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UNI TED STATES OF AMERI CA
NUCLEAR REGULATORY COWM SSI ON
+ 4+ + + +
COW SSI ONERS MEETI NG W TH THE NUCLEAR WASTE
TECHNI CAL REVI EW BOARD ( NWI'RB)
+ 4+ + + +
THURSDAY,
JUNE 14, 2001
The Commi ssioners net in the Conm ssion
Heari ng Roomat One White Flint, Rockville, Mryland,
15 10:00 a.m, Richard A  Meserve, Chairnman,
presi di ng.
PRESENT:
RI CHARD A. MESERVE, Chairman
GRETA JOY DI CUS, Conmi ssi oner
EDWARD McGAFFI GAN, JR., Conmmi ssi oner
JEFFREY S. MERRI FI ELD, Conmi ssi oner
KAREN D. CYR, Ceneral Counsel
ANNETTE L. VI ETTI-COOK, Secretary
JARED COHON, Chairman, NWRB
DEBRA KNOPMAN, Menber, NWRB, Senior Engi neer,
RAND Cor por ati on
DR.  ALBERT SAGUES, Menber, NWRB, Distinguished
Uni versity Professor, University of South

Fl ori da
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Openi ng St at enent, Conm ssioner Meserve
Presentation, Dr. Jared Cohon, Chairman NWRB

(President, Carnegie Mellon University)
Presentation, Dr. Debra Knopman, MMRB

(Sr. Engineer, RAND Corp.)
Presentation, Dr. Al berto Sagues, NWRB .
Question and Answer Peri od

Adj ourn .
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P-ROGEEDI-NGS
(10:01 a.m)

CHAI RVAN VESERVE: Thank you, Madam
Secretary. Conm ssioner D az asked ne to expl ai n t hat
an urgent matter has come up this norning that
requires himto attend to, as a result he's able to
partici pate and he asked nme to express his regrets.

We're nmeeting this norning to hear from
t he Nucl ear Wast e Techni cal Revi ew Board on t he st at us
of its reviews of the Departnent of Energy's
activities concerning a potential repository at Yucca
Mount ai n. As | think everyone in the audience
realizes, the ReviewBoard i s an i ndependent advi sory
body that was created by the Nucl ear Waste Policy Act
amendnents of 1987.

This neeting is particularly tinmely. DOE
has issued is Science and Engineering Report very
recently and that, along with other information, wll
be used by the Secretary of Energy in considering the
possi bl e repository at Yucca Mountain and al so within
the last 10 days or so, the Environnental Protection
Agency has conpleted its final standards for the
repository at Yucca Muntain.

Consequently, this will be a very busy

period for the Comm ssion as we deal wi th eval uating
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4
the report and with conform ng our regulations to the
EPA standards as we're required to do by the statute.

W nonitor the activities of the Review
Board and are very interested in the insights that you
have to provide. 1 knowthat you have provi ded advi ce
and met with the Conm ssion on ot her occasi ons and we
very much | ook forward to further interactions with
you this norning.

| f we have no comments fromny col | eagues,
Dr. Cohon, why don't you proceed?

DR. COHON: Thank you, M. Chairman. My
nane is Jerry Cohen and | am the Chairman of the
Nucl ear Waste Technical Review Board. Wth your
agreement, M. Chairman, ny colleagues and | wll
summarize our witten remarks that were submitted to
you i n advance and do so rel atively quickly so we can
get to questions and di scussi on.

I"m going to focus on some background
i nformati on about the Board and |'mgoing to call on
ny col |l eagues to say nore about it.

First, let nealittle nore about nysel f.
As is the case with all of the Menbers of the Nucl ear
Wast e Techni cal Revi ewBoard, we are part-time speci al
governnment enpl oyees. W all have other jobs. In ny

case, I'mthe President of Carnegie Mellon University
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5
in Pittsburgh. Debra Knopmanis with ne today. She's
a senior staff person at the RAND Cor poration, having
joined RAND after nmany years wth the federal
government, primarily with USGS. Her expertiseisin
hydr ol ogy and systens techni ques.

W also, |I'm joined today as well by
Al bert Sagues. Dr. Sagues is a distinguished
university professor at the University of South
Fl ori da. H's expertise is in corrosion and also
materials and a variety of other related matters.

W're very pleased to have this
opportunity to brief the Conm ssioners. It's been a
while since our last visit. |In fact, M. Chairnman, |
think it's the first tinme we've had a chance to bri ef
you si nce you becanme the Chairman. W' re very pl eased
to have this chance to do so.

Drs. Knopman and Sagues wi || focus on key
priority issues that the Board has i dentified over the
| ast year. Let ne, before they do that, give you a
little nmore background on the Board, expanding a bit
on what you said, M. Chairmn.

As you noted, the Board was created by
Congress i nthe amendnents to t he Nucl ear Waste Policy
Act of 1987. That's the same act that designated

Yucca Mountain as the only potential site for a
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possi bl e repository to be studied further. Insetting
up t he Board, the Congress stressed the i nportance, in
t heir view, of having an i ndependent federal agency to
provi de review of the scientific and technical work
that DOE woul d be undertaking with a focus on Yucca
Mount ai n, but not exclusively to Yucca Mountain, were
al so charged to | ook at ot her aspects, other el enents
of the nuclear waste managenent system including
transportation and packagi ng.

Al'l the Menmbers of t he Board are appoi nt ed
by the President froma |ist of nom nations subnmtted
by the National Academny of Sciences, as specified by
the [|aw The 11 of wus represent the various
di sciplines that are rel evant to nucl ear wast e i ssues.
| forgot to say what ny own interest and background
is. I'man environnmental and water resources expert
with a particular interest in systens techniques.

One of the inportant aspects of our work
and one that should be enphasized is that the Board
strives to follow DCE's work as it's unfolding. W
generally don't wait until a final copy of areport or
a study is done. W try to get updates and DCE is
very cooperative in providing us data information
while the work i s on-going. Thisis inportant so that

we can conment while the work is still on-going and
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7
therefore influence it to the extent that that is
called for. And as | said, this works quite well.
DOE cooper at es.

The Board is obligated to, by the law, to
report to the Secretary of DOE and the Congress at
| east twice a year. W do this in a variety of ways
through witten reports, through congressional
t esti nony. In addition, the Board has organized
itself into several panels and those panels are
organi zed around specific thenmes or issues that arise
and these panels neet fromtine to tinme, not on any
particul ar schedule, but as the need arises. And
i ndeed, two of our panels, we're having a joint
nmeeting next week in Las Vegas to focus on sone key
and timely issues.

As you noted, M. Chairman, the intensity
of the nuclear waste issue is growing and this is
already an intense tinme and we expect that it wll
even increase over the next several nonths as DOE
approaches i ts announced | i kel y schedul e of announci ng
their site reconmendati on by the next cal endar year.
That wil|l be a key m | estone. There have been ot hers,
of course, that DOE has passed, via the assessnent
which they issued in 1998. Site reconmmrendation

docunents are startingto arrive as t he Chai rman not ed
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and as | just said, they' re focused on the end of this
cal endar year to recomrend the site or not.

That will be a key tine, of course, inthe
hi story of this programand a key tine for this Board
as well because the site recommendati on decision is
one that the Board was, in fact, created to focus on
in a very significant way.

Each of these milestones is inportant in
its own way. Howinportant it is probably depends on
the person you ask and what's happening at that
noment, but as | said in our view, this site
recormendation is a -- will be the nopst inportant
ml|estone to date in the history of the program

As | mentioned before, the Board
identified key priority areas, four to be exact, over
the | ast several nonths. And Dr. Knopman will now
take over and brief you on those priority areas.

Debr a?

DR. KNOPMAN: Thank you. Real |y begi nni ng
in January of 2001, the Board began to identify
publicly these four priority areas. The first is
meani ngful quantification of conservatisnms and
uncertainties in DOE s performance assessnent. The
second relates to progress and understanding

under !l ying f undanent al processes i nvol ved in
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predi cti ng waste package corrosion rates. The third
has to do with the evaluation and conpari son of the
base-case repository design with a |ow tenperature
design. And the fourthrelates to devel oping multiple
| i nes of evidence to support the safety case for the
proposed repository.

Let nme just talk a little bit about the
quantification  of uncertainties. Meani ngf ul
guantification of the uncertainties associated with
performance estimates really enabl es policy makers to
make i nforned tradeof fs bet ween proj ect ed performance
and uncertainty in those projections. That's why the
Board has been so focused on this. The Board is
encouraged by DOE's efforts this year, but we also
have cautioned that additional efforts are needed
bef ore a case can be made that uncertainties have been
estimated in a technically credible manner.

The further point that the Board has nmade
relates to the difficulty of determ ning the overal
| evel of conservatism when you have a mx of
conservative realistic and opti m stic assunpti ons, as
is currently the case.

If DOE believes that a perfornmance

assessnent is conservative, then we think an effort
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must be made to provide a defensible estimte of just
what that |evel of conservatismis.

The Board, of course, recognizes that
elimnating all the uncertainties associated with
per f ormance assessnent at Yucca Mountainw || never be
possi bl e although they can be reduced in certain
i nst ances. Further, a decision on whether to
recommend the site can be made at any time, depending
in part on how much uncertainty is acceptable to
policy makers.

The Board believes, however , t hat
devel opi ng nmethods for quantifying uncertainties in
t he DOE' s performance assessnent should be a priority
because of its value to decision makers and its
contribution to technical defensibility.

At this point, I1'd like to turn the m ke
over to Dr. Sagues who wll discuss the Board's
concerns with waste package corrosion and repository
desi gn.

DR. SAGUES:. Thank you, Debra. All right,
as you already know, initially when the nmountain was
being considered for a potential repository, the
geol ogi ¢ boundary was expected to be really one of the
nost effective obstacles between the waste and the

surroundi ng environment.
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As tinme progressed, it becane nore clear
t hat the performance of the proposed repository would
depend a lot on the integrity of the waste package.
And indeed, that integrity is degraded primarily by
corrosion. That is what is expected to be the main
node of degradation

The Departnment of Energy selected a
material that we at the Board believe is one of the
basic materials available for waste package
construction. Now this material relies on this
corrosion resistance on a phenonena call ed passivity
and what you do is you devel op on the surface of the
metal an extrenely thin layer. It may be just a few
mlliliters, maybe 10 to 20 to 100 atons thick. It's
an oxide layer. And that is what nmakes the package
resistant to corrosion. If that thing stays the
package resists corrosion, if nothing goes, the
corrosion resistance will becone underm ned.

Now what happens is that from an
engi neering standpoint, we have been using passive
materials for corrosion performance for naybe 100
years or so.

And the particular alloy of which the
package is going to be made of, the corrosion

resistant part of it, we may only have a coupl e of
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decades experience with that kind of specific alloy.
And of course, we need to extrapol ate perfornmance over
10, 000, maybe 100,000 years. And that 1is an
unprecedented extrapol ation gap and that cannot be
done just by referring to enpirical evidence for a
certain anount of time, you have to have fundanent al
understanding to go with it. Oherw se, you cannot
extrapol ate over a long period of tine.

So that indeed has been one of the
concerns of the Board. We need that fundanental
understanding to be able to make an extrenely | ong-
t erm extrapol ati on.

There is a nunber of things that could
per haps happen. People, engineers, scientists have
been specul ati on and i ndi cati ng potenti al degradation
mechani snms whi ch are not observed at the present, but
t hey m ght happen over the long term For exanple,
this passive |layer begins to sweep into the netal
progresses over long tinme periods and it may begin to
accunul ate defects which are not observed in shorter
experiments and so on.

Now the Departnment of Energy has been
working the last few years in trying to inprove its
| evel of know edge i nto -- about what may be happeni ng

with these materials, but we feel that there has to be
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a strong conponent of fundanental understanding to go
along with that relatively short term experinenta
bases.

Also the one thing that nmay be very
hel pful to provi de sone direct evidence that this node
of corrosion protection works over |ong periods of
time is to | ook perhaps at -- to | ook very hard to be
nat ural anal ogs. There are sone all oys that may have
exitedinthe netallic state over very | ong peri ods of
time inthe passive condition and if one coul d observe
and docunent that, then one woul d have yet anot her way
of inquiring the long-term extrapolations and
i ncreasing the |level of confidence on those.

Al right, the other thing that they
wanted to mention was our concern with | ooking at
alternative designs inorder to againincrease perhaps
a level of confidence that could exist.

The present base case repository designis
what you can call briefly hot design. Theideais to
boil the water around the imedi ate nei ghborhood of
t he packages that nmkes for dry environnent that
reduces the possibility of deterioration of the
packaged materials. And now when you do that you're
i ntroduci ng a nunber of hydrogeol ogi cal processes t hat

may be a couple -- for exanple, the heat may alter the
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nature of the rock around the package and then they
change the way i n whi ch t he wat er noves anyway and now
we end up with compound processes which are nore
difficult to predict when you get to hi gher and hi gher
t enper at ures.

OF course al so, the corrosion severity in
many systens with tenperature, sothat's another thing
that will be mndful of when you consider higher
operating tenperatures.

W feel that to take care of these
uncertainties in a relatively short tinme, like a
couple of years, may be very difficult when you're
just looking at strictly arelatively high repository
design. And maybe | ooking at the |ower tenperature
desi gn, where maybe the surface of the packages wl|
be reduced, for exanple, say 85, 90 degree Centi grade
or so, that kind of thing may be easier to correct
froman uncertainty standpoint. |In particular, the
Board has indicated that it would be very hel pful to
see a direct conparison between a |ow tenperature
ventilated repository design and the present base
case.

Per f ormance anal ysis could be used to do
that, or could be nodified or adapted to do that and

of course when t hat has been done, the DOE nay want to
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| ook at the nunber of other issues like logistics

i nvol ved i n operating at the | ower tenperature and the

essential ability of that design and so on. So
anyway, that's -- that's the other inportant area of
concern.

| think that Dr. Cohon now shoul d di scuss
the area of the Board's concerns and nake sone
coment s.

DR. COHON: Thank you, Dr. Sagues. \%%
col | eagues now have told you about three of our four
priority areas of concern. The quantification of
uncertainties, further understanding of basic
corrosi on processes and | ooking and conparing a | ow
tenperature design to the base case high tenperature
desi gn.

The fourth area 1is wurging DOE to
i nvestigate what we call nmultiple Ilines of evidence.
Thi s goes to the i ssue of increasing confidenceinthe
saf ety case for the proposed Yucca Mountai n repository
and we strongly endorse the DCE' s efforts i n doi ng so.
In our view, the DOE's safety case rests on key
elements or pillars, our word, pillars, not theirs.
Those ar e performance assessnment cal cul ati ons, safety

mar gi ns and defense-in-depth, potentially disruptive
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events, evaluation of those events, insights from
nat ural anal ogs and performance confirmtion.

Sone of the pillars, and in particular,
performance assessnent, safety margi ns and
def ense-i n-depth and t he anal yses of di sruptive events
are all one way or another dependent on perfornmance
assessnent. Cbviously performnce assessnent itself
is, but even these others derive from performance
assessnment depend on performance assessnent.

Thus, we have one | ast confidence in the
DCE' s perfornmance assessnent and |' mnot sayi ng we do,
but if one does, one is not likely to have nuch
confidence in the other pillars that depend on it.
The last two pillars of the repository safety case,
natural anal ogs and performance confirmation are
i ndependent of performance assessnent cal cul ations.
However, in our view, the DOE s eval uation of natural
analogs so far has been mnimal and perfornmance
confirmation is, in fact, effectively a plan of
activities that will be subject to future budgets and
time constraints.

Addi tional devel opnment of the nultiple
| i nes of evidence supporting the safety case of the
reports of the proposed repository is there for a high

priority in our view, for the Yucca Muntain
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proj ect .

Let nme summarize what we've told you by
agai n goi ng back to the four priority areas and j ust
poi nting out the key things. DOE has started an
effort to quantify conservatisns and uncertainties
t hat had not bene quantified previously. The DOE has
started an external peer review of waste package
corrosion issues and I shoul d point out the Board has
al so begun its own review of fundanental corrosion
processes. The DOE has devel oped a | ow tenperature
operating node that can mmintain repository
tenperatures below boiling. The Board renains
concerned, however, that a conparison of high and | ow
tenmperature designs is needed and we urge the DCE to
performthat conparison.

Finally, the DCE did participate in a
neeting that we held in April on this issue of
mul ti ple |lines and we appreci at ed what we heard and we
continue to urge DOE to pursue those issues.

The Board will continue to review the
technical and scientific aspects of DOE' s work at
Yucca Mountain and we will continue to i ssue reports
and nake recomendations as we see fit. Thank you
very nmuch for your attention and we'd be happy to

answer any questions that you have.
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CHAI RMVAN MESERVE: |'d Iike to thank you
all for a very hel pful presentation.

W rotate our order in which we do
guestioning and | think it's Comm ssioner Di cus' turn
to go first.

COWM SSI ONER DI CUS:  Thank you. Again, we
appreciate your comng down and giving us this
opportunity for the interchange.

Let ne to go the issue of quantification
of uncertainties. Wth respect to quantifying
conservati smand reduci ng the uncertainty, could you
tell me what nore specific recomrendati ons that the
Board has made to DOE to better address and resolve
this issue. It seens to be inproving, but were there
specific comrents that you would want to make?

DR. COHON: Let me just junmp in and say
unli ke the NRC, M. Chairman, we don't have any kind
of rotation on answering questions, but |'m the
Chai rman and | have ny col | eagues with ne, so |l get to
call on them

Take it away, Debra.

(Laughter.)

M5.  KNOPMAN: VWhat the Board has
encouraged DOE to do and they are in the process of

doi ng i s goi ng back to the fundanmental process nodel s
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and working with the individual investigators to
i dentify where certain assunpti ons were nade and how
t hose assunpti ons coul d be characterized. Youreally
have to go back to basics there. You can't just junp
in necessarily at the total system performance
assessnent nodel level to be able to tease out where
these different assunptions that have different
effects on alternate performance have gone.

So t he Boar d has had on- goi ng conver sati on
with the program They' ve cone to us and asked of our
vi ew of whet her we t hought they were noving generally
intheright direction. What's been found is there's
bene a very uneven approach taken at the process nodel
| evel anmong the investigators as to howuncertainties
were dealt with and quantified. And so this is nowa
fairly el aborate process DCE' s involved in, tryingto
unt angl e t hat.

COW SSI ONER DI CUS: Does -- do you want

DR. COHON: Yes, may | add sonething to
that? 1'd like to expand a bit on that. As Dr.
Knopman said, DOE has been involved in a very
i ntensive and thorough process of going through

subnodel process by process and t hat does conme out of
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one of the recommendations we nmade, that is to
quantify uncertainties.

The ot her maj or recommendat i on nmade t hough
had to do with howuncertainty is conveyed to deci si on
makers and to policy makers. That's sort of the other
part of that and we feel that's terribly inportant.
The NRC and by that | nean Commi ssioners, the four of
you plus Comm ssioner Diaz, are used to dealing with
probl ens, techni cal problens characterized by a great
uncertainty, but before this project ever gets to the
Conmi ssion, it islikelytobe-- well, certainly will
be the subject of review by the Secretary and the
President and likely to be reviewed -- the subject of
revi ew by the Congress.

People in those positions, | think,
deserve and need assistance by the program in
under st andi ng t he uncertai nty associ at ed wi t h what ever
the recormendation is. That's not easily done and it
requires a mjor effort. | think DOE is to be
comrended for what they have done, both in ternms of
t he quantification exercise that Debra described, but
also in terns of their thinking about how they can
characterize wuncertainty for nontechnical policy

makers whi ch must surely do.
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| just want also to add here that the
Board appreci ates greatly what a naj or chall enge this
is for anybody. That is, this is a very conplicated
pr obl em The total system performance assistance
consists of a very large nunber of nodels and
subnodel s and paranmeters and all that is based on a
vast array of studies comng up with a good and
meani ngful quantification of the uncertainties
associ ated with such a nodel, a nodeling exercise is
no easy feat. And DCE has nade substantial progress.

COW SSI ONER DI CUS: Do you have a
quantification of some sort what | evel of uncertainty
or certainty, whichever the case may be t hat you woul d
find acceptabl e?

M5. KNOPMAN: Wl --

DR COHON: You go right ahead.

M5. KNOPMAN: The Board has said on
nunmerous occasions that it's not for the Board to
deci de what the acceptable -- socially acceptable or
politically acceptable policy, acceptable |evel of
uncertainty is. But that's a judgnent to be made in
a different forum than the Board, where the Board
feels it has arole is in making sure that there is
that quantification. So that those who are in the

position to nmake t he judgnent, w |l make the judgnent
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based on whatever factors they feel are relevant to
t he deci sion.

And in this case, we're dealing wth
materials engineering issues, nat ur al system
uncertainties. It's a very wde range of
uncertainties in these various processes, sone of
which will be irreduci bl e because of just the nature
of the physical system So it would be, 1| think,
i nappropriate totry to nail down a single uncertainty
standard on any one paraneter or process anyhow, but
t he point here and that's the whol e val ue of a total
system performance assessnent tool is to try to
i ntegrate those various pieces of information into
somet hi ng coherent.

The Board, |'d just add one poi nt on your
previ ous question, the Board's been concerned that you
can meke a certain set of assunptions whi ch reasonabl e
peopl e woul d say were conservative in the context of
a TSPA, but in the process mask, other uncertainties
that may, in fact, be inportant and you'll never see
t hem or understand themand deal with themif that's
not made explicit.

COW SSI ONER DI CUS:  You know we have t he
WPP site, that is operational now Ganted, it's a

different kind of waste, a different kind of site.
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G ven those two acts on the front end, have you done
any conparisons with how DOE addressed uncertainty
bet ween what they're doing with Yucca Muntain and
what they did with WPP?

DR.  COHON: My sense is no. But ny
col | eagues may feel otherwise. W did -- we visited
W PP as a Board. We al so spent considerable time with
t he managenment of the WPP facility to understand how
t hey handl ed sone of the high | evel issues of such a
proj ect. So in that sense, we've |ooked at W PP.
"1l take that back. W actually, we had
presentations in the past going back fairly far on
TSPA as applied at WPP. And there was sone aspects
t here of how they handl ed uncertainty, but recently,
not in the last couple of years.

COW SSI ONER DI CUS: Ckay, just two nore
qui ck questions if | my, M. Chairnman. In the
nmeetings that you' ve conducted in Nevada, are there
any insights or thoughts you would | i ke to share with
us with respect to concerns that may have been voi ced
by citizens in Nevada regarding the NRC and the
under standi ng of the NRC s rol e?

DR. COHON: | thank you for that question.
It's -- I"msincere. |'mnot being sarcastic at all.

The i ssue of public participation and public views on

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

24

Yucca Mountain is one that the Board takes very
seriously, though our focus is purely the scientific
and techni cal aspects of the project and we adhere to
t hat .

We neverthel ess, always include public
comment period in our neetings and | think this has
proved to be quite valuable, both to the Board and to
DCE who also are present and get to hear public
coment s.

| f there's one thing that has come upwith
regard to the NRC, | think we've heard from sone
menbers of the public and Board neeting records coul d
be checked to confirm this or not, that there's
confusion in their mnds about what closed pending
means and t hey worry about t he substantial i nteraction
between DOE and NRC at this stage, over technical
i ssues.

| think it's primarily a case of sinply
not understandi ng what the process is, what the two
Agenci es are doi ng when they're neeting together and
what some of the term nol ogy neans.

COW SSI ONER DI CUS: | appreci ate t hat and
we're aware of these issues and when we have our

nmeetings out there, | understand staff is trying to
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address these things. W have benchmarked to see how
successful .

Fi nal question, as you have gone al ong, as
you will go in the future maki ng the reconmendati ons
that you make to DOE, on technical aspects, on
uncertainties, on these four areas of concern that
you' ve expressed, to what extent, as you go forward
with a reconmendati on do you, have you | ooked at if
there is a recomendati on for Yucca Mountain and if we
do get a license application, as to what our needs
m ght be as a regul atory agency to nake a decision if
all these ifs happen, that is an if.

Are you | ooking at what we might need to
make that regulatory decision or are you strictly
focusing on what you see as your charge for DOE?

DR. COHON: W have focused on our charge
and that has -- the focus of that has tended to be the
site recommendati on before DOE applies for alicense.

However, we are certainly aware and the
DCE operates in this manner, that nmuch, if not all of
the i nformati on devel oped for site recommendation is
directly relevant tothe license as well. At |east we
bel i eve so.

Licensibility or license requirenents is

certainly sonmething that DOE t hi nks about and we hear
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about that fromtinme to tine, but it's not been the
Board's focus. W have not asked that question.

M5. KNOPMAN: Were the Board is by statute
to stay in existence until a year after the first
waste isin place, if thereis arepository, and so we
will at some point needto turn our attention, if that
should arise, but we've been |ooking at the next
m | est one.

COW SSI ONER DI CUS:  Ckay, appreci ate your
responses. Thank you, M. Chairman.

CHAI RVAN MESERVE: Thank you, Conmi ssi oner
Di cus.

Conmi ssi oner M Gaffigan?

COW SSI ONER Mc GAFFI GAN: |"m going to
start wwth nmultiple Iines of evidence and what | know
of this I've |l earned from our Advisory Conmttee on
Nucl ear Waste. It strikes ne that a good perfornmance
assessnment and | think it's in our proposed rule,
63114 of our proposed rule |lays out what a
performance assessnment is going to need to do, but a
good performance assessnent is supposed to capture
everyt hi ng.

That's what M. Garrick has tutored ne and
i f we had i nsights fromnatural anal ogs, you sai d t hat

that mght be separate from the performance
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assessnment. If we get insights fromnatural anal ogs
it's going to play into the performance assessnent in
terns of nodel paraneters, ranges, the C22 was tal ked
earlier that there m ght be natural analogs for the
C-22. So in some sense, |'ve been hearing this for a
year. I haven't had a chance to talk to you guys
since you made this presentation, but it strikes ne
it's almpst tautol ogical t hat a performance
assessnent, if it's good, and it has to capture
everyt hing and you ask for |lines of evidence separate
from the performance assessnment is to ask the
i mpossible, if it's a good performance assessnent.

So coul d you explain to ne howl' mnot --
why | shouldn't be confused?

DR. COHON: We're all eager to conment on
this, but it looks like Dr. Knopman is especially
eager to do so, so why don't you go ahead?

M5. KNOPMAN: | think your | ast phrase is
really critical and that is if it's a conplete total
system performnce assessnent, it's a very, very big
if, that's not to say what DOE has done has been
substandard in any way. It's an enornously
conpl i cated conpl ex nodel which I' msure you know and

you' ve got your own version of it.
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The question is how nuch can you capture
in that and do you, in fact, drawin other intuition
or evidence that is not output from a specific
nunmerical nodel of some kind. A TSPA, as it is now
construction, as DCE uses it, as fed by dozens and
dozens of process nodel s which are then abstracted and
t hose abstracted results are put into this |arger
construct, every tine you |lift sonmething out of one
nodel and put it in another, you nake a certain set of
assunptions and you have about w ring that nodel up.
Things get Jlost on the cutting room floor,
particularly the coupling of various processes.

And what you can get in | ooki ng at nat ur al
anal ogs, for exanple, is a kind of an integrated that
doesn't have the overlay of sort of human intervention
inthe sense of howthose coupl ed processes really end
up playing out, |l ooking at a m neral |ike josephinite,
you know, is an exanple where it's bene subject to
sone kind of weathering and it's in a sense, an
integrator inaway that | think isn't appropriate to
check on a mat hemati cal construction that TSPAis. So
inthe best of all possible worlds, you want one super
nodel that really did take in all of that information
and I know Dr. Garrick and others are al ways | ooki ng

for that kind of | evel of achievenent, but practically
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speaking, | don't think we're near that yet and that
it's appropriate to find these other checks.

DR. COHON: Nor woul d we ever be. Mdels
are, after all, nodels.

COW SSI ONER McGAFFI GAN:  Ri ght .

DR. COHON: They are representations of
the real world. They are limted both by our
under st andi ng of the phenonena in the real world and
by limts on data. I"m not going to dwell on the
nodel in certain issue and not the data either,
al t hough they're both inportant and natural anal ogs
are inportant there as well and we can gi ve some good
exanples, | think, but it's in the nature of this
probl emthat the DOE nust project, predict, estimate
performance at | east 10,000 years out in the future.
And they not only have to do that, but they have to
produce a conpelling case for nontechnical policy
maker s and deci si on nakers as to why we shoul d bel i eve
your projections that this is going to work.

Now corrosi onis perhaps t he best, perhaps
the nost conmpelling exanple. W' ve said tongue in
check, if only DCE could find a 5,000 year old C 22
coin that was in perfect shape, that woul d di spel all

doubt. It's unlikely to happen.
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COW SSI ONER McGAFFI GAN: But if | were
arguing fromthe other side, | would say that that
coi n, whatever environnent you found it inis not the
environnent it's going to face at Yucca Mountai n.

DR COHON: There's that argunent.

COW SSI ONER McGAFFI GAN:  So even if you
found that coin at the bottomof the sea, well, sea
environment is different from Yucca Mountain
envi ronnent .

DR. SAGUES: | would say it's a little
deeper than that. At this nmonent to our know edge
there isn't a single docunented case of a netal that
relies on passivity for its corrosion perfornmance.
Having been in that condition for extrenely |ong
periods of time, that is, you realize, much nore
fundanmental |evel of question. W are faced with a
need to find an exanple of the mnmechanism itself
wor ki ng over extrenely long periods of tinme, so you
realize that that's -- we're saying just show us
sonmet hing in any environnent first.

COW SSI ONER McGAFFI GAN: It still strikes
me that there's a bit of a disconnect here. I
understand that the nodels -- |l et nme go back to the --
as | understand the rule that EPA has put out that

we're goingtoalignour ruleupwth, it requires for
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10, 000 years, not nore than 10,000, but 10,000 years
t he reasonably maxi m zed exposed individual not get
nore than 15 millirens effective dose equivalent or 4
mllirenms to any organ groundwater pathway.

And that's a reasonabl e expect ati on based
on the perfornmance assessnent, so the focus of their
rule and our rule, inturn, will be on the performance
assessnent and inthe licensing space which presunmably
is going to be adjudicated if the President makes a
proposal, if the Congress agrees, and if there's a
i cense application submtted, the focus of our
| i censi ng boards and any contentions are going to be
on the reasonabl eness of paraneters assuned in these
various nodel s.

| think sone of the comments you' ve nade
in the past about the transparency of the TSPA, if it
isn't transparent not, it's going to be perfectly
transparent inour |icensing process because | suspect
people are going to go through and challenge any
assunption, any range. It's a nean that we're going
t o be worki ng towards and that's going to be the heart
of our licensing process is to challenge every
par anmet er assunpti on that DOE presumably made that is
chal | engeable and in sonme way talking to politica

| eaders, part of the check, you know, about the degree
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of uncertainty that's tolerable and all of that,
that's really going to be decided in some degree in
the |icensing process through the gi ve and take of an
adj udi catory hearing where people are going to, not
t he best way to solve technical issues, perhaps, but
there will be technically conpetent boards and a
technically conpetent comm ssion at thetinethat wll
at the end have to make these judgments. But the
focus of the EPA rule is on the perfornmance
assessnent. It's not on -- | suppose that the trial,
peopl e can say we' ve got this other Iine of argunent,
but the focus is goingto be on contentionsrelatedto
t he perfornmance assessnent.

DR, COHON: Right and rightfully so.
Don't m sinterpret what we' re proposi ng here. Mst of
us, in fact, are nodelers and we believe in nodeling
and we believe in TSPA or the statement. We think
TSPA is a very valuable tool and basing the role on
TSPA rather than subsystem requirenents | think is
conpl etely appropriate, but nodels have limts. What
you just anticipated, your comrents in anticipating
what the dialogue is going to be Iike goes right to
that point. This nodel is going to be taken apart and
eery piece will be dissected. So let's take an

I mpor tant piece --
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COW SSI ONER  Mc GAFFI GAN: You all are
likely to be witnesses. | don't knowif you thought
about that, but you're in existence until one year
after this thing opens, | suspect as peopl e who have
wat ched this thing on one side or the other is going
to -- dependi ng on whi ch statenent you guys have made
in the past is going to have you sworn in at these
trials. | expect there to be multiple trials. Look
forward to that too.

DR. COHON: This is the great thing about
having limted terns though.

(Laughter.)

COW SSI ONER Mt GAFFI GAN: They' Il find
you. If you think being retired is going to --

DR. COHON: I'mgoing to set Dr. Knopman
up here, | hope. Let's take one piece of the TSPA, a

key part in arriving at the estimted dose at the

stated distance is the groundwater nodel, the
saturated zone nodel. W don't know, DCE doesn't
know, no one knows just how water will nove through

t he saturated zone. You have to have a nodel and t hat
has to have some dat a.

And there i s such a nodel and experts can
di sagree how believable it is in their view The

guestion is wouldn't it be valuable to have a natural
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anal og you coul d point to that either buttresses your
confidence in the data, the parameters that you're
usi ng or the nodel that you' re using or not or rejects
that. That's all we're tal king about.

M5.  KNOPMAN: Just picking up on that
point, there really is an inportant distinction to
make here between paraneter uncertainty and nodel
uncertainty. You can do conduct field experinents,
| ab experinents and refine a paraneter estimate to the
nth degree and it doesn't nean anything if it's in a
nodel that's probably not a good representation of
reality and real issue here 1is these node
uncertainties which TSPA frankly has a hard tine
gr aspi ng.

It presupposes the nodel is nostly okay
and it fiddles with paraneter uncertainties. Those
are the knobs that get turned. So that's why this
multiple |ines of evidence point that the Board has
made repeatedly is nostly, but not entirely, focused
on getting at sone of these nodel uncertainty
questions that really are a check, an independent
check on the assunptions of the TSPA construction.

COWM SSI ONER McGAFFI GAN: | f you go to the
saturated zone flowthat you started wi t h what nat ur al

analog will you have that they could research and
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woul d hel p confirm that nodel one way or the other
that's specific to Yucca Muntain?

M5. KNOPMAN:  There are certainly other
groundwat er basins in the Yucca Muntain vicinity
where one could trace i sotopes, various isotopes and
get a better understanding of flowfields. So some of
that --

COWM SSI ONER  Mc GAFFI GAN: Sort of an
experiment you would insert --

M5. KNOPMAN: There are wells --

COWM SSI ONER McGAFFI GAN:  Yucca Mount ai n
material and look for it to show up?

MS. KNOPMAN: O you use natural tracers
of wvarious kinds of isotopes. That science has
advanced quite a bit over the | ast 10 years. Sone of
that's been done. They're trying to do that even at
Yucca Mount ai n | ooki ng at ot her cheni cal constituents,
but they have very fewdata points inthe saturated --
in the flow field between the footprint of the
proposed repository and the 20 kil oneter conpliance
poi nt .

COW SSI ONER  Mc GAFFI GAN: On t he
guantification of wuncertainties that Conmm ssioner
Di cus has al ready asked you about, | guess heari ng you

just tal k what you' re npbst concerned about are nodel
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uncertainties, although paraneter uncertainties may be
a probl em

You said in your comments it's difficult
tointerpret performance predictions on conservati ve,
realistic and optim stic assunptions. Could you give
us some exanpl es of optim stic assunptions that may be
in the current TSPA that you'd worry about?

M5.  KNOPMAN: Maybe 1'Il try on the
natural system and Al berto or Jerry could speak to
sone of the other pieces.

Just take the near field environment
around the drifts. It may be optimstic to believe
t hat coupl ed t her nohydr ol ogi ¢ mechani cal effects are
| argely negligible during the thermal pulse period
which can last up to 2,000 years. It may not be, |
don't know, but it's an arguable proposition that
that's an optimstic view

Nowt here are ot her conservati sns t hat the
program has introduced in | ooking at seepage in the
near field environment that perhaps offset that
optim stic view about the effect of these coupled
processes. The difficulty in analysis is how do you
know what you end up with in the end when you have
sonet hing that' s possi bly opti m stic next to sonething

or in parallel or in series with another set of
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assunptions that are conservative, what's the net
result.

COWM SSI ONER McGAFFI GAN: "I just study
on this one for a nmonent. They do this optimstic
assunption with regard to the near field. Can they do
a sensitivity analysis, have they already done a
sensitivity analysis, say if this assunptionthat it's
negligible is wong, and sonething, the worse thing
happens do | still nmeet 15 millirens all pathway or
have they done that sort of sensitivity anal ysis?

MS.  KNOPMAN: | don't know of all the
sensitivity anal yses they' ve done, |I' msure they have
done sone on that, but thisis aquestionthat they're
actually spending a lot of tine on right as we speak
because there are several different nodels that are
used and coupled. It's not an easy technical anal ysis
to conduct, given their current array of nodeling
tools right now Sothere's not a-- |I'mnot aware of
a sinple answer, but we will check on that. | think
that' s probably the best way to handl e t hat questi on.

COWM SSI ONER McGAFFI GAN:  You' r e probably
going to raise C 22?

DR. SAGUES: Yes. One of the issues that
isquitecritical is whether there's goingto water or

not inliquid formon the surface of the package and
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until recently the expectation was that when the
t enper at ur e was about 125 degrees centigrade, it woul d
be conpletely dry, but there is evidence com ng up in
the | ast year or so that there may be salts deposited
on the surface of the package say during the |ong
peri od of ventilation before closing the repository
and the like that may be in such a way that you may
end up with liquid water, sone sort of concentrated
brine, very thin, on the surface of the package. The
tenperature may be now 130, 140 degree centi grade and
as you know, every tine you go a little bit nore in
tenperature, the severity of the degradati on process
coul d increase.

COW SSI ONER McGAFFI GAN:  It's the stuff
the drip shield doesn't help against because it
happened while --

DR. SAGUES:. Right, right, this wll
condensation from the mpoisture and it's hard to
i magi ne that there will be condensati on at such a hi gh
tenmperature, but if those salts are present it could
be and in that sense the assunption that was done a
coupl e of years ago may very easily be too optim stic
an assunption.

The other thingwi || be the conposition of

the kind of things that will be in that water. There
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may be substance is present in extrenmely small anounts
in the powder that will end up bei ng deposited on the
package surface that nakes sonme nasty surprises and
they are at this nonent, the assunption is that those
substances m ght not be present and nore detailed
analysis is increasing -- is leaving one to believe
t hat the chances that those substances may be present
i s perhaps greater than what was formal |y anti ci pat ed.

COWM SSI ONER McGAFFI GAN:  Agai n, this can
be created by -- you said this is the stuff that gets
ki cked up, the dirt that gets kicked up within the
repository as things get stuck in it and there's
noi sture allowed in? | guess this can be treated by
sensitivity analysis as part of the TSPA. This sounds
li ke sonmething that you <could assune greater
degradati on of the packages and see whet her you still
neet the 15 mllirem

DR. SAGUES: | think certainly that could
be quantifi ed. The question is whether that gets
actually inserted into the nodels and whet her we have
enough know edge or they have, DCE has enough
know edge, to insert it in the right manner, of
cour se.

DR. COHON: Could | just expand one bit.

Agai n, as a nodeler | admre TSPA and you can do a | ot
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with nodels, but they do have limts. You can do a
| ot by doing these sensitivity studies and these are
i nstances where you can, but if a phenomenon is not
nodel ed adequately in the nodel, you can do
sensitivity analysis until the cows cone hone and you
won't see the effect.

This is precisely why we were so concer ned
about hi gh tenperature, | owtenperature because these
coupl ed processes, the therno, hydro, mechanical
i nteractions are not capturing the nodel and for good
reason, because these are new phenonena that we know
so little about. DCE is doing studies. They have
been doi ng studies.

They' ve been doing | think well wthin
t heir resource constraints, but to date, TSPA does not
capture that adequately, so understanding the
sensitivity of the repository performance to sonme of
t hese things you just can't get a very good handl e on
it.

COW SSI ONER McGAFFI GAN:  So t he way t hese
all get connected then is that the reason, your
concern about some of the wuncertainties, nodel
uncertainties inthe TSPA | eads you to say | can sol ve
a lot of this, these uncertainties largely, sonme of

themat |least, largely go away or get reduced to very

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

41
negligible levels if | go to a colder repository. So
that's why these different thoughts are connected in
sone fundanental way?

DR. COHON: That's right. You put it a
little nore strongly than we woul d, but yes, that's
the basic gist of it.

COW SSI ONER McGAFFI GAN:  Thank you, M.

Chai r man.

CHAI RVAN MESERVE: Comm ssi oner
Merrifield?

COWM SSI ONER MERRI FI ELD:  Thank you, M.
Chai r man.

Dr. Cohon, | was interested in follow ng
the interchange you had w th Conm ssioner Dicus
regarding the interactions that the Board has had with
the folks in Nevada and sonme of the comments about
what we have done as an Agency in that regard. I
agree wi t h Conm ssioner Dicus, thereis nore, infact,
we can do in that area.

| guess I'malso struck by the fact that
we perhaps need to repeat nore often for our
stakehol ders out in Nevada the fact that we are, in
fact, independent of DOE which sone people are not

awar e of.
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DR. COHON: W have to do the sane thing
by the way.

COWM SSI ONER MERRI FI ELD:  Ri ght, and t hat
at the end of the day if this were to be proposed by
DCE, if the President and Congress were to accept that
and we were to receive an application for a license,
at the end of the day one of the things in our
| i censing basis is our ability to say no. At the end
of the day, all this stuff goes by, the NRC has the
right and the obligation if we do not believe that
this facility is protective of public health and
safety to say no, and | think that's sonething we
sonetines fail to repeat. | don't nean to use your
time in that respect, but | think I'd like to have
that in the record.

|l would like to follow up then on
Conmm ssi oner Di cus' question and that is along these
| i nes, and we' ve been trying to think anong our sel ves,
are there better ways in which the Conm ssion can
reach out to the individuals who are nost highly
i npacted by this, the residents of Nevada, if this
were to nove forward and inprove our dialogue with
them and inprove our interactions and inprove our
comuni cations and ability to obtain information from

them and | didn't know if you had any further
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observations, given all the experience you had about
whet her we m ght enhance our di al ogue i nthat respect.

DR.  COHON: Again, | appreciate the
qguesti on. First of all, just face time, nore
interaction with people who live there, nore is
definitely better. This may sound trivial, but it's
turned out to be quite inmportant for us.

The way you dress -- 1'll never forget
this, where | had ny first neeting as Chairmn, |
forgot just which, | don't knowif it was Parunph or
Beatty, it was one of the small towns and we were
wel comed by one of the | ocal county comm ssi oners who
started out by sayingthis is the nost suits we've had
inthis town since Jinmny died or sonmething |ike that.
And went on to say you don't | ook Iike us and we took
that to heart. So when we have neetings nowin these
pl aces, we dress in jeans and workshirts. W also
instituted, we added to our neetings -- yeah, it was
easy for ne to --

CHAl RVAN MESERVE: |"ve got to see Ed
cowboy boots and a cowboy hat.

(Laught er)

COW SSI ONER MERRI FI ELD: Qut of South

Boston in cowboy boots? I'mnot sure | can. Sorry.
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DR. COHON: W al so added opportunities

for informal contact between Board Menbers and the
public, so it's now becone a standard feature of our
nmeetings in Nevada to have, at the begi nning of both
days cof fee and donuts and all the Board Menbers cone
and we have no agenda and anybody is welcone and it's
a chance to just buttonhole a Board Menmber and tal k.
These are vari ous things you can do. They

seem smal |, but they can have an inpact. | have to
poi nt out though when we say the public, there's a
really small group of people who come to all of our
nmeetings and that | eaves out the 99.99 percent of the

peopl e who don't cone to our neetings and naybe a | ot

of themdon't even -- maybe only vaguely know about
t he issue.

That will change, | think, over the next
few nonths. We'Il start seeing a |lot nore people

we' ve not seen before because the i ssue has been nore
inthe news, but it | eaves open t he bi gger questi on of
how do you reach out to the public, the broader
publi c. | don't have an answer for you on that.
That's just plain tough.

COW SSI ONER MERRI FI ELD: As you think

about that some nore, any further suggestions in that
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regard are always welcone. | appreciate that very
t hought ful response.

The Board has in review ng DOE's materi al
and this goes to the i ssue of G 22, obviously, there's
some degree of predictability in the nature of
hundreds of years regarding how sone of these
materials may work, but extrapolating that out to
t housands of years without nore information is quite
difficult.

What i s your confidence, the degree of the
conservati veness of the predictions that DOE i s using
relative to C 227

DR. SAGUES: M personal confidence, | can
of fer here ny professional opinion and |I"m talking
here a little bit of nodeler as well. A lot of ny
work in ny research involve predicting the durability
of civil structures |ike bridges and the like in the
100 years range.

W have a hard tinme doing that because we
have a | imted anpunt of information and we're trying
to extrapol at e many decades into the future. And that
has a certain anmount of confidence and it's limted
and so the confidence that one has in extrapol ating
over an extrenely long tine is significantly | ess and

the only way to increase that confidence, at |east
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fromny professional opinion, is to know nore about
the processes that make this tick, the kind of

processes that are responsible for this material to

| ast .

| have a transparency or an extra graphic
material, if we could have t hat maybe shown because |
wanted to give an idea of the -- a little bit of a

nodel of a nuneric idea of what we're tal king about.

CHAI RMVAN MESERVE: Do you have a nunber ed
graphi c?

M5. VI ETTI-COOK: | sawthemhead back for
the |ights.

CHAl RVAN MESERVE: Very good.

DR. SAGUES: | just wanted to indicate a
little bit nore about the nature of what we're trying
to do and | think that that's shown up there in that
transparency. You should | ook at the vertical axis.
That is the nom nal service |life that one expects for
a systemin this particular case, the repository and
it isinyears and at the bottomyou have 10 years, a
100 years, 1,000, 10,000, 100,000, 1 mllion and so
on.

So you just | ook at the horizontal area.
Now, never mind that | don't have a line for right

now, but what we have right down there in the gray
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area is the area in which you have direct, imedi ate
engi neering, ground truth kind of informtion.
Passive materials, materials such as nickel alloys
wi th chromi um maybe al um num 150 years or so, but we
haven't experienced i nt egrat ed experience direct, nuts
and bolts ki nd of know edge that extends to about 100
years. And that's all that we know, all that we can
say that we really have i n our hands fromthe poi nt of
view we tried it and it worked.

And well, if you want 10,000 years for
sure, you want to be a little bit further ahead of
that, nmaybe have anot her magnitude or so and what |
indicated is a desire range is what we would really
| i ke to be. And you see there an extrapol ati on gap of
2to 3 orders of magnitude. W have this little data
of direct know edge and we want to go 100 to 1, 000
times farther ahead into that.

So if you ask ne as an engi neer what |
think, if | have a direct experience with sonething
for a 100 years and | want to extrapol ate over 10, 000
years, | want to say we have very little confidence on
t hat .

Now if | know why the materials is
| asting, then ny confidence increases proportionally

and of course, in the history of engineering and
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science, there are many tinmes in which peopl e design
something with a newmaterial and it worked. You work
a very long tine.

But to have confidence in that, you have
to know a lot nore about what nakes that material
wi t hstand t hat aggressi ve environment. You know, the
ni ckel, the chrom um and so on out of which these are
made i s -- those materials are quite reactive. |f you
put themin an oxi di zi ng, rel atively noi st envi ronnent
they will go.

What happens is they build this crust of
oxi de that al nost conpletely seals the material from
a certain environment. So what we have indicated to
the DCE i s t hat know edge of t he fundanmental processes
that make that | ayers table is essential to go ahead
and breach this i nmense extrapol ation gap that we're
trying to do.

So | don't know if | answered your
guestion, but | tell you nore or | ess where we stand
personal |y, where sone of us.

COW SSI ONER MERRI FI ELD: It was a usef ul
answer, but | guess the question still remai ns whet her
it's you, whether it's DOE or whether it's ourselves
taking alook at this information, we're all dependent

on the same facts and the facts are we don't have
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extrapol ati on out that far so we've got to base it on
nodel s, information we have available in naking
reasonabl y conservati ve assunpti ons. And the heart of
ny question is given those factors, is DCE naking
appropriately conservative assunptions in analyzing
that material ?

DR. SAGUES: GCkay, again, talking fromny
personal perspective, | think that they're noving in
the right direction. Hownuch ahead in that direction
they will be by the time in which an SR deci si on cones
up and a | i censi ng deci si ons cones up afterwards, that
is going to be determ ned partly by what the DCE is
doing at this tine, partly by what will be t he outcone
of the present investigation, both experinmental and
nore fromthe fundanental understanding, theoretical
st andpoi nt .

And at that time we as the Board, | think
we're going to be I ooking at the evidence and we'l|l
indicate, look thisis nore or | ess howwe see that it
operates and we' || forward that to the deci sion makers
for themto decide if that is enough.

COW SSI ONER  MERRI FI ELD: | guess a
related question goes to the issue of high
temperature, the high tenperature versus the | ow

t enper at ure nodel whi ch you focused on
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One of the things that the Science and
Engi neering Report indicates is that with the high
tenperature nodeling, you are nore |ikely to have the
packages stay out of contact with water because you're
driving, the heat is driving it in a way. | don't
quite square that. | know you' ve got sone concerns
about that high tenperature nodel as it relates to
corrosion, so I'mwondering if you could explain for
me a little bit better that interaction relative to
the water intrusion in a high tenperature design
versus | ow tenperature design

DR. SAGUES: Certainly, there are
corrosion processes that you could i magi ne. Suppose
you have an extrene situation, you have a repository
desi gn and then you have sonme rock fracture in sone
unexpected channels that will end upwth ajet of hot
wat er i npingi ng on the package.

Everyone understands that that is an
undesi rabl e situation and | assune that sonmeone coul d
quantify sone ki nd of a probability of that happeni ng.
Certainly, the probability or rather | feel that that
probability will be greater at the heart of the
repository because we are upsetting the system

dramatically by doing that when you go to a | ower
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tenperature or maybe we' I | know better howthose thing
wi || happen.

But let's talk about sonething a little
bit nore subtle. Let's talk about cases in which you
have a relatively thin layer of very hot water, maybe
a fewnolecules thick, maybe alittle bit nore on the
surface of the material mxed with salts the way the
deposit did.

Well, in that case you have the netal
surface in contact with a hot brine and i n those cases
there is instance after instance in the technical
experi ence that shows that you can run into sone
serious trouble with the performance of even very
hi ghly perform ng all oys. There are phenonena such as
stress corrosion cracking that can happen under those
conditions that require an extrenely small amount of
el ectrol yte.

You don't need anything to be dipped in
water. It's enough with just the noisture at the end
of a crack to propagate the problem And those things
increase with tenperature and oftentinmes they my
i ncrease exponentially with tenperature. They are
thermally activated processes oftentines. That's

where we are concer ned.
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Every few degrees that you go up in
tenperature, you may i ncrease the rate of processes by
two times, three tinmes, who knows. That order of
magni tude, that's why we are -- we keep this very
cl ose eye on tenperature and that's why we woul d very
much li ke to see hey, hereis alower tenperature. W
haven't investigated this and we found out that this
i s maybe 10 times better or 100 tines better or maybe
it's only two tinmes better or maybe it's some process
we don't know, it's worse actually, but we would |ike
for the DOE to go through that exercise. W, as
reviewers, would like to see that because it wll
facilitate our review task a | ot nore.

COW SSI ONER MERRI FI ELD:  Two fi nal qui ck
guesti ons. First one relates to international
counterparts and the Fins are quite well along in
their efforts of trying to site a repository. The
Swedes have spent a significant anmpbunt of tine on
their efforts as well and have been |looking at a
variety of different netals and | didn't knowif the
group as a whol e had | ooked, had taken a | ook at sone
of those foreign efforts and whether there are any
sites for us to gather fromthose.

DR. COHON: As a general matter, the Board

does track and benchmark what's happening in other

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

53

countries' prograns and we stay in touch wth
counterparts where they exi st in other countries. And
sone board menbers travel, fromtime totine to those
countries to see first hand what's goi ng on.

Wth regardto the metals, in particular,
Al berto, do you want to --

DR. SAGUES: Yes, last year | personally
had an opportunity of visitingrepresentatives of both
t he Swedi sh and t he Fi nni sh prograns. Their operating
environnments are conpletely different. In that case,
we' re tal ki ng about of course, copper canisters. They
are | ocated i n nostly reduci ng envi ronnent as opposed
to an oxidizing environment. The deterioration
processes are altogether different, but having said
that, needless to say the overall question is pretty
much the same design for extrenely |ong periods of
time and we certainly study what they are doing
| ooking at the parallels and try to transl ate as many
of the |l essons that we learned to the review of this
particul ar repository.

COWM SSI ONER MERRI FI ELD:  Are t hey | ooki ng
at both | ow and high tenperature designs in the sane
regard?

DR. SAGUES: Their design is essentially

much | ower tenperature design than the present base
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case design. So | guess in our parlance, that would
be nore of a low tenperature design than high
t enperat ure desi gn. Sonet i nes, foreign
representatives visit us during our board neetings and
so on and at |east on the part of the Swedi sh program
one of their statements that | renmenber quite
distinctly is keep the tenperature | owfromthe poi nt
of view of enhancing the |ikelihood that their design
wi Il be nore successful and that was al so the ki nd of
nessage that we were getting concerning this
repository.

MS.  KNOPMAN: Sweden al so has surface
storage, centralized surface storage which they
presune wll continue. That's part of their
operati onal program

COW SSI ONER MERRI FI ELD:  Thank you, M.
Chai r man.

CHAI RMAN MESERVE: |' msort of the new boy
on the block on this. I know you've had the
opportunity for interactions with nmy coll eagues, al ot
of these issues before.

On the uncertainty point, | nust, let ne
pursue a little bit some of the questioning that
Comm ssi oner McGaffigan had started. It woul d seemto

me and you can correct nme if I"mwong that there's a
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connection here of uncertainty and boundi ng anal yses
that ideally we all like to understand the repository
at very high levels and reducing uncertainty is
desirabl e.

But it would seem to ne that even our
function at the NRC at | east which was to make sure if
sone confidence that a regul atory standard i s net and
it's terrificif it does better, but we need to have
some assurance that regulatory standard is nmet that
where there is uncertainty that abounding anal ysis
woul d be a satisfactory way for DOE to respond and
that the problem | think that you've indicated is
that there are sone optim stic conponents of their
per f or mance assessnent.

Am | understanding this correctly? One
way that DCE could deal with this situation is just
make sure they prune out the optim stic assessnents,
put a boundi ng analysis in, if they have uncertainty,
and that that woul d solve the problemas well, or is
there nore fundanental issue wth regard to
uncertainty that we need to worry about?

DR. COHON: There's a nore fundanental
issue with regard to uncertainty that ' mnot sure you

have to worry about. In the Board's view, you note,
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we're careful to say nmy own view or the Board's view,
this is a Board position.

W t hi nk t hat DOE shoul d be strivingto be
able to make a statenment to the Secretary or the
President, a Menber of Congress, of the follow ng
sort: after 15 years of studying Yucca Muntain, we
have determ ned that Yucca Mountain will nmeet the EPA
standard with a probability of X percent. O, we'll
neet the standard, but there's a probability of Y
percent or 1-X percent that wll not neet the
standard. And it coul d be nore conplicated than that
and probably should be or nore involved than that.

That's quite a high hurdle to get over
when you're analyzing such a conplicated problem
It's different fromsayingw th reasonabl e expectati on
Yucca Mountain will nmeet the standard and t hen havi ng
the iterative process that Comm ssioner MGaffigan
descri bed before that the Comm ssion wi |l undoubtedly
engage i n to understand just what you're dealing with
here in terns of what that means, for what reasonabl e
expectati on nmeans.

| think that those kinds of sumary
uncertainty statenments are crucial for people to
under stand Yucca Mountain. That's sort of at the top

| evel .
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How do you produce such result from a
TSPA when it's nmade up of such a |arge nunber of
subnodel s and each of those subnodels have so many
assunptions and paranmeters as part of them
necessarily.

Boundi ng anal ysi s can get youto acertain
point. | wish I could come up with a good exanple
that would fly here, but | can't. If you had to do a
boundi ng anal ysis on every paraneter, | think that
seens right, you' d have nothing to hold on to, right?
| mean if you had -- suppose you felt very good about
your nodel s and your paraneter estinmates and you had
probability distributions associated with each of
t hose, except for climate change.

That was the only thing that you really
wer e uncertai n about, great uncertainty. Let's bound
that. | can see very well how that would work, very
neatly, to produce a nice neat result that you can
say, M. Chairnman, even under the worse conditions,
this works. But if it's climte change and you're
sat urated zone nodel and coupl e processes and ot hers,
each of which you have to start with a bounding
analysis, then | think that unravels as a way to

capture uncertainty.
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| think al sothat a boundi ng anal ysi s gets

you quite far in dealing with -- it gets you farther

in dealing with the NRC s problemthan it does with
the Secretary's problem Does that hel p?

CHAI RVAN MESERVE: That hel ps al t hough it
seens to ne that there may be alittle confusionin ny
mnd that there could be a confusion here for sone
uncertainty and risk in that you nmay have sone
phenonena where vyou just have sone frequency
di stribution. You knowit very well and you can't get
to a nore determ nistic sense about what's going to
real ly happen. You end up wth a frequency
determination. That's not uncertainty. And when you
say that you need to knowwi th a certain probability
that the standard will be dealt with, you have to deal
with that problem whether you have some frequency
distribution that may not be an uncertainty issue,
however .

DR. COHON: | have nore to say, but you go
ahead.

M5. KNOPMAN:  No, you keep goi ng.

DR. COHON: Fair enough. The pros woul d
say and I'mnot a pro in this, the pros would say
t hough what you just described, you're right, that's

a very good distinction, the risk versus uncertainty
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and when you have a probability distribution for sone
phenonenon, for a paraneter for a nodel, we woul d cal |
that risk.

Uncertainty is the word they reserve for
not even having a paraneter distribution, probability
di stribution. W use the word uncertainty to enbrace
bot h of those and maybe we' re bei ng sonewhat sl oppy in
that. W nean the uncertainty quote unquote, the fact
that we need to use, they need to use probability
di stributions for paraneters, the fact that they can't
know i n sone instances what the right nodel is and
t hen sort of the next step towards even cl oser to true
uncertainty where we don't know and we can't know
because we just don't have enough information or
enough fam liarity or theory for the phenonenon we're
tal ki ng about .

M5. KNOPMAN: |'11 just anplify sonething
that Jerry said before. To ne it gets sonmething to
the nature of the difference in | think a very
i mportant differenceinasiterecomendati on deci sion
and t he nature of that decision and then t he nature of
a regul atory proceedi ng and deci sion.

And t he Board not bei ng a regul atory board
or having any regul atory authority has tended to | ook

at this as not necessarily a risk mnimalization
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probl em but a conveyance of degree of understanding
to the public that that's in sone ways the way we've
interpreted the site recommendati on decision. And
agai n, we're not bound by any specific standard inthe
way we nmake t hose judgnents of technical validity, but
| think anot her way of saying what Jerry said was how
wel | do we understand what's going onin this or m ght
be going on at this sitewth this proposed desi gn and
there are limts to that bounding analysis to the
poi nt wher e maybe you don't under st and what's goi ng on
at all. And that's where the -- it's not a clear
breakpoint as to how far you can go working around
your lack of knowedge or intrinsic natura
variability or whatever to the point of saying we
don't understand what's goi ng on.

So in sone ways it's not a technical
answer to your question, but it's really a different
kind of decision in kind that | think we' re naybe
faci ng here.

CHAI RVAN MESERVE: There may be sone
things that are uncertain, but you' re confortable on
t he basis of bounding analysis, it doesn't make any
di fference, extrene assunptions don't affect anyt hi ng
and | presune that we all could live with that

uncertainty. It's where there is possible
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consequences on actually what the real performances
and whether that's neaningful, you have issues.

M5. KNOPMAN: Right.

CHAI RMVAN MESERVE: Let ne ask a question
about the corrosion point. \Wen | first saw your
slides | had the inpression that we sort of had caught
DOCE i n a Catch-22 that you need to showthat corrosion
performance over a long distance, alongtineandit's
obviously inpossible to do that until you run the
repository and add sonething el se that you' re going
to. | now understand that your argunment is that in
order to have the confort over |ong-termperfornmance
you need a fundanent al understandi ng of the phenonena
t hat enabl es us to extrapol ate on a base that we have
a scientific foundation for the extrapol ati on.

VWhat worries ne still is that | know t hat
peopl e have been worried about the physics and
chem stry of surfaces for a very longtinme and it's a
hard field and this really picks up on a point that
Conmi ssioner Merrified made. How nuch confidence can
we have in the tine that woul d exi st before there has
to be a denmonstration to wus, presumably that
satisfaction by DOE that they can put together a
| i cense application of that decision that you can

real |y nmake advances at fundanental |evels that are
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goingtoillum nate these i ssues and t ake t hese i ssues
off the table, if that's what's justified?

DR. SAGUES. Yes, that's a -- the tine
element, the time to do research kind of elenent.
That's adifficult, that's a very difficult question.
It may be a function of how nmuch of a case agencies
| i ke yours woul d feel that this is an appropriate case
to justify sonething.

| should say that the ambunt of know edge
t hat exi sts concerni ng the behavi or of passive | ayers
in the kind of environments that we are considering
has been increasing consistently and is increasing
right now, say about a generation ago there were
guestions as to whether a passive |l ayer consisted of
a | ayer of oxide on the surface of the netal and nmaybe
it was just a nonol ayer, but absorbed oxygen atons or
nol ecul ar structures of such type.

Nowadays, we're able to do direct in situ
underwat er scanning totally m croscopy i magi ng of the
i ndi vidual atons in the oxide | ayers and knowi ng t heir
crystal orientation and so on. So there's a lot nore
about what the -- a |lot nore known about what these
things are and how they go together.

| ndeed, the DOE right nowhas started its

peer review group | ooking at sonme of the fundanent al
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issues. W're doing alittle bit of that on our own
so | think that we are seeing in the |ast couple of
years a burst of activity intotryingto address this.

How t hat works out within the regul atory
time frame and the like, that I cannot nysel f conment
very nmuch about.

| ssues -- sonething that has been
menti oned now and then is to take advantage of the
confirmance of the performance confirmation periodto
buttress sonme of these holes that may need to be
filled with know edge for a nmuch nore reliable |ong
t erm extrapol ati on.

CHAl RVAN MESERVE: In your comrents
initially inthe slides onthe hightenperature design
as opposed to a |l ower tenperature design, the enphasis
was on the capacity to be able to nodel a |ower
tenperature design with greater confidence and that
that's -- that was the thrust. In response to sone of
t he questions, however, you left the inpression with
me that your feelings are stronger than that and that
you believe that, in fact, a | ower tenperature design
is not only easier to nodel but may well be nuch
better.

DR. SAGUES: That part of it i don't think

that we can say that. W feel that there is a chance
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that it may be better, but | don't think that that's,
at this nmonent, we're in accord.

DR. COHON: It's a fair observation. |
think the Chairman is right when we tal k about this
and your commrents are typical of Board coments when
we do discuss it, but what drives it really is this
uncertainty associated with a couple of processes.
That's really what led us in the first place to
suggest to DOE that they | ook at a cool er design and
conpare it to a high tenperature design, but you're
quite right, there are other dinensions to it and it
cane up today.

CHAI RVAN MESERVE: \What are DOE' s vi ews on
this? How do they react to you when you --

DR. COHON: This is actually, if you'll
allow ne to expand a little, say a little nore than
you i ntended with that question, |'ve wanted to point
this out. The Board is in a rather curious position.
| don't know if there's been a Board ever like it
before that is created by Congress, independent, no
aut hority though.

W were created to look for problens,
basically, and that's what we do. And that puts DCE
inacurious position. | saidinm remarks and |11

repeat now, they've really been very responsive and
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respectful of the Board and we think the programis
better for it. But if | were in their position |
t hi nk the sane ki nd of dynam ¢ woul d have occurred as
we' ve observed, that is the Board observes sonet hi ng.

Over tinme, we get to understand it better
by asking questions and getting feedback and
eventually we recomend sonething. Vell, in the
meant i me, of course, the many hundreds or t housands of
peopl e at DOE working on a particul ar aspect of this
probl emhave gotten to a certain point and i nvested a
|l ot and now here cones this Board saying wait a
m nute, we don't know if that really works.

An or gani zati on of that size that invests
itself inaparticular idea doesn't turn on a di me and
that's been the whole history of the relationship
between the Board and the program for conpletely
under st andabl e purposes and we have nmany, many
i nstances of this throughout the history of the
program And this is no exception.

So high tenperature design, which is
really very attractive, | nean elegant even, to a
designer, is sonething that |I think the program has
been very invested and a | ot of peopl e have gone very

far in and now here cones the Board saying wait a
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m nute, why don't you |l ook at this? Well, it was sl ow
to enbrace the idea and that's still going on

| would add that there's a -- and we nade
this remark in passing, that there's a technical
probl em that DOE has in analyzing and conparing a
col der repository to the base case hi gher tenperature
repository and that's because this whole thing turns
on a coupl e of processes, but as we noted before TSPA
is weak in its characterization of a couple of
processes, so how do you really get a conparison if
your primary tool for making the conparison is
limted? That's a problemand DOE is trying to dea
with that now

DR.  SAGUES: | would like to add
sonething, if I may. There is another extreme and
that is a scenari o whereby we will get together with
the DCE and we wil |l start to design a repository with
t hem and of course our function is not to do that, so
t he question of how nmuch the technical ideas that we
may voi ce i n the process of review ng the process, how
much they can be engaged by and with the DCE is an
i ssue that we have to be very careful about because
then our function will be conprom sed.

CHAl RVAN MESERVE: W have sonewhat the

sanme problem as you can appreci ate.
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DR SAGUES: Yes.

CHAl RVAN MESERVE: Good. I"d like to
t hank you very much. This has been extraordinarily
hel pful . W both have sonme chal l enges in front of us
and hopefully we'll persevere.

Thank you very much and with that, we're
adj our ned.

(Wher eupon, at 11: 33 a. m, the neeti ng was

concl uded.)

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




