stil
eval uating that. The reason we would be using the steel
l agging in sonme areas rather than precast concrete is so we
can do geol ogi c mapping in those areas.

We have an underground transport systemthat picks
t he waste package up and noves it down a relatively slight
incline, takes it around to the enplacenent drifts. Al this

is done renotely because we have an unshi el ded wast e package.
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We pl ace the waste package off the floor because if and when
there's seepage and water m ght begin to accunul ate, and we
have the drift slope like this so that the enplacenent drift
will drain toward the mains, but you still want to keep the
wast e package up off the floor. It is a good idea.

The waste package--it's purpose is to provi de waste
i sol ation during the post-closure period and to control the
amount of water that contacts the fuel that would be inside.

W are trying to ensure a | ong waste package lifetine. W
have | ooked a various netals. This has been a | ong process.

As | said, the earlier designs had a very thin
wal |, 5/8 inch single material. Now we're |ooking at a nuch
nore robust waste package. It's nade of two materials. Now
we haven't made a final decision yet on which materials we're
going to go with, but the reference case discusses where we
have 516 carbon steel, about four inches on the outside, and
t hen about 8/ 10 of an inch of allow 22 on the inside. The
structural strength in the early years being provided by
t hose four inches of 516 steel.

The waste package has an upper limt on it
thermally of 18 kW which is considerably higher than what we
had in the older design. This is a picture of the waste
package which is in your presentation as well as in Volunme 2
of the VA. You see that there are two materials, tw lids.

These are the materials | just nentioned.
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We are conducting studies to test waste forns,
wast e package package materials because we want to confirm
how we believe these are going to act long term Those of
you that were in the nuclear industry mght renenber when we
got into EQ and we had to environnental ly qualify equi pnent.

W sent that to Wlie Labs and they were able to,

t hrough accel erated testing neans, tell us how these pieces
of equi pnment and controls would work in an extended

envi ronment where you had what | al ways assumed was roughly
40 years, then you had your loci. And we came up with the
doses like 2 tinmes 10 to the eighth rad, so for the seismc
requi renents and so forth and so on. So that's anal ogously
speaki ng what we're doing here.

In our reference VA design we discussed in chapter
8 sone alternatives, but we discussed in section 5.3--chapter
5 being the waste package--5.3 sonme options we were | ooking
at, mainly the use of backfill and it would really be the use
of backfill wth a ceramc coating or backfill wth a drip
shi el d.

One other thing, | was asked by sonebody to
specifically address designing for earthquakes. | heard
sonmeone nention earlier this norning outside that you
couldn't design a nuclear power plant in this area because it
can have earthquakes. There is not a single area in the

United States where a nuclear plant exists where--that is
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eart hquake free.

The key is you design the facility, whatever it may
be, whether it's Prudential Tower in California--which they
built--or whether it's a nuclear plant. You can design that,
as the chairman said, to accommobdate that shaking and still
not represent a threat to the health and safety of the
publi c.

But one has to anticipate that there will be
eart hquakes as well as other natural phenonmena. That's what
we did in the nuclear industry. W designed the facilities
to be able to accommpdat e that.

In fact | don't know if any of you have ever |ived
in the mdwest, but if you ever have and you worked at a
nucl ear plant, when tornado season hits and they start
t al ki ng about a tornado, the place we all headed was the
reactor, the containnment building, the fuel building, because

we knew that was the one thing that wasn't going to get bl own

down.
That's it. Any questions?
COHON: Thank you very much. Questions for M. King?
Jeff Wong.
WONG This is Jeff Wing of the Board. | don't have a
guestion. | have actually a comment.
KANE: Yes, sir.
WONG | think that your opening statenment is an
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interesting attenpt to put practical thinking in terns of
perspective on the issue of design, but individually we
choose cars that work for us. They're not necessarily the
best .

So in the case of the repository, that's the single
nodel for all of us, and so | think that there--you could see
why there are nultiple demands from vari ous stakehol ders. So
there's a demand for the best design--

KANE: Yes.

WONG --to neet nost of the expectations that are
reasonable. So | understand your initial perspective, but |
sort of differ with it.

KANE: Let ne ask you this question, | think we can get
the best design. Do you think we can ever know that we have

t he best design? Heisenberg' s Uncertainty.

WIll we knowit when we're there, or will one of

t hese Board nmenbers say "Well | think you' re close, Dr. Wng.

If you just do this you'll be there." And then Dr. Bullen
says "Well now wait a mnute, that's fine, but I think we
need to do this too." So will we ever be able to tell when
we have the best design?

WONG Well really the NRC will know when you have the
best design.

KANE: | submt to you on that point.

COHON: 1'mgoing to use Chairman's prerogative here to
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junp in and di sagree sonewhat with Dr. Wng and support your
program but be sonewhat different yet again.

To take your comments at the beginning and put in
anot her context, another way to say what you did was that the
probl em of designing a repository is one with nmultiple
conflicting criteria.

In such a case the idea of a optimal solution is no
| ong supportabl e because what's good in terns of one criteria
may not be good in terns of another. It is exactly why one
person m ght buy BMAN another buy a Volvo, and both feel that

they' ve got the best. For themit is the best.

Supporting Dr. Wng's point though, there is only
one repository. You're acting on behalf of everybody in this
country, here and for many, many, nmany generations to cone.
It's incunmbent on you therefore, you--the DOE program-to be
very clear about the criteria that you use, and in |ight of
the fact that these criteria conflict wwth each other, the
wei ghts that you use as a way to resolve those conflicts.

So I'"magreeing with you, but then you are
obligated to be as clear and open as you possibly can so that
anybody who cares knows how it is you arrived at the design
t hat you propose.

Dan Bullen can't wait to disagree with nme. Go
ahead.

BULLEN: Bullen, Board, and I won't disagree with you,
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Jerry. But along the lines of the handout that you made this
norni ng one of the questions is what is the role of this

desi gn given ongoing work on alternative designs. And |
guess | would |ike to submt another anal ogy al ong the car
l[ine here, is this design the Yugo or are we on our way to
the Cadillac, and where do you see it falling in there?

And | also want to point out that both the Yugo and
the Cadillac when they' re brand new are |licensable; but |
woul d expect the the longevity thereof would be significantly
different. And since we're | ooking at |longevity in this
case, how do you see this design evol ving?

And | have another specific issue with respect to
woul d this be the design you would pick for a cooler

repository? W heard that there could be a 25 MIU per acre

repository, which I submt won't necessarily be cooler. It
could still be a hot package. But if we had options for a
cool er repository, would this be the design or would you do

sonet hi ng el se?

KANE: To answer the first part of your question first.
The design that we cane up with in the reference design is
one that is promising to us. It tells us, to our way of
t hi nki ng--and there will be people who will disagree--that it
| ooks like we're on the right path. It |ooks like we're
maki ng progress. It looks like this m ght be doable.

Now where we want--it's not so nmuch where we are
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now, it's where we want to end up. Cbviously we would al
like to end up in a Rolls Royce, to use your anal ogy. The
question is would we ever know it when we got to the Rolls?

That's what ny point is, is if we get set so that
it has to be the best and it takes the |longest tine and the
nost resources to get there, with Heisenberg's Uncertainty
princi pl e anal ogous in speaking, will you know you're there?
And | maintain that you won't.

We're engineers. W have to have a good design.
We have to be able to sleep at night. W have to protect
people, the public health and safety of people, protect the
environment. And we have to do the best job we can do.

But if we think we will have the best design as

measured by when everybody agrees that it's the best design,

"1l tell you now we'll never get there. That's the
phi | osophy.

BULLEN: And the second part of the question about where
we go from here?

KANE: Second part of the question is we are conducting
studies now, Dr. Bullen, to--as you heard a presentation on
this--to see what types of changes we want to make, what
ki nds of enhancenents and so forth and so on.

| have not | ooked at this so | can't answer froma
detail ed perspective, but | have a feeling that if you went

to a cooler repository there woul d probably be sonme changes
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in the underground design as well as the waste package.
BULLEN: One quick followon, and I--
KANE: And it mght be the surface too, because if your
met hod of getting it cool--which is one of the realistic
met hods--is aging the fuel, then you' d obviously need a
rather |arge surface area to store this fuel. It |oses
essentially nost of its heat after 1,000 years, 30 half-
[ives. Strontium 90, cesium 137 reduce, have 30 half-Ilives.

After 900 years you woul d be way down on the curve.

BULLEN: Just go 10 half-lives. Don't go 30--that's way
t oo nuch.

KANE:  Ckay.

BULLEN: But ny follow on question here is, if you're
| ooking at the design as we see it now, it was or is the

correct design if you' re able to achieve a hot dry
repository. Corrosion allowance barrier, corrosion resistant
barrier, those are the correct sel ections.

And as we evolved in our site characterization, and
as we understood the nmountain and the flow paths and the drip
and the seepage and the percolation flux and the pluvial

periods nore and nore, it looked like it wasn't going to be

hot and dry.
So the question | have for you is this is the
prelimnary design and this is what we had in VA and you

anal yzed it explicitly. |Is this the design that you would
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carry forward based on your know edge of the nountain today?

KANE: W do not know that until we finish a couple of
things: nunber one, evaluating our design alternatives,
whi ch is ongoing; and nunber two, until we finish
characterizing the nountain.

We don't have to know everything, and if sonething

pops up later as a surprise, one could--if one has
i ncorporated sone flexibility, and I think we have--nodify
t he design as necessary to still be able to neet the

requi rements and neet the performance the DCE wants.

BULLEN: Thank you, and just in the point of closing, |
don't want a Rolls Royce. |It's a Lanborghini.

KANE: | guess we now know what the best car is.

COHON: CQut of deference to our visitors from Sweden, |
think that the opti numcar we have to use is the Vol vo.

Debra Knopman.
KNOPMAN:  Knopman, Board. | want to reinforce Jerry's
point, the best is not the operative criterion here, because

we are dealing with nmultiple objectives.

But the real point, | think, is not the question of
how will we know if we've got the best. It's howw Il we
know whet her the design, whatever it ends up being, is

consi stent with observations and actual performance. And
that gets into the whole question of confirmatory testing.

And as you're going through the alternative design
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process, there are all sorts of things you can stick in
there, in the enplacenent tunnels, or consider that; and
certainly the linings and the backfill fall into that
category. But you also then start, | think, significantly
interfering with sonme nodes of confirmatory testing that
woul d tell you about the single nost thing you re interested
in, which is seepage.

So | think you' ve--1 hope you'll recast your
questions here about how will we know if we've got the best
design to the question of how do we provide ongoi ng
accountability and nonitoring of how this current--whatever
the design ends up being--howit is consistent with
hypot heses about it. And that's got to be--that goes on from
now on.

There's no one particular point that you start
worrying about that, and | just hope that that point is
enphasi zed in the docunentation and the whole--it's a big
part of transparency that's going to be part of the site
recommendati on, the accountability issues here of whatever
design is chosen, and the neans in which those hypotheses are
constantly tested are going to be a very inportant part of
this process.

KANE: Yes, ma'am | agree.
KNOPVAN:  Ckay.
KANE: Thank you.
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COHON:  Any ot her questions from Board nenbers? (No
response.)

We're going to nove on to the public coment period
t hen, and others who m ght have had questions now can ask
those. I'mgoing to cone up there.

Thank you very nuch, M. Kane.

KANE: Thank you.

COHON:  Has anybody signed up for public comments?

Per haps you could share that information with ne. VWiile I'm
getting information--1 think this is a question for Tim
Sullivan. Tin®

John Bartlett wanted to know why if precipitation
is expected to go up by a factor of 2 or 3, is infiltration
expected to go up by a factor of 7 to 20? You have to get to
a mke. You can cone up here if you want.

SULLI VAN:  There's not a direct rel ationship between
precipitation and infiltration. The way | viewit, as rock
or soil becones nore saturated through increased
precipitation, nore water is available for infiltration, and

the infiltration value is based on the nodeling that we' ve

done. It will go up nmuch nore than the precipitation
There's another factor here, and that's the
evapotranspiration. Wth a larger plant cover we woul d--the

water will again be trapped in the upper part of the soi

profile and available for infiltration.
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COHON:  Thank you. So it's a conplicated physi cal
process that transfornms precipitation into infiltration. You
shoul dn't expect a conpletely |linear or proportional
rel ati onshi p.

We have four people who have signed up, and let ne
read their nanmes again to make sure we didn't m ss anybody.
Sally Devlin, Tom McGowan, Judy Treichel and JimWIIians.
Have we m ssed anybody? (No response)

Because our tine is limted, and |I know you al
want to eat lunch, we're going to limt each speaker to seven
mnutes. | knowthat's a little bit short, but recogni zing
we have an additional for public coment this afternoon,
feel justified in doing so.

So seven mnutes, and | wll keep you to it. W'l
start with Sally Devlin. M. Devlin,

DEVLIN.  Thank you, Dr. Cohon, and wel cone everybody;
and I"'mgoing to just go right into ny little song and dance.

| just want you to know that everybody |'ve tal ked
to in Pahrunp and one in Amargosa has said what a considerate
and good-listening Board you are. And that's what we need,
because we're hardly ever nmentioned; and as you know, we
don't have any facilities.

|"monly going to say sonething because this cane
up in the course of conversation, and | think it's sonething

that the Board can do; and it's nothing really directly with
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Yucca Mountain, but it does affect Yucca Muuntain. And that
is the classification of |ow | evel waste and high |evel
wast e.

And I'mtal king about it because the classification
of fission bonbs, 110 of them is low | evel waste. The bonbs
done by the nuclear power nethod are high | evel waste. Now
they're all done in the sane areas. Everybody had a grand
time doing them from 1952 to 1992, but there is a

differentiation. And | really, in talking about fission

versus fusion, | feel that you're still dealing with the sane
hot stuff.

| don't know all the technical differences or if
there is one, but of course this was set by Congress, and |

really feel particularly in the Piute Mesa area and so on
where all that stuff is classified, we did fortunately get
the trilliumcount. But nonetheless it's the sane stuff
going right into Yucca Mountain as far as |'m concer ned.

And I'd Ii ke to know what you think of it, but I
think it should be Congressionally changed; and | think you
are the ones--maybe never thought of it, it's cone up many
times in our NRAP group when we're tal king about the
different |evels of radiation.

The other thing is really a nea cul pa when | was
yelling at the Navy, because | was angry because they said

t hey woul d declassify for ne. And I'mjust a little old | ady
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l[iving in Pahrunp, and | really felt if they were going to
decl assify for nme they should declassify for the world, and
what are they hiding?

Did you hear the word? This is what we civilians
guestion--what are they declassifying? Wy should it be
cl assi fyi ng? | wll not allow whatever it is in ny
nmountain. | want to know what you're putting in there and |
want to know how you handle it.

And then again with this topic of the |ow | evel,
high I evel, | understand that in the Naval fuel, and I've no
i dea what any of this stuff is, that of course there's m xed
wast e- - what ever m xed waste is, chem cal and radi oactive
waste or actinides or sonething.

But you hear, I'mthe public, | have the general
concept of this stuff, that I"'mterrified about. So I want
to know what's going in ny nountain. You're not allowed to
kill ny pupfish and I don't know if I'"mgoing to bring you
back on ny stage yet. But I'mgoing to tell you that | am
concerned that these concepts that really aren't tal ked about
anynore and yet they're very basic. So | hope it will be
consi der ed.

The third thing I have to say is really an apol ogy
to nmy friend Lake Barrett here, because | called him
appealing to ignorance. Wat | neant by that, if you

remenber your philosophy, and that he to nme was sayi ng Yucca
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Mount ai n' s saf e because nobody proved it isn't.

Now | realize that he's the one that puts the rules
in nmotion, and does this and does that and all that; and |
have great admration for him \Whereas on the other hand the
esoteric scientists--whatever you want to call them-on the
ot her hand are doing all the testing and they' re having a
grand tinme for generations |earning and grow ng, and
wonder ful --which is the best car?

And this is very confusing because if sonething
does occur at Yucca Mountain and they do find the test site,
Lake Barrett is the one that's going to get the heat, not the
scientists, because he's going to be the one in the nane and
the group and the whole thing that says "Well we're going to
allow EPA to allow two and a half people to die of |atent
cancers in 1300 mles of transportation.” And |I'm saying,
"Cee | live on two and a half acres in Pahrunp and |'m
allowed two and a half horses.” And that's the |aw.

So that there are so many different confusing
t hings going on. So | do apologize, but | really do feel
that way. W are very concerned, not know ng about neeti ngs,
not getting information and so on. But it is information--
what is high |l evel waste, what is |ow | evel waste, why is
this low |l evel waste? Wy are you tal king and putting
t hi ngs?

And | was terribly upset with this May 28 thing
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because we didn't know anything about this. So | feel the
public needs to be far better inforned, and having been a
salesman all ny life in many fields, | know you go to the
peopl e. How do you expect people to cone here when they
don't understand a word of what you're saying?

| nmention in that one page there were over 18
acronynms. |'ve been playing with you guys for five and a
hal f years, and | do talk acronyns. And | understand them
And the first thing | do when | get a report is |ook at the
glossary, and | get the definitions and | use them and they
becone famliar.

But you must go out to the public, and this is what
you're not doing. You're not--now | don't want you to sel
this. This is not what |'m saying. But you can't expect the
public to come here when they won't understand the | anguage.

You can go to the public and say this is what we're trying
to do, and the public will get the inpression, as | have
known for years, that they're really trying to solve this
pr obl em

And the one thing | would |ike solved, and I'm
going to wind up right now, and that is | question whether
there isn't science going onin this world, in this country
somewhere, where we don't have to have a repository and spend
all these billions and get all these people irradiated or

whatever it is?
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Wiy can't this stuff be transnmuted, do sonething,
or sonmething--and as I'mon the Internet, barely, I'mgetting
abstracts that are saying we can transnute, we can this, we
can that. And ny concept is--wonderful, the m crobes are
going to eat the canisters.

Let's get sone science, get rid of the rods and get
rid of the plutonium Put it all in one place, and we don't
have the transportation Yucca Mountain problem And that's

my concept. And that's what | want to see. MKke, you' re out

of a job.
Thank you.
COHON: Thank you, Ms. Devlin. You covered nany topics,
and | have no intention of responding to nost of them But

one thing I do want to say, we recognize the technical nature
of these nmeetings. That's unavoidable. The Board can't do
its job if it doesn't get into technical detail. That
doesn't justify unclear or poor presentations however, and |
t hi nk working with DOE we've had to attain a nuch higher
| evel of presentation. And | think the results show

| would al so point out that we have heard from DOE
today that they made a special effort to nake the Overview

vol une of the viability assessnment understandabl e and

accessi bl e by anybody interested in this project. 1've read
that Overview volunme twice. | think they achieved that, and
| think they achieved it very well.
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And | woul d encourage you to convey to others who
have not had your experience with this programthat if they
want to | earn about the program and where it is, recomrend
that they read that volune. | don't think they' Il be
di sappoi nt ed.

Tom McGowan, who's waited patiently for a day and a
hal f, and now |I' m nasty enough to limt you to seven m nutes.

But you're going to do it, | know, because you can do it.
McGOMAN: | recomrend that you do not renove Director

Lake Barrett. God knows who would be in his place, first of

all. Better to deal with a known than a bunch of unknown.
My nanme is Tom McGowan for those who are from
Sweden, here for the first tine. And | would start |ike

this: 1'"'ma nmenber of the public which is intimdating
enough. Do you mind if | snoke?

SPEAKER: Go ahead.

McGOWAN:  Thank you for shedding the standard of

absolute zero. Now there's no nore reasonable uncertainty.

| know exactly what it should be. You have said it; and |et
me put it this way. | want to start out by sincerely--and
you can take it because it's objective anyhow on your part--|I

sincerely comend DOE, OCRWM YMPO, the M&O -what ever t hat
i s--NRC--whatever that is--and everybody concerned with this
process for your diligent effort.

You have been exhaustive with these reports called
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t he New York phone book over there, which | refer to as the
expert uncertainty assessnent; and | refer to the page 36,

t he three paragraphs which are unparalleled in recorded

hi story, for containing 22 or nore anbiguities and
uncertainties--any conclusions; and ends with the DOE
confident assertion that UE believes--can interpret that
what ever way you pl ease--that the project can proceed.

Wel |l you know, there's this little thing about
statutory silence does not constitute statutory |license. |
woul d find your belief systemnore credible if you were to
back it up with sone of kind of justification basis, and
certifiability by independent verification, as valid and
reliable; not because it's you but because it pertains to al
of us.

By the way this concept of all of us being together
here, working on this project so diligently with all kinds of
integrity, et cetera, | would find that nore believable if
sonmebody fromthe future was here and able to speak, with
poi gnancy so to speak. And they had no idea who you are or
who | amor what we're doing here or why, what the outcone
will be. And this is a denocratic process--how cone you

haven't included thenf

So let's renenmber, this is not exclusive. This is
not em nent domain. That's not what it is. It's about
manki nd, and that is the litnus test we nust pass. W are
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the current generations of the |eading scientific, academ c,
t echnol ogi cal mnds of our tine; and this public is the one
you get, the one you see, including Ms. Devlin, nyself and
all the other people. | put nyself last in that group--Bil
Vasconi, Judy Treichel, others far nore em nent than | who
have been involved in this for a long tine.

You have a responsibility and so do we. It has
nothing to do with the repository. It has to do with the

quotient of human integrity. That's where we're comng from

In Sweden were asked the question who fornulated this master
plan. Fact is, | did. But ny iteration was summarily
rejected for some reason

What you got instead was the OCRWM YMPO. \What
you'll have to do is close enough for jazz, is that correct?

Al right, where was 1? Oh, by the way where is
EPA? And why? Better yet, why not?

Your concept of the semantics of mnd vary grossly.

You use terms such as show stopper, and if Nye County's a
show st opper we've got a problem because they are digging
wells, ditch diggers in other words. Congratul ations, Nye
County, offsite--did a great job. Soon sonebody will tell us
where the warmwater canme from maybe. Find out. They said
in about a nonth and a half. | thought that's rather

accel erated, but it's okay.

The fact is the uncertainty assessnment--1 shoul dn't
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do that to you, Lake. You guys did too hard work on that--
you really did work hard. 1It's not uncertainty--it is your
best. That may be the ultimte statenent.

Consistent with the Peter Principle it's been
suggested that we all eventually reach our own | evel of
i nconpet ence, which |I'mfast approaching. And very possible
that the viability assessment will do the same thing. That's
the real danger. The closer you get, nore incisive
i nvestigation, the closer you get to the awful truth, which
is this sinply can't be done.

But the problemis why don't you tell that to the
Congress and the President and the Anmerican people, the
people of the world who will enulate what you do in the
assunption that reasonable assurance is quite all right. Try
that at an Italian weddi ng cerenony when di scussing the

virginity prospect of the bridge--reasonabl e assurance. You

think that'Il work? | don't think so.
And again let nme say that sonebody nentioned the
aut onobil e as an anal ogy. | happen to have had the
opportunity to purchase for $50 a used auto. It's a very
fine auto; all it has to containis ne. And it's called a
Chevy-QA dsmobillac froma four-car collision. And if | can

find another one I'll get you one.
Yeah, we begin to get the idea what it is we're
tal ki ng about here. Wy are we talking in circles? Wy
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don't we go to the fundanental crux issue? The crux issue is
not waste, not nucl ear--never has been a problem never wll
be. The problemis human nature. That's us. W happen to
be the current iteration of it, the Congress who aren't here,
al ong with EPA who isn't here.

NRC is here, to their credit, ultimate credit--yes,
it is. They're on the hot seat, they're going to have to be
consi stent with whatever EPA's Yucca Muntain uni quely
specific relaxation standards are. They're going to have to
sonmehow justify relaxing their criteria accordingly.

They were told to do that by law. How do you |ike
that? And--what does this nean? Another seven m nutes?
|"ve had seven m nutes--be honest with you, far too long. So
is 300,000 years. But none of that. That's nuch too |ong.

| want to say then in closing up | nmade
recommendations that there are three prerequisites to a safe,
secure--sone of you who |'ve talked to can tell the rest of
you about it. | maintain they are readily attainable, that
you're not addressing any of the -- and probably won't.

Second point is the utnost inportance to this
process, the desired litmus test is our attainment to a
hi gher idealized standard of ethics, norality, reason
integrity, responsibility--but above all, conscience.

Wiy do | bring this up--and Dr. Barrett, | think

you woul d essentially agree with what |I'm saying if you had
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your druthers. But you're not an independent nenber of the
public such as nyself, so you have certain boundaries and
paranmeters. | break all the rules. | make some rules --
followthem R ght? Sit down. \What are you doi ng?
(Laught er)

| want to thank all of you, and again |I comrend
DCE, everybody highly for their exhaustive work. There's no
guestion about that. That's not in question. The question
is stand up and tell the Congress, the President this
fell ow-what do you do here, by the way? Excellent stance.
| was going to start it off like this, Ladies and Gentl enen,

for the hearing inpaired. Can't do that, right? Can't do

t hat ?

Let me just wind up with this politically incorrect
statement. |'msure he's adult enough to appreciate the
hunmor of it, because you got into a discussion with Don Kane.

Bear in mnd, two Whngs do not nake a Wght. Understand
that clearly. | love you, doctor. Love every one of you.
Good luck and God speed. You will require each and bot h.

Now you' Il probably--this is your |ast appearance
with ne. As a matter of fact nore people -- thank you.
COHON:  We do appreciate your limting your conments,
M. MGowan. | nean that. | mean he had a lot to say. And
just to show you |I was listening, and as a gesture of

appreciation for limting it, I will recite his three points.
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Keep the water off the waste, take out the |ongest
i ved products--problematic--and in recognition of the |ong
lived nature of the repository and the inportance of societal
oversight, create--1 don't want to do injustice to your
concept, but for lack of a better phrase, a nuclear waste
pri est hood, which--okay. So there you are.

Thank you for limting your remarks, M. MGowan.

Judy Treichel.

TREI CHEL: | need sone clarification, because this 963
canme as a real bonbshell. And | may be incorrect in what |I'm
thinking, but | think it's interesting for the Board too,
because part of their assignnment is to see that Departnent of
Energy is doing its job correctly. And you need to know what
the job is, and if this site--as in Steve Brocouni s
presentation--is conplying with 963, you know, it's very
i mportant to know whet her that had changed.

And I want to know fromyou, like is it just the
nunber that's changing, just strictly the nuneral s?

BARRETT: Barrett, DOE. The programruns under the
existing rule, which is 960 as it stands.

TREI CHEL:  Ckay.

BARRETT: It has not changed, and we are considering if
we're going to change it or not based on the coments that we
receive. So for Steve's plan, he calls it 963. That is what

some of the current thinking is, that we will need to change
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it to--maybe change sonme of it, maybe not change sone of it,
depend on how the EPA and the NRC cones out.

So it is presently 960 as it is and if it is
changed it will go through due process, and the Departnent
has not decided to change it.

TREI CHEL: W th Federal Register hearings--

BARRETT: Federal Register hearings--

TREI CHEL: --all that kind of stuff?

BARRETT: --the Secretary will be briefed, et cetera.

TREI CHEL: Okay, on page 14 in that sanme presentation
there is a Volune 2 of the site recommendation, and it says
"Conpliance analysis with respect to the DOE siting
gui del i nes based on TSPA, SR " and then under that
"represents site suitability analysis."

There is nothing in there about whether it neets
all the qualifying conditions or has none of the
di squal i fying conditions. You never say that, which is the
basis of 960. All it's tal king about is TSPA

BARRETT: At the tine we do this, we will address al
the criteria of 960 or 963 if it changes, whatever those are.
Presently that has much nore than the TSPA
TREI CHEL: Okay, but still when it shows this little
waterfall thing, it just tal ks about various TSPA stuff going
on, and there's never a point that's clear here, where you

have to show that it has net all of the qualifying conditions
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and does not indeed have any disqualifiers.

BARRETT: Barrett, DOE. All--this is a summary chart,
upper level summary chart, it's page | think 16--you pulled
t he page of that. That is an upper level. There is 4000
node schedul e below this that would have for exanpl e USGS
saturated zone, unsaturated zone, all of that kind of work
woul d be there; in addition the basic science would be used
for whatever the 960 or '63 requirenents are. |If the ground
water travel tine is there it will address the ground water
travel time, whatever those are.

TREI CHEL: And ground water travel time will be there

until there's a conplete public process on it.

BARRETT: That's correct, it wll stay--

TREICHEL: And so it probably won't be conplete on June
of '99.

BARRETT: June of '99?

TREI CHEL: Yeah, page 18--

BARRETT: Page 18--what was June of '99?

TREI CHEL: Conpl ete 10 CFR 963--

BARRETT: That's correct--1 doubt that's goi ng--that
wi |l not be changed by June of '99, and it may not change at

all.

TREICHEL: Al right, thank you.

COHON:  Just to nmake sure |I'mnot confused, is it
correct that 963 refers to the proposed guidelines that this
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Board and many ot hers have commented on, which is basically a
per formance based, dose based siting guideline? Just to nake
sure |'ve got the nonmencl ature right.

BARRETT: 10 CFR 960 is the current rule.

COHON:  CGot that.

BARRETT: It remains the current rule until it is
changed by due process, if it is to be changed at all. The
present thinking--and we're sharing that with the Board,
okay--following the EPA and NRC, is that--the NRCis going to
retain part 60 which goes along with our old 960, which has
site conparison guidelines, if you are screening multiple
sites and others.

Then under follow ng the statutes, which said have
a Yucca Mountain specific standard, National Acadeny of
Sci ence report, followed by an EPA standard, followed by a
site specific NRC rule, which the NRC has chosen to call 10
CFR 63, we are planning--though it is not a decision--we are
pl anning to prepare a proposal internally with NRW to
propose that we woul d change current 960 to 10 CFR 963 to
foll ow the NRC, which would have the appropriate siting
gui del i nes under statute.

| f we change--if, which will only be done through
due process, public comment, et cetera, then it m ght becone
963. If you were to ask the scientists at Yucca Muntain

what is their best guess nowin planning, it is 963. W know
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it will have heavily the TSPA probabilistic aspects to it no
matter what. It's in the current 960. So we know we're
going to do that for sure.

If we need to do ground water travel tinme and sone
of the other subsystemrequirenents and things |ike that,
those would be there, if they're still there; if they're
changed, we'll do whatever it is.

So when it is tinme to do the site suitability
recomrendation, then it wll be against whatever the
appropriate rule is at that tinme. And it will be either 960
or 963.

COHON:  Thank you. Are we straight on this? Staff?
Yeah, okay. Good, maybe you can explain it to ne |ater.

JimWIIians.

WLLIAVS: Yes, I'mJimWIIlians, and ny conments are
personal. They have not been discussed or cleared with Nye
County or other state and | ocal governnents that |'ve worked
with over the years on this project.

VWhat | wanted to do was to pick on two small pieces
of two very, very substantial docunents, and perhaps this is
alittle bit unfair--but--in picking on these two small
parts, but | think they are related to each other and rel ated
to the issue of equity.

The first small piece is the--on page 2 of the

Overview, of the viability assessnment, which says that one of
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the three advantages of the Yucca Mountain site is its

| ocation, which is described as a place 100 m | es northwest
of Las Vegas on unpopul ated | and adjacent to the Nevada Test
Site, where 900 nucl ear tests have been conducted over 40
years.

Now t hat description of this as a |ocational
advant age of the Yucca Muuntain site does not nention that
there's a | ocal governnent there, nanmed Nye County. It does
not--in saying that the area is relatively unpopul ated now,
it does not explain whether the inplication is that it should
remai n unpopul ated for the next 100 years, 1000 years, 10, 000
years. And in making reference to the NIS it does not
describe that the cunul ative effects of the radiol ogi cal
burden that this area is--that is inplied in that.

So what we have is in addition to the Nevada Test
Site and the 900 nucl ear tests there. W are also |ooking at
the Nevada Test Site as a major site for disposal of DOE s
| ow | evel waste fromacross its conplex, and we're talking
about the nation's spent fuel inventory in high | evel waste.

So those are three aspects there.

The second small piece that | would want to bring
up is fromthe NWRB s Novenber '98 report, and your cover
letter there in which you nention--nmake reference that the
common goal --this is of Congress and DOE and the nation and

the NWTRB--is to further safe and cost effective managenent
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of spent fuel and high | evel waste.

And the analysis of that is that it doesn't nention
equity in this, and some suggestions are two: one with regard
to DOE in discussing the | ocational advantages of Yucca
Mountain as a site, | would suggest sone additional care in
descri bing how this |ocation as described is one of the key
advant ages.

And with regard to NWIRB | woul d suggest that it's
fine to focus on safety with a consideration of cost, but
t hat shoul d be conbined with an acknow edgnent that the NWRB
is not taking on the question of equity--which is at the core
of this programfromits outset in 1982; and that its focus
is on the repository itself primarily, to a 90 percent
degree, rather than on many ot her aspects of this program
the tangl ed i ssues of transportation, interim storage,
community acceptance, comunity futures.

COHON:  Thank you very nuch, M. WIlians, for your very
wel|l stated remarks. You're quite right, and your points are
wel |l taken with regard to the Board. That and many ot her
policy issues are beyond our purview, and we shoul d be cl ear
on that whenever we have the opportunity to do so.

| do want to point out that transportation is very
much within our purview. However again, as with everything
we do, the focus is on the technical aspects of

transportation; and we certainly acknow edge that there are
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1 distributional and other issues related to transportation as
2 well.

3 Thank you all very nmuch. M thanks especially to
4 our speakers this norning, starting with M. Barrett all the
5 way the end, to M. Kane.

6 We stand adjourned until 1:00 when we wl|

7 reconvene. Thank you.

8 (Wher eupon a lunch break was taken.)
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AETERNOON SESSILON
COHON:  We turn now to Volune 3 on Total System
Performance Assessnent and the ever el oquent--el egant and
honest Abe Van Luik who will make the presentation. Abe?
VAN LU K:  Well, I mss out on a couple of those Es
today, but just give ne an E for effort.

There's a couple of questions that cane up this
nmorning that | think 1'd like to address before | go into ny
talk. Actually, there was one that came up yesterday about
t he Nucl ear Regul atory Comm ssion and their requirenents. |
was wondering if the Board had | ooked strongly at the |IRSRs
that the Nucl ear Regul atory Conm ssion is preparing because
they are the ones that give us a cue as to what they want and
| think there is nmuch wording in there about a full and
serious disclosure of the basis for every assessnent and of
the uncertainties underlying every assessnent, etcetera. So,
| think perhaps, you know, at sonme future neetings maybe the
NRC can be invited to go through the IRSR total system
performance assessnent, for exanple, which is not an easy

docunent to dism ss or deal wth offhandedly.
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There was a question this norning about how nuch

water flows in the matri x and how nuch flows in the fractures

in the current nodel. | just spoke with the TSPA nodel er
from Sandia in charge of this, Bill Arnold, and is typical of
a TSPA nodeler, there is not a straightforward answer. |f he

was forced to cast it as a wong nunber, he would say that
for the present climate state for nost of the nmountain, the
ratio is about 1 to 7; 1 volune in the matrix and 7 in the
fractures. Wen you go to the next climte state, the |ong-
term average which would be a pluvial state, it's nore like 1
in 50. There is 50 tinmes nore vol une going through the
fractures than there is through the matrix. But, then, he
cautioned ne and said, you know, this is a 3-D nodel with
variation both over the area and over depth and it's al so

cal i bration dependent depending on which version of the nodel
is used, and howit's calibrated to tenperature and a | ot of
other things will give you slightly different nunbers, too.
So, there is definitely a huge 3-D matrix with the answer to
this question and he thinks that 1 over 7 is a good one for
the dry climate and 1 over 50 is a good one for the pluvial
climate. Cbviously, we can revisit this if you want to

examne it in detail.

There was al so a question this norning about
seismc. | want you to know that the base case does include
expected | evel seismc events and the fewlittle rock-falls
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that that can cause. | think the little Squaw Munt ai n
guakes that we had over the--was it yesterday that we had
one? Yeah. As far as |'ve been able to tell fromtalking to
peopl e that have been at the nountain, you could not feel it
under ground, but you could at the surface which I think is a
typical illustration of the fact that earthquakes rel ease
their energy at the surface and conduct it through the
underground. So, with no further ado, 1'Il start with our
talk on Volunme 3. | just wanted you to know that seismc
events are in the TSPA of the type that we've just
experienced.

What was the purpose of Volune 3? It was to report
the results of the total system performance assessnent
anal yses that we did. Now, | think personally I'mvery
pl eased with the TSPA/VA; and |' musing the acronym because,
you know, it's the same, total system perfornmance assessnent
for the viability assessnment is a ot of words. TSPA/ VA |
think, is a very fine product not only because we did an
excellent job in putting together everything that we knew
from sci ence and engi neering and from our nodeling

experience, but because | think we did a very good job both

inthe VAitself and in the technical basis docunent
di scl osi ng our uncertainties and di scussing them | think,
you know, | amvery pleased that this a good nodel for how we

woul d build a license application. It is not the |icense
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application, but you will see pretty nuch what you saw in the
VA except expanded in the |icense application is ny vision of
it.

We did a determnistic base case. W did a
probabilistic base case. W |ooked at vol canism human
intrusion, and nuclear criticality as disturbed events. W
di d conparative anal yses and we did design option analyses in
alimted way in the VA

We provided an overview of all the conponent nodels
and we provided input--and this was a big purpose for doing
this analysis in the first place--for the license application
plan which is found in Volune 4 and al so the--did you say
4000 node, Lake--the 4000 node planni ng docunment has gotten
direct feeds from  TSPA' s information needs. It identifies
the nost critical conponents and paraneters and provides

gui dance for prioritizing future site and design work. Now,

| didn't say that it said what we had to do for future design
and the site work. It provides guidance because obviously
TSPA is only one input to the total picture.

We did a determ nistic base case, also called the
expected val ue case, which was a single realization. W
sanpled all the uncertain input paraneters of the nean of
their range. And, why did we do this? Well, the useful ness
of it istoillustrate the relative influence of various

conponents or sub-components on individual dose results and



323

we woul d not use or even attenpt to use such a case to neet a
regul atory requirenent.

What we did which | think is the nore interesting
part of TSPA/VA, we did a fully probabilistic base case.
Used |inked determnistic nodels with their relative
paranmeter uncertainties propagated using a Monte Carlo
technique. The multiple realizations are used to define the
range in the dose rates. W did 100 runs. For a couple of
sinplified exanples, we did 1,000 runs to check on whether or

not the nean was stable and we found that the nedi an was

extrenely stable and the nean was acceptably stable. It is
this type of probabilistic analysis that we'll ultimtely use
to devel op the safety case for licensing; not this analysis,

but this type of analysis.

We have al ready discussed with the Board several
ti mes what the anal yses were and what the results were. So,
what I'mgoing to do is take a slightly different tack so
that I'mnot boring you to tears if you' ve already heard this
and take tine snapshots and tell you what's happening in the
nodeling. | would say what's happening in the repository,
but let's never forget that this is a hypothetical repository
simplified into a nodel.

Fromthe time of closure to the first severa
t housand years and pay no attention to the tine equals

100, 000 years picture there--that will show up two slides
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fromnow, |'ve got the wong one in--l1ook what happens.

Well, we know that thermal output causes heat and the
surrounding rock to rise above boiling until about 1,000
years and it dries out the rock about 10 neters into the
drift wall. W begin the degradation of the outer carbon
steel layer at several hundred to several thousand years.
The inner Alloy-22--that's our corrosion resistent materi al

| ayer--in those cases where tenperatures are nodeled to drop
nore quickly also begins to degrade. W have assuned and
this is not a nodeling result. This is an assunption based
on di scussions with people, you know, that are worried about
the manufacturing difficulties, etcetera, we assune that one
juvenile failure occurs. And, we really have no dose
consequence, at all, in the first several thousand years.

If you go to the next slide, now we're | ooking from
several thousand years to 10,000 years. During this tine,
the drift walls have returned to the anbi ent tenperatures and
fluid flowis re-established. Dripping water occurs in sone
| ocations, but not everywhere. WAste packages continue to
corrode and sone inner |ayers are breached about 1 percent of
the total in the expected value case. Water enters the
packages, nobilizes radionuclides, and carries nuclides to
the 20 kil onmeter boundary where we have placed our i ndividual
dose recipient. The peak does rates or the expected val ue

calculation is .04 nremyr. The range fromthe probabilistic
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cal cul ations goes fromO to 3 memyr; mainly fromtechneti um
and iodine. The waste package cross-section shows that we
have quite a bit of eating away the outer barrier, alittle
bit at the inner barrier, and sone things happening with the
waste formitself. | believe that these pictures are very
good to discuss, you know, the evolution of the system over
time. Therefore, you see themin the VA and you wll see
themin nost all of the outreach materials that we are now
preparing.

If we | ook at the 10,000 year period to 100, 000
year period--now, first, | nust say why we do this. The NRC
and, | believe, the EPA al so because of precedent will tell
us that 10,000 years is about what they want to go
guantitative in licensing on. But, | believe, that there has
al so been an indication that there's an interest in know ng
what the peak does is. The National Acadeny of Science has
recomended that we look at it and so we |ooked at it. W
have disclosed it in the viability assessnent and we plan to
disclose it in the draft EIS which will come out this year.
So, what we are |ooking at is peak doses. | think it's
inmportant to keep in mnd that somewhere between 10,000 years
and a mllion years, you go from science to science fiction.

You know, the basis for these cal culations dimnishes in
credibility in nmy view anyway as we go farther and farther

out in time.



© 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

326

| was recently review ng sonme work by anot her
country that calculates out to 10° years and they fully
acknow edge that by that tine the sun could very well go
super nova. But, they're only addressing a regul ation and
the point that they nmade to ne was regul ati ons have no
reality constraint. Regulations are just stylized
cal cul ations that have to be perforned.

So, anyway, if we | ook at what happens over the
next 100,000 years, we have clinmate changes occurring. As
they climtes change, the percentage of waste packages seeing
seepage out of the drift wall will change. |t goes up when
the infiltration goes up; it goes down when we go back into a
dry climate. | believe that one of the conclusions that we
have cone to fromthe climte nodeling is that about 80
percent of this very long-termfuture, we are spending in a
pluvial state. Now, | just say that we are re-eval uating
this whole climate nodeling business this year and you may
see sonething different for the site recommendati on. But,
this is a caveat | should make on everything that I say. W
are evaluating this design given this nodeling and this basis
and the basis is changing and the design may be changi ng and
t he nodel s, of course, keep pace.

Wast e packages continue to be breached and now we
are calculating up to about 6 percent of the total of the

wast e packages where you have water actually able to access
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waste. The expected value for the peak dose rate at 100, 000
years at a 20 kil onmeter boundary is about 5 nmrem yr and the
range fromthe probabilistic analyses is between 0--quite a
few hits at 0 still--to 300 ntemyr. Now, neptuniumis the
dom nant contributor to dose.

If we carry these calculations even farther up to a
mllion years, packages continue to be contacted by seeps and
continue to corrode and fail and we're up to about 30 percent
of the total that has been contacted by seeps and has fail ed.

Sonme of the packages that have never been contacted by seeps
al so being to fail because of just general noist air
corrosion, and 1 to 2 percent in the probabilistic case is
what corrodes at that point. The peak dose of 20 kiloneters
fromthe determnistic case is 300 ntemyr and it ranges from
.1--which is about the 5 percent probability--to 3 rem or
3000 nremyr which is also about a .5 probability if we're
| ooking at the total probability space. You can see fromthe
picture that we expect that many of the waste packages at
this point will be corroded, that the waste formw || be
accessi ble by water, and that basically we have reached a
steady state or the doses are falling at this tine.

Anot her way to show these sane types of results and
the reason | show this viewgraph, this next one, is to |ook
at the tinme variation and the statistical descriptors of the

cal cul ated dose rate distribution. If we go to the 10,000
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and 100, 000 year cases, you see a 95th percentile nmean which
is very close to the 95th percentile nmedian which is way down
there, about two orders of magnitude |lower, and then a 5th
percentil e which does even show up on the 10,000 and 100, 000
year graphs. And, for a mllion years, the 5th percentile
finally shows up at about, what is that, 750,000 years. But,
as | say, you know, to think of these things very
quantitatively beyond one significant digit is doing a

di sservice to what we've done here.

The reason that | show these curves though is these
are plotted, they're calculated and plotted, as 100 year tine
averages and this is the advice given to us in the NRC s 10
CFR Part 63 as posted on the internet. It has not yet been
rel eased in any other form You can see that the 10,000 year
case shows the doses as | was speaking of just a few m nutes
go. But, the peak does in this way of showng the result is
somewhat | ower than the 95th percentile that | quoted just a
m nute ago. So, the reason that we think that this nove
which is being recomended by the NRC, which has al so been
adopted by the Canadi ans and a few other countries, is that
this gives a nore realistic picture of if a person were
living in this location at this tinme and |lived 100 years,
what woul d be the average does that person woul d see; rather
than what is the average of all peak doses over all tine

whi ch has no reference, at all, to any kind of individual.
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So, we think froma gut feeling this is a good way to show
the results so that it's sonewhat neaningful in a human type
space.

If we | ook on the next viewgraph, you see what the
dose contributions are. |'ve already nentioned iodine,
technetium with a lot of O dose hits. This is out of 100
hits. For the 100,000 year tinme period, you start to see
neptunium play a big role and neptuni um conpl etely dom nates
in the very long-term Wth plutonium because of the nodel
that we have adjusted given the experience at the Nevada Test
Site, we have worked with those people and created a colloid
nodel and so we do have plutoniumnoving as a colloid. O
course, there is additional work needed to assure that that
nodel is correct.

Now, we did conparative anal yses and the goal for
t hese analyses is to look at the sensitivity of the results
to the uncertainty and the paraneters in the nodels. Now,
where there is a lot of uncertainty in the paraneters, we
were able to do regression-based sensitivity anal yses.
However, in sone cases where we had a nodel with very little
uncertainty, the regression analysis would not show any
i nportance to that nodel even though we knew it was very
inmportant. So, in those cases, we did one-off sensitivity
anal yses and I'mnot going to show you a lot of results

because these are all in the package fromthe previous TRB
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nmeeti ng where we explored this in sone detail

But, if you go to the next viewgraph, you can see
that for all of the principal factors, the principal factors
that control the functioning of the repository, we attenpted
in many cases to | ook at the uncertainty analyses in
different ways. |In sonme cases like the integrity of spent
fuel cladding, we |ooked at uncertainty, the uncertainty in
the nodeling itself as part of the base case, but we also did
a conparative anal yses where we did it with and w thout
cladding. And, | think, because the Board asks a speci al
consi deration be given to explaining the cladding nodel,
which we'll get into in a nonent, that this is an inportant
point. The regression anal yses did not show that cl adding
was very inportant, even though we know it's very inportant
because the range of uncertainty assigned within the nodel
woul d not wag the tail of the distribution owed dose very
much. So, what we did is ran it with and w thout cladding or
with cladding set at very different paraneters than was done
and it showed, indeed, that it's an inportant paraneter and
we need to spend sone tine bolstering the bases for this
anal ysis. But, the main purpose for this viewgraph is to--
and you' ve seen this one before--is to show you that for
every principal factor, we did address uncertainty in
what ever way was appropri ate.

The regression-based sensitivity anal yses were
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performed on the results of the probabilistic case, sanpling
for all uncertain paraneters sinultaneously. Al paraneters
retained their assigned range of uncertainty and interactions
anong the various paraneters were nmaintained. In other

words, this was not a blind Monte Carlo sinmulation; this was
a sinmulation which respected the fact that if you adjust sone
par anmeter upward, others are physically inpossible that they
al so go up. They nust stay where they are. So, those things
are in the nodeling and we respected that in doing this
analysis. Oherw se, you would cone up with a spurious

rel ati onshi ps that would show that some things are naybe not

i nportant because other things that are physically inpossible

are canceling other effects.

We | ooked at scatter plots, regression anal yses,
and contributions to variance type plots. ['ll just show one
plot. This is a plot that we woul d expect woul d be

scrutinized if this were a licensing action; it would be
scrutinized in great detail by the regulator. But, this is
the 10,000 year dose rate history, all pathways 20

kil ometers. And, you can see that out of the 100
realizations plotted here in this, what we call, a horsetai
di agram 28 of them have no waste package failures and no
doses. So, 72 are what you see contributing here.

If you look at the nobst inportant uncertain

vari ables for the base case for that period, you can see that
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the very largest one is a seepage fraction. That's a natural
systemeffect. The very next one, you know, |ooking at the

| ongest bar and then the next |ongest, is the Alloy-22
corrosion rate which is an engi neered systemeffect. Then,
it was very inportant in the first 10,000 years whether or
not we had nore than one juvenile failure. This was sanpled
between 0 and 10. Al so, what was the saturated zone dilution
factor? It's interesting that the Board al so asked ne to
expound a little bit nore on the saturated zone nodeling that
was done for these analyses. But, the point is that if you

| ook at the inpact on peak dose variance, it gets up to just
alittle bit above maybe 17 percent of the dose variation
that you see on the left side is explained by seepage
fraction; alittle bit nore than 12 percent is expl ai ned by
the Alloy-22 corrosion rate, etcetera. So, we don't have
things that conpletely dom nate here and give you |like .88
type results where one paraneters sways your whol e anal ysis
one way or the other.

If we | ook now to the specific questions that were
asked, one of the changes that has to be nmade is that these
were not panel questions; these were full Board questions and
| apol ogi ze, but at 10:00 o' clock last night when Steve was
review ng these viewgraphs, | think I was asleep already. W
were asked to tal k about an assessnment of relative

uncertainty and conservatisns in TSPA/VA nodels. This is an
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unfair question to ask us because when | |ooked in the VA
docunent, we did not specifically address this question this
directly.

W were al so asked to tal k about the claddi ng nodel
assunptions, saturated zone flow, and transport nodel
assunptions and sone statenment of the relationship between
t he TSPA/ VA and what your panel saw the other day in terns of
def ense and dept h.

So | ooking, first, at the TSPA nodel of
conservati smand Hol |y Dockery from Sandi a hel ped ne put
t hese vi ewgraphs together and she predicted that we will get
stuck in this section and never finish the rest of the talk.

"1l be nost pleased if that's the case.

The goal of our devel opment of the TSPA/ VA was to
match information that we have and to be as realistic as
possi ble. This was not a |licensing cal cul ati on where we
think that we will be forced to be sonmewhat on the nore

conservati ve side. However, no nopdel was included if it was

judged to be clearly non-conservative. So, in the table that
you will see next, you will not see NC for non-conservative
next to any nodel because, for exanple, the saturated zone

nodel that we began the VA with, we judged to be non-
conservative. W could have kept it in and defended it, but
rather than that, we took a nore sinplistic nodel that we

t hought was not as non-conservati ve.
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| want you to know that within the project, even
within the PA team we have a range of opinion on whether
some nodel s are conservative, realistic, or non-conservative.

There is not a nonolithic m nd behind DOE that says every
word in here is believed by everyone to have the sane

nmeani ng. However, we sat down because this was not directly
found in the VA. W sat down as a team and worked out a
tabl e of what we thought. The table in sonme places has two
answers because we could not agree, and in sone places, there
was hesitant agreenent, although sone people felt it could

al so be the other way. So, there's a question mark behind
it.

And, of course, the objective of future work is to
address these areas with the nost uncertainty that al so have
t he nost influence on performance. W have sone things where
there's great uncertainty, but we have shown that it really
doesn't matter. You can bound it one way or the other and it
doesn't make nuch of a difference to dose.

So, with great hesitancy, | put up the next table
which is new information for which only the performance
assessnment crew including nyself are responsible. This has
not gone through the sanme DOE review as other materials in
the VA. This is not in the VA except for the confidence
judgment in the nodels that come fromthe VA. O course,

where we have a 4 or a 5, we are not going to do nuch work
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bet ween now and the site recommendation to address those
nodel s further. Were you have a 1, 2, or 3 and there is
great significance to performance, of course, we wll| address
t hose.

When we | ook at precipitation and infiltration of
water into the nountain, sonme of us felt that was pretty
realistic based on sonme pretty good pal eohydr ol ogy,
pal eocli mate, and other studies, and others of us are aware
of the fact that within the DOE community, neaning GS and

ot her places, sone people feel that this is a very

conservative approach. | like being called conservative, but
| really have a gut feeling that this is not that far off
probably from what we can expect. Nevertheless, we have sone

ongoi ng work even though this is a 4 to try to cone to a
cl oser agreenent within the community on this one.

If we | ook at percolation to depth, it's based on
direct observation of studies done in the ESF. W feel
pretty nmuch in agreenent that this is a realistic approach
If we | ook at seepage into the drifts, we bound that. So, we
think we're being sonewhat realistic, if not conservative.
There was people in both canps on that one.

If we ook at the effects of heat and excavati on on
flow, it says a 1 to 2. That's about the | owest confidence
ranki ng we' ve given any nodel on the nodel. It is sonewhat

significant to performance. Sone of us felt that we were
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somewhat realistic and then we were chall enged by ot hers who
said how can you be realistic when you have no confidence in
the nodel? Well, | didn't think that was funny at the tine,
but I think it shows you that we did put sone thought into
this. How can you say sonmething is realistic when you
acknow edge that you still have a |lot of work to do before
you can have confidence? So, that's an R?

Dripping onto the waste package, this is a very
contentious one. M personal feeling is that it's very
conservative which is why the Cis there. Mst of the crew
thinks it's pretty realistic based on both testing and
observati on.

Hum dity and tenperature at the waste package, we
think we know that one. It's not that inportant to
performance anynore given the design that we have and we
think it's pretty realistic.

Chem stry of the waste package, this is another one
where there's a |lot of discussion and that's why there's a
guestion mark there. W think we have a pretty good handl e
on that. W think that it is sonewhat inportant to
performance. And, yet, some of us feel that it's realistic
because it's bounding and then others felt by definition
that's not realistic; that's conservative. So, the majority
opinion was realistic and | put a question mark behind it

because there was sonme question mark. But, no one thought it
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was non-conservative because if you | ook at the chem stries
that we use for the actual corrosion nodeling which is
crevice chemstry, it's quite aggressive.

So, if we look at the integrity of the outer waste
package barrier, | think we know that one is realistic. |If
we | ook at the inner waste package barrier, every inportant
to performance, we have sone work left to do there. It's
probably a realistic approach, but because of the uncertainty
in the near-field environnent, we gave it a question mark.

If the uncertainty in the near-field environment is realistic
or conservative, then the nodeling is probably pretty good.
It's not the nodeling that's in question here, but it's the
context in which the nodel is applied.

Seepage into the waste package, again | have a
whol e bunch of Rs com ng up with question marks neani ng that
nost peopl e thought it was an R and sone were | eaning towards
somewhat conservative. | think one that | should bring out
as an exanple of a solid Ris the dissolution of UQ and
gl ass waste forms. We think that because of the experinental
work done in this country on our behalf and al so el sewhere,

we've got a pretty good handle on that and we're being pretty

realistic.

If we ook at the solubility of neptunium 237, this
is one place where we feel strongly that we are being quite
realistic and we know from di scussions with the NRC that they
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feel quite strongly that we're not being realistic and that
we' re being non-conservative. So, it's an R? in that case
because we know of the outside opinions of the nodeling.

Formati on of radionuclide-bearing colloids, we
still have some work to do in the nodeling. 1t's sonewhat
inmportant to performance. W think that we're being sonmewhat
realistic; however, the verdict is not in yet on how
applicable the date is that we're applying to Yucca Muntain.

There are still some questions as to the neani ngful ness of
the NTS data to the type of situation that were created at
Yucca Mountain. But, it's in there and we think that if we
are judging solely on the basis of what we know, we're being
realistic.

Transport within and out of the waste package, |
think nost of us felt that that was quite conservatively
handl ed. Some of us felt that there's really no basis to
judge which is why there's a question mark. Transport
t hrough the unsaturated zone, we think we're being realistic.

Sonme people within the conplex feel that it's conservative.

The sane with transport in the saturated zone.

Dilution from punping, that was an easy one.

That's conservative because we don't consider it. It was
real good to get agreenent on sonething.

The bi osphere transport uptake, we think that given

the information sources that we have, we are doing a very
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realistic job there of assessing that. Now, there is still
some controversy within the overall scientific literature.
think I've heard sone very astute people say that typically
all of the nodeling done in this area which is all basically
done the same way is conservative by at | east an order of
magni tude, but 1'd rather have that kind of ground swell than
the other kind. So, we feel that we're being conservative.

You were wong, Holly. Nobody wants to tal k about
this.

If we go on now to the next subject, you wanted to
know what the basis was for the TSPA/ VA cl addi ng nodel . And,
I'd like to make a speech here. The cl addi ng nodel that
we're using is one that we are working on giving a better
basis to for the SR and the LA. It is an open discussion
wi thin DOE whet her or not we want to pursue cladding credit
for the license application and | ampart of that discussion.

My input to that discussion will be--and | may not prevail;

| often don't, you know, which gives the whole project hope--
but that we should take credit where we have a basis and that
what we should do for the NRC, since, no doubt, the NRC wl |l
make us do it, is evaluate it both with and w thout cladding
credit. Now, the analyses that we're going to be asked to
put in the NEPA docunents, the EI'S which goes out to peak
dose by NEPA rules is our best expectation of what wl|

real |y happen. M guidance there would be take credit for
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cladding to the point that you have a basis for doing so.
There is no reason not to if you feel that you haven't. So,
that's why even if we decide not to go into the LA wth
cladding credit, it's still inmportant to have a nodel and to
have a basis for that nodel.

Two types of cladding are included in our analyses.

1.15 of the total commercial spent fuel load is going to be
stainless steel cladding. W wite that off. W take no
credit for it, at all. Zrcaloy for the other part of the
comercial spent fuel is the primary cladding. It has three
failure nmechani snms that we' ve been able to determ ne:
juvenile failure, defects at the tine of waste acceptance;
corrosion failure, nmeaning generalized, |ocalized corrosion
in the repository; and nechanical failure due to rock-falls
fromevents such as expected seismc--what's it called?

It's the expected | evel of events. W wll| also, of course,
| ook at the unexpected seismc events and their possible
causi ng of rock-falls.

The failure anal yses showed del ayed hydri de
cracking, creep, generalized corrosion, stress corrosion
cracki ng, and unzipping effects from pinhole and then
subsequent oxidation are negligible. However, when we get to
the corrosion nodel, it says that we did evaluate them but
we find that they are not as inportant by orders of nagnitude

as the general corrosion nodel.
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The juvenile failure nodel, there's an early
failure fraction due to defects introduced in the reactor
during handling or storage and we have found by surveying
different sources that to be about .1 percent. It includes
the cal cul ated effects of creep rupture, delayed hydride
cracking, and hydride reorientation which |I've already said
are negligible. It |ooks at nechanisns |eading to early
failure that are not assumed to operate in the cooler
repository environnents.

We | ooked at distributions based on industry data
fromin-reactor, storage pool, and dry storage studies and
the distribution that we are assigning is about tw ce as high
as that reported in EPRI data. So, we believe, therefore,
that we have a basis for the assignnment and that we are being
conservative

If we | ook at the corrosion nodel on the next page,
the corrosion rates are assunmed to be 10 to 1000 tines |ess
than Al oy-22. For each realization, cladding corrosion is
assuned to start at the tinme of the first penetration of the
wast e package itself. .28 percent to 40 percent of fue
areas exposed to be calculated is calculated to be exposed
over a mllion years. So, you can see just by that that what
we are saying is that sonewhere between 50 and 60 percent of
the fuel is still projected by cladding in a mllion years.

This is why for the very long-termcase, cladding is an
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i nportant part of the nodeling.

Now, what do we base this on? W have data
avai | abl e on generalized corrosion from nunmerous authors,
numer ous studi es including Naval Nucl ear Propul sion Program
and EPRI. W have information on oxidation rates that
predict 4 to 53 mcrons of zircaloy corroded for 10,000 years
at 180 degrees C which we do not expect in the repository.

At the repository tenperature predictions, we see practically
zero corrosion fromthis type of nodeling. And, chem ca
conditions known to initiate zircal oy corrosion are not
anticipated in the repository. Now, the caveat to all of
this strong talk is that |ocalized corrosion nechani sns and
chem cal conditions within the waste package are not well -
understood and i ntroduce significant uncertainty. So, we do
by corrosion fail cladding over tine.

The nechani cal disruption nodel is invoked when
wast e package integrity is significantly disrupted. So,
after about 100,000 years, you have quite a few packages that
are susceptible to this. The nechanical failures assunmed to
continue linearly on a logarithmc scale from 100,000 to a
mllion years--in other words this is an assunption driven
progress rate--the fraction of fuel predicted to be exposed
due to rock-fall ranges from.2 to 11 percent over one
mllion years. The supporting data, structural analyses

usi ng nmeasured fracture sizes to obtain rock-fall
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characteristics. The bottomline is that the rocks that we
expect will fall as the repository cools, as the |iner has
broken down, etcetera, and from m nor earthquake events are
very small and would certainly not dent the waste package
until after it's seriously been corroded.

| f we nmove now to the saturated zone nodel that we
used, the assunptions we made, the transport of the
radi onucl i des from beneath the repository to 20 kil oneters
away occurs in six 1-D streamtubes. The flow paths in the
saturated zone were derived fromthe 3-D fl ow nodel, the one
t hat we thought as non-conservative and so we didn't use it
inits whole manifestation, but we just used the flow
directions. The dilution factor used to account for

transverse dispersionis 1 to 100 with an expected val ue of

10. The groundwater flux scaled in response to climte
change, the |long-term average 3.9, super pluvial 6.1. In
ot her words, these are the accelerations on the flux fromthe

cli mate changes.

Supporting data, the hydrogeol ogi c franmework nodel
determ ned the units encountered along the flow paths.
However, there is significant uncertainty as to the |ocation
of the volcanic/alluvial interface and the Nye County
drilling programthat you heard about from Nye County--
Parvis, | think, gave that talk, although I wasn't here--is

investigating this very feature of the saturated zone.
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Uncertainty in the dilution factor is taken fromthe
saturated zone expert elicitation in which we brought in
outside mxed with inside experts and got themto | ook at al
of the information avail able and they gave us their best
judgment. The groundwater-flux scaling factors were al so
taken fromthe saturated zone regional scale flow nodeling
results. As you have been told in previous neetings,
believe, the saturated zone regional scale flow nodel is in a
joint revision with NTS and ot her Federal agencies that are
interested in this region. There's, | believe, a five year
program where we're into the second year of it of |ooking at
the basis for this nodeling and coming up with a unified
nodel for all of the agencies concerned with this area.

Now, | was asked to nmake a statenent about the
robustness of the TSPA/VA results. | read somewhere in a
newspaper that the first comment fromthe State of Nevada was
that DOE was obvi ously proud of what they had done. | think
that's a conplinent. They read the docunment and said, yes,

t hese people are proud of what they have done. | think we
are proud of what we have done not because the results were
so good, but because we did a good job fully disclosing al
the uncertainties and fully disclosing what we know and what
we didn't know.

If we | ook at that table that we | ooked at before,

you know, the nodels were given 4s, 5s, 1, 2s, 3s.



© 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

345

Conmponents with relatively |ow confidence like 1 or 2 are
areas in which results could change significantly, but for
nost of these cases, we nmade a great effort to be
conservative in the way we treated them So, if the nodeling
is inmproved, we don't think it's going to give us any
surprises and raise the distributions or paraneters that we
sanple fromgreatly beyond the ranges we've al ready assuned.
Where we had high confidence in the nodeling, we are not
expecting things to change consi derably because we are pretty
wel | -satisfied that we've got a good handl e on that process.

Anot her thing that gives us confidence that we're
pretty robust is if we |ook at our past TSPAs, our own as
well as the NRCs, EPRI's, and even if you go back into the
'80s by others, they all show the sane conponents as
inmportant. The does rate history curves for nore recent
TSPAs are broadly simlar. Yes, there are differences, but
they're broadly simlar in magnitude anong recent TSPAs by
oursel ves, NRC, and EPRI and we understand the differences.
So, we feel that we are creating a pretty robust product at
this point.

| was asked to say sonething about TSPA/VA and it's
very inmportant we use the word VA here with TSPA and defense-
in-depth. Volunme 3 of the TSPA/ VA explicitly acknow edges
the need for defense-in-depth anal yses, but al so nmakes very

clear that the TSPA/ VA does not provide such an analysis. On
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Page 6-2, Page 6-17, | have direct quotes out of the
docunent. We acknow edge the necessity for doing these
anal yses, but we say TSPA/VA is not that anal yses.

On the next page, defense-in-depth is being
addressed as part of the enhanced design alternatives effort
which is currently in progress and which sone of you in the
panel neeting have had presentations on. Al TSPA/ VA tools
are being used to define the base case for those anal yses.
You saw sone of the results fromsone of the one-off studies
that were done. They are systematically neutralizing
barriers and it's a first order approximtion of that
barrier's inportance to performance. O course, it is not a
totally quantitative |ook at the effects of these barriers
because in the nodeling, these barriers are all |inked
together. There is no barrier that you can take out that
woul d not have influence on the barrier above it and bel ow
it. So, these are stylized first order approxi mati ons of
what the effects of those barriers are.

And, defense-in-depth fromthe EDA effort has been
defined to nean that neutralizing any particular barrier
still allows the systemto neet performance objectives. So,
TSPA/ VA has a role to play in defense-in-depth, but you wll
not find TSPA/VA claimng that it makes statenents about
defense-in-depth. In fact, 1'll show you two places where it

says we did not do this.
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| was al so asked to say sonething about the uses of
TSPA/ VA and you'll see that the uses is a long list and the
m suses is a short list. But, first of all, we wanted to
provide insight into the relative inportance of various
conponents and the uncertainty in those conponents to
determ ne what may be achievable in ternms of systens
performance. W, ourselves, wanted to | ook at how good is
this system W wanted to enhance our ability to comuni cate
assunptions and results with various audi ences. Hence, you

see that we have put a lot of time into creating
illustrations that can be talked fromto a non-technical

audi ence. We wanted to test our ability to produce traceable
and transparent results. | appreciate the fact that the
overview is transparent and traceabl e.

The real test, however, is if a menber of the
publi c who can speak sone technical |anguage can read this
docunent and figure out what we did and why. It will be
interesting to get feedback on that as tinme goes on. |I'm
glad to see that people are snapping up the overview with the
CD-ROMinside it because if you're interested in any
particular topic, if you can read the CD-ROMw th the Acrobat
Reader, you can search on words and you can follow the
concept all the way through the docunent.

We wanted to determ ne where our strength and

weaknesses lie in ternms of data, assunptions, and nodels and
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the QA effort. As you know, we have a lot of work to do in
all of these areas. However, TSPA/ VA, again VA cannot be
used to assess conpliance with the regul atory standard, real
or conceptual. It cannot be used to denonstrate defense-in-
depth. You cannot use it to assess the inportance of snal
desi gn changes; |arge changes, yes, but small nuances of
change. Wen you | ook at the pyram d of nodels that feeds
into the TSPA/VA, a |lot of the detail and the process |evel
nodeling is stylized or abstracted for the system| evel
nodel i ng and so you can't use a systemlevel nodel to | ook at
the nuts and bolts of a problem You can go back, however,
to the process |evel nodel and | ook at a performance

surrogate neasure and evaluate that particul ar aspect of

things. But, | think sonetines we expect too nmuch froma top
| evel nodel. And, you should not use TSPA/ VA to determ ne
systemsuitability or unsuitability. This was not the

pur pose of the VA

We are currently making i nprovenents to the node
and the conponent nodels also are being--we think they are
being inproved. This will allow a future TSPA within a year
or two to support a systemsuitability finding that will be
part of the site recomendation report. And, all of our
wor k, as Steve says, has now noved away fromthe VA and is
wor ki ng on preparing to do an SR that's defensible.

No questions? Thank you.
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COHON: Abe, thank you very nuch. That was excell ent
and we especially appreciate your responsiveness to the
guestions we posed. You responded to every one and we thank
you. That doesn't nmean we don't have questi ons.

| need to have sonething clarified. The Table 17
with the Rs and Cs, | don't think this is significant because
the new information in this table is the confidence and the
rel evant conservatism But, that m ddle colum, the
signi ficance of uncertainty, doesn't seemto agree with Table
6-1 fromVolume 3. |If there's sinply a disagreenent in--1|
mean, if we sinply transfer your information incorrectly from
one to the other, that's the end of that. But, if there is
actually a shift here in the nodeling team s view of the
signi ficance of uncertainty fromwhat the table in the VA

says, then we need to know that.

VAN LU K: | believe, we have an answer to that
guestion. I'mgoing to ask Holly to give us that answer
because | think it depends on where you | ook at the VA

DOCKERY: Holly Dockery, M&O. The significance to
performance in this particular table was actually taken from
Vol unme 4 of the license application plan. In Volune 3, the
significance to performance was sinply what do we show from
t he analytical results. 1In Volunme 4, we started to introduce
t he uncertainty performance that was judgnent.

COHON:  No, | got what you're saying, but that's not
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correct. I'mholding Volunme 4. This is Table 6-1 from

Vol une 3 unless |'ve screwed up with ny access fromthe CD
ROM This is fromVolune 3. So, for exanple, it says hints
of uncertainty of unsaturated--in the nountain is |ow, but
that says it's--

DOCKERY: Is that the Table 6.1 from Vol une 3?

COHON: R ght.

DOCKERY: And, |'m saying that where the--there was two
pl aces in the VA that significance to uncertainty for
performance shows up. One is in Volune 3 where we sinply
said the change that you woul d see based on the curves that
conme out of PAis one thing, but we said--this reflects
Vol ume 4 because we were starting to say what kind of

confidence do we have overall with our intuition, as well as

our - -

COHON:  Ckay.

DOCKERY: So, that's the disconnect.

COHON: CGot it, okay. Thank you very nuch.

Questions?

CRAIG Craig, Board. First of all, that was absolutely
incredible. It was clear--

VAN LU K:  No, that's the wong word.

CRAIG Score another one for you. Anyway, that was a
really class act. You're hot today.

That's actually the primary thing I wanted to say.
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But, | do have a question because the other day we heard the
one-off or neutralization discussion on the C-22 and that |ed
to a graph that was already referenced here several tines.
Clearly, that's not part of TSPA/VA. So, in sone sense,
can't ask the question. But, in order totie it in wth
TSPA/ VA and understand how to think about that one, your
G aph #14, the one with the horsetail diagranms, you do have a
di scussi on on what happens to the Alloy-22 corrosion rate and
the fact that that is relatively insignificant in that
particul ar G aph #14. |t appears on the face of it to be
somewhat inconsistent with the one-off neutralization. So,
what |1'd like you to do, if you would, is to discuss--help ne

to think about the difference between those two graphs,

tabl es?
VAN LU K:  Ckay. Could you put up #14, please? Wile
he's getting there, this shows the four nost inportant

paranmeters fromthe regression analysis which, as | said,
shoul d have included cl addi ng, but would not include cladding
because we had very little uncertainty in that nodel

The way that | would read this is not as
guantitative as | mght have suggested, but | would have said
that the two nost inportant paraneters to determ ning does at
10, 000 years are the Alloy-22 corrosion rate and the seepage
fraction and the fact that they are a few points apart

doesn't surprise nme--1 nean, doesn't bother me that nuch.
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So, | think I would take sone issue. This graph clearly says
that one of the nost inportant attributes of the systemis
how | ong that inner barrier lasts and | think that's what the
neutralization al so suggests; that there is a big junp,
al t hough not a huge junp, in those if you neutralize that
barrier for 10,000 years because the outer barrier is very
inmportant for the first 10,000 years and that's left intact
when you neutralize the inner barrier.

SAGUES: Very good. Sorry that | was a couple of
mnutes late, but Don filled nme in about your initial
comment s about nedi ans versus neans and so on. But, | have

one question connected with it. Like, if we go to Item9,

Slide 9?

VAN LU K:  Yes, sir.

SAGJES: Now, do | understand--am | reading those
correctly then that the 95th percentile is about, oh,

anywhere from3 to 10 tinmes higher than the nean in nost of
those graphs? |Is that correct?

VAN LUl K:  Yes.

SAGJES: | see. Now, if we now go back to one that you
didn't show, but you are paying for it because it was quite
exciting, the sanme transparency that Paul nentioned in our
reposi tory panel neeting, in which they showed a maxi mum
dose--or a dose of about 1 remafter 3,000 years in the case

of neutralizing the cladding. Now would the--
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SAGUES: The waste package itself, right. Now, in that

case, what woul d have been the 95th percentile in that case?

Wuld it have been al so about 3 to 10 tines higher than that

thing which | presune nust have been the nean?

VAN LU K:  The reason that | can't give you a straight

answer to that is because we have not done that type of

anal ysis probabilistically. What we have done is taken the

determnistic case that | explained first and just done on
the one-offs for the defense-in-depth off of that case.

SAGUES: | see.

VAN LU K:  The one that you're referring to with the
huge spi ke is the one where they neutralize both barriers,
it not? So, basically, you have naked waste in the
geosphere?

SAGUES: Right.

VAN LU K:  Right.

SAGJES: You still have the cladding, | believe, but

they didn't take credit. So, now, when you have the

is

determ nistic case, do you get sonmething simlar to the nean

in these graphs?

VAN LU K: The determnistic case is not the nean that

is shown in this graph. The determ nistic case was a nean
i nput case which was used only for the one-off studies.

SAGJES: | see. Sure.
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VAN LU K: These right here are the results of
different--

SAGUES: This is different, right.

VAN LUl K:  Yes.

SAGJES: But, what |'msaying is is the result sort of
conparable to the one that you gave--

VAN LU K:  Yeah, it's about that nuch different. It
crosses it in a few places for sone realizations, and for
other realizations, it's not that nuch different for--
especially for 10,000 years. It gets alittle bit nore
different for the very long-term

SAGUES: | see.

VAN LU K: But, there's a big difference between nean
inputs and then the dose that conmes fromthat and then doing
a nmean of the 100 output realizations which is what these are
showi ng. So, you know, they're both nmean cases, but one is a
determni stic input case and the other one is an output case.

SAGUES: Sure. But, the actual nunbers wouldn't be
terribly different?

VAN LU K:  They wouldn't be terribly different, no. |
think there mght be a difference Iike 300 to 100 or 200 to
100.

SAGJES: | see. W could expect then considerably the
equi val ent 95th percentile case woul d be expected to be

somewhat hi gher than that?
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VAN LU K: Onh, yes. Yes, | think so.

SAGJES: And, maybe quite a bit higher because of the--

VAN LU K:  Yes. And, | think, the point should be
reiterated that these are cal culated along the |ines proposed

by NRC for 10 CFR 63 conpliance type cal cul ati ons.

SAGUJES:  Yeah.

VAN LU K:  Ckay.

SAGUES: Ckay. | have another question and this is
sonmething quite different which is the matter of the
corrosion rates for nmetals which are in the passive state.
| ndeed, a lot of the effect of the inner barrier in the waste
package is due to the assunption that the material will stay
basi cal |y passive for extrenely |long periods of tinme. As we
know, the use of netallic passivity for corrosion protection
is arelatively very recent trick. Immnity to corrosion due
to--stability of the netal itself is sonmething that is
docunented by a nunber of analogs. W just don't have such a
thing for passive netals; at |east, not for particular
alloys. And so, there is an assunption, a basic assunption,
a basic nechanistic assunption, behind all this which is that
what ever has happened in the |last few decades fromthe point
of view of nmetal passivity applies to behaviors that wll
t ake pl ace over, say, periods that are enornously--there is,

| will say, qualitative scientific problem perhaps is the
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right termto use, to solve which I think that that shoul d,
at least in nmy own opinion, should figure permanently in how
to address what needs to be done in the future. In that
connection, if | look at your transparency--

VAN LU K:  So, you woul d support the continuation of our
materials testing well beyond the |icense application?

SAGUES: Well, in this case, it would be--that would be
a different kind of problemwhich is to see what evidence is
there that could convince everyone that passivity will be
sust ai ned over periods of tine that will be much, nuch
greater than any--di stance can be conducted. And, for
exanpl e, looking for natural anal ogs may be one of the nore

productive ways to go and, of course, |ooking at fundanental

i ssues on what it takes to retain passivity for a |long period
of time. | mean, the connection, if we go to Page 20 or
Page--which one is it--Page 20, yes. Yes. 1In 20, you

ment i oned under supporting data for zircaloy which is another
case of the passive netal, it says information on oxidation
rates predicts 4 to 53 mcroneters of zircal oy corroded for
10,000 years. Is that inaliquid environnent or is that in
a gaseous environnent?

VAN LU K: | was under the inpression this was in a
[iquid environnment, but perhaps the netallurgist here is
famliar with the Livernore work or is famliar with this--

i ke Dave Stahl, for exanple. Are you famliar with this
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i nformati on, Dave?

STAHL: David Stahl, M&O  There were two cal cul ati ons
done; one for the atnospheric oxidation and the other was for
aqueous corrosion. They're both very low and |I'm not sure
which one this rate applies to, but there's a |ot of data out
there fromthe industry, as well as fromthe Naval data.

"1l have to get back with you later to confirmwhich of this
is applicable to.

SAGUES: Right. And, | don't have any problemif
sonmeone shows ne a zircaloy rod that has been in a given
environment for, say, 20 or 30 years or sonething like that.

| nmean, only a fraction of a mcronmeter. That's fine. Now,
to tal k about sustaining this over a period of hundreds of

years or tens of thousands of years, it's quite a conceptual

| eap. We are tal king about dissolution rates. |If the
nunbers that we're doing here are right, they'll be in the
order of maybe 1 atom c nonol ayer for every 10 years for the

| oner end for the 4 mcroneters on 10,000 years. That is, of
course, pretty nmuch beyond anything that we can assert with
present know edge for very long periods of time. There could
be all kinds of things such as, for exanple, suitability of
zircaloy--in water. There mght be limts that are no known
and so on. So, | think that doing those nunbers at this tine
and indicating that that nay be a projection or a nom nal

projection or if things behave as if they would be doing such
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a thing, that kind of |anguage perhaps is appropriate, but to
view this as a prediction based on technical know edge,

think that that is perhaps too nuch. | would Iike to know
what you have to say about that?

VAN LU K:  Well, the inpression | get fromwhat you're
saying is that you're the second Board nenber that's saying
ny talk is incredible. This is clearly an area where we are
doi ng sone concerted work to overconme exactly these kinds of
what are perceived by sone in the industry to be |eaps of
faith alnpbst. And, as | have said before, if we have a basis
that's defensible, we will go forward with a cladding credit.

O course, if we don't have a basis, we wll not. And, |
think that you' re making a strong statenent that the basis
that |'ve shown here is incredible.

KNOPMAN:  Knopman, Board. | have two questions, Abe.
The first has to do with the bullet on your last slide which
was Page 27. You tal ked about how you're trying to inprove
the TSPA and the conponent nodels to a support system
suitability finding. Besides nodel enhancenent or conponent
nodel enhancenent, what sort of structural changes are you
contenplating for TSPA itself that would be quantitatively/
qualitatively different than what you've got for TSPA/ VA?
What do you think you need that you don't have now besi des
better conponent nodels to use it in a site suitability

cont ext ?
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VAN LU K: |Is the question whether or not the structure
of the nodel itself needs changi ng?

KNOPMAN:  Yes?

VAN LU K: | believe that we are pretty satisfied with
the structure of it. It's the latter part. It's the
conponents such as the nodel that was brought up on cl addi ng.

It's the conponents and their technical basis that need work
nore than the structure itself. The saturated zone nodel, we
are looking at, for exanple, getting a conpletely new,
saturated zone nodel this spring. W wll then abstract it
and pull it in. That would not be, however, the first
category of things which is a restructuring of the
capability, for exanple, of the RIP code itself.

KNOPMAN: | ask this because it leads into the second
question. That has to do with what | think is a divergence
of view here between DOE and NRC on what the definition of
defense-in-depth is. And, since TSPA/ VA explicitly did not
conme to grips with the defense-in-depth, it was to be left
for |l ater analyses, |I'mwondering how you will adapt TSPA to
accommodat e what appears to be the NRC view which is not this
one-of f anal ysis approach. Now, | may be wong about that,
but that's what | was trying to get at.

VAN LU K:  Yeah. | think I would love to get a
statenment fromthe NRC as to what their viewis, but | think

what | heard yesterday was that they want us to nake a
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st at ement about defense-in-depth, but they're basically
leaving it to us to define what that neans and then they wll
| ook and see whether that's acceptable or not. | think as
time goes on, we will probably have nore of a dial ogue with
them W have exposed themto the nethod that we're using at
this point. W didn't ever get feedback fromthemon the
spot that either showed that they were thinking this was
wonderful or terrible. But, we did get sone feedback from
the ACNWto whomwe were presenting it that it was positively
received at least by them So, | think this is sonething
that as the dialogue continues we will certainly find out
what it is that they like or don't |ike about the approach.
But, | think if the inplication is that we are going to
guantitatively nodel defense-in-depth to the sane
defensibility degree that we're nodeling the |icensing
cal cul ations thenselves, | think that was never our intent.
Qur intent was always that this would remain a scoping,
al nost qualitative |ook, and | think we have people lined up
to either help ne out or contradict me here.

DOCKERY: | wasn't thinking you were heading into
def ense-in-depth, but sonme of the specific total system
i nprovenents that we feel the need to nmake, for instance, our
wast e package degradation nodel is external to the total
system anal yzer. W want to bring that inside so we can

sanpl e better. The disturbed events, volcanism seismcity,
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nuclear criticality, nost of those nodels were run
i ndependently and then we did sone kludges as far as how we
anal yzed that. And, how did rock-fall effect the waste
package degradati on and then how did you get that into the
total systen? So, there's sone | ack of seanl essness right
now i n anal yzing the whole suite of nodels and that's where
think we'll put nost of our total system nodel devel opnent is
to try to make sure that the nodels are all internally
consi stent and run fromthe sane anal yzer so we don't run
into inconsistency problens as we did, obviously, in the VA
And, | think I wouldn't change what Abe's answer was on the
def ense-in-depth. That's something that is still evol ving.
We're still trying to understand exactly how to utilize that
and what's the best nmethod to go forward with that. But, |
think we'll be doing some--we'll continue to do themin a
stylized manner rather than fully probabilistic.

KNOPMAN: | just want to nmake sure | understand then the
first part of your answer that there are nodel interactions
that you can't quite do very snoothly now because you have

certain nodels that are kind of external ?

DOCKERY:  Yes.

KNOPMAN:  You plug in their output into the--so that
you'll be able to get better nodeling of conmponent
interactions in an upgraded TSPA?

DOCKERY: Correct.
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KNOPMAN:  Okay. Then, that should play into defense-in-
dept h anal yses, presumably?

DOCKERY: Yeah, well, it certainly will in an indirect
sense feed into all aspects of how we utilize the TSPA and
how we conpare. But, we did find that we introduce
i nconsi stencies. \Wien you run things externally and then try
to kludge themin, it certainly doesn't take care of all the
interactions you' d like to take care of. So, this wll help
run some of those nodels nore effectively.

VAN LU K:  But, let's not nake prom ses here. Wen we
have the nodel wth all of these things incorporated fully,
it's still basically the sane unbrella at the same | evel of
detail and to neutralize a part of that is going to be
somewhat |ess quantitative than analyzing that part because
of all the feedback | oops to the barrier above and the
barrier below. That, by definition, has to be a |l ess
guantitative type analysis and a first order approximation,
no matter what your nodel structure is.

Did you want to change anything in this answer,
Dennis? |Is that okay to bring himup? He's the author of
t he work on defense-i n-depth.

RI CHARDSON: Dennis Richardson, M&O. ['d |ike to just
address just for a short mnute the difference between NRC
and us. | don't believe we have really any major difference.

W' re goi ng above and beyond right now what we under st and
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NRC requirenents are. But, we want to insure our nethodol ogy
al so neets what they require in terns of identification of
principal barriers, how the barriers contribute, and things
like that. Now, where we go above and beyond what they're
requiring is to help us insure we do cone up with, what |
call, a robust design and everything. But, what we're doing
in ternms of what you saw in the defense-in-depth presentation
is not being required by the Comm ssion, but it's in part to
support their needs and also to support our needs in terns of
what we're trying to do.

The one question you asked about the difference
bet ween what you showed for the waste package and what we
showed, when we do the neutralization, we totally neutralize
the effect of the waste packages in keeping water off the
waste form Now, of course, when they do the sensitivity on
this, they're staying basically within the bounds of the
probability distribution function. So, it's two totally
di fferent viewpoints of |ooking at sonething for two

di fferent purposes. So, you don't want to be confused on

t hat point.
BULLEN: Bullen, Board. As you nove fromviability
assessnment to site recommendation, maybe this is a semantic

difference, but I don't think you should use the word
"cladding credit". The reason | say that is because Dennis

Ri chardson defined for us earlier in the week "principal
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barriers” and a principal barrier which he defined is either
one that lasts 1,000 years which is a fair fraction of the
10, 000 year potential regulatory tine frame or one that
limits the release rate to 10* per year which is a fraction
of 10 tinmes nore than the 10° per year that was a previous
regul atory requirenent. In using "cladding credit”, you're
identifying cladding as a principal barrier that you have to
have a QA pedigree on. M/ mgjor concern with that is that
you're not going to have it. | have no concern with you
using "cladding credit", but not by that nanme, as nmaybe waste
form degradati on nodeling or however you want to do it. |
know t hat sounds like just semantics, but waste form
degradation nodeling doesn't in ny estimate call cladding out
as a principal barrier that has to nmeet NQA-1 standards for
fabrication, even though the cladding did when you originally
manufactured it. | don't know the history after that and |
don't think we want to spend the noney to get the history of
cladding on, | don't know, mllions of spent fuel elenents
that are going to go into the repository.

So, in your nodeling effort, if you don't call it
out as a principal barrier--and | don't know how we're goi ng
to define that as you continue to do your SR TSPA--what ever
nodel you devel op that addresses Alberto's issues of is there
| ocal i zed corrosion, do | have pinhole failures, as an

egress-resi stance, cladding is probably an excellent materi al
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and identifying what fraction of the clad is wet or dry or
what ever is very good, but | don't think it's a principal
barrier. 1've said that many tinmes. | just wanted to be
very explicit in this instance why | don't think that you're
going to get a license for cladding credit. You can get it
for waste formrel ease, but not cladding credit, per se. |
think that was a soliloquy, not a question. | just wanted to
| et you know that's the way one Board nenber feels, not the
Board policy, as Chairman Cohon tell us.

VAN LU K:  Thank you very nuch. In our ongoing
di scussions, we will definitely take this under advi senent.

RUNNELLS: Runnells, Board. | know, Abe, that you don't
want to get into the details of your table on Page 17 because
it could take the rest of the week. Therefore, I'd like to
get into a detail on the table on Page 17, but try to keep it
| ess than a week. Ckay?

The reason | get into it is because |I think the
designations that you' ve used there on transport in the
saturated zone m ss what could be so profoundly inportant in
the long-term | nmean, | would make your half circle there,
the half dark circle fully black and very, very | arge because
if you get into the long-term 100,000 year to a mllion year
time frame, you're tal ki ng about neptuni um and pl utoni um
plutoniumin the colloid form And, know ng how t hose are

transported in the saturated zone is so critical for that
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| ong-term and specifically it's a technical detail, but |

want to point it out. The redox chemstry, if it can be
denonstrated--if it can be discovered, if we can show what
the redox chem stry is in the saturated zone, whether it's
mldly oxidizing, mldly reducing, strongly reducing, it has
a profound inpact on whether or not neptuniumw || nove.

And, in many of the nodeling efforts that are--many of the
nodel ing results that have been shown to us in the 100,000 to

mllion year tinme frame woul d be changed profoundly, if

neptuni um enters a reducing environment. It will not nove.
And, 1'Il say the sane thing about the absorptive properties
of the alluviumthrough which the water woul d have to nove

down-gradient. The work on transport through the alluviumin
t he context of both neptunium and pl utonium colloids could

change the entire prediction in terns of the |ong-term

So, again, that's certainly not a question. | see
you noddi ng your head up and down. So, | think you' re saying
yes. | would urge the appropriate people to think very
deeply about the inportance of transport in the saturated

zone.
VAN LU K: Yes, I'"'mone of the appropriate people and |
think that the mark here signifies that the current--if the
ongoi ng work supports the current nodeling view, then it's of
somewhat | ess inportance. However, | am personally very

eager to see the results of the Nye County drilling program
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and of the testing that we will do on the material supply to
us because I'mvery interested in the redox potential and in
basically the chem stry as we go fromthe volcanics into the
al luvium Just where that contact is is very inportant and
what the properties are of that material is also very
inmportant. That's why |I think at this point, given what we
know, we're being reasonable or conservative. W may be
doi ng sonething very conservative if it turns out that it's
strongly reducing.

RUNNELLS: You know, | agree with on, | think, that VC
woul d be appropriate if it turns out to be strongly reducing.

It would be very conservati ve.

VAN LU K:  Yeabh.

COHON:  Abe, a point of clarification, is the table up
on the screen now for the 10,000 year period only?

VAN LU K:  Wiaen we had our little deliberations, the

colum on the right side was not for 10,000 years only

because- -
COHON:  What about the significance of uncertainty?
VAN LU K: Significance of uncertainty, |I think, no, it
was significance--it was the peak significance for 1 to

10, 000, 10,000 to 100,000, and 100,000 to a million.
COHON:  This is sonehow an amal gam of all?
VAN LU K: It's an amal gam Wi chever one it was

hi ghest in, that's the one that was shown here.
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COHON: Okay. Thanks.

CHRI STENSEN: Chri stensen, Board. This is just a short
guestion. On the table around Page 14 where you rank the
relative inportance, what are the units there? Are those
j ust - -

VAN LU K: Oh, the units, it's like the R squared of a
regression analysis. $So, you can say that--for exanple, the

seepage fraction, | think that's close to 17--that's 17
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percent of the variance and the dose is attributable to the

[EEN
o

vari ance of the seepage fraction. Although | was a

[EE
[EEN

statistics mnor in college, | have | earned since then that

[EEN
N

sonetinmes | msspeak these things, but that's the way |

[EEN
w

interpret it. That's why | said, you know, if that was .88

=
N

or sonething, then you know, we would definitely have a one

[EEN
a1

paranmeter repository. But, it's .17. So, there are other

[EEN
»

things that are also inportant to determ ne in performance.

[EEN
\l

Can | have Holly add sonething here?

[EEN
[o0]

DOCKERY: Yeah, it's the R-squared |aw. So, basically,

[EEN
(o]

as you run your analysis, if you run it again taking that

N
o

vari abl e back out, how nmuch does your variance decrease as

N
=

you take each individual piece out? So, you're just seeing

N
N

how much uncertainty does that parameter contribute to your

N
w

overal | analysis.
24 CHRI STENSEN: Just maybe one followon to that. Then,

25 if that's the case, it also has an uncertainty associ ated
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withit; that is there's a--

DOCKERY: It is the--yes. What you're seeing is how the
uncertainty in this paranmeters affects the overall does rate
hi story curve. And so, when you take that paraneter out, how
does the spread in those horsetails coll apse?

VAN LU K:  And, it's taking the uncertainty of the
paraneter out, not the paraneter itself. You set the
paraneter and then you see what the difference is.

DOCKERY: Yes. You can't take all the paranmeter out
because obviously it woul d be non-physical .

VAN LU K:  Yeabh.

CHRI STENSEN: | see, thank you

COHON:  We have four people who still want to ask
guestions and | haven't gotten my chance to ask ny 45 m nutes
of questions. So, | would ask--and I won't. But, | would
ask ny colleagues to limt their questions, please, and let's
not get a long dialogue if it's not of the utnost inportance.

Priscilla Nelson?

NELSON: Nel son, Board. Ckay. I'mtrying to do this.
You mentioned--indicated the use of TSPA/ VA shoul dn't be
applied to really assess the inportance of small design
changes. So, relating to that, TSPA is going to be used to
the EDA process to try to evaluate them Are features such
as under discussion considered small design changes, and

accessory to that, howis the thermal pul se | oad
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consideration included in TSPA? Is it in there now?

VAN LU K:  The thermal pulse is in there and if a design
change affects the thermal pulse, we can evaluate that quite
guantitatively and quite directly. |[If another design change
affects one of the major processes included in TSPA/ VA, of
course, then we can analyze it on the basis of the change in
that process. However, if we are | ooking at sonme nuance of
geonetry or sone nuance of sonething on a very snaller scale
that does not really change the broad brush processes that
are captured in TSPA/ VA, then we need to drop down to the
desi gn anal ysis nodels that the designers use and | ook at a
surrogate performance neasure and judge the viability of that
change. | think, you know, the Board was right to call us on
this a year ago and said you' re being rather cavalier about
how you' re going to use TSPA/ VA and we found out from
experience that you're right. That where mmjor perturbations
and maj or processes are concerned, we can give a very good
picture. Were you're tal king about small nuances of change,
this is too gross a tool to |look at those kinds of changes.
We need to just drop back to the process |evel.

COHON: Good question. Thank you.

Jeff Whng?

WONG.  Abe, there's runors that there's sone QA probl ens

out there and I want to know if you could tell us which one

of these itens m ght have the biggest QA problens or if you
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have a columm that ranks them1 to 5 in ternms of QA problens,
| east to worst?

VAN LU K:  Now, you have nme on sonething that |'m
speechless on. It doesn't happen often. | would not be
prepared to make up a ranking on QA problens at this point.
Al'l | can say is that we have such a list of the date inputs
and the status of the QA pedigree for all those inputs. W
have, | like the word, "concerted effort” in place to make
sure that that pedigree exists within a year or so. Beyond
that, | nean, you know, you would have to give nme a very
speci fic exanpl e because these broad categories involve
information fromboth science and design, sonme of which has a
QA pedi gree, sone of which does not. So, what you see in the
VA where it says QA indetermnate is that we recognize that
maybe two inputs had a QA pedigree, the third one did not,
but therefore, we ran it through an anal ysis and by

definition it beconmes, you know, indeterm nate.

So, | amnot prepared to nake such a table, but we
could if we had to. | think that we have a conprehensive
catal og i n-house of where we need to put our QA effort to

address this problem

COHON:  While this is up on the screen, Abe, do you feel
that the areas where you have relatively | ow confidence match
up well with the areas of continuing research?

VAN LU K: |If you take relatively | ow confidence and
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al so ook at the inpact on performance, | think, they're
al nost a one-to-one match in Volume 4 which Carol will get
to. In fact, this is the basis for making those judgnents
where further work still needs to be done in a hurry.

COHON:  Thank you. Dr. Forsling?

FORSLI NG Listening this norning about the presentation
about site characterization and now TSPA, | couldn't hear one
word about m crobiol ogical activity or bacteria. You haven't
included that, at all, in your nodeling and I would like to
know why?

VAN LU K:  Just because | didn't nention it does not
mean it's not included in the nodeling. It is included in
the process | evel nodeling which we have abstracted into the
total system assessnment. W have ongoing work in this area
because, frankly, in the waste form and waste materi al
testing that we've done, there was never any effort nmade to
excl ude bacteria. So, we feel that we need to do sone work
to assess what bacteria were present in the work that we have
done as already captured in the nodeling and then we al so
have sone work where we're extracting bacteria fromthe rock
of Yucca Mountain, growing them and seeing if they have any
i mpact on the materials. This will result in nodifications
of the nodeling. But, we believe that right now we have
pretty nmuch captured, you know, the range of possible

i nfl uence that that can have. There's a discussion within
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the VA itself that goes into this in sone detail, especially
in the technical basis docunent.

FORSLING | can foresee sone horrible novie from
Hol | ywood when sonme nutated creatures com ng out of Yucca
Mount ai n.

VAN LU K:  The nutated creature is not a naturally
occurring one. So, it becones a different event.

COHON:  Are there any other questions fromthe Board?
Dr. Rydell?

RYDELL: In your cladding nodel, you omt or overl ook
one failure course and that is internal over-pressurization

fromhelium Al cladding will ultimately fail since al pha
decay result in helium production. The question is how | ong
time it takes? It's truly no concern in the 10,000 year tine
zone that NRC indicated today, but if you extent the analysis
to 100,000 and one mllion years, you can't neglect it. W
know nore about boiling water active fuel than pressurized
wat er active fuel, but boiling water active fuel is likely to
start to burst in heliumover-pressure at around 100, 000
years and pW pressure water probably holds | ongest since they
have an initial over-pressurization anyhow So, the helium
contribution is smaller, but I think you should include that
in your analysis.

VAN LU K: | will check and see if that is included. |

t hought that we had included it and Dave Stahl is shaking his
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head yes. 1Is there sone response you'd want to make fromthe
work that you're famliar with?

STAHL: As part of our literature survey, we have | ooked
at the heliumpressurization issue. 1'll have to go back in
and look at it, but it's ny recollection that it's not a
concern. Certainly, the tenperature is dropping
significantly in the first few thousand years and t hen beyond
are anbient. So, we don't expect a problem but we can
confirm

COHON:  Last question is Leon Reiter's.

REI TER: Abe, this interesting table there, this just--
for exanple, I"'ma little puzzled about the chem stry and the
way the waste package--again, 6.1, this was shown to be a
very significant factor and what they pointed out was the
problem of pH as a result of concrete. There, according to
your own cal cul ations, | guess, you nmade the assunption that
the concrete in the liner would coll apse and have no effect
on the pH of the water. But then, you showed that if it did
have an effect, | think a pH of 11, the dose increased in the
first 10,000 years by three orders of magnitude. How do you
call your nodeling realistic or conservative? 1've forgot
what you say there?

VAN LU K: Well, the reason that we called it realistic
i s because we folded that in and probabilistically sanpl ed

t he occurrence of either the high pH water or what we think
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is the nore likely pH water. So, we think that we have
covered it in the range of things that we sanpled from

REI TER: So, this is your probabilistic case?

VAN LU K: The probabilistic case. W feel that we were
sufficiently broad in the conditions that we assuned and
nodel ed over that we capture the sonewhat |ess |ikely
scenari o of having high pH waters.

REI TER Ckay. Well, the determ nistic case then, you
assune that it had no effect on the pH?

VAN LU K: In the determnistic case, we assunmed no high
pH water, that's right.

REI TER: But, on the other hand, you assuned that the
cement on the invert was retarding all along. That the
cenment on the invert, the concrete of the invert, renained
there and retained its retardation characteristics all al ong?

VAN LU K: R ght. R ght. And, when you see in the
def ense-in-depth cal cul ati on that when you renove that
effect, you change very little. That's a very small effect.

REITER So, is that a conservative best estimte?

VAN LUK: | think it's a best estimate. It would be
probably not conservati ve.

COHON: Thank you, Abe. W appreciate it very nuch
Don't let this go to your head, though.

VAN LU K: No, if Holly thinks that | just m sspoke, she

ought to correct ne.



© 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

376

DOCKERY: Before we get to the MC, there was just one
point of clarification | wanted to clear up. That is when
t he expert panel on waste package degradation was elicited,

t hey believed that the nickel alloys were not very
susceptible to the corrosive behaviors of mcrobes in the
chem cal --or chem cal and tenperature environnents were not
conducive to initiating nmuch corrosion and nostly it changed
the crevice density and initiation and corrosion rather than
substantially changing. So, for the base case, MC, although
it was considered, it was not actually included in the base
case because of the guidance by the waste package degradation
expert elicitation.

COHON:  Agai nst ny better judgnent, Abe, | guess you' ve
done such a good job, we don't want to let you go just quite
yet. We'll entertain and it has to be the | ast question from
Al berto Sagués.

SAGJES: The last word, not quite. Humidity and
tenperature and the waste package is given a very | ow
i nportance rating. However, | think that that is because of
the uniformcorrosion rate tenperature dependence is not very
i nportant dependence in the--but it wll have a trenendous
i mportance in sonething such as the initiation of pitting or
crevice. Indeed, if you go above a critical tenperature, you
have | ocalized corrosion. |If you're below that one, you're

not likely or alot less likely to have it. Indeed, | would
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view that as being one of the nbst inportant reasons to go to
a cool repository when | ooking at the alternatives. |ndeed,

| would view that as perhaps not the nost inportant, but
certainly one of the very nost inportant ones. What do you
have to say about that?

VAN LU K: | would say I'mglad that Dave Stahl hasn't
left the room But, it's nmy inpression fromspeaking to the
peopl e that did the anal yses that over the ranges that we
consi dered, we don't think an inprovenent in the nodel would
do anything to throw us into an even higher state of pitting
initiation or other things. But, we basically in this nodel
have realistically captured the possible range of tenperature
and hum dity. Now, you are very well aware of our nodeling,
and if you disagree, | guess you wll let us know | believe
that's the reason that we cane up with the realistic is that
even if you refine the nodel, you are not going to change the
results that nmuch. When we | ook at the--for the EIS, we're
| ooki ng at cal cul ations at |ower thermal |oads. The
corrosion is not that inportant to determ ne and of the
di fference between the high and |ow thermal |oad which is
counter-intuitive because | felt the same way that you did,
but somewhere in the nodeling, other factors come into play
t hat make a difference.

COHON: Take it outside if you want to--

BULLEN. He won't nmake it outside. |I'mgoing to talk to
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himright after--

COHON: Al right. Thank you very much, Abe.

VAN LU K:  Thank you.

COHON: We'll take a break now and reconvene at 2:50.

(Whereupon, a brief recess was taken.)

COHON: W nove now to Volune 4 of the Viability
Assessment, the license application plan. The presentation
wi |l be given by Carol Hanl on.

HANLON: Good afternoon. |'m Carol Hanlon and |'m
pl eased to have the privilege to speak to you this afternoon
about the license application plan which is, of course,

Vol une 4 of the viability assessnment. M discussion today is
focused around the points that the Board has asked us to

consider in preparing this talk, and therefore, it's not

conprehensive. You'll probably thank ne for that.

COHON:  Excuse nme, Ms. Hanlon. Can | ask people to,
pl ease, be quiet. |If you want to talk, please, go out in the
hall. Thank you.

HANLON: Al so, one of the topics that you had asked ne
to address is corrosion. | do address that in ny talk
because of its inportance and the concern today. Dave Stah

is going to give sone extra additional information on |ong-
termplans and the status of corrosion.
So, I'd like to begin with the purpose. To put the

presentation in context, I'd |ike to go back to the purpose
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and the specific guidance that we received in the Gvilian
Radi oacti ve Waste Managenent Plan, as well as in the Energy
Appropriation Act for the purpose of the |icense application.
That is to identify the remaining scientific investigations
and engineering information needed to conplete the Iicense
application with the goal of submtting a | ong-term
docketabl e license application to the Nucl ear Regul atory
Comm ssion. In addition, another goal was to identify the
costs associated with securing this information.
There were considerations that we were asked to

|l ook into as we went forward with the |icense application
and, as was previously nentioned today, give us an
opportunity to assess a revised approach. W drew on our
avai |l abl e nodel s and data describing the natural system the
repository, waste package design. W drew on and coordi nat ed
with the total system perfornmance assessnent. W closely
correlated with the repository safety strategy and we

consi dered the performance confirmati on programwhich is, in
fact, one of the elenents of our postclosure safety case.

So, I'd like to discuss the use for which the

i cense application was intended and uses for which it wasn't
intended. 1t was intended to provide an understandi ng of how
DCE has identified and prioritized nmajor areas of work

remai ning to be conpleted during the next four years, to

describe that work and the najor areas. It was al so intended
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to generally discuss statutory and regulatory activities and
necessary supporting work and to present the schedul e and
costs for the work identified. And, as always, the goal
remai ned a docketable |icense application.

Li cense application plan was not intended to
provi de lower |evel detail on work activities identified.
That | ower |evel of detail is available in the detail ed
information on work activities in the annual plans and the
mul ti-year planning system Lower |evel detail is also
avai l abl e in work plans and procedures which are identified
in individual work packages and they are available in the
record system It was also not intended to provide extensive
detail on statutory, regulatory, or support activities such

as the quality assurance program preparation of site

recommendation, and |icense application. Details on those
specific areas are provided in separate managenent docunents
for each area; for instance, the |license application plan.

So, to illustrate how the |icense application plan
nmeets its purpose or objective, I'd like to briefly discuss
the organization. I'mnot sure if you can hear nme if | step
away. The license application draws fromthe site

description presented in Volume 1 and the reference design

presented in Volunme 2, also the performance assessnent in
Volunme 3. It has, of course, seven sections.
I'"d like to call your attention to the overview
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The overview, as Jerry King said this norning, may be the
only thing many people read, but it provides a very
conprehensive and | think a very good treatnent of the whole
volune. [It's very useful

The two nost inportant itenms in the |icense
application plan are probably the rationale for work needed
to conplete the license application and the technical work
itself. And, of course, that inportance conmes fromthe fact
that they take us forward to our docketable goal, our goal of

a docketable license application.

| ve highlighted--you can see, but | cannot--the
fact that in the rationale, there are sone areas that we al so
consider to be of even nore inportance. That is the
postcl osure safety case with the 19 principal factors
di scussion. Also of great inportance is the technical work
plans. Statutory activities; considerations of EIS,
environmental conpliance, site suitability, and so forth are
addressed in the fourth section. Support activities that
support the work to be done, such as field construction,
operation, information managenent, and so forth are in the
fifth. The cost for the license application according to the
summary schedule are in the sixth section. And, the schedul e
is in the seventh.

In terns of areas of enphasis, as |'ve nentioned,

we have enphasized the rationale for the technical work. W
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have enphasi zed the postclosure safety case. W have
enphasi zed the expected postclosure performance. W' ve
enphasi zed the principal factors of postclosure perfornmance
and the technical work plans.

In going back a bit through the nore than 15 years
of information that we have been devel opi ng about the site,
we have used that information to bring us to the point where
we have devel oped our site and design process nodels. The
i nformati on and understandi ng there we have used for the
TSPA/ VA and that has led us to develop the repository safety
strategy with its four attributes which are the major
concerns that we believe are the major inportant attributes
conceptually of the repository. Also, the repository safety
strategy gives us our framework for integrating the site,

desi gn, and performance assessnent information that we have

and wi |l accunul at e.
Al so, that understanding has |l ed us to devel op both
our postclosure safety case and the precl osure safety case.

Here in this slide, |I've just identified the five elenents
of the postclosure safety case which are the assessnent of
expected performance with the 19 principal factors of
repository performance; design nmargin and defense-in-depth,
consi deration of disruptive processes and events, insight
from natural and mannmade anal ogues, and performance

confirmation plan.
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In considering those, | just mght say that I
believe those first three elenents of the postclosure safety
case really work intimtely together and actually cannot be
separated. |In order to understand how your site is expected
to perform you must understand your design margin, your
def ense-i n-depth, and you nust understand your disruptive
events and processes. The fourth and fifth elenents of the
postcl osure safety case are rather different. The insights
from natural manmade anal ogues give additional supporting and
confirmatory informati on to support what we have cone to
bel i eve about the expected performance and the perfornmance
confirmation plan works through tine to insure that that
understanding is correct.

Al so, we identified that the understanding and the
information that we devel oped through our site
characterization has allowed us to devel op the precl osure
safety case and it has four elenents which are simlar. The
first, systematic evaluation of design basis events, actually
really is very simlar to assessnent of expected performance.

So, with all of those elenents, both of the
postcl osure and precl osure safety case, we have taken the
steps of discussing the current status. W have identified
i nformati on needed. W have discussed priorities of the
information. And, we have presented technical work plans to

acquire that information all of which |leads us to our goal,
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hopeful Iy, of the docketable |license application and is the
reason we spent a great deal of tinme on the rationalization.

Wth the postclosure safety case, we took anot her
step and we rigorously | ooked at the 19 principal factors.
those principal factors cone from our understanding of the
site and they also cone fromsensitivity studies identified
in the TSPA. Wth those 19 principal factors, we prioritized
themto identify the technical work with the best potenti al
to reduce uncertainty giving considerations to factors which
t he peak dose rate was nost sensitive to. This work has
consequently received priority funding and resource
al I ocati on.

We had really four considerations in prioritization
of principal factors and I"'msorry they're not all on this
same slide. They were, first, the significance of the
uncertainties to total system perfornmance assessnent and the
effect of the uncertainties on the peak dose rate
cal cul ations. Those were categorized as high, nmedium and
| ow.

Secondly, we | ooked at the current confidence,
whet her or not our current representation was believed to be
realistic and whether or not that current representation
captured the entire range of conditions which we believed
were inportant to performance. W rated that from 1 which

was lowto 7 which was high in order to get a spread.
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The third el ement was the confidence goal, that
whi ch we wi shed to have at the tine of |icense application.
In terms of that, we |ooked at first what was desirable in
significance to the total system perfornmance assessnent and
inmportant in defensibility to our technical basis. W also
consi dered whether or not it was feasible to be acconplished
intime for input to the site recommendation and to the
i cense application. And, again, the confidence goal was
rated from1l lowto 7 high

The priorities then were a sinple subtraction;
confidence goal m nus the current confidence.

The next slide shows principal factors with the
t hree consi derations; significance of uncertainty, current
confidence, and confidence goal. And, the follow ng slide

gives our priorities for each one and you can see the ranking

t here.

Moving forward to the next slide, in bold, | have
identified those particular principal factors which were
considered to be of relatively highest inportance and which,

therefore, we're focused on in the LA. Because these are the
principal factors, work will be done in all of these areas,

but this gives the priority and the 2s and 3s are the highest

priority. [I'll conme back to that point a bit |ater
In terns of technical work plan then, our technical
work was identified based on this prioritization effort in
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concert with the nmulti-year planning effort to | ook at what

t hings we were considering and what shoul d be ongoi ng coupl ed
with the prioritization effort to make sure that we had the
enphasis in the proper places. The technical work was

organi zed by functional areas of site investigation, design,
and performance assessnent.

| would Iike to give you two exanpl es of technica
work we' ve done. They are natural anal ogs and corrosion
testing. These are both interesting exanples that you' ve
chosen because they're quite different. The natural anal ogs,
insights fromnatural and mannmade anal ogs are the fourth
el enent of the postclosure safety case. |In this particular
i nstance, the work that we will be doing is basically of a
l[iterature search and survey and anal ysis of existing
information. [It's, therefore, confirmatory and supporti ng.
It's actually a relatively new programfor Yucca Muntain
W' ve taken over the international program from headquarters.

It's noved back to Yucca Mountain and, therefore, it is a
new program Studies wll be continued in the national
anal ogs during performance confirmati on period.

Nat ural anal ogs are addressed throughout the
icense application plan. They are considered in the site
area under geol ogic framework and disruptive events. They're
considered in unsaturated zone processes, saturated zone

processes, and near-field environment and coupl ed processes.
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They' re al so consi dered under design in waste package
materials and testing and nodeling and in performance
assessnent under nodel abstraction.

Each anal og study will include the followi ng. As
|'ve said, a careful review of available data to understand
t he anal og system and a conpari son of the process of that
systemto the specific characteristics at Yucca Muntain.
Al so, an assessnent of previous nodeling studies and how t he
application of the analog informati on may apply to Yucca
Mount ai n processes and the qualitative or quantitative
application of that for inproving confidence in the behavior.

O her uses of natural analogs for the Yucca
Mountain Project are to build confidence in our nodeling
process; to understand | ong-term behavi or of waste package
and ot her engineered barrier materials, such as netals and
cements; to devel op confidence in our design, such as
stability fromold mnes and ot her underground worki ngs; and,
for public information and educati on.

In 1999 and 2000, our analog work will consist of a
conpr ehensi ve revi ew of existing anal og i nformation.
Specific points that we will consider are seepage into the
drift that will be conducted fromdata at Rainier Mesa and
Hell's Half Acre; infiltration studies at Rainier Msa;
radi onuclide solubility and specification; radionuclide

transport, Pena Bl anca, Ci gar Lake; coupl ed processes in
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geothermal fields; colloidal transport at the Nevada Test
Site and I NEEL; EBS materials; a scoping study of vertical
uraniumtransport in unsaturated ash flow tuff, nodeling of
fracture flow and saturated zone dispersion, and study of
coupl ed thermal - mechani cal - hydr ol ogi cal -chem cal processes in
Russia. |[|'ve included a map of the natural analog sites that
are under consideration

Corrosion is arelatively different exanple. Here,
|"mgoing to see if | can turn on the overhead projector.
Corrosion is an interesting exanple of technical work because
it relates to the first and second el enents of postclosure
safety case. That is expected performnce and defense-in-
depth. It also illustrates our prioritization of principal
factors and at |east six of the highest priority principal
factors relate to corrosion in some way or another, sone of
them nore strongly. Those are percolation to depth, drift
seepage, dripping onto the waste package in terns of water
nmovi ng t hrough the nountain; specifically for the packages,
chem stry of the water on waste package and integrity of the
i nner corrosion-resistent waste package barrier and integrity
of spent fuel cladding.

Corrosion is addressed extensively throughout the
I icense application plan, throughout the site; geologic
framewor k again and di sruptive events; unsaturated zone

processes; thermal testing; near-field environnment and
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coupl ed processes. In design, it's considered in surface
wast e handling, subsurface design, waste package, and waste
package testing and nodeling. Performance assessnent is
consi dered in nodel abstraction, unsaturated zone flow and
transport, near-field environnent, and waste package.

For a summary of status of |ong-term corrosion
study, | think we're fortunate to have Dave Stahl and 1'd
like to give hima nonment to go through that particul ar
st at us.

STAHL: [I'mDavid Stahl. I'mfromthe M&O, manager of
wast e package materials departnent. [1'd |ike to give you a
very brief overview of the current status and pl ans of
materials testing and nodeling.

The first chart tal ks about the container materials
wor k that we have underway. We have a broad range of
conditions expected at the repository including concrete-
nodi fied water that was identified early-on. W have a broad
range of materials under test. W have corrosion-allowance
materials which are mainly iron and carbon steels. W have
internedi ate corrosion-resistent materials which are mainly
copper nickel or nickel copper alloys. W have a whol e host
of corrosion-resistant materials; nickel rich, nickel base,
and titaniumalloys. These tests have been underway for a
long tine, approximately two years, and we're eval uating

general and |l ocalized corrosion rates. As | indicate here on
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the bottom for the corrosion-allowance materials and the
basi s of our one year tests, rates have been about 100

m crons/yr which is consistent wwth the predictions and the
literature values. For the corrosion-resistant materials, we
measure less than a mcron/yr; again, consistent with

predi ctions.

This shows the facility at Law ence Livernore Lab.
This is the long-termcorrosion test facility. Over here, we
have 24 tanks under a variety of conditions, acidic and basic
conditions, 60 and 90 degrees Centigrade, with all of those
cl asses of materials that | nentioned. Eighteen of those
tanks contain specinens, as indicated here. W have both
crevi ce speci mens which are these square speci nens. W have
wei ght | oss coupons. And, then we have U bend speci nens.
This shows iron speci nens after about six nonths of testing.

As you' d expect, iron does rust and we have neasured the
corrosion rate that's indicated fromthe previous slide.

Over here on the right is an Alloy-22, a square
crevi ce coupon and you can see sone discoloration, but very
l[ittle attack. In the mddle at the top is a panel which was
taken from Kure Beach. This is conplinents of N cke
Devel opnent Institute. This is after 56 years of exposure in
that saltwater environnment. As you can see here, we still
have a mirror finish

Now, we have other types of experinents going on.
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We have crevice corrosion testing. W have a small setup
that's |l ooking at the chem stry in between the crevice. In
the | ast year or so, Dr. Farmer from Livernore has devel oped
a nodel for crevice corrosion and what this device is
attenpting to do is to examne the crevice chemstry as a
function of time as the corrosion process continues. There
is also another interesting and very inexpensive techni que
maki ng use of pH papers to confirmthe results that we've
achieved in fiber optic tests. W have also going long-term
relative humdity tests again at a variety of conditions 50
degrees C to 85 degrees Cwith your relative humdities,
agai n about 50 percent to about 85 or 90 percent. The
surfaces of the iron exanples, for exanple, have salt
slightly oxidized and we know from our experinents with the
critical relative humdity work done in a TGA, thernal
gravinmetric apparatus, that the critical relative humdity is
a function of that surface condition. So, these |onger term
tests will confirmthose thresholds and al so provide input to
t he corrosion nodels.

Now, what we've just set up, indicated here in the
| ast bullet, is an apparatus inside that relative humdity
chanmber which is looking at the effect of water dripping onto
the surface and we're attenpting to study the
el ectrochem stry and follow corrosi on processes over tine.

Now, related to that is the top bullet here is that
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we're doing currently in a hood, we're |ooking at the
concentration chemstry of J-13 water as it evaporates. At
the sane tinme, we've done a nodel cal cul ation using EQ 6.
And, basically, we get good correlation until the code breaks
down as you get to higher and higher electrolyte
conposi tions.

As was nentioned earlier, we are doing sone
m cr obi ol ogi cal influenced corrosion tests. They've been
underway, as | indicate, over a year. As far as the carbon
steel effects, those have been mnor, but as |I reported
previously, about four or five times the rate of the abiotic
case. But, we're now studying corrosion-resistent materials,
as indicated here, on the Ilow and high relative humdities.
We're al so | ooking at nutrient requirenents and biofilm
generation. As indicated earlier in a coment, | believe, by
Hol Iy, work that was done by Brenda Little as part of the
expert elicitation, is pretty well convinced that in Yucca
Mountain we didn't expect to see nuch in the way of
m crobi ol ogi cal influence. It mght, however, inpact the
time at which corrosion starts, but have very little
i nfluence on the corrosion rate itself.

One other area that we're looking at is ceramc
coatings on carbon steel as part of our alternative program
We're | ooking at various oxides; magnesi um oxi de, al um num

oxi de, titanium oxide, and zirconiumoxide. The front runner
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i s magnesi um al um na conbi nati on whi ch has very good
properties and can give us dense, inperneable coatings. And,
we have sanples under test in our long-termcorrosion test
facility.

Now, we have a whole host, as | nentioned, of the
l ong-term and short-termtests. W have a whole suite of
el ectrochem cal tests going on both with single netals and
with coupled netals | ooking at the rate of corrosion and
conparing that with the long-termcorrosion results. That
material--the results are input to nodels and they al so
address sonme of the key materials issues for the new designs.

Many of the new designs involve Alloy-22 and titanium G ade
7. So, these are the principal degradation nodes that we're
concerned about; crevice corrosion between those two, stress
corrosion cracking of both of them and hydrogen attack as
far as the titanium alloys are concerned.

Here's a picture of a waste package desi gn.
Unfortunately, | nmust have been asleep when | proofed this
because the title is correct, but it's the wong picture.
The picture that | did give them showed an All oy-22 outer
barrier and a titaniuminner barrier. But, conceptually,
it's the sanme design. 1In this case, it would have been a 10
centinmeter and a 2 centinmeter inner barrier. 1In the case of
the Alloy-22 over titanium we're |ooking at a variety of

di fferent designs; one, for exanple, with an outer wall as
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thick as about 50 mllinmeters and inner barrier of titanium
at around 15 mllineters, about half an inch. An alternate
design has a thinner Alloy-22 outer barrier, but inside which
woul d not be shown in this chart would be a stainless steel
structural nmenber to nake up the difference.

Now, | should nention here that in Dan Kane's
presentation, he noted this is really an unshi el ded package.

It's unshielded in the sense that it's not protected for

human observation, but the current design, the VA design, has
about a surface dose of anywhere between 10 and 100 r per
hour. The bal ance to provide the radiation protection is
provided by the transporter. Wth this design, that is the
22 over titaniumdesign, we have a thinner wall which nmeans
we'd have to put nore of that shielding back into the
transporter. And, that's a little bit of a tradeoff.

We've done a study in response to the question by
Prof essor Bullen of the Board as to what happens under
radi ol ysis conditions. This was a study that was undertaken
by Dr. Shoesmth of AECL. He's now with the University of
Western Ontario. He found in his survey that for the VA
design or for the alternative design, radiolysis effects are
not a problem

One of the issues that is inportant with Al oy-22
is phase stability. This is being evaluated. There are

several parts of that evaluation. W do have full-dianeter
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of waste package nmock up. This is going to be sectioned to

t ake sanples of the weld area and then we're going to exam ne
that as wel ded and then as wel ded and aged to | ook at the
possibility of secondary phase formation.

Now, in addition, we have sonme sanples that were
provi ded by Hanes, a l|long-term agi ng study, about 40, 000
hours at 427 degrees C. W are evaluating that material to
| ook at secondary phases and we have observed sonme of them
The question, of course, is what inpact does that have on the
corrosion resistance of the material. W believe that it
will be small, but that's going to be confirnmed in corrosion
tests.

We have nodel devel opnment underway of all of these
degradati on nmechani sns for the current VA design materials
and for the materials that we would use in sone of the
alternative designs. These nodels will be provided to TSPA
for the site recomendation and | ater for the |icense
application.

We did do a literature survey on natural anal ogs.
W were particularly interested in container materials. At
that tinme, the enphasis was on the VA design. So, we did
| ook at materials that m ght be available fromiron or
steel s, such as cannonballs, the Roman nail situation, and
t he I ndian obelisk, to name the three principal ones. There

isn'"t a lot of data in regard to Alloy-22 which is a high
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ni ckel alloy. The best we can do there is to | ook at sone of
the meteorite data which is nickel-iron material for the nost
part. And, there are some mnerals that m ght be avail able
in streans that have been suggested by Professor Sagiés and
we're going to be |looking at that, as well.

We al so have, of course, in the natural anal og area
spent fuel which we conpare to uraninite and sonme of the ore
bodi es and some--gl ass which we conpare to sone of the
nat ural gl asses.

The | ast chart deals with zircal oy cl addi ng,
testing, and nodeling. Abe Van Luik in his presentation
covered a little bit of that. 1 just wanted to bring you up
to date on what we're doing in regard to the testing.
Certainly, we're evaluating claddi ng performance as part of
the performance of the spent fuel waste form as suggested by
Dr. Bullen. W have ongoing at Argonne National Laboratory
vapor exposure tests to defected cladding. This is fuel rod
segnments that have drilled holes in them And, we al so have
under testing sone drip testing through rod segnents. And,
again, here, we're |ooking at what inpact it m ght have on
fuel alteration. As you know, fuel oxidation can |lead to
clad splitting. W don't believe that's the case for vapor
hydration or dripping water, as evidenced by some of the
experinmental work that's out there in the literature. The

proj ect many years ago, W/Ison, et al. had done sonme tests
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wi th defective cladding, did not see any interactions that
led to clad splitting. Al so, the Germans and Canadi ans have
al so done sone testing in this area.

There are two areas here that we do need to further
investigate. That's hydrogen attack and crevice corrosion
and we do plan to do sone tests there to confirmthat the
conditions expected at Yucca Muuntain are outside the range
where we woul d get any attack. And, |astly, nodels are being

devel oped for these inportant degradation mechani smns.

M. Chairman, you want to handl e questions at the
end?
COHON: | think so.
HANLON:  Thank you, Davi d.
So, one of the considerations the Board had asked
was how have our priorities in this testing and site

characterization evol ved from previous plans? Basically,
over time, we have evolved froman effort to devel op the
know edge base for Yucca Mountain to confirmng that
know edge base and reducing uncertainties. And, we have
evol ved from an enphasis on scientific investigation and new
field work to an increasing enphasis on design and
per f ormance assessnent.

As you can see, hopefully, fromthis slide, the
Depart ment has established higher confidence goals for the

engi neered systemin the |license application plan than it has
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previously. The goals for this engineered systemare as
hi gh, as you can see here fromthe box that's outlined, as
hi gh or higher than goals for the natural system These
goal s provide higher priority on several aspects of the
engi neered systemthan we have in the past. Another point is
that our ability to inprove our understandi ng of the natural
barriers is dimnishing, and therefore, overall, our efforts
are shifting fromthe natural systemto the engineered
barrier system

Wth regard to funding, the Departnent has defined
a programof funding in the license application plan that we
believe has fidelity and it will lead us to a docketable
license application. The license application plan
establ i shed a funding | evel and a funding programthat wl|
allow us to carry out necessary tests to acquire the
information we need. Shortfalls in that funding will cause
slips and delay in the schedule. Sonme work plan for 1999 has
al ready been carried forward into 2000. Exanples of that are
some types of surface design work and testing in the cross-
drift. So, we do feel that the funding that we have
identified, the funding levels identified in the |license
application plan, are inportant.

So, with that goal in mnd, | think that the
license application plan has, in fact, put together a program

that we can follow to obtain our goal of a docketable |icense
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application plan and | hope that there will not be great
chagrin when | say that we actually didn't use worker bees or
any palomnos, at all. Thank you.

COHON:  Thank you very nmuch. Questions fromthe Board
for Carol Hanlon or David Stahl or both?

BULLEN:. Actually, | have questions for both, but 1"l
start with Carol Hanlon. [If you go back to one of the
di agrans that shows your confidence and goal and your
priorities, maybe #14, does that sound good? | guess, | have
a question with respect to #6, hum dity and tenperature on
t he waste package. It |ooks |ike you know everything you
need to know and you don't have any priority, at all, with
respect to that. Although I would think that humdity and
tenperature on waste package woul d have a great deal to do
with the water chemi stry on the waste package, and should the
wast e package be cool, then that uncertainty or my confidence
woul d go up greatly with respect to water chem stry and |
woul dn't have to be as worri ed.

And so, | guess, | see that this is a very useful
tool intrying to determne the steps and priorities that you
set, but it's the interrelationships between the two that may
have been m ssed there. Could you comment on that?

HANLON:  Well, first of all, for your first point, there
is work that remains to be done on all of these. They are

the 19 highest principal factors. And so, they have high
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priority and there is work identified for all of them

On the specific exanple that you asked on the
i mportance of humdity and tenperature, 1'd like to turn that
over to Ernie Hardin.

HARDIN: |'m Ernest Hardin. |I'mwth the M. The
current TSPA/ VA nodel was used to generate the significance
of uncertainty to PA and use as the basis for the assessnents
that went into current confidence and confidence goal. |If
you peel that onion and | ook at how t he TSPA/ VA nodel uses
tenperature and humdity at the waste package, it's primarily
atimng issue. For that reason, given the type of design
that the VA was and is, that there is |low sensitivity to the
out conme of peak dose rate and particularly at long tine
durations. After the CAMfails, after you've initiated
failure of the CRM the effects of tenperature and relative
hum dity at the waste package are not seen in the out-years.

BULLEN: | understand that, but | think that you m ght
have a better or a nore accurate evaluation, particularly if
your outer barrier is not a corrosion-allowance barrier when
you worry about accumul ation of mnerals and the like. So,

" massum ng that subsequent to that anal yses when nodel s

change and the PAis redone, reprioritize the rankings and

goals. Is that a safe assunption?
HARDIN: |I'mgoing to try to answer the first of your
guestions. Yes, there are plans afoot to inprove the non-
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i sothernmal nature of the TSPA npdel. And, as far as
reprioritization, I'mgoing to pass that one back to Carol
Hanl on.

BULLEN: Ckay. Well, then, actually if the design
evolves, will this be reprioritized or is this figure sort of
cast in--well, I won't say concrete; that's probably a bad
one.

HANLON:  No, the figure is not cast in--you know, it's
as the design evolves, this was based on the reference design
as the design evolves and we add additional options or we
| ook at an evolving design. Then, we would | ook at an
evol ving design. Then, we would look at this prioritization

and see how that new design affects it. And, of course, it

wi ||l be evol ving.

BULLEN: Thank you. | have one quick question for Dave
Stahl and then I'Il be done. On the radiolysis study done by
Shoesmth, first off, does the Board have that? Gkay. So,

Cl audi a, can we have that? Ckay.
The next thing | have is did he study an open

systemor closed system and did he study the Cimax M ne

resul ts?

STAHL: And, the answer to the first question, yes. |I'm
not sure whether he studied the Aimax. | think he did. |
think those are in there, as well.

BULLEN: Ckay. |'d just be very interested in seeing
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t hat .

STAHL:  Yes.

KNOPMAN:  If we could just go to Slide 28, | want to
give you a chance to clarify what you nean by the second to
the last bullet right there; ability to inprove our
under standi ng of the natural barriers is dimnishing. [|I'm
sure you'd like to qualify that a little bit in two ways.
One, fromny perspective, we're just beginning to
characterize the saturated zone. So, the learning curve is
very, very steep there and | wouldn't say we're anywhere near
di m nishing returns. The second point has to do, obviously,
wi th seepage, and that being such an inportant driver and
t here being some very inportant studies currently underway, |
think you want to--you may want to explain a little bit nore
what you nean here.

HANLON:  Well, | think you have answered the question.
You have identified the two exanples | would have given on
where inportant work is ongoing. Those are two areas where
work will be continued. And, on other things, as we have
conducted data gathering activities over the |ast 20 years,
we' re beginning to understand the system better. So, there
are a few of the areas, as you identify, that remain
out standi ng and where we can appreciably increase the
difference. So, as we continue to evaluate our reference

design then, as we do PA, as we identify information that
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nmust be acquired, we will get that.

KNOPMAN:  If | could just follow up quickly?

COHON: O course?

KNOPMAN:  Per haps, you could just enunerate for us which
key areas you think we're sort of doing well enough on our
under standi ng of the natural barriers. And, as you answer
that, if you could--this goes back to a point | was trying to
make earlier, that notion of sort of dimnishing returns
i nplies you have some idea of what your limts are to
know edge; spatially, tenporally. And, I'mwondering if you
can--how explicit you ve gotten within the project about
defining what those |limts are in certain areas of the
natural systenms. It would be helpful for us to know if you
have that kind of information or you' re working with those

sort of bounds in your own anal yses of priorities.

HANLON: ['ll be glad to get back to you on that
separately. | think that--you know, | didn't cone prepared
to enunerate that for you today. So, I'll be glad to get
back to you | ater

KNOPMAN: Al right. 1Is there such a docunent? |Is
there a docunent that sort of goes through that?

HANLON: | think it's basically the process design, the
process nodels, and the expert elicitations that took the
site investigation information and put it into the process

nodel s that were operative in the TSPA, for the sensitivity
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assessnents, and those things that were al so used for the
desi gn.

COHON: If | have this right, what they' re enphasizing
is that this is all driven by the licensing application.
They're self-driven by the licensing application. So, one
cannot renove tinme considerations fromthese conclusions that
traces other issues.

SAGJES: Yes. The priorities, as you indicated, are
driven primarily by what was found out here in the TSPA for
VA. Supposing that there is a sonewhat radical change in the
design--for exanple, going to a nuch cooler repository--this
is both for you and David Stahl--would it be then the | ogical
thing to do to go ahead and re-elicit some of the areas--
just, for exanple, corrosion--because | would suspect that if
we are going nowinto a | ower tenperature regine, the
opi nions of the experts that led to the rankings that
resulted in these tables may change substantially. Do we
have any opinions on that?

HANLON:  Well, certainly. As we identify additional
areas, it's an iterative process, and as we evolve the
design, as well as we go forward with our TSPA, we would
consider that to be iterative and we would revisit it.

Dave, did you want to say anything?
STAHL: Yes, | just want to add sonething in regard to

the nodels. We did provide two TSPA/ VA corrosion nodels as a
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function of tenperature and that was utilized for sone of the
sensitivity studies and also for sonme of the EDA studies that
were identified |ooking at the cooler repositories. Wat we
do need to do, however, is update and upgrade those nodel s
based on the new data that we've collected over the |last six
nont hs or so.

PARI ZEK:  Pari zek, Board. You have under the technical
wor k plans this whol e natural anal og area whi ch woul d support

some of the geological uncertainties, as well as materi al

behavior. That's a pretty inportant area, | guess, forma
licensing point of view NRC points this out as being
inportant. How aggressive is that programw thin DOE
currently just to search out the anal og areas? You show a

whol e variety of places internationally and the work that's
bei ng done or could be done. |In sonme cases, |'mnot famliar
how far that work has already been carried by others that you
can either draw fromor have to do on your own.

HANLON:  Well, I'mnot sure at this point that | would
consider it a very aggressive program As | have spoken,
it's one of the major elenents of the postclosure safety
case, but it's also a literature search at this point. |It's
a relatively new program So, I'msure it will evolve.

Ardyth, did you want to say sonethi ng about that?

SIMVONS:  Ardyth Simons, LBL and M&O. Carol is right.

It's not a very aggressive program but it's a noderate



© 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

406

program In addition to the literature survey, we have sone
active studies ongoing that will provide new information
comng fromthe Pena Bl anca site in Mexico and a coupl e of
other sites, as well. The main purpose of this is to help

i nprove the confidence in certain aspects of our process
nodels. So, the point that 1'd |like to enphasize is that the
goal of the natural analog work is not sinply to provide
[iterature survey of what's out there already, but it's to
hel p us use that information to directly influence how we
understand the uncertainties in our process nodels and then
al so towards the performance assessnent nodels, as well.

PARI ZEK: A fol |l owup question. You probably are working
on sonme work products that will detail what m ght conme out of
some of these analog efforts and that will be released in the
near future? | know you had this going on in the unsaturated
zone workshop. | assume you'll be doing this at the
saturated zone workshop com ng up in February and on and on
and on?

SIMMONS: Yes, it will probably be a part of all the
performance assessnent wor kshops because we want to tie the
two together very closely. W'Il|l have work products com ng
out in the formof the synthesis report at the end of this
fiscal year, and as a part of that report, we will be
incorporating the data that we collect along the way from

these new sites that we're looking at. That will be updated
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again, God willing, in 2000.

PARI ZEK: The reason it's useful to have a product
early, it stinmulates thinking and you' Il probably get good
suggestions from people who hadn't any reason to worry about
this, but they have sonme great ideas for you including secret
rocks hidden out in Oregon and so on.

STAHL: Dr. Parizek, let ne add in regard to the
container materials work, we do follow as a strategy ASTM
1174 which is a process that includes parallel testing and
nodeling effort. As part of that nodeling effort, it
descri bes the use of natural analogs. |'ve charged Joe
Farmer who is the head of our nodeling group to in this
process of devel oping nodels for the container materials to
i nclude as nmuch information as he can on natural anal ogs.

BULLEN: Goi ng back to your high priority rankings, |
see that we've put a |lot of confidence goal on the #9,
integrity of corrosion-resistant waste package barrier. And,
| guess, | would wonder rather than putting all that stress
and strain on one significant barrier, would you reduce your
confidence goal requirenment if you had nultiple, redundant,
or independent barriers and so we wouldn't have to hold it to
such a higher standard than anything el se that you may be
consi deri ng?

HANLON:  Well, | think nultiple barriers have a role and

also | don't think it is held to a higher standard than ot her
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things. There are several things that are considered
relatively inportant. So, the answer is yes and no.

BULLEN: Then, 1 guess, | don't understand confidence
goal. If the 6 isn"t--1 nean, if 6 is the only one there, is
that not a higher standard than anything el se that you' ve
listed or am| m staken there?

HANLON:  Well, | was speaking in ternms of the priority;
so, in terns of the priority that we have given it.

BULLEN. Oh, no, |I'm-you expect to have a whol e | ot
nore confidence, at |east one step nore confidence than
anything el se, on the waste package. And so, it seens to ne
that that's a significantly greater enphasis on waste package
and | just wondered if, you know, if you really feel it is
that inportant.

HANLON: Ernie, would you like to say sonething about
t hat ?

HARDI N:  What that 6 represents is building confidence
in waste package materials. So, it's an engineered feature
of the systemthat we have control over and that we are
actively generating data for.

COHON:  Dan, the confidence goal includes their
subj ective reaction to the contribution to uncertainty, as
well as the confidence they'd like to attain. So, confidence
goal --confidence is confidence, not always the same in both

cases.
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BULLEN: Ckay. Then, | guess, I'ma little bit
per pl exed here because I'd |i ke to have confidence in the
tunnel stability and confidence in the seepage and confi dence
in all the other things that | can engi neer there, too. But,
it looks |ike just one barrier gets the big brunt of I have
torely on this nore than anything el se which that's what--|
guess, that's just what the representati on says to ne.

Maybe, |'m m sinterpreting.

COHON: It also says it's very significant for
per f or mance.

BULLEN: Yes, well, | agree, but lots of things m ght be

nore significant if they had different enphasis or different

eval uations, | guess.
HARDIN: Two nore points, please. Nunber one is the
wast e package is a very inportant part of the VA design

systemw de if you | ook at performance, as |'m sure you know.

And, when | say that we're actively--1 think I"'mgoing to
pass this one off to Dave Stahl. Wien | say that we are
actively pursuing waste package material data, you' ve heard a

summary of that today.

COHON: O her reinforcenents here? Did you want to say-
DOCKERY: Maybe | can make just a little bit of
refinement. | know all these terns start to blend together,

but inthis, it was--there were two constraints. Wat's
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important to performance and what do we think we can decrease
the uncertainty or increase our confidence in 18 nonths the
nost? And so, with the ongoing corrosion studies and the

i nput fromthe waste package degradati on experts, they felt
that they could significantly reduce uncertainties in
specific areas. So, it's kind of the amal gamati on of both of
those. How inportant is it and how much do we think we can
do rapidly to support the LA? So, that's feeding both into

t hat nunber.

BULLEN: Just a word of caution then. If we really are
worried about one atomic |ayer of corrosion or rel ease or
di ssol ution ever 10 years and we're going to have subm cron
scal e work, then you may be putting way too much confidence
in what you can get done in 18 nonths to justify it. And so,
mul tiple barriers or sonething else that doesn't call upon
t he--you know, this is pointing to the waste package as
potentially the panacea, but also as the Achilles' Heel.

And, if you don't get there, you m ght have to do sonething
el se.

STAHL: Dr. Bullen, let nme just augnment my previous
answer. Qur corrosion tests are a conbination of different
kinds of tests. W're |looking at surface condition tests,
we' re | ooking at accelerated tests, and ultimately
performance confirmation tests. Sone of the accel erated

tests are | ooking specifically at nechanistic behavior to
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understand the |l evel by |evel changes over time. The surface
condition tests like long-termcorrosion test facility, you
mss a lot of that. So, you need that conbination of testing
in order to devel op a nodel and give you better
predictability.

COHON: | have a question. This goes to the priorities,
but putting themin a longer termview. W're trying to get
you to talk to us in that |longer termview. Let nme give you
a hypothetical situation. Suppose you get to the point of
submtting a license application and the NRC reacts and they
say in the year 2003 we're going to approve this, but we're
only going to approve the placenent of 1,000 tons of waste,
and we want to see what happens for 10 years. Wuld this
list change if that was the scenario you were facing?

HANLON: As | have said, | think this |list changes as
our design evolves and as we get closer. So, we wll be
| ooking over this list. W've said that in the LA plan.

COHON: 1'd ask a different question then. Suppose the
design is exactly the one you've got today, but what changes
is the tinme period over which you have to produce results.
Wul d that, do you think, create change in the priority?

HANLON:  Yeah, it may have sonmething to do with
confi dence goal because one of the factors in the confidence
goal was the amount of tine that we had to acquire the

information. Mstly, we took into consideration--don't
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forget the performance confirmation plan. So, it is true
that if we had a longer tine to do it, then that could change
and it could alter it.

COHON: Does performance confirmation enter into this
list? 1s this influenced by performance confirmation?

HANLON: It ties into performance confirmation, but that
was not a factor in this.

COHON:  Okay. Any other questions from nenbers of the
Boar d?

(No response.)

COHON: | have a couple of questions fromthe audi ence
for you. One, | think, was sort of addressed by Abe, but
"1l just say it anyhow. WIIiam Quapp wants to know, a
nunber of the areas identified for inprovenent include
paraneters which affect the nodel predictions in the post-
10, 000 year tinme period, after 10,000 years. Wy spend
resources to acquire this data when the licensing tinme frane
is likely to be 10,000 years?

HANLON: Abe, would you |ike to answer that?

COHON:  Well, if we're just going to appeal to what Abe
sai d before about why |longer term that's good enough.

don't think you' ve got to--the record is clear on this.

M . Ti esenhausen, maybe you could cone to the
m crophone and ask your question? |'mhaving a little
trouble reading it.
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TI ESENHAUSEN: M question is to David and | was j ust
wondering if there will be any attenpt to | ook at radiation-
i nduced segregation and its effect on corrosion?

STAHL: [I'msorry, radiation-induced corrosion, what?

TI ESENHAUSEN: Radi ati on-i nduced segregation and its
effect on corrosion?

STAHL: Well, certainly, this depends on the materials
ultimately selected for the SR Certainly, nost of the
materials that we're considering are pretty imune to
radi ati on-i nduced segregation, but there may be sone sel ected
that could be. For exanple, if you ook at titanium that's
not going to be a problem Carbon steel, not going to be a
problem Alloy-22, not likely, but it could be and that's
sonet hing that we are | ooking at.

COHON:  Dan Metlay has a question.

METLAY: Lake made the coment earlier today that the

priorities that DOE has arrived at are very simlar to a

sense that the Board gave in its Novenber report. | guess,
l"d like to go one step beyond priorities and ask the
guestion where are the dollars? And, nmaybe, you're not the

person to answer this, Carol, but Lake is. How do these
priorities that you devel op structure the funding that are
given to various projects and, in particular, is there any
cl ear and obvi ous relationship between the priority a

particul ar area got through this process and the anmount of
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nmoney it received?

BARRETT: Barrett, DOE. The answer is yes. This drove
the VA, the work to conplete LA, the nunbers are in the VA
and that drives our "99 work plan. It drives our 2000 budget
request and will drive our, you know, 2000 work plan. So,
they will all integrate together and this was the driver and
what started as to how we would judge things. So, the answer
IS yes.

METLAY: |Is there any way--1've |ooked fairly closely at
Volune 4. |Is there any way you can provide us with
information in terns of how these priorities led to that kind
of sequence because it was not clear to ne in Volune 4?

BARRETT: Yeah, in the generation of the work plans and
t he budget request, that is what drives it in in the project
is they basically get as nuch noney as they basically can for
the project. They allocate them between the engi neering, the
science, wthin the subcategories, how nuch is in corrosion,
how much is in design, etcetera. So, | nean, these are in
the project planning activities which uses the planning

docunents as a feed as they go through that internally in the

proj ect .
| think, Dr. Brocoumis going to comrent on this.
BROCOUM | shall add one thing here. You related to
dollars. These priorities relates to work that had to be

done. We try to nmake sure that that work had to be done to
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be covered by adequate dollars. But, it's unfair to say that
sonmet hing has a 3 and sonething else has a 2 if you have nore
dol l ars associated to it because one type of investigation--
you know, for other reasons, may cost nore or less. So,
relating dollars to priorities really isn't a fair
relationship. It's to nake sure we covered the work that had
to be covered. | think, we can honestly say we covered the
wor k that had to be covered.

HANLON: But, also, in another way, we tried to nmake a
clear trace as we went through it. If you |ook at the
di scussion of the prioritization and the principal factors,
you can see that each one of the principal factors has a
di scussi on of the inportance of work and work necessary.
We've also identified, as | showed on this slide--1 guess
it'"s not this one, it's #14 with the priority. W indicated
the ones that had the highest priority. The LA plan does
show that those are the ones where the greatest resource
allocation will be placed to have reduction in uncertainty
and so forth. Now, those in the docunent are correlated both
with sections in the technical chapter, Chapter 3, and
they're also correlated with activity mlestones. You can
foll ow those activity m | estones back through this schedul e
and through the costs. So, there is a clear trace if you
take it through two to three to five and six and seven. So,

they are there, Dan.
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COHON:  Thank you. Thank you both very nuch for your
present ati on.

HANLON:  Thank you.

COHON:  We nove now to Volunme 5 of the VA, the cost to
construct and operate the repository. The presentation wll
be given by Robert Sweeney.

SWEENEY: Hi, my nane is Rob Sweeney. | was the |ead
for the Volume 5 which represents the repository cost
esti mate.

Wiy a repository cost estimate? Well, first and
forenobst, the VA required by the Energy and Water Devel opnent

Appropriation Act required some very specific things of us.
The costs to construct and operate the repository in
accordance with the design concept which is in the previous
vol unes which you all saw. Furthernore, the project need to
updat e and approve on the past repository cost estinmates
given the | atest design and operating scenari os and
under st andi ng of the concepts which we wanted to take
forward. Furthernore, to have a useful tool to maintain as a
current baseline and use it as we go along and refine our

desi gns and options and al so our operating concepts.

VWhat were the results? [I'll just get to the chase.

| knowit's late and let's get to the bottomline. But, we

have up here kind of a detailed chart, but I'Il hit the high
points and let me just take this over there.
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This is basically kind of the sum of everything
that was done by a team of over 30 sone odd professionals;
cost estimators, project planners, engineers wth backgrounds
in costs and big projects. W have outlined this in several
phases. W have five phases; licensing, pre-enplacenent,
enpl acenent operations, nonitoring, and closure and
deconm ssi oni ng base. W have broken it out into five major
cost elenents; the surface facility, subsurface facilities,
wast e package, performance confirmation, regulatory,

i nformati on, and managenent support. The team had to work
wi th everybody on the project because this process covered
all bases and it was an extensive effort and the group, as |
sai d, was about 30 sone odd people. W have also had this

i ndependently reviewed and I'I|l get to that a little bit

| ater on.

Li censi ng phase covers, in essence, from March of
'02, license application, to February of '05. The pre-
enpl acenent construction phase will start in March of '05 and
be conpleted in 2 of the year 2010. Li censi ng phase--let ne
back up here. Licensing phase is to conplete basically al
the activities post-license application, refine designs, and
prepare facilities and the personnel to start construction
phase.

The pre-enplacenent construction is post-

aut horization fromthe NRC for construction which we expect,
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as | said, in March of "05. And, this will take us to the
enpl acenment phase where, after that, construction wll
continue and we will have operations in place, enplacenent
begins with a phase and wap-up of our waste enpl acenent
activities.

Moni toring operations will be from 1033 to 210
where basically the surface facilities will be in a nothbal
state. The subsurface facilities will be maintained to
insure integrity of the facilities. And, we will have staff
on site during routine support, environnental testing,
performance confirmation, and regul atory support.

The cl osure and deconm ssioning phase is fairly
straightforward. W wll be, in essence, cleaning up the
facilities and preparing it for deconm ssioning and cl osure
and rel ease.

Here, we have the facilities, subsurface and
surface, and waste packages in here as a function of each
particular time phase. W have the surface facilities.
During this, as | said, we'll be going through design. Most

of this is all design work here, performance confirmation,

| ooking at their program plan, etcetera, to insure that the
regul atory requirenents will be net. | believe we m ght have
sonme questions on that |ater.

Regul atory, information, and managenent support is

the area where we have a pretty nuch broad group of support
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for the project, licensing, regulatory, infrastructure such
as informati on managenent, etcetera. Performance
confirmation, waste package--excuse ne, |let me go back here.
We have surface facilities. W'Il|l be wapping up the size
and dinmension in these three areas. Enplacenent,
constructi on phase, pre-enplacenent construction phase, we
will be--basically, this is the brunt of the project froma
capital standpoint. W've spent a trenendous anount of noney
here fromcapital before enplacenent to the tune of al nost $3
billion.

Enpl acenent operations, we have a majority of our
costs for the VA for the 18.7 billion. The majority of it is
in the surface facilities and subsurface and the waste
packages. Waste package costs, this is for the nost part
capi tal equi pnent of the waste package. Subsurface is the
continued construction and supporting design work, and
enpl acement activities. And, surface is the enplacenent and
work of the surface to get packages ready.

Performance confirmation picks up and we have a
continued level of effort here by the project in the various
areas to support enplacenent activities.

Moni toring phase becones fairly dormant. This is
approximately 76 years or so and we will be spending a fairly
good chunk of the noney during that phase; primarily, the

areas of surface facilities and subsurface and the
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confirmation.

Cl osure and deconmi ssioning is approxi mately $370
mllion and nost of that is at the work to close up and do
away with certain surface facilities and close up the
subsurface. And, we have sone support activities there. Al
inall, $18.7 billion.

This next slide shows the distribution over tinme of
the costs and I'mnot sure if these colors cone out or your
slides are in color, but this color here, the pink, is the
i censing phase. W have the yellow as the pre-enpl acenent
constructive phase, the enplacenment phase. Monitoring phase,
as | nentioned, quite a long tinme, and a brief period of six
years at the tail end for closure and decomm ssi oni ng.

You'l |l see a tremendous of the noney in the surface
facilities, as | said. Surface facilities and, particularly,
this area represents a pretty good chunk of our costs and
it's primarily driven by |abor costs.

We have expected peak here as far as the budget for
construction at about 700 mllion at that point in time about
t he year 2007. W have sone other highlights in the Vol une
5 but I'mlimted on tinme here. W'Il go on to the next
one.

| believe some of you have seen sone of the
previous estimates by the project. | just want to enphasize

we' ve changed trenendously sonme of the ways we do business
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froma cost-estimating standpoint that led to sone
i nprovenents, but we've definitely inproved on our technical
scope. The level of details there will be based on the VA
desi gn assunptions. W have nore fully devel oped assunptions
and we made sure that we had consistency across all the VA
products. Furthernore, we had a greater body of know edge
and data to work from In particular as an exanple, |abor
rates at the Nevada Test Site were used to nmake sure that we
used up to date and validated and defendabl e nunbers.
Schedul es, we identified schedules for each and
every element. At the sub-element level, this estimte went
down to approximately 270 activities and we had provi ded
schedul e for each one and also this schedul e shows an
extended retrieval period of 100 years where the previous
cost estimates had 50 years. So, we al so enpl oyed
conpetitive and fixed price contracts and strategi es where we
t hought it was appropriate. W believe there's probably sone
room for further inprovenents there. Furthernore, the
contingencies that we applied throughout the estinmate
i nproved and we had a better understanding of details,

etcetera. So, we applied nore appropriate contingencies and

| can address those later on in nore detail. But, the 1997
estimate was approximately $14.8 billion and this has now
went up to 18.7, a significant increase because of the

ext ended peri od.
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Just to wal k you through sonme of the key
assunptions, the repository was designed, as | nentioned, to
remai n open at |east 100 years fromthe initial enplacenent
whi ch all owed sone additional flexibility for future
decisions. The waste source was limted. The Act advised
that we use the 70,000 netric tons. So, the breakdown of
that was 63,000 nmetric tons of commercial SN