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8:30 a.m

CRAIG Well, good norning, everyone. |'m Paul Craig,
a nmenber of the Board, Nuclear Waste Technical Revi ew Board,
and I'mvery happy to wel cone you all here for a neeting
which is in a sonmewhat new format for the Board. This is a
meeting which is held in response to concerns by the
Department of Energy for nore interactions with the Board,

and we thought this was a good idea. |'mgoing to begin by

readi ng our standard opening statenent, and then nake sone

introductory remarks and tell you how the day is going to
wor K.

As you may know, the Congress enacted the Nucl ear
Waste Policy Act in 1982. That Act, anong ot her things,

created the Ofice of Gvilian Radioactive Waste Managenent,
or OCCRWM w thin DOE, and charged it, in part, with
devel opi ng repositories for the final disposal of the
nation's spent nuclear fuel and high | evel radioactive waste
from reprocessing.

Five years later, in 1987, Congress anended the | aw
to focus OCRWM s activities on the characterization of a

single candidate site for final disposal, Yucca Muntain on



the western edge of the Nevada Test Site. [|'m assum ng
everybody here knows where that is.

In the same anendnents in 1987, Congress created
t he Nucl ear Waste Techni cal Review Board, this Board, as an
i ndependent federal agency for review ng the technical and
scientific validity of OCRWM s activities. The Board does
not manage the Yucca Mountain project. The Board is not a
part of the Departnent of Energy. The Board does not have

approval authority. The Board does not issue licenses, as

NRC does.

What inpact the Board has is through its
i ndependent eval uation of the Departnent of Energy's work, as
conveyed through reports to Congress and to the Secretary of

t he Departnent of Energy, which we issue periodically, and
which we are required by the law that created us.

Those of you who have attended our neetings before
know that the nenbers of the Board do not hesitate to speak
their mnds. And let nme enphasize that that's precisely what
t hey' re doi ng when they are speaking. They're speaking their

m nds. They are not speaking on behalf of the Board per se.

They' re speaki ng on behal f of thenselves. Wen we are
articulating a Board position, we'll let you know W wl|
make it very, very clear. Oherw se, we're speaking as

i ndividuals. So, please bear that in mnd. W wll be

speaki ng as individual s today.
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Now, the structure of the neeting for today is that
we have a |l ot of people with a lot of ideas and a |imted
amount of tinme. The norning session, we're going to have
sonme individual statenents, and then go around the table.
We're going to take a break sharply at 11:30 for one hour for
l unch so that people can get to the restaurants before they
fill up. W're going to reconvene sharply at 12:30.

We're going to take public comrents either before
lunch or after lunch, and again at the end of the day insofar
as tinme permts. W are going to encourage any nenber in the
audi ence who has a question they would |ike to put at any
time to wite it down and hand it to either one of the Lindas
who are out in front, who will deliver it to nme, and | wll
make sure that the concern of that question gets entered into
t he di scussi on.

We are not--inportant point--we are not going to
take coffee breaks. This is a very informal neeting by
design, and if you feel you need coffee, or for other
reasons, please sinply get up and wal k out and cone back, and
that applies to people at this table, as well as those in the
audi ence.

Ckay, | think that handl es the mechanics. W now
get on to the question of what the neeting is all about. And
what the neeting is all about is nultiple lines of evidence.

For several years, the Board has been recomendi ng that the
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Department of Energy develop nultiple lines of evidence, and
we' ve made a nunber of comments. All of our official
pronouncenents are on our web site, www. nwtrb.gov. For
exanple, April '97 comrents on provisions to 10 CFR 960, or
the DOE site suitability regulations, April '99 report on the
viability assessnment, March 2000 comments on 10 CFR 963, the
site specific suitability regul ations.

At our January 2001 neeting a couple of nonths ago
in Amargosa Val |l ey, Nevada, Chairman Jerry Cohon |aid out
four scientific and technical areas that the Board as a whol e
bel i eves should be given priority by the Departnent of
Energy. One of these reads as follows: "Devel opnent of
mul tiple lines of evidence to support the safety case of the
proposed repository. These lines of evidence should be
derived independently of performance assessnent and, thus,
not be subject to the Iimtations of performance assessnent.”

Now, notice that | quoted that directly. That is

an official Board statenent.

What are the intellectual challenges we are trying
to address? Well, we're hoping for broad agreenment on the
val ue of developing nmultiple Iines of evidence. W note that

the international conmunity, for exanple, in a report from
t he Nucl ear Energy Agency of OECD, clearly spoke of the need
to develop multiple lines of evidence. DOE took sone

inmportant steps in its COctober 2000 revision of the
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repository safety strategy. But we note that devel oping
lines of evidence can be difficult.

Several approaches have been identified: the use of
nat ural and engi neered anal ogues, the use of sinplified
calculations. W're |ooking for other ideas. For exanple,
our performance assessnents done by different organizations
using different nodels, assunptions or cal cul ati onal
techniques, legitimately nmultiple |ines of evidence. O can
traditional notions of defense-in-depth serve the sane
function as multiple lines of evidence? Well, okay, those
are questions which are anong those we will address today.

The neeting is informal by design, despite the fact
that we've got these cards and we have Scott Ford over here
recordi ng everything and making a transcript, but we don't
have tine slots on the agenda. W want to explore critical
issues in a collegial fashion, leaving tinme for give and
t ake.

We're going to begin with a presentation by Steve
Hanauer, after a few comments by Lake Barrett, and then have
several consultants we've brought in by the Board, Bil
Murphy from Cal State University at Chico, Rod Em ng fromthe
Uni versity of Mchigan, and diff Voss from USGS.

Where's Aiff Voss? kay.

Then we're going to explore four specific questions

whi ch are shown on your agenda. The physi cal
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characteristics, what natural or man-nmade characteristics,
such as configurations, features, processes, designs or
materials--1"mnot going to read these. W're going to put
them on the overhead when we get to them So there are four
specific questions which we're going to go through.

And then, finally, DOE has agreed to detail its
i npressions of the neeting and suggest how it has and how it
plans to develop nmultiple lines of evidence.

There are people in the audi ence who have thought a
| ot about these issues, and | noted already that we're going
to give you time slots. And at this point, | think the main
thing to do is to encourage the people on the Board to be
brief, because we do have terrible time pressures, and | do
have a clock here, so when you hear this kind of a noise, you
shoul d think seriously about turning the m crophone over to
sonmeone el se.

kay, at this point, we now turn matters over to

the acting head of OCRWM Lake Barrett, for a brief

i ntroduction.

BARRETT: Very quickly, | want to thank the Board for
having this meeting. | think commnications and di al ogue is
absolutely essential to what we're doing, especially on an

itemsuch as the multiple Iines of evidence, which I think we
are all at the state of the art and advancing the state of

the art in this very inportant area.
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As you all know, we at DOE and the DCE famly are
wor ki ng very hard to strengthen the technical bases for
decisions that we think this country is going to make in the
future. We want to have the best practical scientific basis
for that as we can nake, and | think this dial ogue and
interchange will help us do that a | ot.

And | don't have anything further to say, unless
there's any questions, because | would |like you to get on to

t he di al ogue and the discussion on the nmultiple |ines of

evi dence.
CRAIG Ckay, thank you very nuch, Lake.
Al'l right, the first comments are from Steve
Hanauer. And Steve has 15 mnutes. Steve is going to talk

about DOE's views of nultiple lines of evidence. And, Steve,
| really amsetting this clock

HANAUER: First, 1'd like to acknow edge the critical
contribution of Bob Murray and others in devel oping these
ideas, as well as to develop this presentation. Here, we
have what Paul has already read to you, and which you have in
t he handout s.

| want to acknowl edge that there is a spectrum of

vi ewpoi nts about this. W don't subscribe to either of these
extrenmes which | have drawn at the ends of the spectrum but
| believe it's necessary to point out that there are people

who said use the TSPA. If you need multiples of evidence,
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put themin the TSPA. And this, of course, goes contrary to
t he Board statenent.

At the other end of the spectrum are people who say
of course we look at nultiple lines of evidence. That's what
science is all about, and it therefore pervades our whole
exi stence, our whole program This is true, of course, but
it doesn't focus on the safety case and, therefore, even
though it's true, it's not useful, and we are sonewhere in
between, and I wll try to show what we've been thinking
about .

Here, we have across the bottom the body of
know edge, the principles, the nodels, the anal ogue data, the
testing, the direct observations, the process nodels. W
have the data, which is what we know, and we have the nodel s,
which is what we believe. And what |'ve tried to indicate
here is the exi stence of a body of know edge whi ch underlies
all our technical work. This body of know edge is not
static. We're |learning new things as we go along, and we're
changi ng nodel s, as well as getting new dat a.

So then on the top are the products. The product
of the TSPA is given in cal cul ated dose rates, and sone ot her
t hings, sensitivity studies and uncertainties, and so on.

And we're | ooking at the question of can we get nultiple
I ines of evidence which are represented here by a surrogate,

which | took fromthe NRC proposed regul ations, and that's
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the existence of nultiple barriers between the noxious
substances we have to deal with, and the bi osphere where
there are people and the environnent.

In the mddle are three things which I have | abel ed
TSPA, which we all know about, and al so the anal ysis of the
site and the anal ysis which gives us the design. Those are
three of the many ways in which we can organi ze this body of
know edge to give us these results.

Now, the next thing I'll do is | ook inside those
three m ddl e boxes, and in order to show it on the viewgraph,
the top products have been omtted. They're still there, but
you wi Il have to inmagine them

First, we look inside the site, and we see the
various aspects of the site which influence the repository
performance and, therefore, the public health and safety.

And then to the right of this yellow box, we see the
attributes of the site which we distill fromthese various
techni cal aspects on the left, and which pronote the safety
of the site and the safety of the public.

The next, we look in the m ddl e box, the TSPA,
which I don't have to spend nuch tine on. W take this body
of know edge. We abstract it, distill it, run it through
sonmet hing called GoldSim cal cul ate dose rates through
sensitivity studies, calculate uncertainties, principal

factors of the safety strategy, and | ook at the redundancy or
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not of the various barriers.

Pl ease note that three of those boxes in the body
of know edge are not used directly in TSPA, but they're still
there. Sone of themfigure indirectly. For exanple, when we
devel op our process nodels, we use the information in the
anal ogues, and we al so test the nodel s agai nst the anal ogue
information. The sinple nodels and cal cul ations don't go
directly into the TSPA, and the confirmatory nonitoring test
and evaluation is not yet available. And so we don't use it
in this TSPA, but when the world goes on, and if the site is
ever designated, and if we ever actually put sone waste in
the repository, then we will use this confirmatory
information to i nprove our body of know edge, and to inprove
t he anal ysis of safety.

On the right-hand side, we have the design. The
design, the performance assessnent in TSPA, and the
understanding of the site go hand in hand. O, if you
prefer, are involved in an iterative process where when we
| earn sonmething in one of them it propagates then into the
ot hers and provides a way of inproving our analysis, or our
design, or our actual operations when and if we get to such a
poi nt .

There are two interesting things here. One is that
the properties of the site are in fact part of the input into

t he design process, which should surprise nobody, and the
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other is that the products here are the long-lived barriers
and the operational flexibility, which I'll say nothing nore
about today, but which is a principal current technical
occupati on.

Now, the question arises can these be independent
of TSPA, as the Board asks. There is a certain aspect of
angel s dancing on the head of a pin here. |[|'mnot talking
about mat hemati cal independence, but in a nore practical way.

And the answer is yes, but. Yes, these other |ines of

evi dence which we will explore don't use the abstracted
nodel , they don't use GoldSim they don't nake horsetai
curves, although the parallel analyses of sonme of these
things like multiple barriers do use GoldSim do use the
abstracted nodel, and there is a duality in our approach to
the nore inportant of these |ines of evidence.

We use the TSPA, but we al so search out ways to
investigate them or to develop parts of the safety case
whi ch don't use Col dSimand the abstracted nodel s.

But, of course, in a nore fundanental way, they're
drawn fromthe sanme base of know edge, all those things
across the bottom of the previous viewgraphs, and many tines
there is one or a small nunber of process nodels which are
used to anal yze them

The result is a safety case, the goal at least is a

safety case which is nore than a TSPA, but which includes a
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TSPA as our primary |ine of evidence.

| hope, M. Chairman, that we don't get involved in
a long di scussion of independence, which becones nore
academc than is justified by the goals that we're dealing
Wi t h.

Now, finally, I sinply want to draw again in |arger
print and living color the lines of evidence that we are
going to discuss. M colleagues will deal with these as we
go around the table. And they are in various stages of
devel opnment. | have to say that this is work in progress,
that we don't have in sone of these areas a long |ist of
reports, although in sone of these areas we do have a | ot of
previous work that we can point to. But in sone other areas,
for exanple, in the confirmatory nonitoring tests and
eval uation, what you will get is a plan rather than the body
of data, since we don't have anything to confirma test at
this stage of devel opnent of the repository.

That's ny discussion. Do you want to take
guestions, or do | sit down and we talk about it later?

CRAIG Yeah, according to ny clock, you have been an
exenpl ary presenter and, therefore, we do have a coupl e of
m nutes for comments. Dan Bull en?

| haven't introduced the Board nenbers because

was going to do that later on. But when one of them chooses

to comment, Dan Bullen is a Board nenber from|owa State.



© 00 N o o A~ w N P

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

17

BULLEN: Bullen, Board. Steve, could you put Slide 6
back up just briefly? 1It's the one in which you say that
feeds to TSPA, do not include the anal ogues or the sinple
cal culations or the test and eval uati on.

HANAUER: What | said was directly.

BULLEN: Directly. | guess the question that | have
with respect to sinple nodels and cal culations is could you
differenti ate between a sinple nodel and an abstracted nodel ?

HANAUER:  Yes, | do.

BULLEN: No, could you for us? Yes.

HANAUER: Yes. The objective of a sinple nodel is to
strip out a bunch of conplications. That's why it's sinple.

And at the same tinme, to enable a check on the results.
And, in general, these sinple nodels are unsuitable for
putting into the TSPA. They | eave out things, that's why
they're sinple, which we want to put into the TSPA, so that
the results will be nore realistic, or nore conservative,
dependi ng on which TSPA we're tal king about. So that in
general, the sinple nodels don't find their way into the
TSPAs that we've been doing lately.

There are TSPAs, EPRI's nodel is sinpler than ours,
there are TSPAs which deal in sinpler nodels, and we accept
their imtations in order to exploit their advantages in
ease of under st andi ng.

BULLEN: Thank you.
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CRAIG Steve, thank you very nuch
At this tinme, we turn to Abe Van Luik, who is
appearing here wearing a different hat fromthe normal hat
that Abe wears. Abe is a Departnent of Energy person, but
for the purposes of this presentation. For this purpose, Abe
is chairman of a nuclear energy agency, OECD, a committee
devel opi ng concepts of nultiple lines of evidence. And Dan
tells nme that you are, once you're wired up, going to talk
for six mnutes.
VAN LU K:  Actually, | asked for ten mnutes. | was
gi ven seven
| have a handout. | only brought 60 copies,
because that's physically all 1'm capable of carrying. The
handout 1'1l go through very quickly explaining the | GSC,
Integration Goup for the Safety Case. It was created | ast
year within the Nucl ear Energy Agency in Paris. They had an

election and | drew the short straw and got to be chairman.

I f you notice on the front, there are two e-nmai
addresses for nyself. |[If you have sonething that you want to
talk to ne about that's specifically for the 1 GSC, we have an

e-mai |l address for that. |If you want to talk to nme about

sonething related to Yucca Mountain project, it's there, too.
The federal government requires that if we chair

sonmething like this and we have to be inpartial, that we file

a suitable piece of paper with the Governnent Ethics
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Conmittee. That was done. So | can legitimately stand here
and represent the NEA in this talk. It's legal. It's
proper.

The Radi oactive Waste Managenent Committee created
| GSC and gave it its mandates, and | just highlighted on page
2 on the bottomthat we're supposed to identify emerging
i ssues, review the state of the art, pronote understanding,
and pronote exchanges with other groups inside and outside of
NEA. And it's in that capacity that I'mhere right now

The next page we can skip over. It shows how the
| GSC wor ks, and the kinds of things that we do. W do have

our own web site, so that we prepare on the web site for each

neeting. It's a very efficient way to go.
Qur core activities, the first itemunder core
activities is anything to do with pronoting an integrated

safety case. And, therefore, that's the topic under which
we' re speaking right now One of the core activities that
we're doing is called I PAG 3, Integrated Performance
Assessment Group Nunber 3. And the report that is being
created by that subgroup of the I GSC has a section on
multiple lines of reasoning. It's in draft formright now.
And we are also producing this year a safety case bookl et.
For those people who are newto the idea of a safety case
rather than just the performance assessnent, which is part of

a safety case, we're creating a booklet to explain what it is
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and why it's inmportant and why it should be the focus rather
than just a part of it.

In that safety case booklet, the PAG 3 report wll
contribute material, and the booklet will| describe issues
connected to a safety case and associ ated approaches. So
it"s in that context, too, that we're |looking at nultiple
i nes of reasoning.

Now, one of Steve Hanauer's slides explains very
well to us, you know, his big "but,” the b-u-t on the slide,
that slide, and the argunents behind "yes, but" is exactly
why in the international community, we decided multiple Iines
of evidence is not the correct word. [It's nultiple lines of
reasoni ng, because as Steve said, it's the sane evidence, but
you're using it in different ways.

For exanpl e, pal eohydrol ogy, you use it to
constrain your nodelling that goes into your Total System
Performance Assessnent. You al so use specific data and
exanpl es and reasoning fromit to say but here is an argunent
of why radionuclides are expected to nove at this rate, you
know. So it's the sane evidence, but you are doing different
types of reasoning on that evidence.

Multiple lines of reasoning, and this is where we
get to the nmeat of what we are discussing within this group,
are a set of conplenentary argunents that use different

approaches or sources of evidence, it's possible, to build
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confidence in Integrated Performance Assessnent anal yses,
which are part of, not the total of, a safety case.

Both qualitative and quantitative |ines of
reasoni ng may be used, including scoping and boundi ng
cal cul ati ons, natural anal ogues and a variety of safety
i ndicators, for exanple, looking at the insult to the
environment, or |ooking at the novenment of non-radi oactive
species, if there's information avail able on that.

A line of reasoning does not have to address al
aspects of safety. You can do things on a sub-process scale.

Nor does it have to be fully independent of other |ines of

reasoning. We went around and around on that, and deci ded
that full independence is really a hypothetical thing, and
not part of the real world.

One particular value of the use of multiple |ines
of reasoning is that different argunents may be nore
meani ngful to different audi ences. There is sone
equi vocati on over that one, whether that's a legitinmate

purpose for pursuing nmultiple lines of reasoning.

Exanpl es that we came up with by surveying the 20
organi zations that are part of the 1GSC for 14 countries, the
| EEA is also a participant, so is the European comunity,
potential exanples, and | cut out a few fromthe actual |ist,
because they don't really pertain to high-level waste

di sposal : but argunments for robustness and achi evability of
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t he concept itself; argunents denonstrating |ong-term

contai nment. And one of the favorites in the international
community is using a material that's well understood and has
been around for a long tine. You can see why | didn't put
that in here.

Expl ai ni ng reserves of safety in the Integrated
Per f ormance Assessnent; show ng some redundancy in the
mul tiple barrier system use of sinple insight nodels.

That's the sanme thing that Steve was tal king about.

Pal eohydr ol ogy argunments, |ooking at natural
radi onuclides at the site; argunents based on the use of
anal ogues; alternative safety indicators; perspectives on
hazards represented by the waste, and this is one that's
somewhat controversial. Some people feel very strongly about
this. Ohers think that it's a way of trivializing other
peopl e's concerns, because what they're tal king about here is
saying let's put this risk in perspective, you know, as to
what the risk was of your coming to this nmeeting, for
exanpl e.

And then conparison with other |IPA studies. And
what they mean here is, for exanple in the U S. case, you
know, we have three people that have al ready eval uated Yucca
Mountain, NRC, EPRI and the DOE, and in other countries, they
say it's very useful, for exanple for people working in

crystalline rock or salt, to be able to conpare their results
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wi th people working in the same nedium And even though the
assunptions and the actual site-specific data are very
different, if they cone out in the sane ballpark, it's a very
good way to bol ster confi dence.

The | PAG 3 questionnaire also included regul ators
who noted that in the I PAs they have reviewed formally so
far, they have seen very little use of independent |ines of
reasoni ng. Cenerally regulators encourage the use of it, but
they had no way to--1 nean, there was no omi sci ence on the
part of the regulators to say and this is what it should | ook

like and this is what it should contain. And many people
felt that the longer time franes really need other |ines of
reasoni ng, because just the calculation in and of itself is
not very convincing.

Is that the six or the seven m nutes? kay.

Safety case is nore than an IPA. The IGSCis very
adamant on that, which is why it has the nane that it does.
Requires nmultiple lines of reasoning to denonstrate safety
and show a basis for confidence. Requires additional types
of information or evidence not directly used in |PAs.
| ndependence of information is not always possible. The
basic idea is to provide a basis for confidence in addition
to the IPAresults itself.

Thank you very nuch

CRAIG Thanks, Abe. And that was good. You really
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speeded up there.

Dan Metl ay has handed me the statenent that | just
read about the Board's view on these matters, and the precise
termthat the Board used, just to rem nd you, the |ines of
evi dence shoul d be derived i ndependently of performance
assessnent. So the Board recognizes clearly that you' ve got
to use the sane database. But it's the conplexity of the
TSPA met hodol ogy which is problematic. So it |ooks |ike
there's good consi stency there.

Qui ck comrents from anyone?

(No response.)

CRAIG In that case, we turn to the next stage in our
nmorni ng, and that is coments by our consultants, followed by
comments by the Board. And we have three consultants. W're
going to go al phabetically. Rod Ewing, Bill Mirphy and diff
Voss. Rod is professor in the Departnent of Nucl ear
Engi neering at University of Mchigan. He has his Ph.D. in
geol ogy from Stanford University. And you're on for 15
m nut es, Rod.

EWNG Thank you. Well, as others were speaking, | was
rearranging nmy presentation. So this wll be alittle
different than | had anticipated. But let ne give the
di sclaimer that | wanted to give for ny planned presentation.

First, | haven't |ooked at the Yucca Muntain

Performance Assessnent in several years, so it's possible
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that things have changed in a way that addresses sone of the
issues that I'll raise. But in the past several years,
woul d say as part of a hobby of now | ooking into risk
assessnments, | have tried to pay attention to work on
nodel i ng and ri sk assessnent associated with gl obal warm ng
and genetically nodified food. And | think there may be
sonmething fromthese areas that we can apply to today's

di scussi on.

|'ve titled ny presentation Addi ng Confidence to
Performance Assessnent. Changing that to address directly
this issue of nmultiple lines of evidence, what I'd like to
say first is the conclusion. | don't think that we can fully
develop multiple lines of evidence unless we have nmultiple
criteria.

In the United States, we're | think burdened by a
regul atory framework that eventually pushes everything
t hrough the performance assessnment and an eval uation of
whet her we neet sonme quantitatively set goal.

So thus far, the discussion of nmultiple Iines of
evidence finally pulls those lines back into the sane type of
anal ysis, and puts themon the plate with, in some form wth
t he performance assessnent. So the theme that | want to
develop is we should be looking for, if not in the regulation
in our discussions with the public and scientific coll eagues,

multiple criteria and |lines of evidence that can match those
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criteria.

And then as part of a disclainmer, I want to say |'m

about to make sone critical comrents about perfornmance
assessnent, because that's why we need nultiple |ines of

evi dence, because there's some dissatisfaction with
performance assessnent, but | want to enphasi ze performance
assessnents are a powerful tool for analysis. |If | had the
DCE job, the first thing | would do is a performance
assessnment. And also ny criticisns aren't directed toward
t he people doing the analysis. A lot of talented people have
spent a lot of tine devel oping the performance assessnent at
Yucca Mountain. But | think it's the deficiencies and
unhappiness with the results that bring us here today.

So let me quickly say a few words about what's
wong with probabilistic performance assessnent. And
although this isn't on the nultiple lines of evidence, it
really | think is why we're here, and so | want to say

per haps the obvi ous.

First, the performance assessnent, despite al
efforts, is opaque. | had the occasion to ask for the |ist
of AVRs, the AMR summary, so several hundred arrive on ny

desk. | had occasion to ask for a few of the nodel reports,
a few of these reports to read. They're filled with
information, and they're very difficult to digest. So for

any review body, we have to acknow edge--or you don't have
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to, but I would say that the performance assessnent is
opaque.

Also, it's complex. [It's not sophisticated inits
details, but it's conplex in the way the parts are connected
together, and it's very difficult in the tine sequence to
reconstruct how those parts are connected. The fact that
it's opaque and conpl ex means that sinply adding review teans
to the process doesn't necessarily help very nmuch, because

it's difficult to get your hands around the worKk.

From the DOE point of view, | want to make the
poi nt that the performance assessnent is very vul nerabl e,
that is, the nore conplicated you nmake it, the larger you
make it, the greater the nunber of issues you put on the
table. It's also not credible, because the bal ance of power
in ternms of people and tine is on the DOE side. And fromthe
public's point of view, and even fromthe regulatory point of

view, there's not an equal balance to look into the
performance assessnent and see what is actually going on.

And then, finally, the results are probably wong.
And this is not a criticism this is just what happens when
you attenpt to analyze such a conplicated system Now, you
can mtigate that by changi ng your approach a little bit, and
I"'mwi lling to discuss at length why | think we have to
assune the results are wong in their particulars, mybe not

wong finally in the conclusion, but of course we want other
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I ines of evidence to support the conclusions that grow out of
t he perfornmance assessnent.

So I'Il skip the viewgraph of why I think we have
to expect that the answer is wong. But it's still very

useful, powerful approach in ternms of analysis, but the
results inits particulars are probably w ong.

So what are sone alternative strategies? Wil
particularly | ooking at risk anal yses associated with clinmate
change, you see immedi ately that a difference between our
community and their community is a trenendous enphasis on the
anal ysis or determnation of uncertainty, and the definition
of what uncertainty neans. And up until very recently, that
hasn't been an inportant part, in nmy opinion, or observation
of what has gone on.

And we can carry this further. One of the
criteria, or nultiple lines of evidence, can be this neasure
of uncertainty. It doesn't matter what the answer is, so
much as what is the uncertainty associated with this range of
answers. For policy decisions based on science and
technology, this is really the essential criterion, or an
el ement of the nmultiple line of evidence, that is, what is
t he uncertainty.

Now, the whole discussion today is on nultiple
lines of evidence. | sinply want to call your attention to

the fact that in other areas, and in risk analysis in
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general, the idea of using nultiple criteria is growing. Qur
university group on science and technology policy unit at the
University of Sussex has really spent a lot of tine in

di scussions of what to do or how to regul ate genetically
nodi fi ed foods, developing a different series of criteria.

Now, when you | ook in detail at what they're doing,
a lot of the processes that are part of what we're doing have
becone criteria, such as a peer review panel. It's not
sonmething lost in a report sonme years back before finally
going for a license, but that peer review panel is one of the
criteria, and public coments. So by changing the structure
of what we do, we mght change the list of criteria, or
develop different lines of evidence.

Now, | titled this slide Useful Principles. | was
t hi nking of sonmething a little different when | put it
t oget her before com ng, but you can think of these itens as
criteria. That is, the result of the analysis should depend
nore on the actual properties of the site than on the
assunptions that go into the analysis. That could be a
criteria for accepting the anal ysis.

The long-term safety analysis of the site should be
based nore on the analysis of the passive properties of the
site. This could be a criteria, and an independent |ine of
evidence. And the analysis of uncertainty--1'I1 say nore

about this in a nonent--in site behavior should focus on the
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smal | er systens, the geosphere, w thout including the
uncertainty fromthe biosphere and the health effects
anal ysi s.

This is just to pull out the parts of the analysis
in a way that they can be seen, and this isn't a new idea.
In the Swedi sh program there's a very nice report. | just
brought one copy. The title is Spent Nucl ear Fuel, How
Dangerous Is It? A very sinple question. There's sone
di scussion of risk in the report, but it's rather a
description of spent nuclear fuel, how the radiotoxicity
changes as a function of tinme, but not in terns of the norna
risk analysis as it's usually presented in this project.

So, just to say there are many different concepts

of multiple criteria, and once you have nultiple criteria,

then multiple lines of evidence nmakes sense.

W'll talk a | ot today about the use of natural
anal ogues. | now don't use the word anal ogue. | think after
twenty years of giving talks on natural analogues, it's tine

to move on. Ckay? Analogy is not enough. But what we can
do is use natural systens as a source, a real source, for
data in the nodel, a real or an actual way to confirm say,

t he process nodels. And, also, this hasn't really been done,
but I think the real value of natural systens at this stage
is to use natural systens to confirmthe useful ness of the

probabilistic performance assessnent.
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I f you | ook around, the use of probabilistic
performance assessnent is not so common in risk assessnments
of this type, risk assessnents where we | ook at natural
systens. So a reasonable question is does it work? Well, it
wor ks because we do it. But does it give useful answers?
What are the sources of uncertainty? And, in fact, there
have been | think sone, just in the |last few years, sone
excel | ent papers where people have used natural systens, or
nat ural anal ogues to address the question of in ny analysis,
what are the sources of uncertainty, and how wi |l those be
mani fest in the Yucca Mountain analysis? It's a very
di fferent use of natural systenms. And then, of course,
natural systenms can, in a very general way, imedi ately place
the site into some anticipated | ong-term behavi or.

Then in ternms of alternative lines of evidence, one
thing | want to argue for is do not always present the
results in terns of dose or risk. Confirmthe actual science
and physics and chem stry of the nodels before you add the
uncertainty of the dose and risk cal cul ation

The alternative strategies certainly require the
use of defense-in-depth, but I would say now we have to
redefine it, given the regulatory framework, which I think
has downgraded the concept of defense-in-depth, and contrary
| think to the present day approach. | think that the

separate barriers, as nmuch as possible, have to be analyzed
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i ndependently, so that we devel op sone confidence to |ine of
evi dence that some series of nultiple relatively independent
barriers can be relied on over a set of different tine

scal es.

And, actually, these | ast few comments are now new
at all. Unfortunately, |'ve beconme old enough to renenber
where we were 20 years ago, and | woul d say for geol ogic
di sposal, sinply renmenber that we have sonme guiding, or we
had sonme gui di ng principles against which we were worKking,
and these guiding principles immediately offer the
possibility of independent |ines of evidence associated with
mul tiple barriers, analysis of parts of the system so that
they can be conpared to natural systens, nultiple criteria
that are useful in a very honest way when you speak to
different audiences. And | think that's sonething that's
very inportant.

We can't expect to take the nobst sophisticated part
of the probabilistic performance assessnent and go to the
public and have them set for half an hour and say ah, that
| ooks good. No reasonable person will. So there has to be

multiple |ines of approach that make sense in a real way to a

variety of audiences. So I'll stop there. | didn't hear the
buzzer.
CRAIG You were great, Rod. Thank you very nuch

W have tine for comments. Dan Bul | en?
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BULLEN: Bullen, Board. Rod, | was very interested in
your comrents with respect to the analysis of the barriers
performance separately, and | think you can extrapol ate that
to engineered barriers, natural barriers. | guess the
guestion that | have is when you're trying to assess the
ri sk, how do you conbi ne those anal yses to cone up with |ike
t he answer, the final answer?

EWNG Well, ny point is there isn't the answer.
That's the fallacy. Gkay? You know, the answer is that for
lots of different reasons, this nmakes sense. And to fold al
of those different reasons into sone conparison to a single
nunber, | mean, inmagine--1 haven't followed the discussion

recently, but in the US., we argue as a standard 15

mllirenms versus 25. | don't know what's happened. | can't
be--1"mnot highly entertained by that discussion. But the
uncertainty nmust be 100 mllirenms, nmust be 200 mllirens.

Ckay? So if we behave this way in front of the public, then
t hey can reasonably believe 10 mllirens, we can see the
difference, then it nmakes a difference. WIlIl, we can't see
the difference, and it doesn't make a difference.

BULLEN: Bullen, Board. Actually, that's exactly the
point that | wanted to follow up on, is that as you bring
t hese together, and the uncertainties overlap, | guess it's
t he conbination of the uncertainties that the Board has been

grappling with. |Is that a good way to put it? And | guess
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how do you do that conbination, or do you not? You just | ook
at the individual uncertainties and deal with it fromthere?

EWNG It's nmy uninforned--not uninfornmed, it's ny
belief that if you in a scientific way propagate the
uncertainties throughout the entire analysis, it will be so
| arge as to make the anal ysis unuseful. And | know the
analysis is useful if you, in a reasonable way, break it into
its conmponent parts and say, well, travel tinmes are |ong.
Sorption is high, and so on.

BULLEN: You've just articulated the problemthat | have
with the uncertainty propagation, is that it gets to be al
enconpassing. And |'ve looked at it as issues where barriers
are masking the effects of other barriers when you try to put
it all together.

EWNG Well, when | say | believe, what | base ny point
on is | can do the geochem stry by hand. Oay? So | can
take an Eh-pH diagram | can vary the energy a little bit,
and | can see the exponential increase in uncertainty. Okay?

| can junp over to the hydrology. | can see the
same exponential functions and i magi ne what happens. So |
think the uncertainty, if you propagate it properly over
10, 000 years, will make the analysis | ess useful than it
actually is.

CRAIG Dan Metlay and Debra Knopman. Debra Knopnman is

a Board nenber
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KNOPVMAN:  And | didn't have to say that.

Rod, I"'mgoing to play devil's advocate a little
bit here. 1 amnot supposed to--however, we're in a rea
wor |l d of having to nmake public decisions. 1In the end, it's

not a technical decision strictly speaking, though it's

i nformed by technical insight and know edge. There w il be
tradeof fs nade. By your insistence on nultiple criteria, and
sonme of the other things that you nentioned, it seens like it
coul d be argued that you're heading toward such asymetry in
the way this particular systemis analyzed, in such a totally
different way and with a kind of rigor totally out of sync

wi th our other public decisions, including those to operate
nucl ear power plants, store waste on site, things of that
sort, that you've created--you' ve actually nade it inpossible
to make a public decision if one foll owed your steps. Wat's
t he argunent agai nst what | just said?

EWNG Well, the argunment is that tines are changi ng,
and what | described is what | perceive to be the approach
that will be used in naking these types of decisions. And I
didn't have tine to make a viewgraph, but a very nice quote
froma recent paper in nature on global change and nodel | i ng
climate change and deciding what to do, reads as foll ows.

"As a general principle, science and technol ogy wl|
contribute nore effectively to society's needs when deci sion

makes base their experience or expectations on a ful
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di stribution of alcons, and then nmake choices in the face of
the resulting perhaps considerable uncertainty.”

So what I"'marguing is that we need to break away
in lots of environnental issues, heavy netal concentrations
in groundwater, and so on, fromthe single point valuation of
envi ronment al inpact, because all of the scientific and
technical evidence is that the inpact is at nmultiple points.

| think ny time is up.

CRAIG Your time is up, but we're certainly going to
all ow Board nenbers to talk at any tinme. And we'll allow Dan
Metlay to talk also, a staff nenber.

METLAY: This is a question which we probably will get
into in greater degree, but this nmay be a good tine to
discuss it. In several of your viewgraphs, there was sort of
a geologic centric approach that focused on the properties of
a site, properties of the various geol ogical attributes.
There's another way of |ooking at it that says that really
what counts is the system performance, and various systens
may have different sort of properties. Sonme depend nore on
t he geol ogy than on others. How do you deal with that kind
of philosophical issue? It's clearly not a technical issue.

It's a philosophical one.

EWNG Well, no, | would say it's both phil osophi cal

and technical. And I think | can deal with it pretty easily.

If you tell me it's geol ogi cal disposal, and that phrase is
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still used, then I'll look to the geol ogy and the geol ogic
principles that were outlined in the beginning as
appropri at e.

If you tell ne that the safety needs can be net
mai nly by engi neered barriers, then I'll analyze the
engi neered barriers over the appropriate period of tinme, or
argue that the tinme period is not appropriate.

So it's not difficulty fromthe side of the person
who has to do the work, as long as we have the question
stated very clearly. Now, if it's not geol ogic disposal and
the site is not inportant, then that has other inplications
t hat probably the people of Nevada will see inmmediately.

CRAIG Rod, thank you very nuch

Qur next speaker is Bill Murphy. Bill is from

Chico State. He's a geologist with a Ph.D. fromU.C

Berkeley. And, Bill, you have about 15 m nutes.
MURPHY:  Thank you very nuch
I"mBill Mirphy, and I'm here representing nyself
today at the invitation of the TRB. I|I'mquite pleased to be
here, and | want to make it clear that I'"'mat California

State University at Chico now. | worked for a long tinme for
the Center for Nuclear Waste Regul atory Analyses in their
support for the Nucl ear Regul atory Comm ssion, and sone of
the information that 1'll present today is based on work |

did coll aboratively with them However, what |'m saying
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today is clearly ny owm viewpoint. |'mnot representing
anyone really except nyself today.

| want to speak in particular about natural
anal ogues. |1've been involved in the study of natural
anal ogue systens for quite a long tine, and |I've done work
together with coll eagues at the CNWRA on t he Nucl ear
Regul at ory Conmi ssion at two particular sites, and I'll show
some results fromour studies at those two sites specifically
related to the Yucca Mountain case. There's a |ot of
attention that's been devoted to natural anal ogues. One of
the thenmes that 1'd |ike to nmake prevalent is that they can
be used. Natural anal ogues are useful. They can provide
information that helps in formdecision naking, ultimtely
buil ds a general safety case.

| amprivileged to follow Rod Ewi ng's el oquent talk
and | endorse many of the positions and principles that he
laid out. The notion in particular caught nmy mnd that one
cones to a decision relying on multiple Iines of evidence,
relying on information froma vast variety of sources. And
anong these, | think natural anal ogues have an inportant role
i n eval uati ng geol ogi ¢ di sposal of nuclear waste, and for
good reason.

It's a very hard problem W all recognize the
chal | enges associated with the conplexity of the system the

engi neered system the geologic system and in particular,
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the vast periods of tinme that are necessary to come to grips
wi th. How good are our nodels over those very |ong periods
of time?

The two natural anal ogue sites that we've worked
on, or I've worked on in the past, are the Pena Bl anca site.

It's a uraniumdeposit in northern Mexico near Chi huahua
which is a remarkable systemin conparison to Yucca Muntain
The rocks there are solistic volcanic tuffs. The climate is
arid. The rocks are fractured. And there's one inportant
di fference between the Pena Bl anca system and Yucca Munt ai n,
and that is that there's a |arge natural uranium body there
that was originally uraniumdioxide. It's now al nost
entirely oxidized to a suite of secondary uranium m nerals.
| think it's an incredi ble exanple of a systemthat is very
anal ogous to Yucca Munt ai n.

Now, people who have advocated studi es of anal ogues
have so | ong been chall enged to denonstrate or to convince
skeptics that they're of sone value that the case has
soneti nes been nade nore strongly than is appropriate. There
are big differences between Pena Bl anca and Yucca Munt ai n,
and those have to be recognized as well. 1t's a hard probl em
to draw exact analogies. [It's not exactly the sanme. There
are inportant differences between the Pena Bl anca system and
the potential repository at Yucca Mouuntain. But

nevertheless, it gives us information on the long-term
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behavi or of materials very simlar to spent fuel. Natural
urani um di oxi de has essentially the sane structure as spent
fuel over time scales that are clearly inaccessible in the
| aboratori es.

The urani um deposits at Yucca Muntain were
probably formed originally about eight mllion years ago.
The oxidation of that uranium deposit occurred, our best
estimate is that it was occurred three mllion years ago, and
maybe over a very long period. The oxidation is not
conplete. There's still reduced uraniumat the site, and
we' ve used that notion that oxidation has been occurring over
geologic tinme to evaluate what the average |long-termrate of
alteration of oxidation of uranium dioxide is.

We used that rate in the Nucl ear Regul atory

Comm ssion's performance assessnent cal cul ati on as an
alternate nodel. This alternate calculation is published in
the two first papers listed on this slide. 1'Il show the
results of those calculations in a nonent.

The second natural anal ogue systemin which we've
done work is at the Akrotiri site. |It's on an island in the
Aegean Sea. |It's a beautiful place to work and a fascinating
pl ace. There, an eruption of the Island of Santorini,

Santorini is a volcano, and the eruption of that vol cano
3,600 years ago buried a city in solistic volcanic tuffs.

That city has been preserved, fortunately to anthropol ogists,
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and to sone degree to nuclear waste managers, has been
preserved by being buried in volcanic tuff. 1It's in the
unsaturated zone. It's arelatively dry climate. 1It's not
exactly like Yucca Mwuntain. But we used that site as a
source of information to test transport nodelling.

We exami ned the rel ease and mgration of exotic
materials, in this case copper particularly. W |ooked at
the rel ease of copper from buried bronze artifacts at that
site. We did blind nodelling. W used performance

assessnent |ike tools of unsaturated flow, equilibrium

di stribution between agueous phase and solid phase, and
estimates of infiltration and flux. W used the sane kinds
of nodelling that are commonly used in perfornmance assessnent
to predict the extent of the plume of copper in this case

t hat one woul d expect fromthese buried artifacts. They've
been buried for 3,600 years in the unsaturated solistic tuffs
at Santorini.

We then went to the site and evaluated, to the
extent we could, what the nature of that plume was. W used
site characterization data of the sort used in performance
assessnents to build up our nodel, and then as an anal ogous
system we were able to go to the site actually and do what
we could to analyze the plunme. And so I'll show sone of
those to you in a nonent as well.

The bottomline is that natural anal ogue data can
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be used. They're not a final answer to the problem They're
one of a nunmber of multiple lines of evidence.

This graph is a graph of the probability of
exceedi ng annual doses. These curves in a CCDF were
cal cul ated using the NRC s and Center for Nucl ear Waste
Regul atory Anal yses TPA-3 code, and they show the probability
of exceeding doses as a function of what those doses are, and
it shows nultiple approaches to doing a performance
assessnment using data fromquite a broad variety of sources
and invoking quite different conceptual nodels.

There are two sets that are 50,000 year curves, and
there are 10,000 year curves, and there are four in each set,
and the four curves, the highest one, the highest doses are
predi cted using the NRC s code, assuming a rate of rel ease
that's an experinmentally based rate of release, that was in
fact the same as that used in the Departnent of Energy's
per f ormance assessnent.

The second curve is sonewhat |ower than that, |ower
predi cted doses. These are using a rate of release that is
based on the sanme experinental data, sonewhat different
interpretation of the same experinmental data. And it shows
somewhat | ower doses.

And then the final two curves, and these two curves
are for 10,000 years, are using alternate source term nodels

based on the Nopal Oxidation. Nopal is the nanme of the
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speci fic uranium deposit that we've studi ed at Pena Bl anca.
Maki ng use of our estinmate on the maxi mum average oxi dation
rate of uranium di oxi de at Nopal, we've introduced that rate
as an alternate source termin the perfornmance assessnent
nodel , and get quite substantially | ower doses.

| can't make the case that this is nore accurate
than any of the other curves. They conme from conpletely
di fferent conceptual nodels, or different nodels for the
source of the rates. They all have | arge uncertainties.
Extrapol ati ng experinmental data for thousands or tens of
t housands of years is very difficult. Doing experinments with
spent fuel that's not 10,000 years old is of only partial
rel evance to the conditions that may eventually obtain. And

obviously there are inportant differences between the Nopal

or Pena Bl anca system and Yucca Muntain, and as in al
geol ogic systens, the information that's available to us is
sketchy. W don't know conpletely what's gone on there. W
have ideas. Fortunately we have radionetric dating to give
us tinmes.

But here we have an actual use of anal ogue data as
an alternate nodel in a performance assessnment. The | owest

curve is based on a conpletely different conceptual nodel
The notion that at Yucca Mountain, as at Pena Bl anca, the
stabl e urani um phases wi || be oxidi zed phases, phases |ike

Schoepite and uranifane, and this curve was based on the
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noti on that sonehow the radi onuclides other than uraniumare
incorporated in nore stable oxidized forns of uranium

There's sone evidence fromthe Argonne studies that neptuni um
in fact is included in secondary uranial oxidized urani um
phases to a greater extent than it occurs in the fuel itself.

That's a very intriguing set of data. W nmade very
si npl e basic assunptions about the stoichionetry of
i ncorporation of uranium of other radionuclides in the
secondary urani um phases, used that as an alternate source
termnodel. So that gives us our |owest curve. In fact,
both of our alternate nodels predict substantially |ower
doses than either the experinmental rates as used by DOE or as
reinterpreted in the NRC s TAP cal cul ati on.

The other site, 1'll show this briefly, this is a
summary slide of some of our results for the blind nodelling
at the Akrotiri site. Note the scale here. The scale in
which we were able to do studies there is neters. It's quite
a different scale than we're concerned with at Yucca
Mountain. This is our nodel. These are our nodel results
for copper in the solids, our nodel results for copper in
solution. W used performance assessnent type and site
characterization type information to nmake these cal cul ati on.

This was really a blind calculation of the predicted
di stribution of copper in the system given that these

artifacts have been buried there for 3,600 years.
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W were able to go to the site, collect sanples,
sel ectively extra copper that was sorbed onto the solids, and
these are sone of the copper data that we coll ected.

So there are two ways to | ook at this set of data.

One is that froma blind nodelling point of view The fact
that we're off in absolute copper concentrations fromthe
solid here concentrations predicted and the copper
concentrations here by only a factor of two or so is really
quite remarkable. It may be totally accidental, but it's a
very good correspondence.

On the other hand, there seened to be a problemin
some very fundanental aspects of the transport nodelling.
Every nodel that we tested for this particular site predicted
that on a tine scale of 3,600 years, a steady state
di stribution of concentrations would obtain. The flux
t hrough the systemis sufficiently fast, our source term has
a constant concentration. W predicted steady state
conditions to obtain within hundreds of years after the
systemwas set in notion in all of our nodels.

However, | ooking and trying to draw as much
i nformati on as possible out of the data, we had a tendency to
see a transience in the distribution, evidence of a transient
transport system perhaps caused by diffusion. You can
conpare it to these curves. These are upward diffusion

curves. And it |looks sort of like this curve here.
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So there seened to be sone basic problem perhaps in
our conceptual nodel for transport in the site, that in fact
there is a great deal nore transience. Maybe diffusion plays
a greater role. The nodels all predicted steady state fl ux

of flow dom nated transport. So these are sone Akrotiri

results.

Now, finally, I'"lIl turn away fromthe specific
anal ogue sites. | have one further slide which maybe I won't
show because ny tinme is up. It relates, however, to a point

Rod made that in fact | think there can be a great nunber of
various inducenents to |looking at the problemfrommultiple

approaches, both systematically and scientifically, using

anal ogues or other approaches. |[|'ll stop there.
CRAIG (Okay. Questions for Bill? Richard Parizek,
Board nmenber

PARI ZEK:  Wen you tal k about uranium at the Mexico
site, it's dissem nated probably in small particle formor
sonmehow versus lunps, as it mght be in Yucca Muuntain. So
in ternms of scaling, do you see any problemw th that, or
al so the fact that you have holes in the nmountain, so as you
begin to nodify the nountain characteristics through the

engi neering there, that m ght cause you some skew ng in your

anal ogue?
MURPHY: Absolutely. They're different systens and a
nunber of our best conparisons had to be made. The urani um
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deposit at Pena Blanca is rather conpact. It's a relatively
concentrated--the primary uranium deposit is quite
concentrated. It's very tightly delineated. It's mapped
out. And for uraniumdeposits, it's pretty concentr at ed.
That's an interesting idea. | haven't actually nade a
conpari son of the concentration per square neter conpared to
Yucca Mount ai n.

However, one of the differences in the treatnent,
t he experinental treatnent versus the anal ogue treatnent for

this particular calculation was that in the experinental
studies, rates are nornalized to surface areas, and it's
really a somewhat hopel ess endeavor to try to characterize
the surface area of the uraniumdeposit in that natura
system
We used a gl obal oxidation rate that's pinned to
the total mass of uraniumthat's in the system known fromthe
expl oration studies, and the known tinme during which it has
been oxi di zi ng based on radionetric dating.
CRAIG Thank you very, very nuch, Bill.
Qur last consultant is Aiff Voss fromthe U S,
Geol ogi cal Survey, who has been for many years running a
proj ect concerning subsurface transport phenonena.
VOSS: What you're about to see as the lights go down is
a slice of Swedi sh rock about 500 neters down bel ow t he

ground, a nodel of fractures that are in the rock that 1"l
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show you in a little bit, and the red lines there are drifts
where it's a hypothetical repository.

The USGS has been working for quite sonme years with
Sweden. Mainly our point is to learn fromtheir fantastic
dat asets how fractured rocks work at various scales. The
poi nt of view from SKI, which is the Swedi sh equi val ent of
the NRCis to study the safety of their nuclear waste
repository, which they're planning on putting about 500
nmeters down in their fractured rock.

O course they have been, SKI has been | ooki ng at
very sophisticated nethods for evaluating the safety of such
a site, both in ternms of site characterization and in terns
of analysis. And the hydrologic parts of that are based on a
few mai n approaches, and here are sone difficulties with the
conpl ex approaches that they use, and you'll see anal ogy of
course to the U S. programin everything I"'mtelling you
about Sweden.

The determ nistic approaches for these sorts of
fractured rocks are inpossible ever to be conplete. You're
al ways going to be mssing fractures. In the nodels, you're
going to be mssing intersections of the fractures, and the
properties of both of those things. The problemwth these
sorts of materials, these rocks, are that these m ssing
structures probably control the behavior that you're

interested in.
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There are other sophisticated approaches to | ooking
at these sorts of fractured rocks. Those are stochastic
approaches. These al so have sone difficulties. Wat you get
froma stochastic approach is only a tendency of the site,
and the site you're at may differ fromthe tendency that you
predict, the main tendency you predict. And if the scale of
behavior is smaller than the scale of the variability you
measure, then it may really be different fromwhat you're
predi cting, and you aren't necessarily certain of that after
you' ve nade your neasuremnents.

Anot her problemw th stochastic nethods is that the
formof the variability, the probability distributions are
only an assunption. They're really never proven for any
particular site. If you were to try to prove them you would
have to nmake your site |ook |ike Swi ss cheese with borehol es,
and of course that spoils a nuclear waste site right up
front. So you can't really determ ne the properties of your
site statistically ever. That goes for nobst sites on earth.

And anot her assunption is normally that the form
and the paraneters of these statistical distributions are
assuned constant for the site, and that's not necessarily
certain. They may vary with position or distance over the
site. There are problens with both of these sophisticated
approaches. An even nore sophisticated approach, and

probably the best, is a determnistic stochastic approach
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where you take structures that you know are in the site,
fractures, and you take the rest which you don't know, make
t hat stochastic, and this suffers fromdeficiency of both of
t he approaches.

kay, let nme show you sone of the conplexities of
t he Swedish sites. They've been working for over 20 years in
fractured rock for their nuclear waste program |It's a
fantastic scientific program These are the sites in Sweden

that you see. The nost recent one is here on the

sout heastern coast of Sweden, the Aspo hard rock | aboratory
site, which I'll show you data from This is a small island
near a nucl ear waste power plant where they're actually in

this area now considering the actual high-1level waste
repository.

A picture of Swedish rocks, the digital raised
relief nodel illumnates fromdifferent directions, about 50
kilometers is what you see. You can see fracture zones.
These fracture zones extend for hundreds of kiloneters. This
is pre-canbrian rock. It's granodiorite fractured at al
scal es.

We'll ook now at the island, which is right here.
You can see these fracture zones crossing the island in
different directions. The island is about two kil onmeters
across, and here's a map of photolinears. The green |ines

are fractures at this scale of two kiloneters. The reds are
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| ow areas where there has either been nore weathering or sone
novenent of these blocks of rock. This is where the hard
rock | aboratory has been built, and it's an analogy to a

nucl ear waste repository in Sweden. They're doing sone
fantastic studies there.

Well, SKB, which is the equivalent here to DOE, for
buil ding their repository, has put in these boreholes on this
island. You're |ooking at borehol es about a kil oneter deep.

This is prior to making the |aboratory. You can see they're
oriented, and as you can imagi ne, they' ve collected all Kkinds
of data in these things.

One of the main kinds of data used for building
nodel s of the geol ogic structures fromsubsurface is called
borehol e radar. And basically this instrunment sees out from
the boreholes. It can see the fractures of the structures,
even if they don't intersect. Here are two borehol e radar
i ndi cations that happen to line up. The way that we built
the nodel of this site is by lining themup, bringing themup
to the surface, seeing if they fit, if they did, accepting

theminto a nodel, which ended up after a |lot of pain and

terror looking like this. It's got 52 structures in it and
it's a very conplicated picture of this two kiloneter bl ock
on the side of a one kiloneter deep block. So this is a

surface dat abased geol ogi c nodel of the site.

kay, how well does it explain where the water
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flows for |ooking at the hydrogeol ogi c aspects of performance
assessnent. Well, these are borehol es that have neasurenents
of water flowng into them So here are the |ocations, al

of the ones underground, and the borehol es where water flows
in the rock at a rate that could be neasured. How nmany of
these are explained by that conplicated nodel with 52
structures in it? Wll, the red ones are. The black ones
are not. So about half of the places underground are not yet
expl ained by this very conplicated nodel. So the nodel is

not conplete, may never be. There's no way to conplete it |

think. It's a bit frustrating after working on it for sone
time.

Ckay, that was a surface databased nodel. Here's
the | aboratory. Now, you can see that spiral going

underground. We'll zoomin on that. You can see the
experinmental drifts, the elevator and ventilation shafts, and
some mappi ngs that SKB did of the tunnel walls. The blue
lines are fractures that have water flowng in them The
reds here are fracture zones where there are too nmany
fractures that are flowing to map. And the blacks are

fracture zones that aren't too perneabl e.

Wel |, hydrogeol ogists attenpted to put together a
nodel of this fantastic data. It's three di nensiona
subsurface data. You can actually touch the fractures that

you're trying to nodel. And one of the corroborative kinds
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of data you m ght use to do that, or actually a target of a
geol ogi c nodel may be to explain where the water fl ows.

Well, these are the pilot borehol es that SKB nmakes
for every four neter blasted section of the tunnel. They put
out a few borehol es before they blast, and they neasure
inflows. And the color scale is a log of inflow, with blue
bei ng the highest. Well, drop everything but the two highest
orders of magnitude of inflow. So these are the places
underground in the tunnel where a |lot of water flows, and |
think we need to explain this first.

So one way of doing that, really to go very quickly
on this, is to work in three dinensions, place structures
that line things up. And here's one we're sighting down one
structure right on its edge. It passes through these
fracture zones that cross the tunnels in 3-D, and it al so
happens to cross these boreholes where a | ot of water cane
into the boreholes. So this is a very definite structure
t hat we should include in our nodel.

Well, if you play that ganme with the underground
data, maybe you would end up with sonething like this. And |
bet if you did it, you would cone up with sonething
different. This is what we came up with. This one has about
26 structures before we got tired. So we have two nodel s of
the site, one based on surface, and one based on subsurface

data, if you will.
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How do they conpare is an interesting story. You
can play ganes with that. Let me turn back to performance
assessnent and not tal k about the hydrogeol ogy so nmuch. \What
SKI is interested inis taking a site like this and
determ ning whether it's safe or not. They want to check
per formance assessnent. And as | said, they applied |ots of
conpl ex approaches, as well as sinple approaches.

In terns of hydrogeol ogy, they have determ ned that
there are really two main factors that are inportant. Those
are the flow through the site, which is given by the Darcy
vel ocity, and one paraneter that controls the retardation of
radi onuclides, which is the F paraneter I'll show you in a
moment. And their objectives for the hydrogeology are to try
to get as narrow ranges as possible for these two paraneters,
because these are the values that they feed into their
performance assessnent codes.

kay, well, here's the other side of the coin.

It's a very conplicated site. You're never finished
characterizing it. You're never really finished nodelling it
in any detail stochastically or determnistically. Here's a
sinmple way of looking at it, and it's a very powerful way of

| ooking at it. Wuat's a sinple nodel? It's sonething that's
based on sinple principles of hydrogeol ogy, sinple geonetry,
sinpl e parameter distribution, constant paraneter

di stribution.
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What do you do with it? Were do you want to apply
it inacritical way to full ranges of paraneter val ues and
to discrimnating situations, diagnostic situations. And |et
me show you how we did that for the Swedish site that | just
showed you.

For the Darcy velocity, for the flow, well, here's
the repository canister. W' re |ooking at one dinensional
flowlines up fromthat. How nuch flow goes al ong any
possi ble path fromthe repository. So here are three paths
fromthe repository. The nost optimstic path is that we
have flow going straight up fromit 500 nmeters through good
rock with just a little bit of fracturing in it, path one.
Path two is sort of a design criteria, and it's what they're
trying to achieve. You get ten neters away froma fracture
zone, ten neters of good rock between them that's path two.

So the radionuclides go through ten neters and then up
through a fracture zone.

The |l east optimstic, the nbost pessimstic one is
this di sturbed zone around the repository that woul d be
caused by stress rel eased bl asting, however they finally
intend to build it, connecting up fractures that never were
connected with each other before, and in a sense, naking a
maj or fracture zone all around the shell of the repository,
connecting that to an existing fracture zone. So you have

path three, which is all fracture zone all the way up
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So three paths. |If you |look at the possible Darcy
velocity, it's very sinple using Darcy's law fromthat, you
get a tremendous range of many orders of nmagnitude from what
SKI considers to be good, which is |ow velocities, up to very
poor. This does not give a narrow range of possibilities of
flow at the site. W don't knowif the site is good or not
for flow based on this anal ysis.

Okay, now let's ook at the transport anal ysis of
the site, again, a very sinple one dinensional path, the
three paths | just showed you, but this tine it's an F
paraneter that's inportant. And very quickly, the F
paranmeter is sonmething that controls, they found to contro
t he maxi num dose of radionuclides, of decaying radionuclides,
much nore inportant fromthe second nost inportant paraneter

As this paraneter goes up, the dose goes down, com ng out
t hrough the rock

And what is the paraneter? Basically, it's a
product of the wetted surface and the travel tine. So the
| onger the travel tinme, the better the radionuclides are
retained, the nore they have tine to decay. The greater the
wetted surface, the nore they can sorb and diffuse into the
background rock as they're noving through. So the wetted
surface is a paraneter that's nost inportant. How much rock
wal | does the water see as it's leaving the repository? A

lot or little? WelIl, that's sonething that's hard to neasure
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in this kind of rock.

So a sinple nodel of that mght be this. Here are
different possibilities for the way the rock | ooks
internally. A sinple fracture, a stack of sinple fractures,
step fractures in the flow direction, and across the flow
direction. They have different areas that the water would
see, and also different inpedances to the flow. A fracture
filled wwth crushed rock, and that's pretty optimstic, lots
of surface area there.

Here's a fracture, this is a fracture, but there
are only channels in it that are open to flow, and the
fractures typically behave Iike that. Mst water flows 90
per cent through a very small channel, not through the entire
surface. This is called channelling.

Well, if you take these different nodels of the
rock and cal culate the F paraneter, it's a little nore
conplicated than I"mjust telling you, but basically, you get
a trenmendous range of this parameter fromvery good val ues,
very retarding rock for radionuclides would capture the
radi onuclides and not let themout, to very low Ckay?

Al so, we have a wi de range we can't determ ne how
the rock works. GCkay, how well do conplex nodels do in
conparison to that? Do they reduce that sort of uncertainty
in this kind of rock? Well, they' ve used a | ot of conplex

nodel s. Here are two of the main ones that | can use for
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conparison. One is a stochastic continuumnodel. That's
really hard to read. The other is a discrete fracture nodel
of the sanme site. The stochastic continuum nodel, the
perneabilities are assigned in blocks, so it's a conplete
full nodel of the entire rock, and the high perneability
zones end up as streaks, sort of streaks that aren't quite
random They line up, as in the picture.

This nodel actually is a groundwater flow and
transport nodel of the first of the two fracture nodels |
showed you with 52 fractures init, and it's connected to a
regi onal nodel of the scale | first showed you, those 50
kil ometer long fracture zones. So this is a very conpl ex

nmodel that was calibrated for the site.

Okay, how well do these two nodels do in conparison
with the sinple analysis? Well, for flow, here is the range
of velocities, the range of flows for the sinple eval uation,

and here are the ranges for different nodel assunptions in
t hese two nodels, conplicated nodels. And you can see that,
yeah, they're narrower. They give sonewhat of a narrow
range. But they still don't determ ne whether the site is

good or poor.

Okay, how about for radionuclide retardation, the F
paranmeter? Well, the only one we could conpare with, because
of the cal cul ations that were done, was the nodel with the

di screte fractures init. Here's the sinple evaluation, and
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yeah, the discrete feature nodel for different assunptions
about how the fractures connect gave a narrower range, but
al so does not determ ne whether the site is good or bad for
radi onucl i de retention.

kay, so what are the conclusions of that that we
can draw? At least this should generate sone thought. Well,
the sinple evaluation can't tell you whether this site is
good. The conplex analysis, well, it gives you narrow
ranges, but it also can't tell you whether the site is good.

So there was a lot nore tinme and effort put into the conpl ex
analysis. Is it really worth doing? What's the point of it
if you can get the sinple analysis alnost on the back of the
envel op calculation. That's a question.

VWhat is the value of a sinple evaluation? Well,
obviously it's quick. Back of the envel ope is exaggerating.

You can't do it that quickly. But it took a few days to do
t hese anal yses, and you don't really need that much field
data to do it. You don't have to characterize the heck out
of your site. Basically, you make assunptions about what the
possibilities are at the site, and you build theminto a
simpl e anal ysi s.

It gives you directly the basic information that
you want to know about the site, no round about ways. It
provi des, as sone others have said, a bounding check, a

reality check on your nore conplex anal yses, because | don't
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believe for a second that these conpl ex anal yses, no matter
what | say, no matter what anyone believes, | don't think the
conpl ex anal yses are not going to be done. | think they'll
be done. So this provides a reality check on those.

| think they provide, these sinple anal yses provide
as much information as conpl ex anal yses do. And also you can
tell what's been done exactly. You can tell what the
assunptions are, how the cal cul ati ons were done, and what the
results are. |It's very transparent. And that's an inportant
aspect of creating believability in these anal yses.

So when we're eval uati ng hydrol ogy conpl ex
environments, if we're using a sinple approach, our objective
is to use our know edge and intuition to bound the possible
out cones, behaviors at the site. If we're using a conplex
approach, our objective is to get sonething that's actually
practical and that's actually neaningful, despite its
conplexity. And then, of course, to give better results than
a sinple analysis would give. If you haven't done that, then
there's no point to doing a conplex analysis.

CRAIG diff, thank you. Thank you very nuch.

One observation I'minclined to nake is in a
certain sense, there's bad |uck involved here, because if
your requirenments for the site were sonewhat different, you
coul d have, say over to the right, you could have the

situation where there's an enornous anount of uncertainty,
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but it doesn't matter because the site requirenents are way
off on the end of that, and you're good no matter what it is,
what the answer is. So this is just the bad |uck of the
requi renents that happen to go along with what you're asking
for this particular site.

VOSS: Well, they actually | ooked at dose fromthe site,
and there were dose criteria.

CRAIG If the dose criteria were, say, 10R per year,
then there wouldn't be any issue at all.

VOSS:  Right.

CRAIG R chard Parizek, Board?

PARI ZEK: Havi ng conpared the two, a conpl ex one which
was done, and a sinple one which falls out of that, it's one
thing. But if you didn't have the conplex one run, say you
go to Yucca Muntain, how do you draw t hat concl usion that
the sinple one is good enough, or even know how bad off your
predi ction would be? | nean, you're now using a place where
you can conpare the sinple versus conpl ex approach, but
that's after you have the |uxury of having the conpl ex
approach with all the tinme and effort that went into that.

VOSS: | think experience. |[If you do this enough

t hi nk experience is that the conpl ex approach doesn't

necessarily lend a lot nore information to it. It |ooks
good. It has a lot of information in it, but we're talking
about hydrogeol ogy, not about a total performance assessnent.
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The conpl ex approach in hydrogeol ogy doesn't necessarily
gi ve somet hing, unless there are non-linearities that you
can't do in a straightforward way, if there is variable
density or unsaturated flow m ght nake it nore conplicated,
there woul d have to be sinplifications made to those things.

Where you actually, if you can't do that, you actually have
to use nunerical solutions to do that.

But there also is--1 think the point is that there
are ways of approaching these sinply. The point shouldn't be
to do the nost conplex thing first. It should be to do the
sinmplest thing first, and only to build in conplexities as
needed to better understand the site. | think that should be

the main takeaway point here, not that sinple approaches are

better. It's a way of working on things.

At other sites in Sweden, | think the sites al
| ook very simlar. They're all pretty nuch equally
fractured. This isn't the Swedish. This is ny opinion. And

| think that they can do it with not very nuch site
characterization and use the sinple approach. They basically
al ready know what the answer is going to be at nobst sites
wi thout putting in a lot of efforts there.

CRAIG Don Runnells, Board nenber?

RUNNELLS: You tal ked just about the hydrol ogy. You
didn't mention the chem cal environnent of the proposed

repository there. What can you say about the oxidizing and
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reduci ng conditions, for exanple?

VOSS: The Swedes are hoping that the conditions wll be
reducing for a long tinme. And | didn't nmention that they're
| ooking at the repository for tine periods of about 100, 000
years after there may be three gl aciations, and then people
conme back to Scandinavia. So the initial period is the first
10 or 20,000 years, and then there's a period of glaciation
where people may | eave and then come back after 100, 000
years.

In the initial period, probably the conditions
woul d tend to be reducing, the way they are now. There's
not hing that should disturb that. Over the long term there
are questions that have conme up about whether glaciations are
going to punp oxygenated water deep into the ground, and
whet her for periods of 10 or 20,000 years, there would be
oxygen down there. There also are shield burns in these
rocks, and those tend to affect the radi onuclide transport
properties for high salinites.

RUNNELLS: Thank you.

CRAIG (Ckay, thank you. Debra Knopnman, Board?

KNOPMAN:  Sone of this sounds famliar, diff. Let ne
ask you a question about sone trade-offs here between going
out and collecting nore data, and use of sinple nodels versus
conpl ex nodel s.

| think you can nake the argunent that the val ue of
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additional information in sonme sense with a sinpler nodel is
much hi gher, because you're not dissipating as nuch of your
new i nformati on on paraneters when you have so many
paranmeters in these conplex nodels, and you just sort of |ose
your field data.

VOSS: | agree with that.

KNOPMAN: Do you have a sense in this case of how nuch
you coul d have narrowed those bounds on the sinple node
estimates by intensifying some of the data collection so that
it would have been nore focused on just characterizing the
site using a sinple--

VOSS: | agree with what you said. The sinple analysis

poi nts out exactly what sort of data would be needed to

narrow the ranges. In this case, it's pretty obvious that
that area that the water sees is very inmportant. |If you knew
that for the rock over a narrow range, then you' d be able to

get a narrow range of the radionuclide retardation paraneter
which is the main thing going on in these rocks.

So, yeah, that would be the thing to focus on, and
that's comng out, that's conme out in the Swedi sh program
that that's something to nmeasure.

A problemw th those sorts of neasurenents are that
you can make the neasurenent on a scale of 10 neters, or
sonmething, in the rock, you can find a fracture and do that

measur enent, but then what happens over a kilonmeter, or
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sonething, in the far field. Then you have to extrapol ate
again. But there may be ways--1 think your point is that the
sinmple analysis clearly points out the needs for data nore
clearly than a conpl ex analysis, which has needs for al

ki nds of data and you're never really sure what you' ve got.
There are too many paraneters.

CRAIG (Okay, thank you very nuch. [1'd |ike to thank
all three of our consultants, and I'd |ike to rem nd everyone
that the consultants are consultants to the Board, but do not
speak for the Board. They're offering their own opinions,
just as Board nenbers when they speak are offering their own
opinions. The only Board official opinions are the ones that
we tell you are official opinions, and there's only one of
those that's been nentioned so far today, and probably that's
the only one that will be nentioned today.

We're now going to start the next phase of our
conversation by going around the table, and we're going to
begin on the left with M ke Voegel e from DCE.

VOEGELE: | was fully expecting to be |ast.

|"mgoing to tal k about at |east one of the boxes,
confirmatory nonitoring test and evaluation, but I'mgoing to
nove into the box of predictive and estimation testing as
well. 1'd like to do that by tal king about a concept called
the test and evaluation plan that is an inportant part of our

program It's a classical systens engi neering concept that
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is inposed on the program by a DOE order. Also, there are
NRC regul atory requirenents for sonmething called a
performance confirmation plan.

l"d like to tell you what performance confirmation
means in the NRC s regulations. It's a programof tests,
experinments and anal yses which is conducted to evaluate the
accuracy and adequacy of the information used to determ ne
wi th reasonabl e assurance that the performance objectives for

the period after permanent closure will be net.

In sinple words, this is a programwhich is
designed to nmake sure that whatever assunptions or
conclusions are drawn during the licensing process are in
fact verified to the extent necessary to provide the
confidence to eventually close the repository, if we go that
way .

The classical test and evaluation plan concept is a
pl an which is used to guide the devel opnment of a conpl ex

system and so you can envision testing occurring at nmultiple
phases along the program There m ght be some very sinple
conponent and pre-operational testing at the earlier phases
of the programgoing all the way up through post-closure in
this case nonitoring and testing.

We devel oped, in response to sonme Nucl ear
Regul at ory Conmi ssion requirenents, a perfornmance

confirmation plan initially with our site characterization
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plan. And if you go into that docunent, you will find a
couple of tables in Chapter 8, 835-16-1 and 2, that define
nonitoring activities and testing activities that we started
during the site characterization programthat were intended
to be part of our eventual performance confirmation program
| can draw an exanple fromthose tabl es of
sonmething that was started with an intention to be part of
our performance confirmation program which actually
functioned quite well, the way test and evaluation is
supposed to function. Percolation flux was one of the things
that was identified on those tables as a type of testing and
anal yses that we would continually look at to try to see how
the site would eventually perform And many of you probably
know t hat over the course of our site characterization
program our values of percolation flux have changed, as we
got additional information fromour testing program analyzed
it and put to use in the progranm s performance assessnents.
l"d like to talk just a nonent about sone of the
performance, the requirenments for the performance
confirmation program It is to confirmthat the actual
subsystem conditions are within the limts that were assuned
during the licensing review. It is to confirmthat the
engi neered and geol ogi c systens that are assuned to operate
as barriers after permanent closure are in fact functioning

as it was intended that they function, or as it was
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antici pated that they function.

If significant deviations exist fromthe
projections that were assumed, for exanple during the
licensing review, we woul d have to go back and take
corrective action. There is design testing requirenents.
There are nonitoring testing requirenments specifically laid
on the waste package testing.

Cenerally, these are tests that woul d be probably
factored into the specifications of the license. For
exanpl e, a concl usion m ght be drawn during the |icensing
peri od based on baseline data which was collected during the
site characterizati on phases of the program and the
reasonabl e assurance finding could be nade with an intention
to continue to neasure the data that substantiated the
argunents at the tinme of licensing, and there could be
requi renents placed on the programto nonitor specific pieces
of data for many years, up until the tinme of closure.

W're all aware that the regul ations that govern

the Iicensing of a repository involve a finding of reasonable

assurance that the systemw || function as intended. There's
al so a very carefully crafted statenment in the regul ations
that we will have to deal with uncertainties, that they're
expected and that they'|ll have to be dealt with

This test and evaluation, the confirmatory testing
programis in fact designed to continue to provide
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information to nmake sure that the decisions that were nade
based on that data are in fact correct.

| think 1'd like to tie this to something that Dr.
Ew ng said this norning, and maybe perhaps even go into
anot her box as well. As we collect data, we tend to do
sinpl e anal yses on that data. W plot data. W |ook for
correlations. W look for one dinensional analyses that we
can use to substantiate our understanding of how a particul ar
pi ece of the system m ght be working. That information is

eventually set into performance assessnent, but you can | ook
at individual conponents of the systemthrough these
performance confirmation and these test and eval uation
prograns and draw concl usi ons about how pi eces of the system
are in fact functioning.

|"d like to close just by rem nding us that this
nonitoring programis in fact envisioned to be a very
i mportant part of our program It wll provide evidence
about the predictions that were made with the nodels. There
may be assunptions and predictions that were made based on
abstracted data that were collected over relatively short
periods of time. |If a piece of information is specified as a
target, if you will, of the performance confirmation program
we could literally have 300 years of data on a particul ar
paranmeter which could continue to go back, and rather than

bei ng viewed as an assunption about the performance of a
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conponent, we actually could have neasurenents about how t hat
particul ar conmponent perforns.
Thank you.

CRAIG Thank you, Mke. Debra? Debra Knopman, Board.

BULLEN: Bullen, Board. Are we going to ask questions
as we go around, or is everybody going to nmake conments.

CRAIG | think we're, because we've got tine
constraints, we're better off if we go around, and if you

have a conment you want to nake on a previous speaker, you

can do that, and then after we go around, we'll conme back
BULLEN: Ckay, that's fine.
CRAIG Because we do have to--a little over an hour
now, and we want our tine for--we've got to go to lunch

Sorry, Dan.

KNOPMAN:  1'I1 be relatively brief. The main point that
| wanted to nmake here was that we do have exanpl es of how we
have used multiple Iines of evidence, both in this program

and el sewhere, that | think--1 was going to give three
exanpl es here just quickly to give a sense of what the range
of possibilities are.

| guess when one thinks about the nmultiple |ines of
argunent or evidence, whichever termyou want to use, is to
build credibility and confidence in our understandi ng of how
the systemworks. | think of it as sonething |ike the

cognitive anal ogue to the concept of defense-in-depth and
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repository safety. And, you know, the idea here is that it's
not just any one thing on its own; it's the accumul ati on of
argunent and logic that takes us to the same point.

One exanple that the Board has right inits lap is
the work that was done for the Board in review ng the
material fromJerry Szymanski and his col |l eagues presented to
us in 1999, | guess. And that material, just for nenbers of
t he audience, is on the Board's web site. You can see what
some of the consultants that we hired, as well as our staff,
put toget her.

Jerry Szymanski in fact used multiple Iines of
evi dence, or asserted that he had nultiple lines of evidence
to support the hydrothermal upwelling at the Yucca Muntain
site.

The Board, in its work, |ooked at each one of those
things and really ended up refuting alnost all of those
points, and they relied on such things as oxygen isotope
conposition of nodern groundwater, the lack of correlation in
sonme of the surface norphol ogi cal features that woul d have
been associated with hydrothermal activity, the |layering of
t he cal ci um carbonate deposits, lots of different physical
observations, each interpreted sort of on their own terns to
cunmul atively present a fairly strong case that the hypothesis
does not, if you will, hold water.

Now, anot her approach is through the use of sinple
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calculations, as iff described. W also have an exanple in
the Board's 1996 report that Leon Reiter and Victor Pacel scus
on our staff then had done, just sonme sinple bounding
calculations of--1"mtrying to remenber nowif it was on
neptuni um-on solubility, kind of the influence of solubility
estimates on dose rates. There's a box in the report on
t hat .

W' ve al so done sonme work in Cape Cod for the Qis
Air Force Base, where there was a very rich three di nensi ona
dat aset used to calculate dispersivities in 3-D, and with
essentially five points of data rather than 640, cane up with
the sane estimates of |ongitudinal dispersivity, which was
t he nost inportant parameter there describing the plune.
That was anot her exanpl e.

Finally, there are exanples outside of Yucca
Mountain per se in seisnology. Leon Reiter again, on our
staff, did some work on earthquake ground notion estinmates,
and by using theoretical argunments, regression analysis, as
wel | as an actual earthquake, could show reasonably good
agreenment in the estimates. That's comng at the problemin
three different ways that | think you can argue are
i ndependent .

So, with that, I will just stop and | ook forward to
nor e di scussi on.

CRAIG Thank you, Debra. Dan Bullen, Board.
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BULLEN: Bullen, Board. Actually, | have a very nice
speech that Carl D Bella helped wite for ne, and I'Il skip
the front part of it because |'ve already been introduced a
couple times, and nost people know nmy background.

But | want to reiterate the fact that the nodels
and cal cul ations for perfornmance assessnent that we devel op
are being used to support the safety case. And today, we're
| ooking at nultiple lines of evidence other than performance

assessnment that can support a safety case for the repository.

Since I"'minterested in both the natural and
engi neered aspects of the repository, | would |ike to comment
on both, but I"'mgoing to limt nyself to the fact that |'m

going to tal k about the engineered system W just had a
great presentation by our three consultants with respect to
the natural system and so I'll diverge a little bit and talk
about the engineered system [If | could have the first slide
there, David, that would be great.

As nost of you know, the high-level waste is going
to be packaged in a very robust container, and this is the 21
PWR assenbly that's been devel oped by the Yucca Mountain
project. According to the assunptions and cal cul ati ons of
the | atest PA by the project, the waste package alone w |l
isolate the waste for well over 10,000 years. This is a very
different m ndset than a decade ago when the function of the

wast e packages were to solely provide a conveni ent neans of
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handling the waste and hel ping to provide--renmenber this
guot e--"substantially conplete contai nnent” during the 300 to
1000 year thermal -pul se period. And I'lIl get back to a
couple of ny comments to M ke Voegel e about the adaptability
of the design and the changes that we've had in the design
due to information that we' ve gathered about the site,
specifically with respect to percolation flux. And I'd |ike
to come back to that when we have our open di scussion.

| want to point out, however, that there are
uncertainties, chief of which by far is the effect of the
radi oacti ve decay heat on the tenperature and behavi or of the
wast e package and its surroundings. It seens the higher the
tenperature, the greater the uncertainties. This is why the
Board has been urging DCE to evaluate cooler, drier, sinpler

repositories and to conpare themwth their current base

case.
Now, what alternate |lines of evidence m ght we | ook

at for waste packages? | believe that natural and

ar cheol ogi cal anal ogues are actually one of the best ways

that can be explored and may be fruitful. Extrenme corrosion
resi stance of the waste package, however, is provided by the
outer barrier, which consists of a nickel superalloy called
Alloy 22. Aloy 22 contains nostly nickel, wth some major
anmounts of chrom um and nol ybdenum and smal | er anmounts of

tungsten and iron. Hence, the perfect anal ogue woul d be a
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10, 000 year old Alloy 22 coin. Unfortunately, we haven't
found one yet.

Al'l oy 22 resists corrosion because in air, it forms
a very thin filmof tenacious and essentially inperneable
oxide that protects it fromattack. 1In this respect, it is
simlar to many other netals protected by passive | ayers,
i ke stainless steel, alum numand titanium Thus, any
ancient netals we could find protected by a passive |ayer
coul d assi st in understandi ng how passive | ayers evol ve and
behave over | ong periods of tine, and this know edge m ght
hel p build confidence in the behavior of Alloy 22 passive
| ayers.

The sixty-four thousand dollar question here is,
"Do such anal ogues exist?" Well, we don't know until we
| ook, and we do acknow edge that DCE is indeed | ooking.
Gerry Gordon briefed the Board on their work with natural
ni ckel -iron mnerals, Josephinite and Anaruite, at its
January neeting in Amargosa Valley, and we saw sone very
interesting results in the prelimnary analysis that they did
at Law ence Livernore National Laboratory.

|f these mnerals are indeed protected by passive
| ayers and their age and environnental history can be
determ ned, they would serve as an excellent source to
i nprove our fundanental understandi ng about how passive

| ayers work over long periods. Meteorites, which often
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contain iron and sonme nickel, could also serve as such
functions, and I know DCE is aware of this. This is
i mportant work and the Board strongly encourages it.

Now, are there other netal anal ogues? And the
answer is maybe. There are many anecdotes about iron
artifacts surviving long periods in arid environments. This
gi ves confidence that corrosion will be very little during
t he preclosure period, but will not help postclosure unless
engi neers can think of a fool proof way to keep the nmountain
dry.

The Pillar of Delhi and the Roman nails are
periodically nmentioned as anal ogue candi dates. | suspect
their longevity is due primarily to either arid environnents
or reducing conditions, neither of which would seemto apply
in the bulk sense to Yucca Muuntain. Thermal scale on
colonial American iron nails, such as those that have been
put through a house fire, may yield valuable information
about how passive | ayers survive.

Frankly, I'mnot convinced that we've | earned as
much about the role of patinas on ancient bronzes and their
applicability to Yucca Mountain. Surviving artifacts from
ancient tonbs may aid our understanding of the protective
nature of oxide |ayers.

Now | 'd like to nove to the second slide, which

actual ly tal ks about design principles.
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Each of the last four semesters at lowa State, |'ve
been responsi bl e for teaching nechani cal engi neering students
t he fundanental s of engi neering design. These students are
nostly sophonores, and this is their first course where they
get a chance to take mathematical, scientific, and
engi neering theories and facts that they have been di gesting
during their previous three senesters at lowa State and
synthesi ze a real world design--well, alnost real world
design problem Anong other things, we try to inbue in the

students the overarching design principles in this design

cour se.
Well, what does this have to do with Yucca Mountain

and the theme we're tal king about today? Well, if Yucca

Mount ai n goes through the site recommendati on and |icensing,

it will be a conmbination of natural and engineered barriers
that provide the basis for the decision. Many of the design
principles apply to the engineered system and the confidence
in the safety case will be increased to the extent that

design principles are foll owed.

The first principle that | always teach is KISS,
which is keep it sinple, stupid. 1In fact, | hamrer this into
t he students so nmuch that they often refer to this principle

in all of their subsequent nmechani cal engi neering design
reports throughout their academ c career. Innovation is
encour aged, sure. But recognize that introducing many new
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technologies to a single design will bog it down into a
norass of conplexity, not unlike the problemthat we have in
trying to evaluate a very conplex natural system as Dr. Voss
j ust showed us previously.

Now, this is not to say there aren't going to be
new technol ogies. Definitely we'll have new technol ogi es at
Yucca Mountain. But first et ne define what a new
technology is. A new technology is a technology that has not
been applied at a commercial scale under simlar conditions.

In other words, any technology for which there is no close
precedent for the problemat hand is a new technol ogy, at
| east as far as the problemat hand is concerned.

So is there new technol ogy at Yucca Muntain? Yes.
To name a few, the technol ogies that are going to be new are
renote enpl acenent, |aser peening, final closure weld
i nspection, enplacenment drift maintenance, retrieval, renote
nmonitoring for very |long periods, and maybe better,
mai ntai ni ng renote nonitoring equi pnent for very |ong
periods. What is not necessarily new technologies in the
keep it sinple paradigm excavation and ventil ation.

Now, flexibility being the second point, and |I'm
going to cut this short, M. Chairman, so | won't ranble on
Yucca Mountain is going to remain open for at |east 50 years.

And ny opinion actually is that whenever the decision point

is arrived at to close, the decision is al nbst al ways goi ng
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to be delayed. So 50 years is probably the lower limt.

We can't predict what's going to happen. So the
best course to take is to make the design as flexible as
possi bl e so that our successor generations can cope with
unantici pated situations and additional data, as M ke Voegel e
nment i oned.

Now, before | close, | do want to point out that I
also try to teach Murphy's Law. The first Mirphy's Lawis
that if sonething can go wong, it wll. And the second one,
which is anal ogous to that, if sonething can't go wong, it

will. GCkay?
Now, | don't have tine to go into the rest of these
sel f-expl anatory issues on the overhead, but | would Iike to

poi nt out a couple of things. Conmmon sense, which is
somewhat there in the mddle, and then | finally close by
reiterating what | feel is a very, very inportant design
principle, you'll see that KISSis at the top, and KISS is at
the bottom | want to enphatically inplore you that if you
want to have flexibility in design and you want to be able to

adapt, you have to keep it sinple.

CRAIG Thanks, Dan. | want to point out that in
anticipation of all of this, I have brought a C 22 sanpl e,
and then I've got an old C-22 sanple and it says QA, so it's

truly quality assured, and it says 5956 B.C. So this is just

what we need.
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BULLEN:. W have 8,000 year data now.
CRAIG Yeah, that's right. There's a little concern
that the QA process wasn't watched over as closely as
per haps was needed. But these are available for your
i nspecti on.
BULLEN: Thank you, Professor Craig.
CRAIG W're going to skip over our three consultants
who have already had their say, and nove to Jeff Wng, a
Board nmenmber from California.
WONG.  Ckay, thank you
Al'l right, as |I've said before often in neetings
when | follow Dan Bullen, we should pause for a nonent and
al l ow the oxygen content in the roomto rebuild up
When we're poking fun at someone, |'m sure you' ve
all heard the saying, "The light's on, but no one's hone."
Well, in California, that saying may no | onger have any
meaning. We will be replacing that saying with, "It | ooks
i ke he's cooking wthout gas."”
Later on this afternoon, we will bring up the
question of what is the relationship between the traditional
noti ons of defense in depth, and nultiple Iines of evidence

when attenpting to build confidence in this effort. Now, |

don't cone froma nuclear world, so |'ve been asked to give a

little perspective froma non-nuclear world.

From ny vantage point of having to focus on
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hazardous waste for ten years or nore, is that we are faced
with many simlar problens that we're discussing today. In
fact, | believe that many of the policy and regul atory

deci sions that we nake are often nmade on nuch | ess
information than we are demandi ng here.

Li ke nucl ear waste, hazardous waste will be a
danger to the public, public health and the environnent far
into the future. But unlike nuclear waste, facility designs
and containnent related to hazardous waste did not clearly
take this into account.

It seens that the hazardous waste requirenments seem
to focus on time franmes tied to permt lifetinmes, which is
only often in 30 year increnents. Permtting decisions for
hazar dous waste are based upon projected risk assessnents,
whi ch are nuch |ike performance assessnents in the nucl ear
arena. Uncertainty analysis has yet to be formally
i ncorporated into decision nmaking. Redundant contai nnent
systens such as caps, geosynthetic liners, clay barriers
bet ween di sposal cells, deep unsaturated zones and | eachate
collection systens are often used. But the term defense-in-
depth is not often found. And things that m ght go wong are
soon to be detected by active nonitoring. In other words,
multiple barriers are used. Whether this is purposeful
t hi nki ng of defense-in-depth is vague, and active

i nstitutional managenent is key.
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| didn't work on water valley, so please don't ask
me any questions about that. But ny nost recent experience
with lowlevel rad waste, which is outside of the mandate of
the agency that | represent, is that there is great
institutional resistance to formally consider uncertainty and
to go on to informpolicy nmakers. Scientists have stated
t hat policy makers will not understand such and, therefore,
there is no need to spend tinme in its analysis.

For ny agency, environnental protection decisions
rely upon the paradigmof risk assessnent again, which is
much |i ke performance assessnent, and |'m not aware of any
i nstance where an independent |ine of evidence outside of
ri sk assessnent was devel oped to support any regul atory
deci si on.

So in many ways, nuch of the thinking that's going
on here appears to be nmuch nore robust than that which goes
into hazardous waste. So | think that the struggle here
mrrors the struggle that we have in California and the
struggle to expand our regulatory thinking. And it's ny hope
that we |earn nore here today by tal king to each other, and
that | have nore information to take back home. Thank you.

CRAIG Dennis, | was advised that you wanted to go
last. Is that still true?

WLLIAMS: |If you would, that would work for ne.

CRAIG Ckay. W'Ill skip you for the nonent. Don
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Runnel I s, Board?
RUNNELLS: Thank you, Paul .

|'ve been trying to clarify in ny own m nd what
mul tiple lines of evidence neans for the proposed repository
at Yucca Mountain. And it's easy | think to talk in general
terms about nmultiple |ines of evidence. But when you try to
pin them down and apply it to Yucca Mountain, | think it
becones nmuch nore difficult. And the nmultiple Iines of
evi dence that |'ve been able to scribble out on a piece of
paper here this norning are as follows. Corrosion studies.
The fundanmental mechani sns, particularly the fundanental
nmechani sns involved in the corrosion of netals. Those
studies are | think independent of nost other aspects of the
program The nore we can understand about the fundanental
mechani sns of corrosion of the nmetals that we're tal king
about, the better we will be, and those can be brought in at
many points into the program including performance
confirmation aspects of the program

As part of that, | think the stuff that Dan Bullen
menti oned about the understandi ng of passive |ayers on
ancient netals is inportant. W've talked quite a bit about
things |ike Josephinite and why that particular netal seens
to be hanging around for a long tine. |If we could understand
that, we m ght have an independent |ine of evidence for

under standing, for predicting the behavior of C22. So I
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woul d put enphasis if | were directing that aspect of the
program not just spending effort and tinme and noney on
under st andi ng these passive layers on ancient netals, and |
agree 100 per cent with Dan Bullen on that.
As an aside on that, though, you nust understand
t he geol ogi ¢ environnment in which those things occur, and |I'm
not convinced at all that we understand the geol ogic
envi ronment of the occurrence of, for exanple, Josephinite,
or when were those nuggets exposed, how | ong have they been
in the stream This is a site in Oregon, as probably nost of
you know. Have they been above the water table? Are they in
ancient terraces that periodically get rinsed into the creek?
The geol ogic environnent is very, very inportant for trying
to extrapol ate these anci ent anal ogues to a nodern situation.
The natural analogues, it's a favorite topic of
mne, but | think I recognize the dangers in trying to use
natural anal ogues for Yucca Muntain, and that was enphasi zed
particularly this norning. The differences between ot her
sites and Yucca Mountain nmust be recogni zed, but | still
think there's a |l ot of useful information to be gained,
particularly in the transport nechanisnms. How are the
radi onuclides noving in places |ike Pena Blanca? Not
necessarily the analogy with, let's say, the climate as mnuch
as the mechani sm of novenent of these materials. And there

are sites in Brazil that have been studied for this sane
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purpose, there are sites in Africa that have been studied for
t he sane purpose of determning the rate of novenent over a
period of time. We nust understand the controls on that rate
of nmovement fromthe netal controls.

That leads nme to a point that Bill Mrphy nmentioned
several tines, that is, the secondary mnerals. W're
putting essentially uraninite into the ground at Yucca
Mountain. Uraninite is a reduced formof uranium stable
under reducing conditions. W're putting it into an
oxi di zing environment. Secondary mnerals will form and the
secondary minerals in all likelihood will control the
solubility and rate of rel ease, and perhaps even the
periodicity of release, not continuous rel ease, but perhaps
peri ods of release, all of the radionuclides, that is, these
materials will come out of secondary m nerals.

| know there's work ongoing at Argonne Lab on this.

|"mglad that that's ongoing because | think it's a very
i mportant consideration, and | think natural anal ogues can
teach us a | ot about those secondary mnerals, as Bil
poi nted out, particularly for Pena Bl anca.

finally, | guess in ternms of ny list this norning
of multiple lines of evidence would be the use of existing
m ne excavated cavities for understandi ng the novenent of
water in the unsaturated zone. Now, the world has mllions

of mnes that are available for study in ternms of how does
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t he water nove, how fast does it nove. To be sure, only a
few of those are in environnents simlar to Yucca Muntain.
But there are--well, fewis too weak--there are many m ne
cavities in environments simlar to Yucca Mountain throughout
the western U.S., and | don't think the project has nade
adequat e use of that independent |ine of evidence about the
novenent of water in the unsaturated zone, including--and |
know t hey' ve | ooked sonmewhat at the sites at the Nucl ear Test
Site, the excavations at the Nuclear Test Site which are
avai lable. | would consider that to be quite an independent
i ne of evidence.

So, | guess, M. Chairman, that's sort of my |ist,
goi ng down and asking nyself what are some i ndependent |ines

of evidence that we could use at Yucca Muntain, quite

i ndependent of TSPA.
Thank you.
CRAIG Thank you, Don. Bill Dudley, USGS
DUDLEY: Well, nmy training, interest and experience is
in the earth sciences rather than engi neering, and that is,
of course, a major part, but not all, of TSPA. The earth
sciences rarely have exanpl es where they can use direct

observati ons, neasurenents, feeding theminto direct
cal cul ations of any particular result. W rarely have the
| uxury of unanbi guous approach to probl em sol vi ng.

Rat her than a direct analysis, we usually have to
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rely on weight of evidence to nmake the points that we're
testing. Dr. Knopman nentioned the analysis of the Szymanski
argunents relating to hydrothermal upwelling. This is a
wonder ful exanple of just the convergence of many different
approaches, nultiple approaches, or weight of evidence.

The multiple Iines of evidence can be used also to
devel op input to performance assessnent nodel |l i ng when
necessary, when there are no ways of neasuring directly. The
confirmatory or in some cases detracting |lines of evidence,
rat her than necessarily being multiple, | like to refer to it
as just other lines of evidence, and 1'd like to use the
first input to a performance assessnment nodel, that of
infiltration, as an exanple of a nunber of ways that do

converge, but are certainly secondary to the direct or

cal cul ati onal approach to providing input to performance
assessment .

This is just a fragnment of the total TSPA, but it's
an inportant fragment because it is the initial source of

water that is then routed through the systemin the

per formance assessnent cal cul ati on.

The nodel that is presently being used to provide
this input to TSPA is a conbination of determnistic and
stochasti c consideration of basic hydrol ogic processes. It
obviously considers precipitation as rain or snow, and it is

based on neasurenents over a 15 to 20 year period directly in
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t he Yucca Mountain area, and nuch longer than that in the
regi on.

It includes the return of this noisture to the
at nosphere as evaporation, sublimtion of snow, or
transpiration by plants. It involves at |east estimates of
surface run-on of noisture and run-off, which in many cases
can be nmeasured or determned indirectly with relative
precision. And it applies a nunber of other factors that

cannot be neasured directly, such as the effects on run-off

and infiltration of surface slope, the soil and rock, and the
vegetation on the surface.

The nodel that puts all this together then is
sinmple calculationally. It's plus signs and m nus signs.
Conceptual ly, it's reasonably conplex, but it certainly is a

small part of a total performance assessnent cal cul ation.

The infiltration nodel that is used for input to
TSPA provides an estinmate of an average of about 4.6
mllimeters per year of infiltration over the repository
area, that the range then is fromsonething around 1 to
sonet hi ng around 20, depending on the slope, whether there's
fractured rock at the surface, all these other factors that
have gone into it.

But the 4.6 does cone out to be roughly 2 1/2 per
cent of the estimated precipitation based on this 15 years of

measuri ng, which provides about 190 mllinmeters of rainfall.
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That's about seven and a half inches--or precipitation,
excuse Ie.

Sonme of the ways, the other lines of evidence that
we can use to test this, certainly the chloride nass bal ance
is one that's been nentioned quite a bit, and this provides
roughly 1 to 20 mllineters at various places over the
repository footprint area. Calcite deposition in the
fractures, the infiltration of water producing calcite there
as opposed to an origin by upwelling hydrothermal fl uids,
provides a simlar range of 2 mllimeters to 20 mllineters,
and as stated, the calcite that is estimated to occur in

fractures in the Topopah Spring nenber is about 6

mllimeters.
Simlarly, just to nmaintain the perched water
bodi es that have been identified calls for certainly nore

t han one, but |ess than about 15 mllineters.

I ndi rect or an independent |ine of evidence also is
tenperature, geothermal tenperature. There have been
anal yses of the tenperature profiles, attenpts to match the
tenperature profiles by the infiltration of cool water of
known heat capacity in UZ-4 and UZ-5 in kind of the northeast
part of the repository area, and these have provided
estimates of infiltration of roughly 5 and 15 m|lineters per
year.

If we ook at the site as a whole, John Sass and
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his col | eagues noted that the heat flow deficiency for the
unsaturated zone over the site is between 5 and 10 mlliwatts
per square neter. It's much greater than that if we consider
both the saturated and the unsaturated zones. And using a
very sinple equation again that is the, | guess the sweeping
of heat downward by infiltrating water, this one di nensional
anal ysis suggests that infiltrationis 3 to 5 mllinmeters per
year. These all seemto be converging pretty well wthin
this range, as opposed to the earlier estimtes back in the
early and md Eighties, which were based on worl dw de studies
of infiltration in areas having simlar rainfall, and

presumably simlar geol ogy, and then we were estimating the

infiltration and recharge nore like .1 to .5 mllinmeters per
year .

In order to provide a sanity check, we can al nost
use the reasonabl e information around Yucca Muntain, or

sout hern Nevada, as an analogue. In this case, we have a
pretty good idea over |long periods of tine what the rainfall,
snow fall is, its distribution with altitude, north, south,
east and west, rain shadows, and so forth, and we have a
reasonabl e neasurenent of discharge fromthis system

Back in the last 1940s and early Fifties, the Maxi
Egan nethod of estimating recharged based on el evati on,
rainfall, or precipitation, again was devel oped, and this has

been wor ked and reworked, and adjusted, and so forth, until
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it's probably a pretty reasonable way of determ ning how nmuch
water gets into the system \Water comi ng out of the system
luckily in this area of relatively closed hydrol ogi ¢ basins,
we can neasure directly. Many cases, or over nuch of the
basins, the water table is so deep it's out of the reach of
evaporation, so that we don't have to worry too nuch about
that type of discharge fromthe system

The Ash Meadows system which is just to the east

of Yucca Muntain, has been well characterized and incl udes

some of the higher areas of precipitation, |ike the Spring
Mountains. |It's 4,500 square mles, has a discharge,
dependi ng on how nmuch you want to allow to go under the Death

Val l ey of 25,000 acre feet per year to 33,000 acre feet per
year, and | o and behold, these work out to a range of about 3
1/2 mllinmeters per year, down to maybe 2.7 mllineters per
year on average. Now, this includes of course the high
areas, such as the Spring Muntains.

The basin, or the area to the west, the so-called
Piute Mesa system which also includes Casis Valley and the
Al kali Flat, Furnace Creek Wash systemw thin which Yucca
Mountain sits, is about half that size and has about two-
thirds of the discharge based on the unit area. So that we
are |l ooking here again at 2 to perhaps 1 1/2 per cent of
preci pitation.

So there is a reasonabl e convergence, a reasonable
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agreenent of the other |lines of evidence with the
cal cul ational nodel, with the first part of the performance
assessnent calculation. [1'll stop there.

CRAIG Thank you. Bob Andrews has probably appeared
before the Board as many tines as anybody, and we're happy to
have you back

ANDREWS: | don't know if that's a good statenment or
not .

CRAIG That's a good statenent.

ANDREWS:  Ckay, thanks.

| want to tal k about a couple of things, and build
of f some of the things Debra tal ked about about confidence
building, and I'll change it from confidence building to
confidence chal |l enging, because | think we are all faced with
chal | engi ng, you know, our beliefs, challenging our
i nformation, and chal | engi ng our assunptions as we go through
the process. And | also want to talk about this as a
process. W generally draw a line in the sand and say at
sonme point, you know, when are you confidence enough, or when
do you have enough information. But, in fact, we as
scientists and anal ysts have a conti nuum here of ongoi ng work
that started a long tinme ago, and probably will continue, you
know, for a while in the future until decisions are nade.
And that process | want to talk about with a couple of

exanpl es, and being a performance assessnent person, | wll
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have to take at |east one exanple from performance
assessnent, and tal k about O ase--I |ove that one now -d ase
associated with total system performance assessnent, which
think is appropriate, because the total system performance
assessnment is the one place where you integrate many
processes and process interactions that you don't necessarily
integrate within any individual conponent.

Taking Dr. Voss' exanple, any one fracture
observation, or even hundreds of fracture observations, is of

[imted value until you integrate all the fracture
observations together to try to understand how the fl ow
regimes may actually occur. Sone |limted observations have
to be integrated into a conceptual picture of the whole. And
that's what, in fact, TSPAis trying to do, is integrate a
lot of little pieces of information, sone of them conpl ex,
into a picture of the whole.

So let me tal k about process. The process, why do
we at some point in time have confidence and chal | enge our
confidence is in fact because we've gone through many
iterations, and | think scientists go through many iterations
as they develop their hypotheses and test their hypotheses.
Wthin performnce assessnents on the Yucca Muntain project,
they started in the late Eighties to continue through I think
six total iterations now of system and subsystem | evel

per f or mance assessnent.
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At each point, the performance assessnent anal ysts
are of course challenging their hypotheses and assunpti ons,
and others who are | ooking at those performance assessnents
are chall engi ng the assunptions and t he approxi mati ons.
Additional information is collected. Additional nodels are
devel oped, refined, and another iteration is conducted. And,
agai n, additional know edge gained with respect to how t he
system m ght perform

So those iterations, that tinme sequencing of
know edge, if you will, and evaluation are an inportant |
think Iine of evidence that we sonetinmes |ose track of.

Anot her aspect is not just how the system behaves,
but understanding why it behaves the way it does. Try to
peel off the layers of the onion in any particul ar analysis
or nodel, and try to understand, and can you explain why the
syst em behaves the way you are projecting that it mght. And
this applies to a systemas well as it does to any particul ar
subsyst em

VWhat makes the infiltration tick? Wat are the
inmportant factors that drive infiltration? Wat are the
important factors that drive the connectedness or
di sconnectedness in a fracture network system you know, in a
Swedi sh mne? Trying to understand that and peel off the
| ayers of the onion through a lot of sensitivity anal yses, a

| ot of barrier analyses--this is PA talk now-but | think
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every nodel er does that to try to understand why their node
is the way it is, and can they explain it the way it is. And
| think that's an inportant part of all analyses, all nodels,
to try to understand what it is we're observing or projecting
to occur.

Anot her inportant |line of evidence, and this is
still in the PArealm is conparisons. These are conparisons
to other groups, other individuals that are doing simlar or
anal ogous work. In our country, we're sonewhat fortunate to
have two ot her groups who have done system performance
assessnents over the same tinme frane as the Departnent of
Energy has sponsored them those being EPRI over that sane
time period fromthe late Eighties until now, and NRC has
conducted four or five iterations of integrated performance
assessnments over that sanme tinme period.

Those results are conpared. You know, we on the
Departnent side, ook at the results of EPRI and NRC and try
to understand why their results are the way they are, and |
know EPRI and NRC, as the Board does, |ooks at our results
and tries to figure out why they are the way they are. And
generally we can explain the differences. | think the NRC
has recently--they're still in the process, of course, of
review ng our docunent that was rel eased | ast Novenber or
Decenber, and they've pointed out in sone of their public

comments to ACNW areas where they believe we're conservative,
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and areas where we are different fromtheir particul ar
approximations. | think that's all good. You know, we're
all testing each other's understandi ng of the system and
under st andi ng of how the system works.

And, finally, reviews. Reviewis an inportant part
of confidence building or confidence challenging. Those
reviews can occur at an individual conmponent part, or those
reviews can occur at, if you will, the integrated system
| evel. And those have occurred within the project, and the
project is undergoing another international review of the
TSPA starting |I think in June. Abe could give you nore
details. So that's the TSPA part of the d ase.

| want to al so take a | ook at one exanple, one
conponent part. | think Bill did an excellent job on
infiltration. The one I'd |like to pick on is another
i nportant performance driver, and that's seepage, and put it
into the context of |earning and know edge gai ned and
revisions. The performance assessnents, the nodels for
seepage in the early Nineties were very sinple. They were
anal ytical, taking literature information, first principle
information, to try to cone up with an estimte of a range of
seepage as a function of average percolation flux and rock
properties. But they were very sinple. There was no direct
observations at Yucca Muwuntain of seepage. In fact, the ESF

was being drilled at that tine. There had been no testing
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conducted, site specific testing conducted of seepage.

So you could argue it was assunption driver or you
could argue that it was based on first principles of physics
in flowthrough unsaturated nedia, Phillips kind of
relationships. Cearly, a lot of questions were raised. You
know, when PAs were based on a very sinple seepage
representation, saying well, you don't have site specific
information, and it's true, at that tinme, there was no site
specific information. 1t was collected through a w de range
of tests, underground tests at the ESF, and surface to

underground tests that allowed LBL scientists to develop a
first-cut nodel which was used in the viability assessnent in
' 98.

Peopl e pointed out, and that was a fairly
conplicated nodel, but people pointed out correctly that it
didn't include sonme variability aspects, didn't include
het erogeneity aspects that could be inportant to seepage, and
sonme other things. So ongoing testing occurred, and they
nodi fied the nodel. | think the Board has been presented,
and others, the details of sone of the nodel enhancenents,
addi tional science, if you will. And so the nodel changed,
and the nodel changed as what we've used in last fall's
report.

Peopl e rai sed questions about that. They raised

guestions of, well, what about drift degradation, what about
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uncertainty in drift degradation, what about uncertainty in
coupl ed processes, which may drive changes in seepage. And
the project acknow edged that sone of those uncertainties, in
fact several of those uncertainties were not included in that
particul ar representation.

So additional uncertainty anal yses are underway
right now to better quantify maybe a fuller range of possible
seepage. But it's all in the vein of increasing know edge.
In this case, it's in fact increasing conplexity. But
i ncreasi ng know edge based on additional observations that
chal l enge and test and push the nodels, both the sinple
nodel s and the conplicated nodels, so we have or try to have

as reasonabl e a projection of each individual conponent part

as we can.
Wth that, | think I'Il stop.
CRAIG Thank you. Richard Parizek, Board nenber
PARI ZEK: 1've always said multiple Iines of evidence
was inportant. That's sort of a belief I've had. | think
serving on the Board, you see the inportant aspects of that.

But then we think about, well, how do we test this? | nean,
it'"s one thing to say that. It puts us in the hand of DOE
and say go do it, and how convincing can they be when they do
it?

Dan tal ked about his class and what he tells his

class. Well, in ternms of nodel developnent, | tell ny class
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the sane sort of thing. | say, one, in nodel devel opnent,
which ultimately | eads to sonething like the total system
performance assessnent type nodel, we start sonmewhere. W
start first with a characterization of the problemwe're
trying to deal with, the conceptual nodel. W've got to
create this conceptual nodel and do that very well. This
includes climte, uncertainties about climte change or rate
of change, it deals with netals and all the uncertainties
with it, and so on and so on. So there's a whole series of
things that go into the conceptual nodel devel opnent.

And as we then decide what nunerical nethod shoul d
we apply, what nodel type should we pick, and then what
assunptions we have, or do we have to create new nodels, and
we go through that whol e process, and here's a case where al
ki nds of data go into that devel opnent in order to be able to
calibrate a nodel. W finally get a nodel, and we're going
to calibrate it, and the calibration process, we've heard
fromthe first talk this norning, uses up everything we've
got, really. It's got all of geology, it's got all of the
climates, it's got everything in it that we have available to
us to create that calibration

Havi ng done so, another TSPA comes out and you can
redo it and refine it, and so we've heard how many tines this
has been done. So this is good because we're getting better

at it. But finally we get to the point and say, well, do we
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have a nodel now that's validated. Can we validate it?
That's really where we are. Can we now use the TSPA to say
everything will be safe for 10,000 years, no problem and
we're all very confortable with it. O to what degree can we
say that?

And we've heard two el egant exanpl es of the
preponder ance of evidence argunent. Well, and we heard from
Debra about how you add it all up and say, in ternms of the
hydr ot hermal upwelling thing, it doesn't |look to credible
based on all the evidence we've had, or fromwhat Bill Dudl ey

here tal ked about, all of the lines that constrain what the

infiltration anounts could be. | nean, that's pretty
convincing stuff. | nean, you can go off on a tangent and
say | think | have sonme other nunbers sonmewhere, but | don't

t hi nk we can support them based on all the evidence that's
been put together fromthat point of view

But here we want to validate the nodel, and | guess
one way to validate the nodel is to go ahead and put the
wast e underground and wait and see if it fails. That's kind
of a dangerous approach because maybe--you're going to
nonitor it, and we can at |east nake sone m d-course
corrections early on in the whole process. So nodel
validation is the hard part right here. And how confortable
do we have to be in our nodel validation to do that? O did

we do it? TSPA '98 was validated nmaybe by the site
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recommendati on nodel, and maybe by the LA nodel. |In other
wor ds, you nmade a forecast and now you're trying to conpare
how the next iteration was inproved. And, again, is that
validation or is that just refinenents of the calibration
process?

And so I'mleft with this problemat the end, when
did we validate the TSPA nodel ? Going to anal ogues woul d be
anot her approach, but the anal ogues have al ready been
enbedded at a nunber of places. W've heard this. |It's been
built in at all sorts of levels in the nodelling process to
date. Wiat we would like is an independent one. And can we
get one, or do we have a Yucca Mountain somewhere? And we've

heard sonme suggestions that there may be natural deposits of

uraniumthat are still there and we can use and draw from
that in an inportant way, as Bill has pointed out. But we'll
probably never find one that's exactly a Yucca Muuntain, wll

we? So the analogue can't be perfect that way, but there are
pieces of it that we can actually draw fromfroma field

poi nt of view.

So we're | ooking then for inconsistencies in all of
this. | said, well, you know, there's going to be tons of
coll oids produced in the nountain as the wastes are rel eased,

and we're | ooking around for how to nove colloids in the
subsurface, and at various tinmes |'ve pointed out I don't see

t he nodel s putting colloids in, transporting them through the
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unsat urated zone, because nobody seens to find any coll oids
novi ng through the unsaturated zone. At |east the Busted
Butte experinents give us sonme trouble, and we said, well,
| ook in the secondary mnerals. Do we have colloids trapped
there? We've got all these calcites and other things show ng
veins, but it seens as if no one has found colloids in there,
except maybe in a gellitous form So maybe there's
i nconsi stenci es about worrying about that part of the
problem Maybe colloids don't nove in the unsaturated zone.
Once we're in the saturated zone, things can attach to
colloid particles and they m ght nove. That m ght be
possi bl e.

One of the things that says, well, early TSPA '98,
revised, had a plune in the groundwater sense travelling in a
very dilute and di spersed manner, and the program took
criticism and then we see now a very pencil thin plune
instead. So we have the skinny plunme, whereas, before we had
a good plune in the sense it was good dilution. You can | ook
at it that way. But a skinny plunme versus a broad plune is
quite different.

We | ook at Forty MIle Wash chem stry and fromthe
various things done by the USGS and others, it seens as if
there's still a dilute mass of water com ng down bel ow Forty
M| e Wash that suggests sone spreading is occurring there.

Now, spreading in this case could broaden and dilute out a
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contam nant plunme. On the other hand, maybe the pencil thin
pl ume that would conme fromthe repository footprint would

al ways be kept at bay and al ways kept to the west and

woul dn"t enjoy this sort of mxing. So we're |ooking for

pl aces where there's sonme inconsistency in the thought
process, or in the nodelling process to date. So this is
sort of a challenge that | have.

So, one, then assunptions matter. No juvenile
failures in 10,000 years, and why worry about all of this;
right? We're sort of home free. On the other hand, we've
got to challenge | guess those kind of assunptions and make
sure we haven't fool ed ourselves into accepting sonething
that may be quite far frommaybe the reality. And so | throw
that in, and assunptions of climte change and the tim ng of
it, and so on, these are sort of things that nmay be drivers
that we have to al so understand and nake sure we fee
credi bl e about those.

So have we validated the nodel? |If not, can we?
How cl ose can we get to it, or when are we satisfied?

Actual |y, the preponderance of evidence approach does buy us
a lot of confort. |If we go with expert opinion, that's
surely inportant. The question is will those expert opinions
go through the process that help us submt various people

t hrough, you know, to nmake sure the biases are reduced and

all the rest of it. So fromexternal inputs to this whole
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process, what confort can be get fromthe expert opinion
appr oach?

And a problemthis conplicated is very hard to
analyze in a sinple way. Rod tal ks about the difficulty he
woul d have trying to take all the data and nake sone sort of
a determ nation about it. So the expert opinion approach has
to be very carefully | ooked at, because it's not a casual
exercise. It's a very severe exercise.

That' s probably enough.

CRAIG (Ckay, thank you, Richard. Ardyth Sinmmons from
LBNL.

SI MMONS:  Sone of what | had thought about addressing
today you' ve already heard fromother people. But |I'd |ike
to repeat just a few points that | think are key.

My perspective is one of trying to pull together
many of the multiple |ines of evidence for a project, and
that can be quite a challenging task. So |I've been thinking
howis it that the project has used nultiple |ines of
evi dence and how should it use these, and there are a nunber
of different ways.

First of all, it's inportant for every aspect of
the systemto try to draw on as many |lines of evidence as
possible. 1t's the preponderance or the weight of evidence
that is inportant, and that builds a case. | don't know if

we can ever conpletely validate a nodel, but to the extent



105

that we can use as many |ines of evidence to support our
nodel s and to support not only nunerically, but conceptual
nodel s as well, we will have greater confidence in them

Furt hernore, because sonetines |ines of evidence
can be conflicting, and you' ve heard sone exanples of those
already, it's inportant to have not only as | arge a nunber of
mul tiple lines as you can, but also depths with which you can
trace a single strand of evidence.

Now, how have we used nultiple |lines of evidence?
Well, in sone cases, we haven't been perhaps as clear or as
good in bringing themout as we m ght have been, but much of
what was done throughout the course of site characterization
used nultiple lines of evidence.

One area that hasn't really been touched upon today
i s vol canism and ot her disruptive events nodels, including
seismcity, and those rely largely on anal ogous situations in
the great basin over long periods of tine. But we didn't
really call those nultiple lines of evidence. The
pal eohydr ol ogy scenari os are another exanple, and you've
heard a little bit about those today. Seepage is the third.

So our challenge is to explain how we've used al
of these lines to build a stronger robust understandi ng of
how this site woul d behave over |ong tine periods.

Now, | would say that nultiple |lines of evidence

can be used in both a qualitative and a quantitative sense.
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And one area where | think we need to do a little bit better
job is in communicating how we've used the qualitative |ines,
particul arly the anal ogues.

In the past, we've used a rather restrictive
definition of natural anal ogue, because in conducting our
guantitative studies we wanted to pick as close a situation
to a particular process that's occurring at Yucca Muntain as
we could. And so we applied rather restrictive criteria, how
close the site matches geologically and hydrologically. 1In
the case of transport anal ogues, what is the suite of
radi onuclides that's there. How well do we know the boundary
conditions, and the initial conditions? And these are areas
wher e anal ogues often have many uncertainties as well, but
when one is selecting an anal ogue to study with respect to a
particul ar process, you want to try to hit as many of those
as you possi bly can.

So we perhaps have given the inpression that we' ve
used anal ogues in a very restrictive sense, but if we | ook at
all of the exanples that have already been given today, |
think we can say that that isn't necessarily true.

So how do we bring all that together? Right now,
we're trying to do that through the reports that are being
prepared at this tinme with regard to the supplenentary
sci ence and performance anal yses. And for each process nodel

and subprocess nodel in those reports, we've tried to clearly
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bring out lines of evidence that hope to test our nodels and
to confirmthose.

Are they devel oped i ndependently from perfornmance
assessnent? Not if you use the definition of performance
assessnent to include all of your understanding that goes
into the building of a nodel, including your
conceptualization of it. But is it independent fromthe
total system PA anal yses? Yes. That doesn't nean that it
has to be. | think Bill Mrphy gave a great exanple of how
you can use anal ogues or other lines of evidence in a
performance assessnent. But nost of the ones that we've used
have been i ndependent and supporting |ines.

And we now may have anal ogues, but we've used sone
sinmple calculations in the area of waste package perfornmance.
This is probably a good exanple where we don't know as rmnuch
guantitatively as we would |ike to perhaps about the role of
passive filns, but we can say sonething about how netal s have
behaved in the past, and we can do sone sinple cal cul ations.

These have been done by other countries as well, and one

not abl e exanple in which this took place was the use in the
Swi ss program of cal cul ati ng waste package corrosi on based on
netal s that are found from natural anal ogues. So we have
sonme boundi ng i deas of what those rates woul d be.

And then I'd like to bring up sensitivity studies

as a multiple line, and how those are used in our process
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nodel s. And one exanple there, we haven't really tal ked too
much about coupl ed processes yet in this neeting today.
Coupl ed processes are sonething that our understandi ng of has
been maturing in over the whole duration of the program and
it's been a chall enge because of their conplexity to

i ncorporate theminto both the nunmerical process nodels, and
t hen of course into TSPA.

But what we can learn fromnmultiple |lines of
evidence in the case of a thernohydrol ogi c nechani cal nodel,
for exanple, is that at natural sites around the world where
heat has been put into an underground facility or where it's
a naturally heated facility, you will see changes in the
t her nohydr ol ogi ¢ nechani cal properties. Wen we try to put
those into a nodel, we see that the flux rates, for exanple,
at Yucca Mountain that we expect to occur would be so snal
that the effects of the nechani cal changes woul d be nuch
smal l er than warranted to incorporate themexplicitly into
our nodel. So this is the case where a sensitivity analysis
can show that the nodels we're using are not sensitive to the
coupl ed effects.

And | think I'Il stop there.

CRAIG Thank you, Ardyth. Let's see, at this point,
it's now 11:20. Dennis. | forgot Dennis. W're going to
break at 11:30 no matter what, because otherw se the

restaurants will get filled up.
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The public, are there nenbers of the public who
woul d i ke to say sonething? Judy Treichel's hand is up
Judy, if we fail to get to you before lunch, we will get to
you first thing after |unch.

TREI CHEL: By 2 o' cl ock.

CRAIG | promise. And if | start to fall short, yel
at me. Dennis?

W LLI AMS:  Thank you, M. Chairman, in part for allow ng
nmy people to go first. | was here as kind of a batting
cl eanup on Steve Hanauer's eight boxes that were presented,

and as such, | will talk alittle bit about expert review,
di rect observation, and denonstration.

Before | get into that, | wanted to nmention again
Steve Hanauer's presentation, and on Page 3 where he has the
spectrumof color, and | think that after 1'm done you w ||

find that ny remarks probably tend to be over in the far blue

side. So I'll offer that in the begi nning.
Oten tinmes, a line of evidence that is nobst
conpelling to the scientist/engineer, and likely based in

mat hematical calculation, fail to be conpelling to a
particul ar constituency. The scientist/engineer will gladly
pursue the mat hematical approach because it fits in the
framework of their analyses and reports. They, and then

add we, because | amone, may not recognize that an equally

conpel l'ing argunent can be nade that is not expressed
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mat hematically. Consequently, it tends to be difficult to
find the non-mat hemati cal argunents in the standard
scientific and engi neering docunents, such as those that we
have on Yucca Mountain. And | think a perusal of the

obj ective evidence wll bear that statenent out.

This does not say that we have not pursued nultiple
lines of evidence or perhaps--and | prefer that as the term
| didn't even talk to Abe before this neeting, but he was
using reasoning; | was using inquiry. | use alittle bit of

a word conparison process to get to that inquiry versus
revi ew, process versus product, journey versus destination.
So sonme of ny comments will be nore along the lines of the
j our ney.

Again, inquiry being a better termin an effort to
gain a better understandi ng of the physical processes at
Yucca Mountain and how t hese processes will influence the
engi neering conponents of the geol ogi cal disposal system
contenpl at ed, however, these lines of inquiry are often
difficult, again, to find docunented in our work products.

Sonme of the lines of inquiry I will speak to are
not anenable to mat hemati cal expression, but have been used
wi dely to provide individual and collective confidence.
bel i eve exposure to and understandi ng of many of these
i ssues, again, the lines of inquiry, we have discussed and

continue to discuss today, is part of the reason why the
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scientists and engi neers who work on this project do show a
hi gh | evel of confidence in the total effort.

The Iines of inquiry outside the real mof hard
mat hemati cal argunents include statenents by respected
practitioners of conplex issues, often in the form of peer
reviews, and the direct observation or denonstration of
things that do in fact work and work safely.

As such, | will speak to peer reviews,
observational evidence, and denonstration projects based on
exanples fromthe international arena.

Peer reviews, Bob Andrews nentioned that we are
finishing up on a TSP peer review through the | ANEA--no, we
are starting one on the TSPA. W are finishing one up on the
bi osphere.

| would also like to nention waste package
mat eri als peer review, which |I believe has an international
flavor, in that a web based systemw || be used to solicit
comments and observations fromthe international conmunity.
We feel this will leverage our information gathering ability,
and will allowus to work within the framework of our quality
assurance program and procurenent gui delines established by
our regul ations.

On international interactions, we could go into a
ot of that. First notable, Bob Levage advised nme was for RW

dates back to the Strepa Project with Sweden back in 1977
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Since that tinme, we have been involved w th nunerous
countries and international agencies, to include | AEA the
NEA. There are tinmes around the office where ny managers
ki nd of wonder if Abe, nyself, Bill and Bob are really
wor ki ng on the international programand not on Yucca
Mount ai n anynor e.

An activity nost relevant to current issues is the
eval uati on of coupled processes, Deco Val ex, that is,
devel opnent of coupled nodels and their validation against
experinments in nuclear waste isolation. Deco Valex-3, Task 2
is nodel ling of thernmohydrol ogic, thernohydrol ogic
mechani cal , and thernohydrol ogi c chem cal processing using
data fromthe Yucca Mountain drift scale test. Research

teans from France, Spain, Japan, Sweden and the NRC are

involved in this nodelling task.

| believe that the very process of working with
ot her research teans on this common project increases
confidence internally, and perhaps externally as well. W
have to be confident, we ourselves have to be confident
before we can inspire confidence in others.

Denonstrations and observations. And this first
one was very conpelling to ne. It was an observation at the
AECL's rock | aboratory in Canada, the mathematical analysis

of the three dinensional stress field, it's a very

ani sotropic stress field up there in the rock mass that
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resulted--it resulted in various nodelling exercises that
t hey went through of tunnel configurations, the whole
anal ytical approach to that. It was very interesting.
However, the inpressive part that really | ocked in
my nmenory was actually standing in that elliptical shaped
tunnel , which was acconmopdat ed--that was excavated to
accommodat e that stress field. And that experience, which
represented to nme the nost conpelling |ine of evidence, is
very difficult to capture in docunentation
--and it's in a very recent docunent, disposal of
spent fuel in bedrock, Decenber of 2000. It's a 147 page

docunent describing their programfor research, devel opnment

and technical design for their preconstruction phase. It
i ncludes a 30 page section on their safety case. Their
safety case reads like the NEA definition of a safety case,

in part, a collection of argunents. And one of the things
that | like to do when I'mtalking to folks, |I put a
conpelling word in there, a collection of conmpelling

argunent s.

Many of their argunents are based on the KBS-3
repository concept of the Swedish program | submit that the
[ ong involvement in Strepa and ASPO, and the many tines that
t hey went deep underground in these denonstration facilities
inspired confidence in them such that they would confidently

nove forward with their program of geol ogi cal di sposal
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Again, this is not easily captured in print, and may not be
readily recognized to a reader of this particul ar docunent
unl ess they, like nyself, have actually gone underground at
ASPO.

In summary, | would like to say that sone of the
nost conpel ling argunents derived fromvarious |ines of
inquiry are those that create a nental inage of
acconplishnent, of safety, of being able to do the right
thing. However, they are not easily articulated in the
reports of a technol ogical bureaucracy. As has been pointed

out by the Board, this is the task that |ies before us.

Thank you, sir.
CRAIG Thank you, Dennis.
We're going to break for lunch. Dan is arguing for
Judy. | want to get ny coments in here sonetine, too, but
"1l do that after lunch. Judy, cone on up
TREI CHEL: | thought we were doing it after |unch.
CRAIG Do you want to do it after lunch?
TREI CHEL:  Yes.
CRAIG (Ckay, Judy wants to do it after |unch.
Pl ease cone back here in one hour precisely.
(Wher eupon, the lunch recess was taken.)
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AETERNOON SESSILON
CRAIG M coments are brief. | think |I have about
four points here. The first one had to do with the issue of
confirmatory testing and its relevance to multiple lines of
evidence. | guess, this is directed toward Mchael. | don't

think it has any; just lay it out on the table.

The country is facing a decision as to whether or
not to go with Yucca Mountain. In order to nake that
decision, there has to be a positive decision. The has to be

enough evi dence to be convincing to the people who nmeke that
decision. And, that's a go/no-go decision. It is only
reasonabl e to consider further evidence in the context of
that decision if there is a credible pull-out plan if you get
evidence which is really bad. [If you don't have evidence
it's really bad, of course, then you don't have a problem
but if you do have evidence and you don't have a credible
retreat problem then it doesn't matter whether you have the
evidence or not. And, thus far, | amnot aware of any
statenment of the kind of evidence that would cause a reversa
after the decision is made. Maybe such exists, but |'m not
aware of it. |If there is an exanple of such information that

woul d cause the Departnent of Energy to say we will pull out
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i f such-and-such is found, that would be inportant. It would
be relevant. But, of course, it would have to be conbi ned
wi th enough additional information to nake it clear that this
isn't just a prom ssory note, but there's actually sone
credibility behind it. And, that's tough, that's tough,
given the instability of institutions. So, that's the first
poi nt .

The second point is I'mvery nmuch intrigued by the
i dea of alternate groups doing the analysis. That was
brought up by sonebody. | think it m ght have been Rod.
But, it's shown up several places. For exanple, the work at
EPRI, the work that John Kessler is doing is very, very
interesting. |It's using the sane database clearly, but it's
using it in a different way with a different set of people
with different sets of notivation. And, their |atest report,
their Volunme V, | found absolutely fascinating. |t gave high
marks to DOE in sone areas and | ow marks in other areas and
generally showed up as a very credible way to bring different
ki nds of analytic tools and different types of thinking to
the problem Now, whether that should count, | don't know,
but | certainly think it should be considered in the |ist of
things that m ght count. You know, |I'mnot going to give
exanpl es of that, but we have a bunch. And, it's well-worth
reading and it's a well-witten vol unme, too.

The third point has to do with the nodels as they
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relate to the unsaturated zone. It's interesting that there
are very specific predictions made for what shoul d happen in
t he unsaturated zone in tunnels, bores, specific predictions
for the ECRB. And, the concept of making predictions in
advance and then testing themis really powerful in science
and it's different fromthe standard perfornmance nethodol ogy,
t he TSPA net hodol ogy. So, there were predictions as to the
ki nd of seepage that should or should not occur in the ECRB
and now evidence is beginning to build up. There's an

enor nous anount of anbiguity about the date which is

appearing, so far, and there are great problens because the

i nstrunmentation shorted out because there was nore water than
was anticipated. But, there's still, as far as | can nake
out, no agreenent, whatsoever, anong the peopl e know edgeabl e

inthe field as to where that water cones from and t hat

seens, to ne, to be a real inportant kind of a question which
to my way of thinking does fall in the realmof a different

ki nd of reasoning than the TSPA type of reasoning.

And then, the last point | want to nmake relates to
the netals. The shift fromthe .1 mllinmeter per year to the
1 to 10 millinmeter per year infiltration is really inportant
and it was the main driver behind the enhanced inportance of
the netals and we have this terrible problemthat the netals
don't exist for along tine and there is a | ong experience

with systens that are well-engineered fromthe point of view
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of the engineering community that, nevertheless, ran into
trouble. The Tacoma Narrows Bridge that fell down a couple
of nonths after it was built a half a century ago woul d be an
exanple of that. The German Intercontinental Express train
where the brakes failed and it killed a |ot of people would
be an exanple of that. The list goes on and on.

Don Runnells gave ne a piece of copper that's a
billion years old. So, | have not the slightest doubt that
copper exists for very long, long tinmes if it's in the right
kind of environment and is thernodynam cally stable. But,
"' m not aware of anything anal ogous with respect to these new
netals. That's a deep concern. That's a very deep concern
and becones deeper as the inportance of the netals keeps
increasing. And, it seenms to ne that that is a question that
just has to be addressed in a conpelling way or you' ve got a
very deep issue for the repository. Here they are, they're
back again. | wi sh ny sanple could actually pass DOE s QA

tests, but I'mafraid it's not going to make it.

So, that's ny abbreviated list of coments. At
this point, I'd like to call--go ahead?
WLLIAVS: [1'd |like to offer a coment perhaps to
clarify the record wwth regard to the cross drift and the

water. | don't believe it was a water accunul ati on shorting
out problem | believe it was, in fact, a human error of

shutting off--flipping a switch off. Now, | know that the
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newspapers have other stories, but the stories in the
newspaper are not correct.
CRAIG Oh, okay. Thank you very nmuch for clarifying
t hat, Denni s.
WLLIAMS: Ckay. You're quite wel cone.
CRAIG Ed asked whether | feel better or worse which
will not respond.
Judy Treichel ?
TREICHEL: Well, it's a confidence buil der, Dennis.
| guess a lot of the word ganes with this whole
di scussion are very difficult and, of course, it shows that
I|"mnot a scientist, but | don't think the words "lines of
evi dence" or the word "evidence" in that phrase can be
i nterchanged with reasoning and inquiry because peopl e have
their owm favorite ways of putting it. | think evidence is
very different fromreasoning and it's very different from
inquiry and | think that's part of the reason why this whole
project is so difficult for the public to understand. Then,
the public sort of gets berated for not seem ng to have a
good understanding of the thing. It's a very circular sort
of deal
But, one of the things that cones through is it
seened to nme that this is the kind of discussion and the sort
of nmeeting that should have been held very early-on. You're

sort of deciding about how things should be pulled together
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in order to figure out whether or not you can say that the
site is suitable. W're already to the point now where if
you asked the question "what could you find that woul d
disqualify this site or knock it out, the answer now is
nothing. So, trying to determ ne now about the |ines of
evidence or the sort of stuff that you have to pull together
really seenms quite late and it sort of fits in with the whole
scenario that the program has been accused of where a
political decision is being made and a whol e bunch of
scientific jargon is being backl oaded onto it to try to
justify this decision and say that we've conme up with
sonething scientifically viable, suitable, |icensable, all of
t he kinds of words that are used.

In the presentation that was given that talked
about Sweden, there's an awful |ot of geology there and not a
ot of the things that we hear. | think froma public
standpoint, it's pretty interesting that we're hearing
concern about people in 100,000 years. That's one of the

t hi ngs the public has been fighting for here is to have a

regul ation--well, just to have regul ati ons woul d be
interesting--to have a regulation that carried on out for the
dangerous lifetinme of the waste for a mllion years or

sonmething that is in sone way related to the waste that it's
supposed to be regul ati ng.

It's alnost as if froma public standpoint and from
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the discussions that | have with people who call in or who
choose to cone in and sit down and talk, it's |ike the
geol ogy sort of got to be so tough or this whole idea of
trying to figure out how the Great Basin works, how Yucca
Mount ai n wor ks, how the UZ works, how anyt hi ng works, just
kind of got to be a little overwhelmng. So, we went back to
sonmet hing that we could actually see, feel, and do sonethi ng
with which is the canister. That's kind of the way that it
sort of |ooks to people that Yucca Muuntain has kind of
beconme a garage and you're coming up with this Lexus, you
know, that could be parked in the garage and is going to be
fine for all tine.

It's always interesting when you sit up at the
tabl e and tal k about increasing your confidence in the
deci sions that you're making because, | suppose, in the final
analysis, it's going to conme down to your confidence versus
Nevada's opposition. And, they' re never going to cone
together. So, there will be a decision nmade about that and |
think it's--1"mnot sure how, as Bob Andrews said, you know,
how confident is confident enough? That's going to be a hard
guestion and it may not really be inportant in the final
anal ysi s.

| guess, just to finish up that, | would have to
say, as |'ve said many tinmes before, you don't know enough

yet and you're really not ready. You know, had it not been
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for the snoking nmeno, we woul d have al ready gone past the
consideration of site recommendati on and probably the public
heari ngs woul d have been all done already. Here, we're
sitting wwth a very prelimnary discussion, prelimnary to
even beginning to figure out howto do a suitability
determ nation--and | think it's a good discussion. |
certainly wouldn't say that it shouldn't happen, but it
shoul d have happened a long tine ago, or even better, the
program has got to stop and wait for things to catch up. So
that, as Rod was tal ki ng about, we know whether we're tal king
about geol ogi ¢ di sposal or an engi neering nodel that takes
care of waste managenent rather than permanent di sposal
So, thank you.

CRAIG Thank you, Judy. Are there any other nenbers of
the public who would |i ke to say sonethi ng?

(No response.)

CRAIG Seeing none, we will now begin the afternoon
session. The afternoon session consists of four chunks
| ooki ng at each one of four questions. W hope there's a
transparency around so we can put the questions on the board
as we discuss themor on the machine. Here we go.

We've got about a half an hour for each one of

these. The first question is going to be |l ed by Don
Runnel | s.

RUNNELLS: Thank you, Paul .
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CRAIG  Don, Don?

RUNNELLS: Hello, testing, testing. Can you hear ne
now? |s that better?

CRAIG Well, just to sunmmarize what's supposed to go
on. Don is supposed to summarize what's happened to date
pl us any observations he wi shes to make. Then, we're going
to have the discussion.

RUNNELLS: |Is that better? Can you hear me back there?

Steve, can you hear nme? More, |ouder, please? Can we have
alittle nore volune, please? Steve, if you'll raise your
hand when you can hear and I'I|l keep on talking. GOkay. [I'lI
start and you yell to the technician over there if it's not

| oud enough. Just by way of introduction, | want to thank
John Pye of the Technical Board, the Review Board staff for
hel pi ng nme put these things together during our very, very
short |unch hour.

A general conmment or question. How would we want
to use anal ogue information? Do we want to use it for nodel
val idation, do we want to use it for nodel devel opnent, do we
want to use it for data gathering, as Rod Ew ng pointed out?

So, | offer that as the starting point. In ternms of
anal ogue, natural anal ogue information, how would we hope to
use it?

Now, what | want to do is go through sel ected

portions from each speaker's presentation as those things
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apply to natural anal ogues. As | understand our chart, we
are to sort of review and summari ze what went on this norning
with respect to each of the four questions. Mne is on the
board up there.

First, Steve Hanauer in tal king about the various
three topics that he had, he had two topics in which natural
anal ogues pl ayed sone role; site attributes and a robust and
flexible design. | recognized in Steve's presentation that
natural analogues in the site attributes applied primarily to

delay and dilution. The other aspects, there were four other
aspects of site attributes, but the one that junped out at ne
was delay and dilution where natural anal ogues coul d pl ay
some inportant role in characterizing site attributes.

Wth respect to the robust and flexible design,
there were a nunber of points where natural anal ogues coul d
play a role; the waste formand we heard about the waste
forms in nature--not waste fornms in nature, the resources in
nature as being simlar to the waste fornms that were trying
to di spose of, U2, for exanple, the waste package
characteristics, that is the materials, engineering barriers,
and the indrift environnent. So, from Steve's presentation,
| take away at |east five points where natural anal ogues
could play sone role in site attributes and a robust and
fl exi bl e design.

Abe Van Lui k had tal ked about multiple Iines of
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reasoning and I'mgoing to pull out of his presentation
sonet hing that | thought was the use of a natural anal ogue
and that is the pal eohydrology. He used that as an exanple
of a multiple line of reasoning. | think pal eohydrol ogy

of fers a natural anal ogue, and particularly when we heard
about the punping of the systemby glaciation in Sweden, the
fact that people may have to | eave the area three or four
times due to glaciers and then return to see how t he waste
di sposal has gone. So, pal eohydrology, to ne, is a natural
anal ogue of sonething that nmay happen in repository

envi ronment .

Rod Ewing |isted four areas where natural systens,
natural anal ogues may be inportant. One, actually, gathering
data, a source of nodel data, and an exanple of that woul d be
a source term \Wat is the source tern? Confirmation of
process nodels woul d be nunber two. Nunber three, to confirm
per f ormance assessnent nethodol ogy. And, nunber four, to
pl ace the site into the context of |ong-term behavior. Four
aspects where natural anal ogues could play an inportant role.

Bill Mirphy talked particularly about, you know,
particularly interesting to ne, two sites, the Pena Bl anca
Site and the Akrotiri Site and he pointed out many
simlarities at Pena Blanca, but al so enphasized the
important differences that exist and the fact that we have to

be sure that we recognize the differences. | think it's
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i nportant from Pena Bl anca that we've had about 3,000, 000
years for the source termto change fromprimry UQ2, spent
fuel, if you like, to secondary m nerals which now serve as
the source termand that cane froma natural anal ogue.

Secondly, the buried Mnoan city fromthe Santorini
eruption 3600 years ago, we heard both positive and negative
aspects of that; what, optimstic and pessim stic would be a
better way to say it. Nunber one, the concentrations of
copper that were nodeled are simlar to the ones that are
found in the soils, but secondly on a pessim stic tone,

evidence that the site is not at steady state, that it's a

dynamic site, that it's still changing. | would make the
point there, | guess, that the main thing that we m ght
derive from natural anal ogues is not site-specific

information as much as process related information. Wat are
the processes that are occurring, how can they be applied to

Yucca Mountain or any other potential repository?

Ciff Voss tal ked about the Swedi sh program and
fromthat, | derived three points fromthe point of view of
natural anal ogues. Nunber one, the difficulty in

conceptualizing a natural site. Many conceptual nodels are
possi ble. Which one do you choose? Secondly, the difficulty
of gathering data. You can only gather a finite anmount of
data and there are finite limts to our ability to gather

data. Third, the uncertainty of those observations, the
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uncertainty of measurenents in natural systens and the
natural anal ogues. | view, for exanple, his description of
the F factor, the retardation factor, as an integrating tool
for a systemthat's probably too difficult to understand.
But, the F factor that tal ks about retardation of the

radi onucl i des speaks to the difficulty of understanding the
natural system and al so, again on an optim stic note, shows
that we can use natural anal ogues as integrating tools to
take into account all of the processes that are going on and
still derive useful information.

If I skip any of the speakers, ny apologies. It's
not because | did not think you said useful things; it's
because | did not glean natural anal ogues out of your
presentation. So, that's the reason if your name is not
nment i oned.

In terns of Dan Bullen's comments, |'ve already
nmenti oned earlier the enphasis that he put on the passive
| ayers on netals and those of us around the table now have
seen Paul Craig's washers that have survived for many
t housands of years. And, Paul never tells a fib, by the way.

The inportance of passive layers on the netals, | would
enphasi ze that again, but I would enphasize the inportance of
under standi ng the environnent in which the passive |ayers
formed. We can perhaps extract useful information from

simlar sites, but an exanple of a piece of netal buried at
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the bottomof the sea in the sedinment and pulled that up and
saying that applies to an oxidizing Yucca Muntain
environment, we have to be careful about that. Wat do we
i gnore? Wat negative evidence should we also look for, if
you |ike?

| woul d enphasi ze again the inportance of secondary
mnerals and the rate of production of those mnerals over
geol ogic or archeological tinme. | would enphasize the
novenent of water in mne cavities. These are ny own
comments fromearlier

Bill Dudley, | thought, did a wonderful job of
showing us multiple Iines of evidence for the issue of
infiltration, the fragnment as he called it, the TSPA. You
coul d hear bits and pieces of anal ogues in there; natural
anal ogues with regard to the precipitation derived over a
| ong period of time. For exanple, for Nevada as a function
of elevation and location within the State of Nevada, a
general tool. | guess that's the Maxi Egan nodel that's been
derived for so many years. So, natural anal ogues that Bil

poi nted out for precipitation and infiltration.

Ardyth Simmons, | thought, nmade an interesting
point in the context--or in her point, | should say, her
presentation on natural analogues are inplicit in the TSPA

Al t hough they may not be pulled out explicitly, natural

anal ogues are considered in determning sort of the
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reasonabl eness, if that's a word, of a process that has
incorporated into TSPA. Ardyth, is that a fair encapsul ation
of what you said about natural anal ogues in the TSPA? They
are inplicit, they're there as a check on whether or not a
process i s reasonable, whether or not a result is reasonable.
SIMMONS: Yes, as a way to build confidence in our
conceptual nodel s.
W LLI AMS: Very good, thank you

Okay. Finally, I think that covers ny sunmary of
things that | heard fromthe various speakers. Just in
summari zing two nore points that John Pye and | put together
at lunch; nunber one, we have to | ook at the contradictory
evi dence in natural anal ogues and that's not just the
supportive evidence. W have to be sure that we're not
over | ooki ng sonet hing that argues agai nst the understandi ng
of the process that we're trying derive froma natural
anal ogue. As an exanple--and this is not real, but it could
be--if we're looking at the rate or novenent of radionuclides
away from an ore body at Pena Bl anca, has anyone | ooked al ong
the fractures to make sure that those fractures are not
pl ugged by later cements? |'msure they have, but one has to
be sure that sonebody | ooks for that kind of evidence to show
that the process is not valid, as well as is valid.

Finally, fascinated again by the history that Ciff

Voss tal king about in Sweden, that by the tine the People



© 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

130

have noved away and cone back three or four tines because of
gl aci ati on, the whol e environment nay have changed in the
Swedi sh repository, the glacial punping of oxygen down into
what is now, an anoxic reducing environment. The point being
that with natural anal ogues, we have to |l ook at the history.
We have to know what has gone on as a flow of tine, not just
what is there in a snapshot today. Over a period of
3,000, 000 years or so of oxidation at Pena Bl anca, a | ot
coul d have happened and we have to try to deci pher that in
usi ng natural anal ogues.
That's nmy summary, Paul. | hope it's what you had

in mnd.

CRAIG Excellent. CQur guidelines now way that we have

18 mi nutes for conversation on this issue.

MURPHY: This is Bill Mirphy and because Pena Bl anca
came up in the discussion here, 1'd like to make a coupl e of
addi tional comrents about the site. | didn't speak earlier
about transport studies. There have been considerabl e

transport studies, as well as source termrelated studies at
Pena Bl anca and consi derabl e work characterizing fracture-
filling materials and in evaluating the timng of

radi onuclide transport fromthe site using urani um decay
series isotopes as a kind of clock. So, to respond to the
guestion in a very broad manner, at Pena Bl anca, we've | ooked

at source termissues and the question of the rate of
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oxi dation. One of our general conclusions is that the
oxidation rate of uraniumat the site was very nuch faster
than the mgration of uraniumaway fromthe deposit. So,
that bears on the significance and inportance of the raw or
t he secondary phases, the oxidation products, for the overal
per f or mance.

Wth regard to transport, we've | ooked at the
di stribution of uraniumseries isotopes in fractures and in
matri x rock. And, we haven't carried that quite to the point
of introducing those data and performance assessnents, but
there's been a substantial characterization. And, one of the
maj or observations in nmy regard is that transport is
apparently episodic at the site. It has occurred--the
urani um series isotopes in the fractures have gone through
peri ods of deposition and re-dissolution and re-deposition
again. Apparently, that's how we can best interpret the
i sot ope dat a.

So, those are the two general areas that we've
| ooked at.

RUNNELLS: | think this episodic thing is potentially

inmportant to Yucca Mountain, as well. W don't hear very

much about it, but once the secondary m nerals have forned,

then the rel ease may not be continuous, but may, in fact, be
episodic as it is in geologic environments. | agree.
BULLEN: Bullen, Board. Actually, to follow up on sort
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of both of those points, I"'minterested in the use of

anal ogues for validation and verification purposes for the
things that Bob Andrews is developing in TSPA. But, what |
haven't seen or heard in a lot of the discussions about the
natural systens that we've |looked at is that we really do
have about a 1500 year thermal pul se that nmay, indeed,
provide for the mneralization in those fractures faster than
you woul d have found with the anal ogues at Pena Bl anca. So,

| guess, the question I'd like to throw out here is how do we
address the thermal pul se i ssues because that's going to be
sonmething that will affect the near-field environnment, both
engi neered and natural. In that effort, how many natural

anal ogues are there that actually | ook |ike Yucca Muntain.
Sort of to go back to what | said this norning, it has to

| ook like the area or the systemthat we're trying to nodel

and we have a sonewhat uni que system by putting the heat

source in there. So, | just wanted to throw those out and
ask.

EWNG Thank you. Well, of course, for nodeling the
t hermal pul se, you have the Ckro (phonetic) natural reactors

where you had a thermal pul se and a urani um deposit where

fission was taking place. Again, that's not exactly like the

situation at Yucca Muuntain. But, | think, rather than
al wvays say, well, that's not exactly like Yucca Muntain, |
would turn it around and say, boy, we're damed | ucky that
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spent fuel is mainly U2 and 95 percent of the activity at
Yucca Mountain is in UX2 because we have urani um deposits al
around the world in a wide variety of geocheni ca
environments, different hydrologies. And so, if we had a
different waste form if we had a different approach, a
different type of fuel to be disposed of, we mght be in big
trouble. But, in fact, we have lots of good exanples. Now,
it's unfair and not useful to say, well, |I'm/looking for
Yucca Mountain; Pena Blanca is close, but it doesn't have the
t hermal pul se.

What you have to do is piece together the rel evant
i nformation fromeach occurrence. On this point, | want to
say, when you get that information and nuch of it's avail able

just by going to the library, this doesn't require a new

program | mean, particularly, the UX work relevant to
spent fuel. That's a decade old now. Wen you pull all this
information together and | ook at the performance assessnent,
there, you find the performance assessnent nodels are pretty

crude. For spent fuel corrosion, you use a response surface.
kay? So, that would be an exanple of where | would say
because of the anpbunt and diversity and kinds of information
that are available, the analysis has to change. That shoul d
be nore sophisticated than it is sinply because we know so
much nore about the behavior of uraniumand actinides in the

envi ronnent .
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And then, just to follow up on that, | would say
for the performance assessnent, |'ve listed a nunber of
difficulties, but I'mstill very interested in what is the
uncertainty? Well, it should be possible to go to Ckro or

anot her urani um deposit, pull out sone of the perfornmance
assessnent nodels, define the few cubic neters of the uranium
deposit with the defined hydrol ogy and geochem stry, and try
it. Wat are the major sources of uncertainty?

BULLEN: Just a little one for Rod because | really
agree with you to take a chunk of sone site and try and use
it as a validation purpose, but | want to go back to
sonmet hing that you said this norning and |I've got to get this
ri ght because you tal ked about PA bei ng probably w ong.
kay? And, | would agree with you that based on the ranges
of things that we look at, froma scientific perspective, it
probably is wong. But, would you say the PAis wong from-
and we have to look at it froma regulatory mndset. So, |I'm
kind of twisting your words here and I'll apol ogize for that
up front. But, froma regulatory mndset, probably w ong,
the question is is it good enough to adequately protect the
health and safety of the public for the regulatory conpliance
period and, for Judy Treichel's benefit, well-beyond that?

So, | guess, looking at your spread of
uncertainties and the answer being wong, but saying that

that's a valid approach to the validation and verification of
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the PA, can you then nake the next step that said, even
though it is probably wong, is it acceptable? That was a
| oaded question, Rod; | apologize for that, but 1'd love to
hear your answer.

EWNG I'mtrying to think of how to rephrase that into
a question for which I have the answer.

BULLEN: Ch, nice try. GCkay. | tried to nmake it
convol ut ed.

EWNG Al right. Let ne make two observations, one to
gi ve hope. One of the characteristics in |ooking at other
systens that are nodel ed of systens that are nonlinear, which
this is, highly-coupled, is that they have a tendency to
reside in some, let's call it, performance space. Even
t hough the uncertainty is high, the behavior of the systemis
consistent wwthin pretty wi de boundaries. Once you realize
that, that becones, | think, not a way to reduce the
uncertainty, but to speak with confidence about the behavi or
of the system The value of natural anal ogues if you | ook at
one urani um deposit after another is they show this behavior.

I n an oxi di zi ng environnment, urani um noves reducing its--
it's less nmobile. So, | think there's sonething to be nade

out of the conplexity.

Okay. Now, there was another part to your
question. How do you tell if it's good enough?
BULLEN: In a regulatory time frane.
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EWNG Well, in this case, you need better regul ations.
You need regul ations that have nultiple criteria that don't
drive you down to a door that just says go through or not.
This is not the way people |ive because they know life is
nore conplicated.

BULLEN. But, that's the challenge we face as the Board
because, | think, we have to live with the regul ati ons we've
got .

EWNG Right.

BULLEN: Thank you.

CRAIG W have Ardyth and then Bill

SIMMONS: ['mgoing to address the question that you
asked about thermally coupl ed processes and where we | ook
Wi th respect to anal ogues that mght tell us sonething about
fracture sealing. In the case of thermally coupl ed
processes, we have two general categories of types of areas
where we m ght | ook. One type is inactive geotherna
regions. Wen we |ook in those areas, there's obviously a
scaling difference that we have to consider; that the scaling
being the difference in the thermal reginme that we could
expect with regard to a repository is going to be nmuch nore
extreme. So, we have to bear that in mnd

The other kind of systemthat we |ook at is fossi
hydr ot hermal systens. There, the challenge is that you don't

have the data. You have to infer the data about the
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conditions at which the fractures were sealed, let's say.
And often, the way one does that is with regard to know ng
the stabilities of the mnerals that occur in the fracture
sealing | ocations.

So, with that in mnd, in regard to the first class
of anal ogues, we've been | ooking at such things as areas of
recent volcanismthat are partly still active where there are
fumarol es and the value of 10,000 Snokes is a good one that
was active starting in 1912 with the eruption of Novarupta

(phonetic). What's interesting there is that over a period
of maybe a decade or so, nost of the vent areas started to

cl ose up over this large area and only the central portion
remai ned active. It was discovered that the areas that

pl ugged up nost rapidly were the ones that were the nost
densely welded and this is in a silicic ash flow tuff simlar
to Yucca Mount ai n.

Areas |ike Yell owstone can provide the sane kind of
information. Now, what we're trying to do at Yellowstone is
actually use quantitative data that we have fromcores to
then test our nodels and see if we can reproduce the sane
results. So, that's taking it a step beyond the nore
observationally related. And, we haven't gotten to that
point yet. So, I'mkind of describing work-in-progress.

In the case of the fossil systens though, probably

the closest to hone and the best that we have to | ook at--and
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this is another work-in-progress--is the tuffs at Paiute

Ri dge, Nevada where there has been intrusion of basaltic sil
in dikes into nonwel ded tuff |ike Paintbrush. There, we can
| ook at the degree of alteration away fromthe intrusion.

The first assunption that we have to test is whether the
fracture sealings there were actually a result of contact
with this intrusion or not. That's a very inportant point to
be able to nmake in that they didn't occur afterwards and we
can rely partly on dating to help us with that. But, what we
need to be able to do is | ook at what happens wi th di stance
away fromthis sill, this heat source. Can you find
different degrees of fracture sealing with distance fromthe
heat source, a different suite of mnerals, and so forth

So, that's |ike a cross-section of mneralogy with

tenperature and time that we're trying to make now.

MURPHY: This is Bill Murphy. | was going to tal k about
Paiute Ridge also. So, | don't need to now accept to say
that there's evidence that there's quite substantial changes

to the hydrolic characteristics of the rock due to the
thermal pulse. There are a couple of other places in the G2
wel | north of Yucca Mountain. There's evidence at depth of a
hydr ot hermal systemthat occurred that altered the m neral ogy
that's been studied and is in the literature. At Vias

Cal dera, there was a study of the thermal effects of an

obsidian flow adjacent to a silicic tuff |ooking at mgration
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of volatiles; particularly that was an NRC study. Also, the
DCE, the Livernore people, have worked at Wraki as an

anal ogue system considering thermal effects, in particular,
to study the useful ness of geochem cal nodeling tools under
those conditions. So, there have been a nunber of anal ogue
studi es devoted to thermal effects.

STUCKLESS: John Stuckless, U S. Geol ogical Survey. One
of the better thermal anal ogues to Yucca Mountain occurs on
the west side of the test site at a place called Yucca
Mount ai n whi ch was heated by the intrusion underneath the
Ti mber Mountain cal dera and stayed warm above anbient, for
about 5, 000, 000 years. UNLV and USGS have now conpl eted the
fluid inclusion studies. So, we've got a place that
hydrologically is just like Yucca Mountain and thermally is
i ke the repository you fol ks have asked for now. The
tenperatures we've been getting are all sub-boiling, but it
has been cooling slowy. The difference between that and
sonme of the other anal ogues that have been nentioned is the
vol ume of water; a nuch snmaller volunme of water at Yucca
Mountain. As a result, we don't have very many filled
fractures during that thermal period.

KNOPMAN:  Knoprman, Board. | was just going to make an
observation or two and then ask a question that actually does
relate to the test site. The observation is that in sone

sense these sites |like Pena Blanca are the closest we get to
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anal ogues not for necessarily individual subsystem

conponents, but for nore TSPA itself as an integrating tool.
Not hi ng we could invent would do better than | ooking at

t hese sites.

And, the next step fromthat is--and even just in
this conversation today--so struck by the kind of argunent
that's advanced, and relatively in understandable terns, what
t he Board has called the Coherent Technical Narrative, to

expl ai n what has gone on, what the histories are at sonme of

these sites and sone of this stuff is not all that well-known
or sone of the detail is not that well-known. But, there's
an anal ogue for the programin terns of how one explains a

site and what goes on sonmewhere by using sone of these
nat ural anal ogues. So, it's an anal ogue at two different
levels; in a scientific sense, but in a programmatic sense,
as well. You' ve got places where sonething has happened
where there have been sone transport, sone enpl ace--or sone
natural |y occurring radionuclides and then transport and
you're trying to say sonething about that. | hope that that
part, that second part, will get thought through as things
proceed.

Now, on a sonewhat different track, 1'd wel cone
some comments from sone of the DOE fol ks here about the pros
and cons of making nore use of the Nevada Test Site itself

and the many things that are there and noving and sone things
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not noving, but the water, the end tunnels. You know, a
nunber of us have been in sone of these tunnels and seeps and
one could get alot, it seens to nme, insight. |It's never
been given nuch of a priority in the programwth the years
that 1've been on the Board. There's always been sort of
reasons why it never--but it would be useful, | think, in
this context now, to find out why or what is the value of the
NTS anal ogues.

CRAIG Thank you, Debra. Are there any other comments
on the first question?

KNOPMAN:  Can soneone answer that, Paul ?

CRAIG Wio would |like to answer Debra's question?

WLLIAVS: Dennis WIllians, DOE. | think your question
was whet her or not we were considering using the Nevada Test
Site for additional anal ogue--

KNOPMAN:  We're years into this thing. I1t's not a
matt er of whet her--of why has the Nevada Test Site not been
assigned priority as a source of anal ogue information.

WLLIAMS: Whuld you mind if Dennis WIllians deferred to
Ardyt h Si mmons?

SIMVMONS: Well, actually, the project has considered the
Test Site in ternms of a nunber of different anal ogues. The
one that cones to mnd, of course, is radionuclide transport.

| wouldn't say that the Nevada Test Site was ever given a

priority in terns of where we woul d seek anal ogues, but a



© 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

142

nunber of proposals had been nade through the years to | ook
at areas where tests had been done and to | ook at the
transport of radionuclides away fromthese tests. In fact,
Doug Duncan who is in this roomwas part of the collaboration
effort to get sone of that work going. And, as with any

anal ogue, and particularly with transport anal ogues, but wth
all of them it's inportant to try to be able to constrain
the processes that you think are operating. And, in the case
of the Test Site anal ogues, particularly, one has to be
concerned about whether the transport of the radionuclides is
due to what they call pronpt injection with the test itself
or whether the transport occurred as a result of groundwater
processes.

And, there are two main reasons why we didn't get
the work conpleted at the tine, although I think we would
have been able to test that hypothesis. One of them was that
there was a consi derabl e amount of additional
characterization that needed to be done to be able to prove
that it was a viable analogue and that's a real concern for
many anal ogues, but at the Test Site, we found that we didn't
have the body of data to work with fromthe beginning. So,
we' d need additional characterization. That was true of the
colloidally related transport situation, as well.

So, | think it's still worth pursuing, but one has

to recogni ze that common to ant hropogeni ¢ anal ogues, in
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general, you often require additional characterization data
that m ght not be there.

CRAIG Cark Peters want to add sonet hing.

PETERS: This is Clark Peters. One comment. Everything
Ardyth said is true, but there's a pretty healthy ER program
Envi ronnmental Restoration program on the NTS that both Los
Al anos and Livernore are involved in and they use the sane
codes, APHN, NUFT, and simlar conceptual nodels. So, in a
sense, we are putting confidence in our codes and our nodels
indirectly to understanding the ER program at NTS. And,
can say the same thing about the Los Al anbs ER program
because, as you know, that's also a TOUGH sequence.

CRAIG Last word from Dennis.

WLLIAVS: After we've had these good technica
di scussions, now | wll be perfectly frank with regard to the
nat ural anal ogue program For years, it |anguished on the
program in part, because people felt that it was one of
t hose nice-to-have things, but was not essential to the case.

Hopefully, we're in the process of turning that around.

CRAIG Debra, we nowturn to you. W nowturn to
Question #2 which Dan will put up there. It relates to
sinmplified cal cul ations.

KNOPMAN:  Thank you, Paul. And, Dennis, | appreciate
you saying that.

We'll we're operating, as the Board sonetines does,
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in a passive notif of four questions and we're now on
Question #2 of our four questions. "Wuat are the pros and
cons of using sinplified calculations to add confidence to
t he concl usi ons of performance assessnent ?"

l"d like to summari ze what we heard this norning,
but just as a context for that summary, |'d suggest that it's
useful to think in two different categories here of when we
say sinplified cal cul ati ons about whether we're tal king about
some individual conmponent of the overall system or whether
we're tal king about sone sinplified calculations to give us
some integrated view, nore of a TSPA or performance
assessnment approach. They're different and I think there may
be sone different observations that we may want to nake about
t hat .

| guess, the other thing that 1'd just like to say
fromthe outset is that in answering any of these questions,
particularly this one or definitely including this one, we
shoul dn't | ose sight of why we're having this discussion in
the first place. Wiy we're having this discussion in the
first place is we're trying to see if we, the United States
Governnent, in making sonme decision, social decision, about
t he disposition of some material, can do better than throw ng
darts on a board and guessing where this stuff should go and
what will happen to it when it's there. And so, we're really

tal ki ng about degrees of inprovenent over dart throw ng and
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that kind of goes into picking up a point of Rod Ewi ng's

whi ch is perhaps the choice that we have here is conpl ex and

Rod said, wong, | would soften that to probably not right,
to sinple.

EWNG | was going for sone shock val ue.

KNOPMAN: | know, | know. The alternative is maybe

Giff Voss's fornulation of sinple and probably not right.
So, with that in mnd that that's really the question we're
asking here, where would you rather be, let nme just try to
pi ck up on sonme of the points that sone of our speakers nmade
t hi s norni ng.

St eve Hanauer used the term nol ogy of sinple nodels
being a sanity check on TSPA which is interesting in the
sense that it picks up on the idea that TSPAis, in fact, the
only ganme in town that we really have to do this ful
integration of a very conplex system And so, we work in
sonme sense at the edges as we can to make sure that it's not
totally off the wall.

Abe in his summary di scussed the notion of sinple
i nsight nodels and there are two that, | think, actually fits
with some of what Ciff was saying. The sinpler nodels with
fewer paraneters, fewer conplicating features are just nuch
easier for us ordinary humans to get our mnds around and to
under stand what's going on as opposed to the conpl ex TSPA

ki nd of nodel.
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Rod made a nunber of comments that, | think, are
relevant to this question of sinple versus conplex and |
t hought one of the nost telling comments and it's sonething
that |'ve said at other occasions, as well, is the false
preci sion of conplex nodels. The idea and this is enbedded
in the regulatory process that we have now that we could
actual ly have an argunent about, 25 versus 15ngy, and as if--
as if we actually had the tools to tell the difference given
where we are now. Rod al so nmade sone conments about
anal yzing the barriers separately and in sone ways | see this
as kind of comng full circle. [It's very interesting that
we' re having this discussion about subsystem behavi or when
there's been such an effort to nove away fromcertainly
| ooki ng at subsystem performance and | ook nore at overal
system performance. Yet, again, we're limted by our own
cognitive abilities to think in such conplex terns and |
think are naturally drawn back to subsystem understanding. |
think that's an interesting point to renenber here as you're
trying to explain how we think this systemis going to work
to the public, to menbers of Congress.

Bill Mirphy, | thought, in his exanples showed a
relatively sinple way of presenting data froma site. |
assune those were 1-D nodels that you were using on the
copper transport?

MURPHY: Yes.
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KNOPMAN:  Ckay. Nothing fancy, but a lot of insight

there in terns of what you can say about transport.

aiff, 1 thought, made an excellent presentation
and there's no question one has the capability and we have
even nore capabilities now than when this programstarted to
| ook at conpl ex systens and nodel themin what appear to be
conpl ex ways, |lots of fancy graphics, again the appearance of
preci sion when, in fact, there may be no--there in terns of
added information. And, a point that iff and |I have
actually worked on a long tinme ago has to do with this val ue
of information and what you can extract froma few
observations that you do have and how nuch conpl ex nodel s can
eat up sonme of that value by going toward estimating
paraneters, only some of which or very few of which may
actually be inportant. It takes a huge anount of data to
estimate paraneters in these nodels. You end up having very
l[ittle informati on per paraneter in a total sense. | think
that's inportant to renmenber when you're in a state of
i nconplete informati on which we always are. This is a
conplicated site as everyone says. How do you get the nost
out of what you do have? Qur conplex nodels are a very
efficient way to get that information out of what you have.
Anyhow, | think that was some of what could be extracted from
Adiff's comments.

M ke, 1 think, nmade a good point that sonetines we
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don't always see even at the Board level and it doesn't cone
out in our public neetings which is how often you may j ust
simply plot up the information that's com ng out of the field
and look at it in a fairly straightforward, unencunbered way,
draw sone insights, make sone decision. A |lot of that
process is not necessarily transparent. Wat we see is the
integration that comes nuch later and we |l ose that ability to
see what you see in that sense.

| was delighted to hear Bill Dudley go through the
infiltration exanple. It rem nded ne again what a
fascinating process earth sciences usually follow in putting
pi eces of a puzzle together and making a story out of it.
It's not a linear process and there is a lot of--the quality
of information varies, but you accunulate this weight of
evi dence and you may not say--you may not be able to know
preci sely when you' ve got wei ght of evidence, when it weighs
enough, but it seens as if people know it when they see it.
We do have a few exanples in this programitself where that
kind of closure in a sense has been reached.

Bob Andrews, | thought, canme at this in a different
direction fromdiff and sone of the others in that Bob tal ks
about TSPA and understanding getting the insight from TSPA by
peeling the | ayers of the onion off to see what happens, to
understand what's driving the results. That's another way to

sort of get to do the conplexity versus sinplicity argunents



149

in some sense. But, it's a very different starting point.
The question is whether you peel enough away to really
understand what's driving the systemor do you still have so
much noise in it by virtue of the conplexity that you | ose

t hat insight.

Ardyth gave us a nunber of good exanpl es and, you
know, | think in nost of these natural anal ogues that she's
been studying and trying to pull together for the program
there's often a dearth of data by necessity working in
relatively sinple nodel fornulations to at |east explain--
some expl anation of what's going on.

So, with that, I wll stop and see if we can get
some comment or | would love to provoke a discussion debate
between Ciff and Bob Andrews on which way one shoul d nove,
fromsinple to conplex or conplex to sinple in gaining
i nsi ght.

CRAIG diff is online here. 1'mgoing to nmake a
remark first and, Dan, keep track of others, please.

Yeah, | find the nodeling really very fascinating.

| recently came across--I"mwiting a review of energy
forecasting nodels which causes nme to have to revi ew nodeling
techniques. There is a wonderful review of things to think
about in devel oping nodels that's done by a guy nanmed Scott
Arnmstrong from Warton School wth a long review on his

website that | conmend to everybody, things to think about,
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hundreds of things to think about and choosing the nodel to
mat ch the problem at hand. One of the many things that he
tal ks about is the idea of building a conplicated nodel in
order to find out what's inportant and then using that as a
tool to build a sinple nodel which people can understand.
Then, if sonmebody cones al ong and | ooks at the sinple nodel
and says but you left out such-and-such which | believe to be
i nportant, then you can always go back to the conplicated
nodel and explain why you thought it wasn't inportant and get
into that conversation

One of the things that DOE has not as yet done and
| hope it will is to take the conplicated nodel and construct
the sinple version that's conprehensible to people and that
does not mean to ny way of thinking a sinple nodel which you
run on a conputer because there you just change paraneters
and see what happens. That does not provide the kind of
insight that is required in order to convince people. [|I'm
rat her thinking of the kind of sinple nodel that gives you
t he physi cal understanding for each one of the significant
el ements. How do you understand the water transport through
the UzZ? How do you understand the corrosion of netals and so
forth? And, you may have the right tool there. It sinply
needs to be--not sinply, that's the wong term but needs to
be translated into a different idiomso that it's nore

accessi bl e. | don't know whether that's true, but it seens
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to ne that that is at |least the right question to ask

In any event, diff?

VOSS: diff Voss. Yeah, Paul, | agree with what you
just said about sinple nodels. | want to take up sonething
that Debbie said and go a step farther with it in terns of
t he nunber of parameters we have in nodels. And, |I'mtalking
about particularly sub-nodels, say, for the hydrol ogy
conponent of performance assessnent.

We know in the nodern state-of-the-art and its
nodel i ngs that we can run inverse nodels. W can calibrate
t he nodel s automatically using other tools, groundwater
nodel s. That calibration nmeans that however many paraneters
you have in your nodel, whether it be the perneability of 10
different units, aquifers, the perneability of fracture
zones, paraneters of the unsaturated zone, if you have sone
field data, you can run your nodel in a sense backwards,
force it to match the field data, and in that process
cal cul ate the values of the paraneters that you need to
popul ate the nodel with. That would be in the nodel. So
that now t he nodel apparently fits what's going on in the
field? It reproduces the behavior you neasure in the field.

But, when you do that, when you | ook at these
processes, you get certain neasures of how good are the
paranmeters that you' ve estimated. It turns out that the nore

paraneters that you have in your nodel, the nore poorly you
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estimate them and that's what Debra was saying a little while
ago. So that no matter how nuch field data you have and
particularly the nore conplex the environnent is that you
apply your nodel to, no matter how much field data you have,
the nore paraneters you have in the nodel, the nore poorly
your nodel perfornms. It looks like it's fitting the field
data, but it's a very poor predictive nodel. The nore knobs
you add to your tv, the nore things you can tune on your
picture. It doesn't necessarily make the picture better.
There's one picture underlying that that you' re not
necessarily really seeing. You just think you're seeing it
better. Paraneters are not necessarily making the nodel
better.

Now, nost of the nodels that we use for conpl ex
sites are conplex. They have a |ot of paraneters and they
j ust appear to be good. So, it turns out that when you do
these fits with nodels with few paraneters, say, three or no
nore than 10 paraneters for any anount of field data that you
m ght have, then you have a very powerful nodel to describe
what's going if you' ve also fit that nodel with few
paraneters to the sane field data. |It's nuch better than a

100 paranmeter nodel even though that | ooks nore interesting

when you show a three-di nensional picture of it. It |ooks
like it's real, but it's not.
So, in that sense, all of the conplex nodels that
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we deal with, whether it be for nuclear waste disposal or for
ot her toxic waste applications or for just understanding
groundwat er systens, they're basically wong or not too
practically useful if they have a |ot of paraneters. Only
the sinple nodels are the ones that are neaningful to
understand the hydrol ogy or the waste transport.

That was one point | wanted to make and the ot her
was about the performance assessnent and the sub-conponents
of that in terns of sinple nodels. Maybe sonething that
shoul d be di scussed or should be thought about, that a
performance assessnent should not ever be based on conpl ex
nodel s. The sub-conponents of it should all be sinple
nodel s. Then, the performance assessnent is transparent, as
wel | as Paul was saying, each of the sub-nodels gives sone
under standing of the process that went into nmake a deci sion
in the performance assessnent. Conpl ex nodels and conpl ex
data coul d be used then to check the sinple nodels that are
in the performance assessnent. | think today we have it the
ot her way around, the conplex nodels are the ones being used
for performance assessnent and we're thinking mybe now we
shoul d use sinple nodels to check them | think that's
upside down. The sinple ones are the ones to use in a
performance assessnent; the conpl ex ones should be used to
check, and exactly as Paul was saying, to see are we m Ssing

sonmet hi ng? Then, you can have a discussion. You can't have
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a di scussion about a conplex nodel. 1It's too conplex to talk
about. Nobody has any grasp of it; naybe not even the
nodel er who put it together.

ANDREWS: Bob Andrews. | hope | don't have to define
sinple or define conplex because I'mnot sure | could define
it right now, quite honestly. But, | have to ask what the
nodel is for and | ook at the function that the nodel or
interpretive aspect is being used for. W've been talking
here about one particular nodel which is kind of the flow
nodel and one particul ar sub-elenment of that, the UZ fl ow
nodel . One could argue, | think reasonably, that it |ooks
pretty conplex. There's a |lot of images used to describe
that UZ fl ow nodel in several AMRs and PMRs. It | ooks
beautiful in color. There's a lot of grid blocks in there.
There's a ot of inverse nodeling that's been done, a | ot of
years of very hard work by sonme very tal ented people to put

that thing together with a ot of data. 1t |ooks

conplicated. It |ooks conplex. And, you say, well, what am
| using it for? Wuat I'"'musing it for is to get an
under st andi ng of spatial distribution on average and

uncertainty associated with that for how nuch water is noving
through the nountain. Cearly, it's very dependent on one
particul ar boundary condition that Bill tal ked about. That
is the net infiltration. But, in sone ways, that's all we

use themfor. W'd |like to have sone degree of precision as
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where is it spatially distributed, howis it spatially
distributed, howis it tenporally distributed because things
do change with tinme in this system but the degree of
precision required of that is not very high, as Bill tal ked
about, 1 to 10 mllimeters per year and nmaybe at the surface
it"'s 1 to 20 mlIlineters per year. Does that change with
time? Yeah, it changes with tinme because of the clinmate
change of the time. | call that kind of sinple, 1 to 10,
average 4.6, plus or mnus 5. So, that's pretty sinple.

So, | think it's a sinple representati on when you
actually start |ooking at the data, the actual underground
observati ons, ESF observations, borehol e observations,
chem cal observations, thermal observations, you try to put
all of that information together to defend your
conceptualization and to defend that ultimte use. But, that
ultimate use was pretty darn sinple.

So, | hate to call the Uz fl ow nodel conplicated
even though mllions of dollars of work have gone into it.
|f Bo were here, he'd probably disagree with nme and say, oh,
it's conplicated and I need, you know, additional resources
to continue defending themand that's probably true. Again,
if we take this thing further on with wanting to have added
confidence, you probably do. But, in sonme ways, it's quite
sinple. For its use, it's quite the sinple nodel.

BULLEN: Bullen, Board. Actually, | want to thank Rod
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Ewi ng for framng the question that 1'mgoing to ask right
now because we were tal king about the transparency or opacity
this nmorning versus conplexity. But, | guess, the real
guestion is credibility. Which one would be the credible
nodel if you wanted to take a look at first the scientific
deci sion and then maybe a regul atory decision? Do you want
the sinple and transparent nodel or do you want the conpl ex
and per haps opaque nodel for nmaking the credibility case.
"1l ask actually Aiff this because he led into it and then
maybe ask Bob again to re-cover, and if Rod wants to junp in
he can, too. | don't want to feel Iike I'm picking on Rod.
Wi ch one woul d be the nost credible in your eyes?

VOSS: That's a difficult question because it--1 nean,
it's the heart of the question how to go about meking a
deci sion and say the conplex nodels are generally--they
shoul d be seen as research tools, as devel opi ng understandi ng
in asystem | don't necessarily think that the results of
t hem shoul d be directed channeled into a decision. They
should be interpreted, and in interpreting those, the sinple
nodel s can be created or used or checked by themto make the
decision with. So, | guess, | come down on the side of
trying to keep the analysis as sinple as possible so that you
can get people to agree with what you've done. This isn't
going to be a hidden thing. The opaque nodel w Il always be

opaque and one will understand it. | don't think that's a
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good deci si on-maki ng tool .

BULLEN: You worked to keep it sinple just for ne,
right? No pun intended; ny talk was keep it sinple this
nmorni ng. That was design, not nodels.

CRAIG I'mgoing to junp into this one, too. However
| note that Priscilla Nelson has just arrived. Priscilla
Nel son is a Board nenber and we hope you will cone and sit
here. | assume you're suffering fromthe usual difficulty.
Your office is next door and--

NELSON: M office is next door and nmy nother's 75th

birthday party is tonight.

CRAIG Are we all invited? W're all invited, right?

NELSON: So, |'mvery sorry. Yes.

CRAIG  kay.

ANDREWS:  Ckay. | think the sinple is hel ping explain
conceptually what's going on. It's very appropriate for
certain audiences and | think the nore conplicated, you know,

based on all the observations and data, nmultiple |ines of

data that are used to support it is also inmportant. | think
| wouldn't say one or the other.

CRAIG Now, | went up to LBL and | spent several days
getting themto try and educate ne on the UZ nodel. And,

after several days of this, | understood sone things, but |
didn't understand all that nuch. For an ordinary human being

who only has one lifetinme to devote to Yucca Muntain, there
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really is a problemwith a nodel that has over two dozen
different layers with many paraneters and those paraneters
have to be selected on the basis of a very small nunber of

bor ehol es because you can't put borehol es everypl ace or the

nmount ai n doesn't work for you well, as was pointed out
earlier, | think by several people.
There are alternative approaches. | said sone

positive things about John Kessler's work at EPRI and here's
an exanple. Kessler says what's the maxi mum focusing that
you can get? A factor of 22. Supposing we take 4-1/2
percent of all the water and we just dunp it down into 4-1/2
percent of the drifts and we see what happens? And, if the
anal ysis survives that, then it's pretty robust. It's pretty

robust. That's maxi num focusi ng by sone estimte of nmaxi num

Well, now, one can challenge all of that. And, clearly,
you' ve got to believe that the netals are good. |If the
nmetals are in trouble, that's in trouble. But, nevertheless,

it's a line of reasoning which is readily conprehensibl e,
readily conprehensible in a way that the conputative nodels

sinply aren't.

Wen | read that report, | began to see--Kessler's
report, | began to say, yeah, now |' m begi nning to understand
what's operating here in a way that | couldn't previously.

And, to me, that kind of inproved understanding has a deep

val ue.
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ANDREWS: Let nme try sonething here, Paul, because it
gave you confidence and yet Rod acknow edged that one ot her
aspect of the system in this case waste form degradation
which is very sinply treated, kind of |eft himuneasy because
ot her observations coul d have been used, other nodels, nore
conplicated nodels could have been used, and he, in fact,
woul d have preferred--1"mnot trying to put words in your
nmout h, Rod--but preferred those nore conplicated nodels for
wast e form degradati on and what we ended up using was quite a
conservative and bounded and very sinple representation. So,
I"'mtrying to figure out--maybe try to pull Rod in here.

EWNG Well, this may be one of those rare tines when
have to imedi ately agree with Bob Andrews. There's sone
exceptions, but in general, the subsystem nodels are pretty
sinple. 1In the case of waste form degradation, ny objection
isit's so sinple that it's just a | ook-up table fitted to a
limted dataset which may or nmay not be relevant. That's not
the argunent. But, the conplexity for ne conmes fromthe
connection of all of these relatively sinple nodels and
that's where individual scientists lose the ability to review
what's going on. Once one nodel becones the input for the
next and so on, then that propagates through the system and
that's the real conplexity. The individual subsystem nodels,
by and large, if that's all you had to review, | think

reasonabl e people could arrive at sone consensus as to



© 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

160

whether it's useful or not. But, connecting them nmakes it
very difficult and that's why | continue to advocate

anal yzing the subsystens and not | ooking at the final
aggregate and naki ng judgnents on that.

HANAUER: Steve Hanauer, DOE. There is a divergence in
this discussion which is starting to bother nme. On the one
hand, we have been severely criticized by the Board and
others for the degree of conservatismin sonme parts of our
performance assessnent. And, on the other hand, we are now
being told and have been for a long tinme that our nodels are

too conplex, that they can no | onger be conprehended in any

reasonabl e way by nonexperts. |In fact, this is a thruway to
schi zophrenia. |If you really want to know what's goi ng on,
you nust construct as realistic a nodel as possible and you

must put in it whatever is inportant to the result. And, no
one can ask it questions. You can ask it any questions about
the factors which you sinplified because they' re not there
and, therefore, the nodel can tell you nothing about them
And, if you want to ask to other kinds of questions, then you
want sinplified nodels and you have to give up the idea that
t hese nodels are realistic. You are admring EPRI's use of

t he worst focusing that you can have and to just put it in.
But, don't ask this nodel any questions about focus. It's
not there; only one nunber, the worst focusing you can have

is there.
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Saved by the bell?

CRAIG W're going to go through the nanes of people we
have on the |ist because several nore--but since the bel
rang, | will point out that | did advocate explicitly the
i dea of using the conplicated nodel to figure out what's
i nportant and then develop the sinpler nodel so that you can
explain. Then, if sonebody wants to go back and conplicate
t hi ngs, you've got the capability of doing that.

HANAUER: Well, there was a third reason to use nodels.
and that's to decide whether you're going to be allowed to
build it or not. And, this is what | would call the
Iicensing nodel and there will be sinplifications bounding
val ues, boundi ng nodel s, and so on, because the object then
of a licensing nodel is not necessarily to understand the
behavi or of this system but to predict the outcone in such a
way that it wll always be pessimstically, or if you like
the word conservatively, predictive so that the |icensing
authority can be convinced that you are always on the safe
si de.

Now, these three objectives, understanding this
systemin the sense of having how does the system work,
understanding the systemin the sense of sinplifying it to
where ordinary nortals can understand it, and sinplifying the
systemin an entirely different way to get a conservative

estimate for licensing, are all three different and the
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nmodel s that do this are three different nodels.

CRAIG | agree with that. W have Richard Parizek, Don
Runnell's, and M chael Voegele and then we'll nove onto the
next area.

PARI ZEK: | think the thing | got out of the total

system performance assessnent is the fact that | can sort of
see how you get a dose. 1'mgoing to ask you, Rod, how el se
woul d you have gotten doses that would be shared wi th anybody
if you didn't go through the TSPA process because clearly, as
you go through that, you begin seeing what things contribute
or at least that are supposed to contribute based on the
conponent parts. | wouldn't have known how | woul d have
gotten a dose out of this whole analysis wi thout a TSPA. |
understand it serves that purpose as conplicated as it m ght
be, but we still have this problemhow do you explain to
anybody providing you agree with it and you find there's no
errors init. |Is there another way to get to a dose that
woul d be sinpl e?

EWNG No. And, | want to be clear, to get to dose,
you have to go through a TSPA. You have to put everything
back in and calculate it. But, if you |look at, say, how
sensitivity anal yses are done or how people | ook at the
conponents, in general, those are carried all the way to the
dose point. What |I'msaying is, you know, analyze the

credibility of your nodels, the useful ness of your nodels, as
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manageabl e conponents, and then once you have confidence in
t hose, then you can begin to connect themthrough maybe the
licensing cal culations for which you'll need a dose. But,
the other prudent part of the approach is to have nultiple
criteria. No matter what does you cal cul ate, you shoul d be
able to argue to people that travel tinmes are long or the
amounts of material that will nove is small and so on. That
shoul d be part of the discussion.

RUNNELLS: Well, | sinply tried to get your attention so
that Bill Dudley could say sonething.

CRAIG (Ckay. Co, Bill. I'msorry, | didn't see you in
line.

DUDLEY: Basically, 1'd like to return a little to the
reason for the neeting which is developing nmultiple |ines of
evi dence and how does that relate to this particular
question? Certainly, there's a nuch greater popul ati on of
alternative or other lines of evidence that can be used to
eval uate the credibility of conponents of the nore integrated
TSPA if we do exam ne those conponents thenselves. And, this
is simlar to the point that Rod just nade that if we do | ook
at the conmponents we can find a | arge nunber of tests, sone
of which coul d perhaps prove only that the conponent is
wong. You can rarely prove that anything is right.

Once all the conponents have passed sonewhat of a

credibility test, then you can performthe very difficult
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task of trying to link themall back together in TSPA and |
doubt seriously that a sinplified TSPA which nmeans using just
sel ected paraneters basically, whatever, passed nuster as
wel |l as looking at the full performance of the conponents,
and then no matter how difficult it is, what a bitter pill it
is, to go ahead and put them back into a full TSPA

VOEGELE: Two things in context. Debra said that we're
always in a state of inconplete information. The comrent |
made this norning was whatever findings, if any, will be nade
to take this thing forward into a |icensing phase will be
based on a concept called reasonable assurance. 1'd like to
see if | could put the performance confirmation aspects | was
tal king about this norning in that context.

It will not be possible in ny estimation to |ay out

a nmeasurenment programwhich will allow you to validate, if

you'll let nme use that termin its non-PA sense, the results
of your performance assessnment cal culations. |It's just
sinmply nothing in there that you can nmeasure except the dose

unl ess you break it down into smaller conponent pieces. So,
what | would be looking to do would be to try to determ ne
those parts of the performance assessnent cal cul ati ons which
coul d be nmeasured nost directly and sinply and anal yzed nost
sinply in the field experinents of performance confirmation
program That's not to say that you woul d nmake a reasonabl e

assurance finding and predicate then on the results of this
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testing program This testing programis intended to provide
addi tional assurance. The actual reasonabl e assurance
finding woul d be nade before the construction authorization
starts. So, we're not saying we'll start building the
repository and then we'll find out |ater on.

Wth regard to your comment about where is the
backi ng away point, these things could end up being literally
terns and conditions of your |icense which neant you could
define the particular range of a variable that you have to
operate within. And, if you found that you were not
operating within that variable, you could not continue to
oper at e because you' d be outside your |icense conditions.
That's the real value of the performance confirmation program
in the context of this question. It can help you find sinple
things that you can neasure and anal yze that can help give
you better assurance that your perfornmance assessnent
cal cul ations were, in fact, correct.

CRAIG Thank you, Mke. That helps. Abe?

VAN LU K:  Thank you. Yeah, there's a |ot of discussion
here about licensing, but I think the point was nmade by the
Board rather pointedly that we have a very inportant decision
com ng up which is a society-wide decision. [|'mwondering if
we could rem nd ourselves that if we ever get fina
regul ations, as Judy hinted we should, if 963 passes nuster

the way it is, it not only asks for the bottomline dose
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nunber, but it also has some 20 criteria that have to be
shown that you neet. |If you |look at those, to ne, they | ook
suspiciously like multiple Iines of evidence, reasoning,
inquiry, etcetera. So, | think, you know, the idea that the
regul ation, if it ever becones our regul ati on, does not
require that, | think, is alittle bit msplaced. Thank you.

METLAY: Abe, could you clarify a nunber of--in the
preanble, there is a whole set of issues that need to be
addressed, but the regulation itself to my understandi ng was
that the regulation sinply requires that a performance
assessnent be carried out and that the results of that
per formance assessnent conply with the EPA standard and the
NRC. So that conpliance with 963 doesn't depend on these 20
odd things, but sinply on the outcone of a performance
assessnent. Am | reading that wong?

VAN LU K: If you are reading it like a |lawer, you're
probably reading it right. But, let nme add this. W have an
expert on this topic right here in Mke Voegel e and he w ||
explain that what we're actually doing is | ooking at al
those criteria and taking them seri ous.

VOEGELE: Right. This is Mchael Voegele. The way that
proposed regulation is witten requires nore than sinply
denonstration and conpliance with the proposed EPA standard.

It does require that the total system performance assessnent

results be exam ned very carefully with respect to a detailed
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l[ist of criteria to convince yourself that, in fact, the
performance assessnent cal cul ation is defensible.

METLAY: But, in the final analysis, it's a yes or no
agai nst the standard?

VOEGELE: In the ultimate final analysis, that is
correct. That cannot be nade--that finding cannot be nade
wi t hout denmonstrating that each of the individual criteria
have, in fact, been addressed.

CRAIG (Ckay. At this point, we nove onto Question 3
which is, "Should multiple lines of evidence be derived
i ndependently from performance assessnent?" Dan, if you
woul d put that one up, please? And, this part of the
conversation will be led by Richard Pari zek.

PARI ZEK: The answer seens to be yes fromthe different
poi nts that have been made. You do need nultiple lines of
evidence just to build your nodels, as was just pointed out
by M ke and was al so explained by Steve, if you're going to
create a nodel. The nodel, as we heard this norning,
requires input fromall sorts of approaches; field
observations, your physics of the system anything you can do
to create this understanding to get to TSPA. Once you have
the TSPA, then the question is can you then create nore
observations fromthen? No, you' ve got to go back in the
field and get nore observations. As it was al so pointed out,

we can get themfromthe anal ogues on the one hand and get
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them fromindependent field assessnents. So, the TSPA can't
create the new data. It only shows you the sensitive parts
of the systemyou're trying to analyze is what we understand.

So, as conplicated as it appears to be, you' ve
built this fromthe bottomup. Inplication-w se, you' ve went
fromthe top down, ready to go. | don't think Bob--they put
the parts together in order to get the result which is a dose
at the end.

And, again, | understand the conplexity of it, but
| said | wouldn't have known how to do it any other way,
although it may be hard now to analyze it and find out where
t he weak points are. So, that's what we're after. How do we
get confidence in something that's hard to explain to
ourselves and to other people? And, maybe, you can only
simplify up to a point. So, | |ike the conponent approach
and, to ne, it's a question of making sure we can defend it
or the program can defend the conponent approach. Having
created TSPA, then we're |ooking for ways to inprove it. |
was | ooking this norning for the ultimte understanding to
say, well, | want a validation of this. And, you just heard
fromM ke that you probably can't validate it as such; you
can only validate the pieces that went into it as nost you
can for all the physics and all the science, all the
engi neering you do. But, once we erect this, it's going to

be very difficult to say here's ny independent validation of
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t hat program

VOEGELE: | sure hope | said this is my opinion.

PARI ZEK: Well, we can go back to the record. D d
anybody el se want to weigh in on this? | mean, different
peopl e sort of made this statenent about the nmultiple |ines
of evidence and the various place that we go in the field to
get at it, wth the anal ogues on the one hand and with the
Swedi sh program on the other.

(No response.)

PARI ZEK: | guess, maybe that one has been argued to
deat h.

CRAIG This is remarkable, but it seens to be true.

PARI ZEK: | guess, the question is who would nmake the
sinplification determnation and it's to serve one purpose.
It's to bring people along to build sone |evel of
under st andi ng or confidence in the process, right? And then,
t he question is how else can we do this? Rod told us that
there's ways to do it. Go back to the basic principles.
One, it's going to be permanent and | ong-term for geol ogic--
it's going to have geological stability, and |ike Yucca
Mountain is not going to erode away in 50,000 years,

1, 000, 000 years, or 10,000 years. It will be there. The
guestion is maybe there will be sone faults init. | think
that's what you had in mnd for stability. An inportant

poi nt was you were pushing for passive performance to the
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extent that the natural systens buys you sonething in
addition to the engineered part. So, | guess that's the
active part, right? You didn't exactly explain that, but
passive nmeans you're using the retardation and the sl ow
travel tinme, all the other things that are part of the
natural systemas part of it. How can we argue agai nst that,
right? That's clearly a very useful way to strengthen our
under st andi ng.

Then, you say, well, if you go underground at W PP,
if you want to get a sense of eternity, just sit there. Turn
off the lights. And, yes, it's quiet, it's dark, it's

eternity in a sense, but that doesn't necessarily nmean that

it wn't |eak, right, just because you get that i npression.
So, we need to formalize our feelings. It's one thing to
give a sense of feeling; the other thing is to try to explain

to sonebody; the other one is to bring along the confidence
for others that they should also share in your feeling.
Right? The insecurity of the airplane crashing, it's hard to
get that out of people's mind. As a result, they el ect not
to fly and so on.

So, I'mnot sure how you get the sinple part of
this built into it wthout maybe destroying the form
process you have to go through to give us these doses or the
program gi ves us these doses. And, we have to criticize

t hose or challenge themand find out where the weaknesses are
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and then we're still going to have the public who is going to
be worried about buying into this for reasons that's going to
be hard to explain. To nmeke it sinple, I'mnot sure how you
do that. Maybe, if we can get some points on how the program
hopes to do that in the witeups or the presentations that
are made.
CRAIG Well, there are a nunber of dinensions to this.

| think one di mension goes back to sone of Steve's comments.

| think it was al so about the regul atory process. The
Board, it's inportant to bear in mnd, is not a regulatory
agency. The Congress in its wi sdom decided that a regulatory
agency alone didn't do everything that they wanted done. So,
they set up this Board to | ook at the science and that's the
task that we have. W have interpreted that task as relating
to confidence wthin the scientific comunity over the other
nmount ai n analysis. So, we are in sone sense--well, we view
ourselves, in sone sense, charged to take sone kind of
consensus as to what the scientific community believes about
all of this and that really is quite different froma
regul atory question. So, you need to bear that in mnd in
t hi nking about it. It's that line of thinking that |eads us
to ask so many of these questions about sinplification and
transparency. |If you have a large staff as the NRC has, you
probably don't have to worry about that so nmuch because

you' ve got the technically trained people who can understand
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in detail. But, we don't have that capability and the
public, in general, doesn't have that capability. So, it's
that kind of consideration that |eads us to be particularly
concerned about the nultiple lines of reasoning. And, the
second i ssue on here which is the degree to which the
mul tiple Iines of evidence may be derived independently of
per f ormance assessnent.

BULLEN: Bullen Board. | want to cone back to what
St eve Hanauer said because we actually have to take a | ook at
it froma perspective of the technical basis for the
decision. So, in looking at the sinplifications and nultiple
lines of evidence, we really want to look at it fromthe
scientific point of view The project, however, has to | ook
at it froma licensing basis, and if you want to nake it
transparent to the public, you have to do it froma different
sinplification nethod. | nean, naybe to the point of an
ani mat ed power point presentation to show radi onuclide
transport over tine and accelerate the tine.

But, | guess, the key issue here that I was--1 have
heard and I"'mtrying to see if it's a consensus anong the
people sitting at the table is that nultiple |ines of
evi dence and their independence from TSPA may not have to be
a divorce, a separate requirenment. That the ability to use
portions of TSPA to convince yourself that you understand the

processes that work and then--and | have the same probl em
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that Rod Ewing has with trying to find--or tracking fromone
nodel to the other, you know, breaking it down to sinplified
nodel s and understanding the sinplified nodels and being abl e
to get nmy arns around it is one thing. But then, as you use
that and fold it into sonething else, it is the challenge
that people |ike Bob Andrews have to neet to store it al
together to come up with a final answer that plays well in
Steve Hanauer's PA that you make for the regulatory regine.

And so, | guess, what I'mlearning here as we sit
around the table is that there are subsets that we can
simplify, but we still have to tie it all together and answer
guestions that are specific to the individuals; in our case
the technical basis, in the case for licensing in the

regul atory basis, and in the case for sinplification for the

general public. So, | guess, is there a disconnect in
anything that 1've said? | wanted to ask that of just
everyone sitting at the table right now wth respect to how

we sinplify and does it have to indeed be conpletely separate
and di vorced from TSPA?

KNOPMAN:  Knopman, Board. Just a clarification. DCE
won't get to licensing if they don't nake a case to the
public. And, just a rem nder, we're all speaking for
oursel ves here and not for the Board. So, |'mnot sure there
is truly a divergence of interests here, although | take

Steve's point that one can characterize these different
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obj ectives of nodeling and they are not necessarily
conplinmentary in ternms of whether one goes to nore conpl ex
representations or toward sone different or sinpler ones.
| look at this question--Board review ng these

guestions before they were sent to DOE. | said, oh, that's
fine. But, now, | think it's not fine the way we--with this
question because it sort of has a kind of circularity about
it and just to--1'"mnot sure how nmuch we're going to prol ong
this discussion, but let nme just say, | mean, again, | think
there's a distinction to be made in | ooking at |ines of
evi dence for physical--sone small nunber of or a single
physi cal process like infiltration is a good exanple. That
i s independent of performance. That has nothing to do with
performance assessnent because it's not being integrated with
anything. It's just taken on its own ternms. So, yeah,
mean, it can and should be in that--those are the kinds of
t hi ngs where you do develop these nultiple |ines independent
of performance assessnment because at that point PAs are
rel evant. Now, can they be derived independently from-well,
yeah, they--1 nmean, we just said they can. So, |'mnot sure
there's anything nore to say.

EWNG | think | agree with Debra in the foll ow ng way.
Al'l the confusion, | would say, comes fromthe regulation
at least the last version | read with the wording is

sonmething to the effect that performance assessnent woul d be
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the sole quantitative nmeasure of conpliance and then all of
the other things would be | ooked at. | don't know whet her
that's still the sane wording.

But, when it says sole quantitative neasure, you
| ose the sense actually what the performance assessnent is.
The performance assessnent, although it gives you a nunerical
answer, is very qualitative. So, if you think of it as one
of a nunmber of qualitative statenents you can nmake about the

safety of the repository, then things fall out pretty sinply.

You do a performance assessnent and qualitatively it gives
you a nunber. If it gives you a nunber that's too high, you
should worry; if it's low, then that doesn't nean that's the

answer, but that's useful. Then, you add to that the other
thing fromny |ast viewgraph--they' ve taken it away so |
can't renenber them exactly--but, you know, stable geol ogic
environment, long travel tinme, time sorption. |If you can
check off nobst of the things on that list, then I think you
do have nmultiple lines of evidence of which performance
assessnment is one. They're necessarily intertw ned because
you' re speaking of a single site, but you should be able to
make a conpelling case if there's a case there to be nade.
BULLEN: Bullen, Board. M. Chairman, never mnd. |
t hought over what Dr. Knopnman said and | tend to agree with
her.

PARI ZEK: 1'I1 make a point again about Bob Andrews.
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You know, what he learns, he iterates. He iterates, he
reiterates, and he gets a better and better nodel each tine.
He gets TSPA-95, 98, so on. |It's getting sophisticated. M
concern then is when does it now serve a good predictive
value? 1Isn't he at the point where you can nake deci sions
based on it? And, the programreally has nade forecasts.
When the East/West crossing was put in, there were certain
predi cti ons about where faults m ght be found, what rocks
woul d be present, and the condition of the rocks, and so on.
And, that was before tunneling. | guess, even before the
large five mle tunnel was put in, again predictions were
made, all that geol ogical mapping, all the geophysics, and so
on. In many cases, the predictions were pretty good and |
guess in sone places maybe this was surprises. So, to what
extent can the programtake credit for all the different
times it's really nmade predictions in the presence of
i nconpl ete data at different TSPA versions? And then, as you
go along finally to this point, and saying what the next
predi ctions are going to make has to do with the next tine
you nmake a hol e somewhere or go nmake sone observations to see
if you really understand it. Because part of those
predictions and part of the experinents is to upgrade the
process nodel understanding, right, and get the data for it?
And, there's been a lot of work done with that. So, it's

getting nore and nore sophisticated as you go along and stil
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confirmation testing is going to be added to it sonewhere
along the lines and it's still going to get better.
Somewhere along the line, you' re going to have to buy into
the findings of it or something has to buy into it.

So, when is good enough and when have we renoved
enough uncertainty that we all feel sonewhat confortable.
There will always be sone people who won't be confortabl e,
period. You know that for a fact.

ANDREWS: This is Bob Andrews. | think the project can
t ake nore advantage of the learning, if you wll, the
assunptions nmade that are verified or changed and sone
assunptions nmade that becone unverified, and therefore,
change other parts of the system | don't think we
necessarily docunent that historical, if you will, |earning
curve testing change aspect of the project--you know, |'m
speaking for nyself now-very well. | nean, we tend to talk
about each point in tinme where we have a maj or product
because there's--it's a particul ar decision point or whatever
that the Departnent is under which is the same right now W
don't necessarily solve that progression with tinme as you' ve
gone through and changed nodels, you' ve tested nodels, you've
gai ned understandi ng. Mddels of XYZ have changed based on
that new information. W generally haven't captured that, |
don't think, historical learning curve, if you wll, very

will in our docunments.
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PARI ZEK: If you put that into the sinplified nodels, it
coul d get worse, things are getting thicker and thicker and
nore confusing. | mean, if there is a predictive neasure
t hat you' ve been involved with all along, it seens to ne, and
that's just the nature of science and how you nmake your
di scoveries and then upgrade your understandi ng--

CRAIG That is an interesting story and it deserves to
be told.

PARI ZEK: Yes, it is.

CRAIG It definitely deserves to be told and it hasn't
been tol d.

SPEAKER: To ne, that's a good idea.

PARI ZEK: That builds confidence, too. So, it's this
whol e question of capturing the clarity of it all, but for
conplicated systens, it's sort of |ike cancer. | got it, |
don't know how | got it, but trying to nmake nme feel good
about it, you can't nmake ne feel good about it, but maybe
there's sonething we can do. You know, you go on fromthere.

It's the same with this repository. This is a very
conplicated process, and for the average person, you can't

weight into it because you work at this every day and | think

you still have sone things that bother you about it. R ght?
ANDREWS: Both is a little strong. But, we have
uncertainties that we coul d--

PARI ZEK: --right? And, you've been at it every day,
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but for people who are going to cone in off the street
casually, this is not a casual exercise that you can anal yze
those things in a casual way and go away- -

ANDREWS:  No, that's true. And, | think, you know,
there are comments nade by the Board and conments nade by
NRC. You know, we've had a series, as the Board is aware and
others are aware, a series of NRC key technical issue
nmeeti ngs and di scussions and actions that cane out of them
over the last nine nonths that are very, very detailed
guestions and require very detail ed responses from Depart nent
of Energy and many cases requiring additional testing,
addi ti onal analyses. So, yeah, | think all those probes and
guestions are worthwhile and prove ultimately the final
product and hopeful |y enough body of information so deci sion-

makers can nake reasonabl e and good techni cal based

deci si ons.
CRAI G | now have on deck Dennis, TimMCartin from
NRC, Priscilla, anybody el se? And, Abe. GCkay. Dennis?

WLLIAMS: Yes, | do not feel confortable allow ng
Debra's comment to lie there without a DOE foll omup on that.
W' ve realized that because of the protocols of the setting
here that it is an individual observation or opinion on your
part, but | wanted you and everyone el se here to know that |
think there are many, including others around this table,

that are of the sanme opinion
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| also wanted to point out a bit sonme of the
tension that we see here between the two things that | think
we're trying to do; a transparency and a sinplicity on one
side, the traceability, the defensibility, the in-depth
under standi ng on the other side. It alnobst sets up between
that public, that Board over here on the sinple and
transparent, and our other regulator--or our regulator on the
other side of it. So, there's obviously a tension there.
There's a difference in what the input together to get both
of those courses, both of those fronts covered, but | firmy
bel i eve that we have to cover both fronts. So, that's why
we're here, that's what this is all about. Thank you.

CRAIG Timis next.
MCCARTIN:. TimMCartin, NRC. The little one m ght have

m ght have passed, but in terns of Rod Ewm ng's conment about
the dose fromit being the sole quantitative neasure for
performance in the proposed regul ation, that absolutely is
true. However, | don't think the Conm ssion views all the
other requirenents in the regulation any |ess or any greater
than that particul ar requirenent.

And, with regards to the perfornmance assessnent,
DCE is going to have to address uncertainties in their
calculations. They certainly have to address alternative
conceptual nodels. They have to identify the barriers

inmportant for the waste isolation. | think that is very
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important. The Conmi ssion, when they wal ked away fromthe
subsystemcriteria in the old regulation, we weighed quite
heavily do we want to do this? One of the problens with this
subsystemrequirenents is NRC was sitting here with limted
know edge trying to forecast, well, what will be the nost
inmportant itens for the repository in a quantitative sense?
That really is premature, but what we put in was the nmultiple
barrier requirenment. | think it's easier for the NRC |
think it provides greater safety for the public. |It's harder
for DOE. DCE has to identify all the barriers inportant to

performance in the assessnent. They have to provide a

technical basis for it and explain through those itens. |If
i ndeed release rate is inportant to the dose assessnent, we
get to evaluate it, the groundwater travel tine. No matter

what it is, all their barriers have to be descri bed,
expl ai ned, and defended rather than NRC putting a separate
quantitative criteria on a bunch of different itens that may
or may not be the right itens. W now have the flexibility.
The inportant itens have to be defended. At |east when we
devel oped Part 63, that was the rationale that we felt a need

for a better regul ation.

CRAIG Thank you. Priscilla, welcone.

NELSON: Thanks. Nelson, Board. |'mvery sad that |
m ssed your presentations this norning and I'Il |ook at the
transcript to understand better, nore better.
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There's two things that | wanted to just identify.

First, the idea of conplex nodels |ike TSPA and
under st andi ng exactly what happens with propagati on of
uncertainties through them and understandi ng what you know
when you finish themis really a subject of research. You've
got in the next building over there Natural Science
Foundation and they have trenendous investnents associ ated
with those. Wen these studies are done by engi neering, they

do not ask all the questions. Those studies have to be done

in an interdisciplinary environment involving social,
econom ¢, behavioral scientists, all inputs. |It's really not
possi ble to address the issue about conplexity of systens

outside that full context. So, sonetines, | think we're
going to try to understand what the project is doing
regardi ng the conplex nodels |ike TSPA. Sonetines, the
guestions are not just towards the technical side. They
al so--technical, but even towards the sub-technical aspects.
They're al so going to be inportant in understanding what's
happeni ng i nside the nodel and how the uncertainties will not
behave well as the nodel is conpounded. So, just a general
observation that we're | ooking for that kind of an input.
Anot her kind of piece of information that |I'd be
interested in hearing about is all the focus on parts of the
nodel , whether they're sub-parts or parts or whatever |eve

in the hierarchy they exist that can be independently
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assessed by an independent track of parallel thinking. 1'd
al so be very interested in knowi ng what ones cannot, what
parts really cannot be addressed in this kind of a context
because that requires a different |evel of belief of
satisfaction of how the nodel is put together. | knowto a
certain extent it's in sone of the docunentation, but as you
produce an idea of what are the independent tracks that you
can marshal to address a |lot of the parts of the TSPA It
woul d be interesting to see which ones really are judged to
be either cannot be or are not going to be regarding the

creation of an independent track in terns of understanding

that part.

CRAIG  Abe?

VAN LU K:  This is Abe Van Luik, DCE. But, aren't you
goi ng to answer her question?

CRAIG Well, that was a very interesting--which ones
can't be? That's a good question.

ANDREWS: |'m not sure | have any--

NELSON: That's a hard questi on.

ANDREWS: That is. | nean, the one that pops into ny
head and it's probably not a good one is volcanic
interactions with waste and waste package. It's a sonmewhat--
| don't want to say esoteric, but--

WLLI AVS: Sl ow down there, Bob. W' re answering that

question for the benefit of our regul ator.
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ANDREWS: Wl |, but she asked for the independent |ines
of evidence. W have a technical basis for the assunptions
t hat have been nmade, but if | | ook for other |ines of
evi dence i ndependent fromthe bases that we've already used,
sonmebody coul d do sonething probably, you know. Develop a
nock package and put it in a 1200 degree C furnace or
sonet hing, but I'mnot sure how -nost of the other systens,
as Ardyth said this norning, were adding these sections on
ot her lines of evidence conponent by conponent. You know,
and as you know, there's probably 30 sonme conponents that go
into the TSPA. The authors didn't have problens com ng up
with other lines of evidence in them So--

NELSON:  In followp, if you break it down to its
reducti on as conponent parts which is sonething that hard
sci ence and engineering will do, sonme of the building back up
to the nore conplex nodels is part of getting towards that
conplexity. You may be | ooking for other kinds of
i ndependent tracks that really test sonething about the
conplexity and the uncertainty that happens when you conpound
nodels. So, we tend to go down to the reduction's base in
choosi ng ways we can do that and we have that one for that
and that for that and that for that. But, when you put it
toget her, you haven't necessarily tested the increasing
conpl exity of the conmpounded nodel

| think that there are sonme things that could be
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tried, things that could be argued that do represent

i ndependent approaches to understandi ng nore about these
conpounded nodels. It's an interesting question and maybe
some additional things will come forward if you ask it.

ANDREWS:  Un- huh.

CRAIG |Is Abe back? Abe's gone. Bye, Abe.

Leon Reiter is a Board staff nenber.

REITER. Yes. | want to ask a question of Steve.
Steve, you spent a lot of tinme in reactor space |ooking at
reactors and | was wondering is there any insight from
| ooki ng at that, both general and specific exanples, where
you used multiple lines of evidence to nake argunents and
react to licensing or react to considerations? Say, both
general insight, and if you have sone good specific exanples,

t hat woul d be hel pf ul

HANAUER: | did indeed spend a ot of tine in nuclear
power plant safety. |In there, we have traditionally
addressed this question using sonewhat different terns. W

tal k about defense-in-depth, but in fact, the objective is
simlar. If we're really wong about X, this is not a
catastrophic situation because why? And, the objective is to
avoi d bei ng dependent on any one thing, any one nodel, any
one device, any one |line of evidence. There are, in fact,
exceptions to this in nuclear power plants. W are dependent

on the primary reactor vessel whose catastrophic failure we
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have no answer for. |If you insist on relying on one thing
because you don't have any choice, this turns out to be a big
deal and hundreds of mllions of dollars, at |east, have been
spent maki ng reactor vessels' proof against catastrophic
failure in their 40 or 60 year lifetine.

Now, how do we apply this to the repository? Here,
we have a very long-term period of vulnerability. And, the
basic issue is the sane to prevent our being dependent on any
on thing, any one piece of equipnent, any one nodel, or any
one line of evidence. But, the structure of our safety case
is somewhat different because of the inaccessibility and the
very long tinme of vulnerability. |In the nuclear power plant,
it is continuously available for our nonitoring throughout
its period of vulnerability; whereas, in the repository, we
are required to predict for a very long period of tine.

That's tw ce.

CRAIG You're our wap-up hitter

HANAUER: The nultiple lines of evidence in nuclear
power plants tend to be oriented toward pi eces of equi pnent
rat her than pieces of nodels because it is the failures of
pi eces of equi pnment or people doing the wong thing which are
t he causes of the events which have been experienced under
the events which are predicted. Wereas, in our case, the
systemis entirely passive and failures of equipnent--the

wast e package conmes to mnd--are very inportant. But, the
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thing which is really problematical for us are these nodels.
So, they have a different enphasis, and therefore, we find
oursel ves tal king about different |ines of evidence |ike
nat ural anal ogues for things where we see uncertainty which
is not to be resolved through any practical anount of
testing. And so, we don't have any direct anal ogues in the
nucl ear power plant business, at least | don't think of any,
for things Iike the natural anal ogues. W do need in both
cases under standabl e nodel s and use sinplified nodels where
they are appropriate. But, the analogy is only approxi mate.
CRAIG Thank you. W're now noving to Question 4 and
actually Steve's comrents began to get us into Question 4.
At tinmes like this, | like to bring up ny favorite exanpl e of
a tinme when defense-in-depth is perfectly fine if you only
have one layer. |If you only have one layer and it's really
good, you don't need any nore. That will do the job. There
is in the nuclear area one exanple that |I'm aware of that
neets that requirenent. Wat is it? Conme on, guys. WPP.
WPP. There only one barrier, but it's a really good
barrier.
kay. We're now turning to Question 4 which
addressed the issue of the relationship between defense-in-
depth and nultiple lines of evidence. Jeff Wng has the task
of summari zi ng what has happened, the story up to now.

WONG Ckay. M. Chairman, just by luck, | think that
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will make the little green chairman happy by having bri ef
conment s.

The interesting thing is that | sat here and tried
to listen for specific comments or specific direction or
specific wsdomrelated to defense-in-depth and | sort of

synpathi ze with the general public in that |I really didn't

hear anything clear. | didn't hear any clear statenents
about defense-in-depth. | sort of heard oblique comments to
it. | know that Rod brought up the issue that nultiple

barriers or the issue of the nultiple subsystens should be
anal yzed in-depth to increase the understanding and clarity.
| know that they sort of tied various nultiple |lines of

evi dence with redundant barriers and Steve Hanauer inplied
t he existence of nultiple barriers. Mybe I'm
m sunder st andi ng, but the existence of nultiple barriers was
equivalent to nultiple lines of evidence. So, with that, I'm
alittle confused.

The other part that | go on--and | just listened to
St eve Hanauer about defense-in-depth and | agree with you
that he took us off in that direction--was that defense-in-
depth in the previously Board neetings, | sort of understood
it to be nultiple barriers. And, Steve now has expanded it
to nean that it's to avoid being dependent on any single |ine
of evidence or any single barrier.

Going on with multiple Iines of evidence, just as
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an aside, Bob Andrews used nultiple |lines of evidence and he
gave sonme exanples; the iterative efforts, the nodeling
efforts, and | nean different iterative efforts by the sane
organi zation. He tal ked about conparisons between different
groups; EPRI, NRC, and that. | would agree with that one.
And, review, he said peer reviewto represent nultiple |ines
of evidence, and actually |I don't agree with that.

The last point that | kind of wanted to nunbl e
t hrough here is TimMCartin. TimMCartin, do you think
it's fair that you don't have explicit guidelines or explicit
expectations related to defense-in-depth or a subsystem
performance? To nme, that provides an unclear picture to the
public and certainly to your regulative party. So, | don't
know if it's good to be sitting so close to Dennis, but I'm
glad I'msitting far fromTimand that's it.

So, | guess | would ask for at | east Abe and Steve
to sort of expand on what they neant.

VAN LU K:  Abe Van Luik, DOE. [It's ny inpression that
in the European and the Japanese situation, there is a heavy
reliance on the idea that you have nore than one barrier
That al nost, but not quite independently, no one who clains
i ndependence can assure safety. So, the Swedes, for exanple,
to have a copper container that they claimcan do a mllion
years worth of containnment and their optim stic case is

6, 000, 000 years or so. Then, they have a good barrier of
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conpacted clay that swells when the water conmes in and that
buys them about a mllion years of travel tinme through that
conpacted bentonite layer. |If the Norse gods are kind to
themand the uplift fromthe next glaciation doesn't create a
fast flow path through their repository, they have additional
travel time. But, if the gods are evil and bring the new
fractures that cone in with the uplift right through the
repository, then hopefully the Baltic will be there and
dilute the heck out of everything. So, basically, they are

| ooki ng at very sinple ideas that anyone can grasp and they

think that this is nultiple lines of evidence.

In ny meeting in Belgiuma couple of weeks ago, a
gentleman cane up to ne and said--in fact, I'msorry that
Steve and Judy are done because it sounded |li ke Steve and

Judy. He says | turned down an offer to be on your peer
review this sumrer because, one, you don't neet any of ny
criteria. You don't have nultiple lines of evidence, you've
got one barrier, and that's it. | said, well, | beg your
pardon, but he didn't change his m nd and turn around and,

you know, becone part of the review team But, he said, oh,

wel |, that does nmake a difference.
But, anyway, my point to himwas we have
continuance, and then after that, the natural systemtakes

over. He said, no, it doesn't because you have a hi gh peak

dose. Well, he renenbers the VA and the DEI SP doses. He
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said what would you think if we had it down to 120 and then
it was still comng dowmn and, if we do, what our biosphere
peer reviewtold us to do in the--1COP-72, it probably cones
down to around 50. And, he says, well, bring it down to 30
because 30 is what the ICOP says it should be. So, you know,
his thing was you only have one barrier because your peak
doses high. That was his sinple reasoning. Wen | said what
do you think now that our peak dose is com ng down, he says,
and you've got two barriers, you ve got nmultiple barriers.
And, | think that's a point that the regulation fromthe NRC
when it's final will also nake is you need to denonstrate at
| east two barriers.

So, | think, you know, the whole internationa
community is on the sanme bandwagon. You need to be able to
explain how this systemworks in such a way that people can
understand it. At the sane tine, you need to explain it in
such a way that you can take a scientific group like this and
convince themthat in their specialty, you have things
covered in good enough detail that they can be convinced.
And, at the sanme tinme, you also--and this sounds |ike Steve
Hanauer now -you al so have to take the regul ator who has the
good fortune of having enough people on staff to redo your
cal cul ati ons and question you on every point of it. You have
to also go to that depth and be able to denonstrate to them

t hat you have indeed a safe system
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So, | think, you know, we're on board with this, in

a general sense, but there is an idea out there that we
really don't have geologic disposal. In fact, that was the
accusation nmade this norning by Rod, | think, and it was al so
the accusation made by the particular gentleman that cane to
me in Belgiumand said it's not geol ogic disposal if you have
a high peak dose. By definition, a high peak dose neans the
geology is not protecting the people. So, you know, after
got done with him he says, well, you' re alnost there. Just
get it dowmn to 30. I'mon your side. Anecdote.

CRAIG (Ckay. Dan is next. |I'll request people to get
alittle bit closer to the m crophones, please. Dan Mtlay

and who is after Dan? OCh, I'msorry. Gkay. Go ahead, Tin®
MCCARTIN:  Well, briefly, I guess, first, I'd say in
terns of defense-in-depth in a broad sense for the group of
peopl e from Nevada who are here, | think there's two aspects
toit. One is that you want to m nimze what can happen
That's true in the Comm ssion for reactor and for geol ogi cal
di sposal. That's why you bury it. Basically, you're trying
to mnimze what can happen. Then, in terns of if sonething
happens, you want to mitigate whatever the consequences are
and, | think, multiple barriers cones in that if sonething
happens, then the consequences are mtigated if you have
mul tiple barriers in a very sinple sense.

Your question of how we would project this to the
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citizens of Nevada that we don't have other nunerical
criteria, | think sinply state that we have a 25 mllirem
dose limt. |If EPA cones out with a 15 mlilliremlimt,
obviously, by law, we will anmend to the 15 mllirem That
dose limt, the public dose Iimt per NRCis 100 mllirem
don't think many people realize the public dose limt for EPA
is 500 mllirem It is well-below public dose limts.
That's a part of the safety that we're keeping doses well -
bel ow t hat .

In terns of the nmultiple barriers, in terns of the
ot her--you know, the release rates, container |ifetine,

travel times, etcetera, | believe what's easier---in ny mnd
what woul d be easiest for the public to understand, rather
than NRC specified as we did in Part 60, a 300 to a 1, 000
year waste package lifetinme, a 10° release rate, a 1,000 year
groundwater travel tine. The Departnent has to cone forward
and explain all the things that are affecting that dose
calculation, all the inportant areas, and they have to defend
them That's what | would go to the citizens of Nevada with
Here are the barriers that DOE has, here's what they're
doi ng for performance, and here's the technical basis for
those barriers. And, I'd like to think that we could do that
inasinple manner. | fully support the discussion.
Utimately, | think if we go to a licensing hearing, NRC

staff will be tasked to discuss this to a licensing board. |
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think we will have to explain performance in a very sinple
way that is readily understandabl e.

WONG  Well, how wll you know when they've defended it
enough?

MCCARTIN:  In ternms of?

WONG  You said that they would have to bring it forth,
describe their barriers, describe the performance, and defend
it. Howwll--

MCCARTIN:.  Well, we would be defending before the
licensing board, but in terms of does DOE have enough
information? W' re devel oping a Yucca Muuntain review plan
to say the criteria we will use. QObviously, there's sone
subjectivity. There's no magi c nunber that, gee, if you get
these different |ines of evidence, these particul ar
experinments, then you're done. It is going to be sonewhat
subj ective and | think that's dependent why we have the
techni cal exchanges with the Departnent that are open to the
public, the back and forth in terns of what seens sufficient
lines of evidence, etcetera. But, it's going to vary.
There's so much one can do in other areas; corrosion of the
wast e package, groundwater flow, retardation factors.
There's different things you can do for different parts of
the systemand | think part of it, as we have indicated is
t hat we woul d expect the lines of evidence. The support for

DCE safety case would be comrensurate with the contribution
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to risk.

METLAY: To soneone who thinks like a |lawer, | always
find these discussions of regulations interesting, but let ne
try to nove the discussion back to questions of nultiple
I ines of evidence and defense-in-depth. There's a |ot of
term nol ogi cal ambi guity when you tal k about multiple
barriers and when you tal k about defense-in-depth. Miltiple
barriers nean nore than one barrier makes a contribution to
waste isolation and contai nment. Defense-in-depth, at |east
as the NRC has used it in reactor safety, refers to not being
unduly reliant on a single barrier. And, those two things
are really different.

But, with respect to nultiple lines of evidence, it
seens to nme the question that | would |like to pose to this
Panel, is it possible to devel op argunents about nultiple
lines--sorry, let ne rephrase that. 1Is it possible to
devel op argunent about defense-in-depth, i.e. no undue
reliance on a single barrier, outside of the use of
performance assessnent? And, if so, how would you do it?

CRAIG | think we're going to let this good question
lie there unl ess sonebody wants to grab it and--let's |et
Ardyth go and then you can be our final helper.

SIMVONS:  Well, Dan, your question took off on a
slightly different point than | thought it was going to.

But, as | heard all these comments and particularly your
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comment, Jeff, in the confusion that you see about the

term nol ogy that we use, it seens to ne that there's an
obligation of the programto be able to define how we
consider multiple Iines of evidence to be used, what that
means. Steven did that this norning through his viewgraphs,
but I'mnot sure that there is a common understandi ng and
there may not be agreenent either. The |ack of agreenent
probably is okay, but I think that we do need to clear up the
i dea of whether nultiple lines of evidence nean the sane as
multiple barriers or not because that can create a great deal
of confusi on.

This is just ny opinion now, but | think that one
can look at nultiple lines of evidence in both a horizontal
way, if you want to think of it that way, in terns of breadth
within a single process or single paraneter, and one can al so
look at it in a vertical way. That would be |ines of
evi dence within each conponent of the system It seens to m
that if you put both of those together, you have the wei ght
of evidence and that doesn't mean that you are equating
multiple lines wth having nultiple barriers, but it's that
you can expl ain through nore than on |ine of reasoning, if
you will, or inquiry why a certain piece of the systemis
expected to performin the way it does.

| think if there's one thing that woul d be good to

try to cone away with fromthis neeting is to have a way that
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we can explain this definition, if you will, to the public
because if the technical audience still has a | ot of
confusion about it, thenit's certainly going to be even nore
so with the public. And, there are two reasons which Dennis
said very eloquently before why we need to have the nultiple
lines. 1It's both for the technical explanation of the
under pi nnings of the systemand it's also to create this way
of describing how it behaves in ways that people can
understand. So, | would just like to plead that we try to
conme to some agreenent.

CRAIG Rod?

EWNG Let ne repeat the question from Dan and give ny
answers. | hope | have the right question. But, on defense-
in-depth, the question is can the nultiple barriers be
sonmehow anal yzed or used outside the perfornmance assessnent?

| think | have to say no. The reason is that these
barriers, the nultiple barrier concept for geol ogic
repositories, these barriers fail partially and they fai
over time. And, to evaluate the inpact of partial failure
over time, you need to do an analysis and that drives you
back to the performance assessnent. But, | still think you
can anal yze the performance of the separate barriers and
buil d confidence in those conponents and that's the
redundancy in your, let's say, barrier strategy.

ANDREWS: | was going to say--because | was answering
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t he question defense-in-depth rather than the barriers, per
se. The question was can it be eval uated separate from PA
and | think there's a couple of exanples where, in fact, it

al ready has been anal yzed separate fromPA. And, |'IIl take
an exanple from Departnment of Energy and |I'Il take an exanple
fromthe NWRB

The exanple fromthe Departnment of Energy is the
drip shields. The drip shields, if you | ook at any PA that
we' ve done, don't nmake a lot of difference to overall system
performance, but they're definitely a defense-in-depth
mechanism They're in case other aspects are nuch | onger
t han anybody woul d ever suspect. So, they're in there as
defense-in-depth in the current safety case, but if you | ook
at any PAs, you would say why is it there?

The exanple fromthe Board is the thermal range
under which this repository operates. The thermal range may
make very little difference froman actual performance
cal cul ati onal perspective. | think the Board has
acknow edged that. However, they also have stated that the
uncertainty would perhaps be a little nore manageable. |
don't think the Board has ever said cooler is better, but |
think they've said cooler is probably a little nore
quantifiable or alittle nore certain. So, were on to go
cooler, it would be a defense-in-depth, if you wll,

mechani sm reduced uncertainty, but may nake no difference,
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what soever, to performance.
So, in those two exanples, the defense-in-depth is

de-linked fromthe performance assessnent itself.

CRAIG Thanks. To be a little nore precise about what
the Board said on the tour. The Board laid out the
hypot hesi s that confidence m ght be enhanced by going to a
cool er repository without offering an opinion that it would
be enhanced.

ANDREWS: Okay. | stand corrected.

CRAIG Rod?

EWNG | have to arrange things so the bell rings while
Steve is--

(Pause.)

EWNG | haven't thought it through entirely, but I
think | disagree with Bob on this. The drip shields is a

mar vel ous concept, but it's not so much defense-in-depth as a
way to defend the assunption which is different than
def endi ng anot her barrier; the assunption that the waste
package will last a long tinme. That assunption is nore
robust if you can keep the waste package dry. Right? So,
|"mnot sure that counts as defense-in-depth. 1It's not there
as a barrier except to the assunptions about another barrier.
HANAUER: | have this much sinpler answer to Dan's
guestion. O course, defense-in-depth and nultiple barriers

can be managed wi t hout performance assessnent or w t hout
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probabilistic risk assessnent. They were, in fact, invented
and applied long before we had probabilistic risk assessnent
technol ogy avail able. Wat they can't be is applied and
managed w t hout nodeling and cal cul ati ons. Now, one of the
reasons--this seens to obvious to ne, although | nust admt
it's not obvious to a |ot of people--is the fact that one of
t he contingencies that we have to deal with is suppose the
TSPA we're using, not sonme high in the sky TSPA, but the one
we have, suppose it has sone serious limtationin it? Since
we are human, the chances of it having limtations are, in
fact, pretty good. W all knowthat it's inperfect. It's a
great piece of work. It helps us do things which we can do
in no other way. And, yet, we need an answer. Suppose you
screwed up the TSPA and it really gives a false results in
some inportant context? That's one of the reasons we're

| ooking for multiple Iines of evidence, defense-in-depth,

mul tiple barriers, whatever manifestation of this aberration

appeal s nost to you.

Now, what |'marguing for is a dual approach. The
TSPA enabl es us to do may things well including analyzing the
effects of nultiple barriers and defense-in-depth. But, it

is not the only way to analyze nultiple barriers and defense-
i n-depth. Now, you have to analyze themin some way, and in
doi ng so, you have to have nodels of sone kind of how they

behave. You may, in fact, have alternate nodels, you may



© 00 N oo o B~ w N P

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

201

have sinplified nodels, you may have boundi ng nodel s
dependi ng on whom you're talking to and what point you're
trying to make. But, the concept can indeed be inpl enented
wi thout TSPA, and in a certain sense, it nust be. That is to
say we nust find ways in addition to, not instead of, TSPA to
do this work and to develop these nultiple lines of evidence
whi ch constitute our safety case.

METLAY: Is that thinking in the process of being
i mpl ement ed?

CRAIG W're going to hear from C audi a.

HANAUER: We're going to hear from d audia and | don't
want to go out on that particular Iinb.

CRAIG (Ckay. And, seeing no one else, we desperately
need to tal k--before Claudia begins or as Claudia is getting
set up, let me ask if there are any nmenbers of the public who
woul d Iike to speak? Yes. Wait, wait, wait. I'mtrying to
determ ne whet her we needed to have a public session. So,
wait until Caudia is done and then we'll hear from you.

Claudia, you're on for 15 m nutes.

NEVBURY: | don't think it wll take 15 m nutes. |
don't want to hear the bell ringing again.

Okay. Wien we originally tal ked about this
presentation, we thought we'd be farther along at |unchtine
and we' d have an opportunity to kind of get together and talk

about what we thought we'd heard and we didn't get that far
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by lunchtinme. So, that's why it says docunentation and
planning. This is kind of a short presentation on where we
think that we have docunented nultiple |lines of evidence and
where we think we will docunent multiple Iines of evidence.
This is a repeat of what the Board has said which is an

i ndi cation of what we think we heard the Board.

This is a bulletized version of what Steve had
across the bottomof his presentation in many places as what
we thought nultiple lines of evidence are. Wat | heard
today was nothing that I would add to the list. | did hear
that maybe confirmatory testing in sone people's mnds is not
a multiple line of evidence and may be independent expert

review in sonme people's mnd is not a multiple Iine of

evi dence, but we're still going to do those things.
And, where will we docunent then? W have a site
description already which provides a synthesis of information

on the natural system of Yucca Mountain. It has a |ot of
di rect observations, measurenments, and a |ot of sections on
natural analogues. |It's very thick. So, if you're |ooking
for a concise technical summary of that type of information
it certainly is not concise, it's thick. So, the site
description is fairly lengthy. [It's got a lot of information
init. It wll be updated periodically, as | understand it.
M chael tal ked about test and evaluation and we do

have a test and evaluation plan that includes work for
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confirmatory testing. W've had a test and eval uation pl an
for years. | remenber in 1989 when | was first on the
program one of the first things | did in neeting M chael
Voegel e for the first tinme was work on test and eval uation
plan. So, we've been doing this iteratively for a nunber of
years and we'll continue to do it.

The Suppl enental Sci ence and Performance Anal ysis
report, the SSPA, Volunme 1 is due out in June and that does
have specific sections in it on nultiple lines of evidence.
We hope it wll be transparent. W hope that it wll be
relatively short. --discussed a nunber of the exanples of
the multiple Iines of evidence that you'll see there. In
fact, Ardyth is listed as the author on every section on
multiple lines of evidence. So, she's the expert on the
subj ect .

Here are sonme exanples fromthe SSPA. Seepage, |
believe that Bob tal ked about that. --preceded it with
di scussions on infiltration. You can see a lot of the things

that we're looking at in terns of alternative lines of

evidence that will be discussed in that particular section of
that volunme. |1'mnot going to go into all the details.
Anot her exanple is the volcanic hazard. That section

includes studies on late Tertiary and Quarternary igneous
activity and again there's sonme anal og sites and additi onal

information on those particular areas. Anal ogous eruptive
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centers around the world, yeah. |'mthinking of Santorini
and- -

Ongoi ng natural analog sites for radionuclide
transport at Pena Bl anca, we are continuing work there.
Ardyth al so nentioned Paiute Ridge, as did soneone el se, and
the Akrotiri site has been brought up, as well. Those
results of anal og studies are ongoing and they shoul d be out
sonmetinme in the fall, I think, yeah, Novenber

| ndependent expert review was al so brought up. W
do have a peer review on the waste package that has begun.

t hi nk we have a kickoff late this nonth or early next nonth
There is an international peer review on the TSPA and we' ve
just concluded an international peer review on the biosphere.
That information is available, as well. Summary reports for
these two peer reviews will be available sone tine in this
fall. So, that will be confirmatory data that we'll have
avail abl e for information.

In summary, we agree that nultiple |lines of
evi dence should be used in addition to nunerical output from
performance assessnent to denonstrate safety. W believe
that multiple lines of evidence are inherent in standard
scientific practice. That's the blue end of the spectrum
where Dennis is, but we're kind of--and we are planning to
provide a nore transparent discussion of nmultiple lines of

evi dence in our docunents, such as the SSPA and our future
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docunents. W recognize that we have not been as transparent
as we shoul d be.
That's it in a nutshell.

CRAIG Thank you, Claudia. Are there questions for
Cl audi a?

BULLEN: Bullen, Board. | guess, this is just a
followup on a comment that Jeff Wng nmade. Could you explain
to me why the programthinks that independent expert review
represents nmultiple Iines of evidence?

NEVBURY: Well, we put it in there because in our mnd
it took an alternative viewpoint of the material that we
al ready had and | ooked at it. So that it's no |longer nerely
our interpretation. [It's an opportunity for another group
i ndependent of the programto take a | ook at the sane
information and cone to simlar conclusions or provide us
with information on things that we should do that would maybe
give us a different interpretation of what we al ready did.

BULLEN: Bullen, Board. As a followup to that, | think

the NRC takes a | ook at peer review as a nethod for

validating data. |Is that also the approach that you're
| ooking at that there's some sort of validation associ ated
with the peer review of the approach taken?

NEWBURY: It's not just validation of data. W believe
t hat - -
BULLEN: It's al so nodel s?
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NEWBURY: W believe that 1298 can be used for nodels or
i ndependent viewpoints. So, you can use it in a variety of
ways. |If you're only |ooking at a conceptual nodel, then you
want to validate that, too, before you get too far down the
line. You don't want to be out in left field.

BULLEN: Thank you.

CRAIG Dan Metlay?

METLAY: Since Steve Hanauer referred me to you, both
Steve and Bob seened to be of the view that one can

denonstrate defense-in-depth i ndependently of performance

assessnment. In your repository safety strategy discussion,
it was conpletely in ternms of performance assessnent, if ny
menory serves correctly. Could you explain what, if

anything, you're going to be doing to tal k about defense-in-
dept h i ndependently of performance assessnent and when t hat
wor k m ght be acconpli shed?

NEWBURY: | wish | could. W are rewiting the
repository safety strategy and probably will take into
account in that rewite that there are other |ines of
evi dence that we should be using to devel op defense-in-depth.

(Pause.)

NEVBURY: |s that okay, Dan?

METLAY: W |look forward to reading that.

NEVBURY:  Ckay.

CRAIG Ckay. Do | see any hands? Don Runnells?
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RUNNELLS: Just a question, Caudia, on what you just
said. There will be a revised stand-al one docunent on the
repository safety strategy?

NEVBURY: Yes, Bill Boyle discussed that at the January

1

2

3

4

5 neeting that we were in the process of revising the

6 repository safety strategy and trying to separate out the

7 strategy fromthe safety case.

8 RUNNELLS: Okay. Lake Barrett this norning told ne he
9

didn't think there woul d be a stand-al one docunent.

10 NEVBURY: Well, we'll have to talk to him

11 RUNNELLS: | guess so.

12 CRAIG (Ckay. Last chance.

13 (No response.)

14 CRAIG Hey, | think, we've cone to--

15 SPEAKER: St eve.

16 CRAIG Well, I"'mnot forgetting Steve. No, no, no, no.

17 This is Caudia. W're hitting on d audia now.

18 Okay. So, we've conme to the end of this session
19 and we now have tine for public coments. Steve Kraft of

20 NEl ?

21 KRAFT: Good afternoon. Steven Kraft fromthe Nucl ear
22 Energy Institute. Thank you, Paul, for the opportunity.

23 Anyone notice how much Dan Metlay represents Ted--
24 1 ooks like Ted--the owner of the--

25 METLAY: But, not nearly as rich.
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KRAFT: Well, | didn't say that. | did notice you
didn't offer to buy lunch or buy us a skybox at the gane on
Sat ur day.

A coupl e of observations. W' ve been given a |ot
of thought obviously to how the system noves through to
decisions or |ack of decisions over the next six nonths and
then on into--if the decisions are positive, on into
licensing. | have one or two points to make and then an
observati on.

Dan's statenent earlier when he was questioni ng Abe
about the suitability of how stability rules work and it's a
poi nt decision on--it's a point nunber you conme up with on
dose because you'd run through a TSPA, and | think that's
probably right if you only read the regulation. But, if you
read the | aw which trunps the regulation, since you like to
think you're aware, 1'Il tell you that the | aw says that they
have to describe all their considerations of how they get to
a suitability determ nation plus provide about 1300 pages--
1300 pounds of docunentation. So, now, they can choose not
to give all this information and it just weakens their case.

So, | suspect they will give all the information and it wll
all be there. When they issue the docunent that wll
ultimately be the topic of the hearings in Nevada, that is
the legally required case that then gets tested. So, you

have to see what they say in that docunent. |'mnot about to
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suggest | know what they're going to say in that docunent.
nmean, that's where all this case is made and what the
hearings are based on and that's what's being used to nmake
t he decisions and that's where you should | ook, not just in
Part 963.

Wth regard to the NRC regul ations, Dr. Wng,
just want to ask you a question. When you were asking Tim
about the subsystem performance standards and you were asking
whet her or not there ought to be sone way of telling if DOE
is describing it, were you suggesting that it ought to be
numeri cal values or other kind of quantitative requirenents
in Part 63 like there was in Part 60 or were you going to

sonet hi ng el se?

WONG  No, nmy comment was--1 wasn't asking whether or
not. Wien | listened to Timand | read that 963, it sort of
--it comes across to me as we'll know it when we see it.

And, since | sit in ny day job as a regulator, |I'mactually
| ooki ng for sone wi sdom from Ti m because that's what cones to
me. Risk is acceptable when you do not have in the

regul ation and you don't tell us when it is acceptable. So,
how do you know? And, | give the sanme answer that he does.
| say I'll know when | see it. And, as |'ve done that

t hrough the years, | feel that that's actually not fair
because it doesn't give the public a clear idea what ny

expectation is and it doesn't give the responsible party
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cl ear expectation as to what they should achieve. And so, |
was asking Timhow he feels as he has to go before the public
and explain his licensing decision and how he goes on to
demand i nformation fromthe DCE

KRAFT: So, you weren't getting at the fact that in
proposed 63, there isn't a specified groundwater travel tine
or a package lifetinme? You weren't asking for that. You
were sinply asking--okay. | just didn't quite understand
your question. | appreciate the clarification because NRC
does have in the proposed 63 that we all read a very specific
requi rement which is the very end of the nunber, and if you
| ook through the DOE EIS, there is evidence that says that if
you try to be too specific and demand adherence to subsystem
performance criteria as a long risk, sonme final nunber, you
in fact, will reduce the protectiveness of the design to the
general public. So, that's why NRCin all of its areas of
regulation is noving into risk informed and probabilistic

type space.

Lastly, | think that there's a |l ot of confusion
that | was sensing in the discussion. It could be just
definitional--1"mnot totally sure--about what you all neant
about nmultiple lines of evidence versus defense-in-depth

versus nultiple barriers, etcetera. | tried sitting here to
sort of sort out for nyself and | couldn't quite come up with

it. | think the reason for that is you're mxing regulatory
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criteria, defense-in-depth, with a scientific--desire anong
the scientific community to have nmultiple lines of inquiry
into, well, what do you do to tell us you know that that
nunber is true or accurate or close enough or whatever it is,
whatever it is you're doing. | think that's where sonme of
the difficulty I was sensing was com ng through. What
exactly is a natural anal ogue and how far away physically
fromthe repository does it have to |lie? Does it have to be
in another continent or is it okay to be the next nountain
over? | mean, | don't know. | nean, these are the sorts of
definitional quandaries | thought you got yourself w apped
up.
And, having said that, | really think that in some

respects, it's being made far too conplicated. You spend a
ot of tinme tal king about how people are going to understand.

It's far too conplicated in the sense that not everything
DCE does in the case they nmake to NRCis also a nmultiple Iine
of evidence. There are certain things that are and certain
things that aren't. And, | think DCE aids the understandi ng
of their licensing case if they keep that separate. Now, it
doesn't nean if there's sonmething they learn in another
| ocation that teaches them sonething about sonething at Yucca
Mount ai n that ought not go into the TSPA or sone ot her
anal ysis, but it ought to also be docunented as sone separate

i ndependent input. OCkay? But, not everything is what it is.
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Now, we coul d probably argue for a very long tine
as to whether or not what | just said was true or not. And,
| suspect there are people in the roomnow thinking to
t hensel ves what in the world is he tal king about? Because,
yeah, everything you do has got this independent nature to
it. And, I was only suggesting that it has to do with
explaining it to sonebody. That if you decide as a matter of
policy in the way you're doing it that these four things,
what ever they are, | don't really care, yeah, they could
argue that they're multiple lines of evidence, but for
purpose of priority, let's |leave that out and just have that
in the TSPA or whatever analysis and have the other part over
here to inprove the quality of the presentation. And, the
reason | say that is to go to where the decision is going to
be made. No one initially is making a decision about the
site. W're going to do a lot of advising. You all have a
specific statutory role to advise NRC we'll do Iicensing
sonetine in the future, but even the NRC folks in this room
are not decision-makers. Decision-nmakers take in the ful
information. | think Debra was kind of getting at it in her
guestions and Dr. Ewing's presentations was touching on it.
That there are, in fact, many ways deci si on-makers can have
confidence that, in fact, what DOE is doing is witing off
for themto make the decision. Sonme of them are not even

areas that the Board is responsible for |ooking into.
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For exanpl e, the devel opnent of alternative
technologies in the future. One of the reasons we support
t hings |ike advanced ATWresearch, accelerated research, is
because sonetines somewhere in the future, 60 or 70 years
fromnow, maybe that will work. And, a decision-nmaker today
can take confidence in making a decision thinking, well,
maybe there is sonmething el se out there and nmaybe ot her
things wll conme along. For exanple, the performance
confirmation which was di scussed here and eval uati on of
uncertainties are other things. So, what |I'mgetting at is
the decision that this all heading towards will be based on
factors nore than you' re | ooking at and the question,
t hi nk, that decision-makers will want is things that wll
gi ve them confidence. Natural analogues and nultiple |ines
of evidence if explained clearly and correctly in and not
mangl ed up in sone discussion about how that also fits in to
the TSPA in every single way you could possibly think of,
will aid that understanding and give greater confidence than
t he ot her way around.

Thank you.

CRAIG Thank you, Steve.

We've now cone to the end of our agenda and there's
just a few formalities as we close up. First of all, this
has been a new format. W hope it's been useful. W'd like

sone feedback, particularly fromthe DOE, as to whether it's
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a useful format and whether you fol ks would like us to
continue it in other areas. W're open to that.
We certainly want to thank our guests, our

consul tants, everybody around. The whol e panel has been a

real |y good group. The Board opinions, | repeat, are nenbers
only. They're not official Board opinions. |f we have an
official opinion, we'll let you know. Thank you for the

techni cal support staff, Scott. Thank you, once again. And,
the two Lindas who are in the back sone place, not to be
seen, Linda | and Linda Il, thank you.
And, what have | not done? Bill Barnard, what have
| not yet done that | need to do?
BARNARD: W're all set.
CRAIG W're all set. Thank you. W' re adjourned.

(Wher eupon, the neeting was adjourned.)



