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UNI TED STATES OF AMERI CA
NUCLEAR REGULATORY COWM SSI ON
+ + + + +
ADVI SORY COWM TTEE ON NUCLEAR WASTE ( ACNW
146TH MEETI NG
+ + + + +
TUESDAY,
OCTOBER 21, 2003
+ + + + +
ROCKVI LLE, MARYLAND
+ + + + +
The neeti ng convened i n Conf erence RoomT- 2B3 of

the Nuclear Regulatory Conmm ssion, 2 Wite Flint
North, 11545 Rockville Pike, Rockville, Maryland, at
10: 30 a. m, B. John Garrick, Chairman, presiding.

VEMBERS PRESENT:

B. JOHN GARRI CK Chai r man, ACNW
M CHAEL T. RYAN Vi ce Chai rman, ACNW
GEORGE M HORNBERGER ACNW

RUTH F. WEI NER ACNW

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

ACNW STAFF PRESENT:

JOHN T. LARKI NS

SHER BAHADUR

NEIL M COLEVAN

HOMRD J. LARSON

M CHAEL LEE

Rl CHARD K. MAJOR

ALSO PRESENT:

TI NA GHOSH

ANDY CAMPBELL

PH LI P JUSTUS

TI' M MCCARTI N

TI M KOBETZ

WM BURTON

CHRI S GROSSMVA

KElI TH COVPTON

E. V. TI ESENHAUSEN

NCRVAN HENDERSON

CARCL HANLON

LEM REI TER

Executive Director, ACRS/ ACNW
Desi gnat ed Federal O ficial
Associ ate Director, ACRS/ ACNW
ACNW

Speci al Assistant, ACRS/ ACNW
ACNW

ACNW

ACNW Sunmmer I ntern
DWW/

DVW/

DVW

NVSS/ DWM

NVSS/ DWM

NVSS/ DWM

NVSS/ DWM

CCCP

Becht el SAI C Conpany
DOE

NWI'RB

NEAL R. GROSS

COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.

(202) 234-4433

WASHINGTON, D.C. 20005-3701

(202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

|-N-D-E- X
AGENDA PAGE
Opening Statenment -- Chairman Garrick 4
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titled, "Assessnent Moddel Uncertainty in
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P-ROGEEDI-NGS
10:33 a.m

CHAI RVAN GARRI CK: Good nor ni ng. The
nmeeting will come to order. This is the first day of
t he 146t h neeti ng of t he Advi sory Conmmi ttee on Nucl ear
Wast e.

My nane is John Garrick, Chairman of the
ACNW The ot her nmenbers of the Conmttee present are
M ke Ryan, Vice Chair, George Hornberger and Ruth
Wi ner . Sonmebody is mssing today, as you can
observe, and it is with mxed enotions that we note
that MIt Levenson subm tted his resignation fromthe
Committee effective Cctober 10, and we wish MIt the
best in his future endeavors and thank him for his
many efforts for the Commttee.

During today's neeting, the Commttee will
hear the summer intern's final report on assessnent
nodel uncertai nty and perfornmance assessnent. W wi ||
revi ewpl ans for the Bi osphere Wrking G oup, finalize
proposed activities for the Novenmber 18, 2003 trip to
Yucca Mountain and Anmargosa Valley. And during this
afternoon's retreat session continue identifying
topics we intend to exam ne over the next 12 to 18
nonths. As noted in the agenda, sone portions of that

sessi on may be cl osed.
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John Larkins is the Designated Federal
Oficial for today's initial session. The neetingis
bei ng conducted i n accordance with the provisions of
t he Federal Advisory Commttee Act. The Committee has
recei ved no requests for tinme to nake oral statenents
fromnmenbers of the public regardi ng today's sessi ons,
and should anyone wish to address the Conmittee,
pl ease meke your w shes known to a nenber of the
staff.

It is requested that speakers use one of
t he microphones, identify thensel ves and speak with
clarity so that they can be heard.

Before startingthe first sessionl'dlike
to cover sone brief points of interest. Jenny Gll o,
Chi ef of the Operations Support Branch, ACRS/ ACNW has
been selected to participate in the NRC Leadership
Potential Program This is an honor. One hundred
seventy-five enployees and she was one of the 25
sel ect ed.

Recent Agency announcenents of interest to
the Conmittee include Dr. Keith MConnell has been
appoi nted Executive Assistant for Mterials and
Security inthe Ofice of the Chairman. He served in
i ncreasingly responsi ble positionsinthestaff andis

currently conpleting the requirements of the Senior
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Executive Service Candi date Devel opnent Program He
has also served on the personal staff of forner
Chairman lvan Selin and former Chairman Richard
Meser ve. Keith has appeared before the ACNW nmany
times. James Dyer has been appointed Director, Ofice
of Nucl ear Regul ation, and Janes Cal dwel |, Regi onal
Adm nistrator for Region 3.

The appropriations bill for DOE and the
NRC has not been signed into |aw The Agency is
funded wuntil COctober 31 of this year wunder a
conti ngency resolution. And, finally, the Trade Press
has i ndicated an agreenment between Congress and the
Wi t e House to nom nate both G egory Jakskul, Senator
Reid' s chief |icense advisor, andretired Vice Adnm ral
John Rosenbacher to the NRC, filling the seats |eft
vacant by the departure of Richard Meserve and G eta
Di cus.

If there are no further questions or
comments, | think we'll proceed right on with our
agenda, and, Tina, we'd |like to hear how your project
has taken shape.

M5. GHOSH: Is it fineif | sit? Everyone
can hear nme?

MR.  LARKI NS: O you could stand and

record it.
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M5. GHOSH:  You want ne to?

MR, LARKINS: No, no, no.

(Laughter.)

M5. GHOSH: Thank you so rmuch for all ow ng
me to conme back and speak with you. | really
appreci ate the opportunity. And while this is ny
final report to the Commttee for what | did over the
sunmer, nost of you know ny thesis is still going on
and | expect to finish in May. So whatever comments
you have | would incorporate into my thesis, and
you'll get a nmore final product in a few nonths. So
t hanks again for allowng me to speak here today.

So | think everybody renmenbers what mny
topicis. The main points were probing the effects of
the nodel uncertainties in the Yucca Muntain
per f ormance assessnent, and we tal ked about taking a
scenari o- based approach to first identifying what
t hi ngs m ght be inportant and then assessing better
how | i kely they are to occur and t he consequences and
prioritizing, for exanple, research for further
studi es, uncertainty studies, based on that.

So the first thing is basically to find
out what is actually causing the risk in the system
So |'ve been using an ol der version of the NRC s TPA

code, sol'll just showyou, the first thing | started
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with was a base case run fromthe TPA code. And this
is much nore conservative than what the current
dat abases show, because there were -- as you know, the
code has become nore realistic over time. This is
based on the TPA 4.1 code. And once again, this is
just a base case, so it doesn't consider igneous
activity or human intrusion. The seisnic node was
turned on so there may be effects fromrock fall, but
there's no vul canismjust so | could focus the study.

So we see here that in npst cases we do

not exceed the regulatory limt of 15 mllirens per
year, and | just the Neptunium 237 dose for
sinplicity, so we're ignoring all the other

radi onuclides. And if you actually | ook at the doses
in the 10,000 tine frame, | nean it's typically the
Nept uni um 237 which is the dom nant one. So on the
bottom we have the tine scale from 4,000 to 10, 000
years, which 1is 10,000 vyears, the regulatory
conpl i ance period, and for the nost part the doses are
well belowthe Iimt.

The green curve shows you the nean which
cones in around two mllirenms, but we see that there
are just a fewrealizations that actually exceed the
regulatory limt of 15 mllirens. Inthis case, there

were nine cases where we found that the dose was
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exceeded. In about 80 cases, there was no dose at all
for 10,000 years, so those curves are not shown on t he
graph. And as | said, for the vast mpjority of the
cases, we're well belowthe regulatory limts. Since
this is a log graph, all the gray, the dense gray
lines belowthe |imt are actually quite a bit bel ow
the [imt.

So the point is nowthat we see that there
are just a handful of scenarios that m ght exceed the
dose, it nmkes sense to focus on just those to see
what m ght actually cause therisk inthe system And
by risk | guess how |I'mdefining it is that we can
actual |y exceed the consequence of 15 mllirens per
year, because we don't really care about all the case
where we don't even cone close to that.

Sothisisjust avery crude sort of first
cut at building the scenarios that mght cause and
exceedance of 15 mllirenms, and what | focused on were
the factors that were basically identified by NMSS, in
particular TimMCartin's tracing studies, for those
attributes of the repository which m ght all ow a dose
of 15 mllirens to occur. And just to get a very
crude idea of whether we can explain those
realizations that we found using just those factors,

| triedto |l ook at where in the parameter distribution
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range the realizations canme out.

Soif we |l ook at the case with the hi ghest
dose, which was about 100 mllirem per year, we see
that the waste package flow factor, which sort of
controls how nuch water that is comng in from
infiltration actually gets to the waste package, and
t he wast e package defect rate, whichis early defects,
not fromgeneral corrosion but some other early waste
package failure, and the neptuniumsolubility are al
assuned to be very high. | nmean we're at the 99th
percentile, 98th and 97th for these factors.

I n addi tion, the sorption coefficient in
t he unsaturated zone for the Calico Hills unit is at
the 64th percentile. D d you have a question -- oh,
sorry. \Were you see blank spots is basically where
t he paraneter val ue doesn't seemto expl ain anything
because it's belowthe nedian. So just to get a very
crude estimate now of the probability, | just
multiplied the exceedance probabilities of these
factors if they were to explain the dose to see what
ki nd of exceedance probabilities we m ght have.

Now, the first thing is because | haven't
done a lot of runs, this is not a very good basis for
saying that these are the scenarios that night

actual ly exceed it, but thisis just what |I've done so
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far, and I'lIl talk alittle bit | ater about the other
sensitivity studies |'ve done to sort of capture the
cl asses of scenarios that we m ght actually find that
make us exceed the dose Iimt.

But just using these factors | think sone
of the runs we can't explain by these attributes, so
one exanple is the run where we have 20 millirem It
doesn't seem that there's enough there to have us
actually exceed the dose. There's sonething el se
going on there that isn't captured by these
attributes. And one notable thing that | |eft out was
| ooking at the waste form dissolution rate which
actually is definitely found to be i nportant and al so
the well punping rate for the dose receivers which
|"ve also left out. So it's possible that those
provi de sone expl anati on.

The ot her reason these are very
conservative is | think the drip shield was turned
off, soin fact we don't have the drip shieldin this
particular set of runs. But, basically, |'m just
trying to develop the methodology for identifying
scenari os and then seei ng how we can evaluate it. So
that's why -- | nean they're nore conservative than
woul d be.

So the thing is nowif we want to | ook at
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what risk we're actually getting fromthese scenari os,
we can plot a risk <curve in ternms of the
conmpl ement ary, cunul ative distribution function for
exceeding particular doses, and if we define the
uni verse of possibilities to be just fromthis 200
base case run, which is not but just as a first cut,
we found that nine of the realizations exceed the
dose, and | just plotted the actual doses that you get
fromthese runs.

CHAI RVAN GARRI CK:  Ti na, what's the total
nunber of realizations?

M5. GHOSH: |t was 200.

CHAI RVAN GARRI CK: Two hundr ed.

MS5. GHOSH: Yes. So each realization, you
know, approximately a half percentile.

Now, the reason that | bring this us I
realize that the licensing criterionis in terns of
t he peak nmean dose for any given year, but the thing
is we mght -- we want to look at the full risk
spectrum for other reasons, for example, for
prioritizing future research that we m ght require,
m ght want to do to get a better understandi ng of what
ri sk can come out of the repository.

So the next thing | want to propose is

t hat maybe we can consi der sone additional risk goals
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for these purposes, not for necessarily for the
licensing criterion but just to give us an i dea of how
confortable we are with what we project for the
repository. Now, the first goal that |I' mshow ng here
i s an adaptati on of what was used for WPP in the EPA
rule which was basically -- and | realize the WPP
consequence is total different because they | ooked at
cunul ative rel ease over the 10,000 years, so you j ust
had one nunber rather than calculating a dose for
every year. But they said, "W want to make sure t hat
we don't exceed the goal, that there's |l ess than ten
percent of exceeding this goal and that there's | ess
than, | think it was, one in 1,000 of exceeding ten
times the goal."

So all 1've done is |'ve graphed what the
equi val ent woul d be for Yucca Muntain, and of course
our risk curve here is sonething totally different,
because basically you can think of the curve as a
slice in tine, and the CCDF for that slice in tine
actually is peak dose, and in a couple of cases the
peak dose occurs before 10,000 years but that's not
quite right. So it's not quite right but it's
approxi mately.

And for the WPP, of course, you actually

had a whole fam |y of CCDFs and they were conparing
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this for the mean. But, any rate, | think the general
idea is there. So this is one possible goal. This
isn't definedright now, soit's sonething that woul d
have to be defi ned.

The other thing we could dois think of it
nore like a farmer's curve, which woul d be sonet hi ng
closer tothis line, and the slope of the line |l think
we could build in terns of societal preferences for
risk. 1 think the Dutch governnent has done sonet hi ng
like this. And industry -- if you look at industry's
sort of reveal ed preferences, typically the type of
ri sk averse curve |i ke the diagonal one in the sl ope,
| don't have good nunbers right nowfor this sl ope but
it typically tends to be about mnus 1.2, which
basically nmeans that for an order of increase in the
consequence you want nore than an order of nagnitude
decrease in the probability of achieving that. So
this is just sone ideas to keepin mnd, and | want to
tal k about what we want to do in ternms of this idea.

So if we |look at now how -- what do we
want to do? W want to conpare our assessed risk so
far wwth the performance assessnent in terns of the
risk goal. And if we are very far below this risk
goal, we can be pretty confortable if we're confident

inour estimates. And as we get further away fromthe
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risk goal, of <course we're increasingly nore
unconfortable. So this is just the basic idea.

Now, in this case, we see that the CCDF is
very far below our risk goal. | nean it's very far
bel ow. So the point is why would we still worry about
it if we're so far below? The thing is we know t hat
we've left a lot of things out of the analysis for
sinplicity or for different reasons, and we di scussed
this before but, for exanpl e, there m ght be alternate
nodel s avai |l abl e t hat we haven't i ncorporatedintothe
PA, their dependencies are coupling, which are
omtted, there are sonetimes inconsistencies in the
way t hat the sanpling is done and propagated, there's
uncertainty introduced in the nodel abstraction
process, and a |lot of our assessnent is based on
expert judgment or experts' interpretation of evidence
fromlab studies and so on, and there may be bi ases
and overconfidence in these interpretations.

And t he wor st of al | is t he
i nconpl eteness, is that even if we feel good about
everything else, frankly, we still always just don't
know what we don't know, and it could be a troubling
t hi ng. And | really want to notivate the
i nconpl et eness part because one thing | hear so often

is that our assessed risk is so |low below the
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criterion let's just stop worrying about it all
t oget her.

And so why do we worry? And | just wanted
to bring up a couple of exanples. This one is very
dramatic, but you probably remenber the M. St.
Hel en's eruptions from 1980. Before 1980, there --
basi cally, there were al ot of vol canol ogi sts studyi ng
t he Mountain, because they knew it was active, they
knew it was going to erupt pretty soon, but the thing
is that -- so you have the picture before and after.
And it was just amazing that even with all these
peopl e studying it, the actual eruptions stunned the
entire conmunity. They had no idea about the
magni tude of the eruption, they didn't know the
direction it would explode, they always thought
vol canos expl ode up but in fact this one bl ewout the
side of the Mountain, and the actual consequences of
t he eruption stunned the entire scientific comunity.
And David Johnston, a USGS vol canol ogi st, actually
di ed because his nonitoring station was too close to
the eruption. And the reason | bring this up is that
obvi ously nobody would just sacrifice their life.
They truly believed that it woul d be nuch smal | er, and
it was a shocking surprise.

And on a nore nundane | evel, |'ve | ooked

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

17

at sone of the expert judgnment cases where we have
sone assessnents afterwards of how wel |l experts have
predi cted various variables, and this one is taken
froma benchmar ki ng study that the European conmunity
did. And what they did is they sinulated a severe
nucl ear reactor accident. Basically, it was a
sinmul ation of a partial core nelt accident, and they
asked sonme of the top experts in the field to predict
sone key variables, like the time to the peak
pressure, what the peak pressure would be and so on.
And a surprise in this case is identified as the
actual variable being outside of the 90 percent
confi dence interval

Soit's either belowthe fifth percentile
or above the 95th percentile. And so one woul d expect
t hat there shoul d be ten percent of surprises, but in
actuality if youl ook here, the turquoi se bars are the
actual assessnents, the nunber of assessnents, and the
red bars are the nunber of surprises in the
assessnents. And, on average, there is about one-
third surprise rather than ten percent, as one ni ght
expect. The aggregate was mnuch better, it was
actually ten percent, but it's still sone cause for
concern, because dependi ng on who you asked about the

vari abl es and sort of assessnents for the vari abl es.
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CHAI RVAN GARRICK: Isn't the key to that,

t hough, what is the evidence that each of the experts
are looking at to formtheir opinion?

M5. GHOSH: Yes. You're absolutely right.
And there was a lot of setup that went into the
elicitations. So, for exanple, they' re very precise
about past experience. The experts were allowed to do
what ever cal culations that they wanted in order to
come up with the estinmate. Because, yes, that's
al ways a concern, but there was opportunity for the
experts to nake a | ot of the anal yses and t hey shared
the information base. |s that your question?

CHAI RVAN GARRI CK:  Yes. |'mthinking of
Ed Janes' definition of probability where he says
sonmething tothe effect that probability is subjective
to the extent that it's not a property of the rea
world, but it is objectiveinthe sense that if we're
all given the sanme information, we're all basically
wired the sane, we wll surely assign the sane
probabilities.

M5. GHOSH: Right.

CHAI RVAN GARRI CK: And so the conversion
fromsubj ectiveness to objectiveness comes about not
by just taking the word of the expert but by exam ni ng

t he basi s of the expert's opi nion and fi ndi ng when you
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get to that level that nost of the variation between
the experts cones about as a result of a different
know edge base that each one of themis considering.

M5. GHOSH: Right. | think -- thank you
for bringing that up. | think this is one of the key
i ssues in how expert information is used in general
for risk assessnments. And a lot of the elicitations
they try as nuch as possible to pool all of the
know edge base from the experts so that everyone
shares the sane information, but the truth is it's
very difficult to do that. And one of the things that
|"ve been interestedinis trying to figure out which
piece of the disagreenent is due to different
information that experts possess versus different
interpretation of the sane database. And | haven't --
| really want to pick that apart at sone point, but I
haven't gotten that far yet. But it's true that even
-- you can find people who are maybe trained at the
sane institution, that have the sane i nformati on base
and give thema set of experinental results and they
mght interpret it differently because they think
what ever, for whatever reason. But | think it's a
very interesting issue, and I would like to work on
that at sone point. But for this, | wasn't part of

this study so | can't tell you how much information
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t hey shared, but at |east on the surface they were
supposed to have shared the sanme information base.

M5. VEI NER Could I ask -- | have a
qguestion for you.

M5. GHOSH:  Yes.

M5. VEEI NER: Do you know how t hi s success
rate or failure rate, or whatever you want tocall it,
how this conpares to other expert assessnents?
Because just my basic recollection of what | know

about expert elicitationis that even 33 percent isn't

bad.

M5. GHOSH:  Yes.

M5. VEI NER: Ten percent is really pretty
good.

M5. GHOSH: Ri ght. You' re absolutely
right. So from what | wunderstand, in a typical

assessment, if you ask peopleto giveyouthe fifthto
the 95th percentile, often what you end up gettingis
the 25th to the 75th percentile. But the thingis if
you | ook at how the distributions are actually used,
for exanple, I'vetriedto figure out howthe DOE uses
assessnments in its PA. They don't adjust for that,
they just take the distribution as it is. And in
terms of this type of study, because a |lot of the

expert elicitations are for situations we cannot
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actually produce in reality, like even the risk
sinmul ated a reactor accident. W' ve never had like a
real reactor accident, but there have been cases where
t hey' ve asked experts to predict the distributions for
what the anal ysts call seed vari abl es and then | ook at
t he performance of the expert assessnents on those
seed vari abl es.

And a | ot of this was done was a joi nt NRC
study with the European comunity where Delph
Uni versity basically devel oped a nethod of sort of
calibrating expert judgnents based on their
performance on the seed variables. So there is sone
data out there in terns of how experts performfor
predicting different variables, but I don't have al
the data right now | want to get it very soon but |
don't have it yet. And this data was basically for
like cesium transport studies because they were
| ooki ng at potential severe accidents fromreactors.
So there's sonme key radi onuclide transport vari abl es
that they were tested on. So | don't have the data
yet, but | want to get it.

Ckay. So one of the things that | want to
talk about is basically in order to prioritize
research, whichis maybe one of the main risk-inforned

activities, what are the i nportance di nensi ons t hat we
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want to | ook at? So, obviously, we want to | ook at
t he assessed ri sk, but we don't know how confident we
are inthose risk estimtes so we want to devel op sone
systematic ways to assess our confidence in the
estimates and the |likely nature of any biases that
m ght be in the analysis. W want to consider
i nconpl et eness, which m ght be part of our confidence
thing but | defineit slightly differently. And al so
we want to see howwe're doing in termnms of defense-in-
dept h, which one could think of as a strategy to deal
with inconpleteness, but we may want to |ook at
performance on i ndependent measures for defense-in-
depth as well. And the last thing | just threwin, |
don't want to talk a | ot about today, but we should
consider the public concerns in confidence just
because if you look historically at what's driven
decisions in the program public concerns have often
driven sonme key deci sions, and there m ght be a better
way to sort of anticipate the concerns and assess the
i kely outcome of different choices if we think about
it systematically.

So the first thing | want to do is think
about how we can build confidence in the estinmates
that we have. So we have -- | have this very crude

CCDF curve for the fewruns that | did, and what can
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| say about where the biases mght lie in terns of
t hat curve? Now, in this case, |I'm talking in
generalities because | haven't probed all the
i nformati on basis for the specific attributes yet, but
t hese are just some, | think, obvious things. So the
first thing is that the initial defective waste
package rate i s postul ated to be very high in the TPA
4.1 database i f you conpare it to what the DOE i s that
|"m tal king about. So, for exanple, if you have a
0.97 percent initial defective rate, that gives you
sonmething on the order of 100 early waste package
failures in the 10,000 year period, which if you | ook
at the DOE assessnent, basically the probability is
zero of that happening. So the waste package failure
rate is one place to probe.

And from what | wunderstand in the TPA
dat abase, the waste package failure is sort of a
bi nary thing. And once it fails the inventory is
available to whatever water there is to carry
radi onucl ides away. So if we | ook at that conpared to
what the DOE assumes, the DOE assunmes about 90
protection of the waste form based on the cl addi ng.
And although -- | just wanted to point out that one
revi ew panel has said that maybe that 90 percent is a

little bit optimstic because there is sone effects
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that are | eft out of the analysis, such as the basket
corrosion that m ght affect the cl addi ng, but at | east
maybe that gives us an order of nagnitude maybe.

And with the bathtub emersion nodel,
t hat' s probably al so ki nd of a conservative effect and
al so a place where there's an inconsi stency, because
the bathtub is assumed even when there's not enough
water to actually make a bat htub effect.

Anot her exanple is | checked in the EPA
rul e what the representative vol ume was supposed t o be
for the receptor group and |ooked at the average
di I uti on vol unes that were cal cul ated by the TPA runs
that | did, and | think part of the di screpancy cones
fromthe fact that | | ooked at the ten kil oneter point
rather than the 20 kil ometer point, because | don't
know where the point is supposed to be at this point,
because the EPA rule is in ternms of a very specific
latitude and | don't know how far that is fromthe
repository but the DOE had been using 18 kil oneters.
So maybe that's the reason for that di screpancy. But
it's about five percent of what the EPA's
representative volunme is, so of course there's a | ot
|l ess water to dilute the concentration of
radi onuclides. So just |ooking at these couple of

t hi ngs maybe there's a potential reduction of the dose
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by about two orders of magnitude.

So if we look at potential optimstic
assunptions, there's assuned to be no genera
corrosion failure before 40,000 years in the TPA, and
| think it's even further out in the DOE nodel. And
there is a good basis for that in terns of industry
experience with the materials and so on, but once
agai n there m ght be sonme things that we just haven't
figured out yet because of inconpleteness that may
af fect how we assess that tine frane.

The ot her thingis sonething | hear people
tal king about a lot on and off is that whether there
are possible groundwater fast paths that we just
haven't found yet, and, actually, | say faster paths
because sone accel erated travel is already sinmulated
i n both the DOE and t he NRC s perfornmance assessnents.
So in order to assess this, | nean what's one of the
ways that we can estinmate the order of nagnitude? W
can look at all the past cases where we've been
surprised by the fast paths, and there are actually a
| ot of data out there fromhistorical cases, froml ow
| evel waste sites, fromnost of the DOE conplex sites
where there i s sone contam nationtraveling maybe from
Chernobyl, and the natural anal ogs, which is al ready

considered quite explicitly in the PAs.
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And | don't have t he nunbers yet, but just
to give you an exanple, if we say maybe about a
t housandt h of the nuclides can travel about ten tines
faster and we see how nmuch | arger the dose coul d be,
we can just take a wei ghted fraction of what's com ng
out of the unsaturated zone and a very crude estimte
is that maybe there's about a three percent increase
in the dose which is not very significant.

So one of the issues that m ght be of
concern, and actually we just talked about this a
little bit, is that when experts sort of disagree on
howto interpret the sane i nformati on, because that's
a potential cause for concern because it illustrates
that there isn't a consensus about what's actually
going on. And if we consider the DOE and the NRC as
two expert comunities, we can see that there is sonme
di sagreenent about the relative capability of the
unsaturated zone versus the saturated zone to
attenuat e t he radi onucl i de plume, and so t he question
is why? s it because the DOCE has mnade sone
conservati ve assunptions just for sinplicity because
they don't have the resources to study everything?
That woul d be | ess cause for concern. O is there
really alegitimte di sagreenent about what's goi ng on

in the unsaturated zone and the saturated zone and
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what the dom nant processes are for release, which
woul d be nore of a concern.

And the next thing | want to tal k about is
there's a |l ot decoupling that goes onin ternms of the
eval uating the capability of different barriersinthe
systemand different attributes. And | just want to
-- well, eventually, I"dlike to find sone systematic
way to see what it's okay to decoupl e versus what it's
not so okay decouple. And the first place that |
| ooked is basically the NVMSS |atest risk baseline
docunent, or the draft that | have from August, in
ternms of the key technical issue agreements and how
they affect the release from the engineer barrier
system the unsaturated zone and t he saturated zone.
And all | did was just try to map the issues to how
they affected different attri butes which eventually
affect, for exanple, the release fromthe EBS. And I
apol ogi ze for this slide; thejustificationis kind of
nmessed up. | hope you can read it on the copy that
you have in front of you. So the mainthingis if you
| ook at sort of the issues that are affecting the
rel ease fromthe engi neered barrier system a |ot of
it is connected, there are a | ot of feedbacks, and so
there's a |lot of potential for synergistic effects.

If we look at what's affecting the
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unsat ur at ed zone and t he sat urat ed zone, which are the
next two slides, it's very difficult to make a case
t hat when we | ook at the scenario as a whole that
sonmehow t he capabilities of the unsaturated zone and
t he saturated zone could affect what's com ng out of
t he engi neered barrier system So | think atentative
conclusion is that probably for sure we can consider
t he unsat ur at ed zone and t he saturat ed zone capability
i ndependently of the engineered barrier system but
because what's happening -- everything that's
happening up to the neptunium release from the
engi neered barrier systemis sonmehow connect ed.

For exanpl e, how nmuch water is comng in
and where it travel s down affects the chem stry, which
affects the corrosion rates. |If you | ook at coupled
effects of the tenperature operating node, you have
some cyclic effects. So it's kind of difficult to
eval uate things separated fromeach other. And what
| would say is that it's difficult to evaluate the
barrier capabilities w thout |ooking at the whole
pi cture together.

So i n our confidence buil ding studies, we
may want to consider these coupled effects in
reeval uating the barrier capabilities. And why do

bring this up? Wen | |ooked at the supplenmentary
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studies, for exanple, for barrier capabilities,
typically what you see is the flux going into a
particul ar barrier versus com ng out of the particul ar
barrier, but these are all based on the assunptions in
t he performance assessnent, so there mght be a | ot
that's left out of the analysis, and | think it could
be worthwhile to probe some of these.

So in ternms of defense-in-depth, which
t hi nk people are pretty concerned about, | wanted to
define it maybe a little bit nore concretely than
what's di scussed right now. So the first thing that
| would like to do, and |' msort of basing this on the
Reg. Guide 1174 framework, is if we ook at the risk
curve picture versus the risk goal that doesn't exi st
right now but that we can postulate, we can think
about, for exanple, how much safety margin we have
dependi ng on how far we are fromour risk goal. |If
we're very far into the confortable region and we're
confident in the assessnents, we can be nore
confortabl e about the repository.

The other things that we m ght have as
tests are sonething that's simlar to the single
failure criterion of reactors which is is there any
single assunptionthat if it's wong coul d defeat the

systen? And if you look at sort of the scenarios
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based on the realizations | had done, there was one
case where the only expl anation factor seened to be a
very high percentile for the sorption rate in the
unsaturated zone in Calico Hills unit. [If it's true
that just having a very low sorption rate for that
unit is enough to maybe create a dose, that woul d be
cause for concern. |I'mmnot sure if that's the case
yet because | don't know what el se i s going on in that
realization| needto figure out, but that's sonething
to consi der.

MR. HORNBERGER: But it's just one
realization, so you already know that that isn't the
case, that is alow KD in the Calico Hlls --

M5. GHOSH:  Yes.

MR.  HORNBERGER: -- could occur in
t housands -- not in your case, but lots of other
realizations and you don't get a dose. It's certainly
not a factor that would cause failure.

M5. GHOSH: Yes, it shouldn't, but the
thing is in that particular case that was the
realization at the highest range for what we
stratified. So, yes, 1'd have to go back and test
that. Actually, | tried to do some of that. Maybe |
shoul d just tell you that right now Wat | wanted to

do eventually is to find classes of scenarios that
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woul d fail our system because all 1've done is the
base case and it's not very reliable. But the reason
| didn't show those results is that it's very
difficult to find, I found -- | could have guessed
this fromthe beginning, but it's very difficult to
find sets of things that give you failure with very
hi gh probability.

And even when | forced the stratification
into very high ranges for a couple of factors, | still
al ways got zero dose in 40 percent of the cases, and
| have to figure out why that is. And still in nost
cases you didn't exceed the limt. The npost | got was
a 30 percent chance of exceeding the limt, but of
course the doses were nmuch hi gher because where | had
pushed the sanpling. So I don't think it's the case
that you could fail the systemwth just that, but
it's just sonmething to consider because that was the
realization that had the fewest el enents that seened
to be in the range, but | don't know what else is
going on. | would like to figure out very soon.

And | guess in ternms of a diversity goa
for defense-in-depth along simlar lines, we could
| ook at the scenarios that have the fewest el enents
and processes and see how confident we are in the

probabilities assessed for those. And | hope that
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makes sense because if we're relying on too few
el enents, well, | think it's obvious.

So interns of qualitative aspects -- so
for those assunptions now that we find that are
i mportant, what are the technical basis for these
assunptions? W can feel -- well, we can assess the
qual ity of these by sone qualitative factors. So, for
exanpl e, are they based on | aborat ory experi nents, how
much i nference is involved in the assessnment, and |
think the waste package corrosion studies is a good
candi date to i nvesti gate these just because |'ve seen
a lot of comentary that although there have been
ext ensi ve experiments done, perhaps not for the full
range of conditions that mght exist in the
repository, so there's a |ot extrapol ation invol ved
rather than getting evidence for all of the ranges of
condi tions.

The other thing that | think people care
about, and especially froma public confidence point,
is what kind of peer review was used and who was
i nvolved? And one thing that's been in the papers
recently is the environnment -- at the governnent
bodi es that are conducting these analyses, is the
environnent conducive to people raising safety

concerns? And | just bring this up because it's
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actual Iy been in the papers over the sunmer and there
have been sone i ssues about peopl e reportingthat they
don't feel confortabl e raising safety concerns, which
really doesn't do a lot for building public
confi dence.

And the other thing | wanted to bring up
is that there's been ongoing public debate in the
papers about Yucca Mountain and the topic sort of has
-- topics have evolved over tinme. | think the water
one is probably still around but it was one of the
early ones. There's a |ot of questions about where
does it cone fromand where does it go. The igneous
activity is probably an ongoi ng one. | think the
criticality issue was put to bed and 1'd be very
i nterested to know howt hat was done, because t hat was
an i ssue that was in the papers a lot for a while but
not anynore, and | think recently there's a |ot of
guesti ons about the corrosion rates and nechani sns for
a waste package and the drip shield because there is
a lot of enphasis on those barriers for the
performance of the repository.

Sothethingis, isit worthwhile to take
these in to consideration when we prioritize what
we're going to do for further studies, and | think it

is because if you don't, you end up having to meke
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reactive decisions |ater that m ght cost nore or you
m ght have experinments where you don't actually
achi eve public confidence with what you' ve done.

And | think that when you | ook to further
studi es and prioritizing what we should do, it's worth
it to evaluate sort of how the experinents are going
to affect our assessnent along all of the inportance
di nensions. And the thing is we're never going to get
perfect information fromwhatever experinment that we
do, soit's worthwhile to try to evaluate what we're
going to get fromthe inperfect information and get
sone ki nd of distribution of howwe're going to do on
these various attributes |ike defence-in-depth and
publ i c confi dence when we assess what we shoul d st udy.

| think from based on what | heard over
the sutmmer the DOE is definitely devel oping this, but
t he focus and the nethods are slightly different. So
it mght be worthwhile to reeval uate that.

So as | said, what do | eventually want to
do? | think all of this was based on a very snal
sample of what mght actually happen with the
repository. And eventually | would like to cone up
with these classes of scenarios that, at the end
state, we could say we're going to exceed t he dose --

we'll be in this dose range with this probability,
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because | think we're never going to have a set of
scenarios that we can say determnistically wll
definitely give us this dose, just because it's not
worthwhile to ook at all 300 paraneters to define
t hose.

Sol'dlike to binthemaccording to what
our preferences are for risk. So not just |ooking at
the 15 mllirem cutoff, but maybe |ooking at which
t hi ngs cause us to be 15 to 150, and what woul d cause
us to be greater than 150, and |ook at how our
scenarios fall in ternms of whatever risk goal we
def i ne.

And t he goal we can define naybe based on
what people are doing already inplicitly, but | have
to figure that out. |I'mnot sure yet.

So, and then once we find the scenarios
that m ght be inportant, we assess how they're doi ng
in terms of the inportance di mensions of | ooking at
def ense-i n-depth, public confidence, inconpl eteness,
and so on, and assess the need for supporting
information and the value of inperfect information
distribution that would be likely from whatever
studi es that are planned.

And | think one of the key things is how

we coul d best use expert judgnent elicitation, because
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| think thereis -- well, wetalkedalittle bit about
t hat . I'd like to see how we could deconpose
di sagreenents that are based on information versus
interpretation of information.

And |'d like to see how the current DCE
studi es that are pl anned for the wast e package and t he
drip shield and the igneous activity -- howthey m ght
do in terms of looking at the studies from this
per spective, just because | think there has been a
history of a |lot of expensive studies that | don't
know achi eved what they originally wanted to achi eve.

So anyway, well, that's where |I'm going
with this. I think | forgot like half of what |
want ed to say, because it's very early. So | hope you
can ask ne questions that will rem nd me what | was
supposed to say.

But | -- you know, thank you to everybody
who has hel ped nme over the sunmer and afterwards. |
really, really appreciate it.

CHAI RMAN  GARRI CK: Ckay. Thank you.
W' ||l ask a few questions | think.

Ruth, do you have sone?

MEMBER VEINER: | | ook |like |I have sone.
| have a couple of conmments, actually. The first is

you seem surprised that it was difficult to find
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scenari os and realizations, that the probability was
very |low that you would break the limt so to speak
and get a very high dose.

Wl |, Yucca Mount ai n was sel ect ed because
of some obvi ous external characteristics that it had
t hat people thought it m ght make a good site. And
|"m sure you can find sites that were not -- were
elimnated from consi derati on where the probability
woul d be very high

This has to do with how these sites were
selected in the first place, and | woul d suggest for
your dissertation that you take a | ook at sonme of the
hi story of the site selection. You probably have, but
| think you probably -- you mght ook at it -- at the
early environmental assessnents, the fivetothreeto
one deci sion, and so on. That was one point.

The ot her point that | wanted to make --
and, again, |"msurethiswill beinyour dissertation
-- isthere were alot of assunptions about solubility
t hat you sort of sail ed over and said, "Well, |I'mjust
usi ng neptunium 237." And | think that -- | hope that
i nyour dissertation sone of the uncertaintiesinthat
assunption are el uci dat ed.

M5. GHOSH: Well, you know, the reason |

had pi cked t he neptunium 237 is to focus the studies.
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W had tal ked about this at the beginning of the
summer, and it was basically based on t he NMSS st udi es
that showed that it seens al nost inpossible to get a
dose wi t h anyt hi ng ot her than neptuni um 237, at | east
in the regulatory conpliance period, which is why |
sort of focused on that one.

And you' re absolutely right -- interns of
finding the scenarios that could fail your criteria,
yes, | knew going in it would be very difficult.
Right? Extrenely difficult. But | thought that if we
canforcethe attributes intovery conservative ranges
t hat we m ght get sone hi gh probabilities of exceedi ng
it.

So it's not that |I'm surprised that
there's no way to do sone deterministic thing. | was
surprised by the | ow probabilities for even the very
hi gh -- highly conservative assunpti ons.

MEMBER HORNBERGER: To fol |l ow up on that
point, it strikes ne that you have -- you face a
difficult choice, because to get any kind of results
into scenario classes you are al nost certainly -- for
exanpl e, your class of greater than 150 mllirens,
you're going to have to drive the nodel with extrene
ranges only of the paraneters. And what you | ose

there is, of course, you no |longer have your risk
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basi s, because you've walled it off.

An al ternative way that | had t hought t hat
you m ght consider doing it is to say, well, okay, in
the spirit of uncertainty and bei ng bounded away from
the limt, the dose limt specified in Part 63, you
could ask the question -- just |lower the calcul ated
dose by a coupl e orders of magni tude, and you can say,
" Okay. What drives it to be greater than .15
milliren? \What drives it to be lower than 1.5 and
above 1.5 mllirens?"

And you might get a better feel for what
a nore realistic nodel would be doing in producing
t hose doses.

M5. GHOSH: Yes. You're absolutely right,
and ' mgoing to have to do that eventually. Because
as | nentioned, |I'musing the ol der, very conservative
dat abase. | think with the newone you can't even get
a fewrealizations that exceed the limt. The only
reason | had done that is because | always wanted to
keep the decision context in mnd.

So because that was the threshold -- but
you're right that, yes, | think eventually I'll have
to choose a much | ower threshold. But then there's a
real question of howwe define the risk curve, because

if we are so far fromour decision threshold, why are
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we worrying about it? | guess there's still
i nconpl et eness.

But | guess ny original idea is even
t hough I knew | had to force the scenarios into very
conservative assunptions, | wanted to find those
things, so we could be confident that they were
actually very conservative assunptions, because
there's a lot that's left out of the analysis. And
there just isn't resources to study everything.

So even though | knew that they were way
out on the tail, | just wanted to first find the
t hing, so that we coul d convince ourselves that they
really are far out on the tail. But, yes, |I'mgoing
to have to change the threshol ds for binning.

CHAl RVAN GARRI CK: M ke.

VI CE CHAl RVAN RYAN: Ceorge, that's one of
t he observations | was going to nake. And the second
part is if you --

MEMBER HORNBERGER: | beat you to it.

VI CE CHAI RVAN RYAN:  You di d.

(Laughter.)

And well, | mght add.

If you're going to have this forced
situati on where you get realizations that exceed the

dose, that will have a tendency to m scomruni cate to
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the public. So you've -- | would tend to think about
it this way, and | woul d suggest it m ght be hel pful
to you, istotry not to put all of the eggs into one
basket .

In other words, if you' re eval uating and
expl ori ng nodel s, and conponent s of nodel s, and what"' s
i nfluenci ng what, at whatever dose |evel happens to
make sense -- .15 or .015 millirem per year -- let
that be its own assessnent.

And then, if you're really trying to
figure out what coul d exceed under a particul ar set of
scenarios, or not exceed a given dose limt, that's
al so a rel ated question, but really independent in a
sense that you're focusing on dose rather than on
processes. There's no real reason to couple those.

M5. GHOSH: Ckay. You know - -

VI CE CHAI RVAN RYAN: At |east in how you
di scuss them because if you discuss themall at once
people will assunme if this process happens there's so
many real i zati ons above t he dose curve, and t hat coul d
be as ineffective of comunicating and devel opi ng
confi dence as doing just a determ nistic kind of job.

M5. GHOSH: Right. The thing is -- yes,
| realizethat's avery difficult i ssue, because on --

and, in fact, when the NRC had the nodel -- the
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uncertai nty workshop over the sumer, one of the DCE
peopl e said exactly that -- isthat we'rereluctant to
show our boundi ng anal yses, and so on, because peopl e
m ght just pick that up and say, "Well, look, it's

possi bl e, because you've proposed it."

So, |I nean, | realize that's always an
issue, and | want to repeat again that | don't --
what ever |"m proposing here, it's sort of

suppl ementary analyses to a lot of the sensitivity
anal yses, and so on, that's already done.

But the thing is if we want to know | i ke
what m ght actually cause risk fromthe repository,
there's no one place right now to get the answer.
Right? | nean, we just -- so | realize there's a
conmuni cati on problem for comunicating what is the
nmeani ng of such a study where we're | ooking at very
extrene cases.

But | would like to have in one place an
i dea of what m ght actually cause the risk fromthe
soci ety, and then convince ourselves and everybody
el se, ook how unlikely this is to happen. This is
the only way we can figure out to even cone close to
exceedi ng our decision threshol d. And it's just
ridiculous to think that this is possible.

VI CE CHAI RMAN RYAN: And if you keep al
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of that in context, you can get there. It's just, you
know, when you put together, it takes a little bit
nore art to communicate it conpletely, and | appl aud
your effort.

And that was nmy other coment. You' ve
really jamed an awful | ot of very good work in a very
short period of time, and | congratul ate you on your
success with it.

M5. GHOSH: Yes. I'mreally sorry. |
wi sh | had nore done. But by May --

(Laughter.)

CHAI RMVAN GARRI CK:  Thanks.

| wanted to come back to the issue of
uncertainty, and there's been a | ot of thought given
to how you characterize uncertainty in these kinds of
anal yses. And | want to ask you a coupl e of questions
about whether or not some of these things have been
consi der ed.

Wien we first started doing very large
risk assessnments of nuclear powerplants, we were
searching for a format that would be effective in
conmuni cating the risk. And one of the concepts that
we came up with that was -- turned out to be quite
powerful was kind of the probability of frequency

concept .
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And by that what we nean is that when
you're dealing with the subject of |ikelihood, people
tal k about the |ikelihood of events, and so forth.
The inportant issue here is: how do you represent
i kel i hood? And there's nmaybe three ways to do that.
One is to represent likelihood as the frequently of
occurrence of a particular event. Anot her is the
probability of the event.

And the third is a conbi nati on of the two
--istoadmt that if you' re | ooking for an event and
its frequency, you knowthat there's uncertainty about
t hat frequency. And the way you convey it is to enbed
that frequency in a probability distribution.

Well, that is a very -- that has been a
very powerful format to follow. Nowthe question is:
how woul d you do that in a repository situation?

Well, you'd probably do it the same way
that it's been done in other applications. You think
of it inthe context of a thought experinent. You ask
yourself if this went on for mllions and m|lions of
years, and you | ooked at a particular time interval,
what's t he frequency of occurrence of a certain damage
| evel ? And damage |evel can be anything from
fatalities and injuries to dose.

And so, but thisreally then allowed us to
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characterize the risk in the context of a
conmpl ement ary cumul ati ve di stribution function fornmat
wi th frequency bei ng t he ordi nat e and danage bei ng t he
absci ssa and probability being the vari able.

And so what we also found as far as the
whol e busi ness of how you present this to not confuse
the public is that you tend to collapse the
percentiles into a fewcritically inportant ones, or
at | east the kinds of percentiles that you see in the
ri sk conmunity, such as the five percentile, the 50
percent, and the 95 percent, and maybe you want t o put
the nmean in there, too.

So if you do that, then clearly you don't
get into these dilemmas of having these horsetails
that often go above a limt, because even in the one
you' ve shown t he 95 percentil e woul d be wel |l bel owthe
[imt. It would be belowthe limt.

So that's one thought is that you -- when
you present the material, you present it in the
context of specific percentiles that are pretty
characteristic of what we're used to, such as the 90
percent interval.

But | Iike the idea of presentingthe risk
in that form in the formas you did at the outset

here. Nanely, you just put it down the way it is with
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the kind of adjustments 1've just alluded to as
possibilities.

| 1ike that better than, in fact, the way
it's being done, which is the peak of the neans. It's
just to present the CCDF of the dose of Yucca Mountain

based on perhaps a five percentile, 50 percentile, and

a 95 percentile, and then you -- it's pretty obvi ous
when you inpose the limt line on that where you
st and.

So I'mcurious as to whether or not you
are thinking in your work about the fundanmental issue
of uncertainty and howto characterizeit. And | nade
t hat speech because experience has indicatedthat this
is -- there is at least one very powerful way to
represent it -- through the probability of frequency
idea. And | just wondered if you had consi dered t hat.

M5. GHOSH: Yes, yes. Thank you for
bringing that up. ['ve definitely thought about it a
lot. And one of the things that bothers nme alittle
bit isthat either if youlook at a reactor PRA, which
typically you look at sonme neasure |like the core
damage frequency, or the width PA, and you | ook at the
curves that were generated in the summary neasures,
there is a separation of aleatory and epistemc

uncertainty. Right?
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Because with the -- in a tree, through a
reactor, you are | ooking at events that m ght happen
t hat one can think of as aleatory uncertainty. And
t he epi stem ¢ uncertainty cones fromthe -- you don't
know about the failure rates for the various things
t hat have to occur.

And the sanme for WPP. Wen we had the
famly of curves for WPP, each curve represented
epi stem c uncertainty, and the actual CCDF was for
aleatory uncertainty for their dom nant hunman
i ntrusion scenari o.

Now, for Yucca Muntain we |unped the
al eatory and the epistem c uncertainty into one dose
history, right? Because our paraneters are actually
capturing all kinds of things, not just uncertainty
and assunptions. So there are al so chance events t hat
are |unped in, so everything is |lunped into the dose
hi story.

So there is -- overall there is less
information, right, about the type of uncertainty
that's represented in the curve. And | guess there's
not a lot to do about that, but, of course, | like
your idea about when we represent the CCDF to | ook at
some percentiles rather than just having one.

| think it's a good idea, and |'lI
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definitely do that for ny -- as | progress. But
that's definitely one thingthat has bot hered ne about
the assessnment for Yucca Muntain. | guess maybe
nobody el se cares, nobody el se i s concerned about it.
But we' ve | unped nore i nto each, you know, realization
t han, for exanple, for WPP, because with the WPP t he
criterion was nuch sinpler. So you are able to
represent the different types of uncertainty.

CHAIl RMVAN GARRICK:  Well, | think people
characterize it a little different. Rat her than
t al ki ng about epi stem c and al eatory, they tal k about
informati on uncertainty and nodel i ng uncertai nty. But
it's the sane thing. And | think that those two
issues probably have to be treated sonewhat
separately.

You know, the business of information
uncertainty is very nmuch nore advanced in terns of a
science than i s the busi ness of nodeling uncertainty.
And the way that oftenit's been done with respect to
the nodeling uncertainty is to apply different
physi cal nodel s to the sane probl emand see what ki nd
of variations or perturbations you get. But there are
ways of doing -- at | east getting sone handl e on both
of those kinds of uncertainty.

Any ot her questions? Yes.
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MEMBER HORNBERGER: | have just a couple

nitty-gritty things that I want to explore, then
okay? So if I look at your slide on crude estimates
for scenario probabilities, okay, it seens to nme that
there's alot, shall | say, hidden in here. 1t's not
entirely obvious. So the first thing is, if |
understand this correctly, you had to nake this
deci sion that one, two, three, four, five, six factors
or paranmeters in the nodel were all that was
i mportant.

M5. GHOSH: Yes. But as | nentioned, it's
not true --

MEMBER HORNBERGER: No, | know. But you
had to make that assunption, right?

M5. GHOSH: Right. That is ny initia
assunption, yes.

MEMBER HORNBERGER: That is your initial
assunption. Okay. So now my question, then, when |
| ook at that table is, | don't know why you didn't
fill in nunmbers for each one of those factors to
cal cul ate the exceedence probability.

You know, even if infiltrationin the 101
dose was at the one percent |evel --

M5. GHOSH: Right.

VMEMBER HORNBERGER: -- because it strikes
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me that sort of your expected exceedence probability
for any realization is one over 2° in this case, if
you have six paraneters. 1Is it not?

M5. GHOSH: Say that |ast thing again.

MEMBER HORNBERGER: (kay. So t he expected
val ue of your exceedence probability --

M5. GHOSH:  Yes.

MEMBER HORNBERGER: -- if you have a nodel
for six paraneters that are all inportant is one over
2°. Half of your realizations are going to be above
t hat val ue, right?

M5. GHOSH: Yes. OCh, right.

MEMBER HORNBERCER: So you have an
expected value of this last colum, and so your
conparison -- | would think that you would want to
fill in that whole table. Small point.

But it's also clear, though, that if you
did this and anticipated that all 100 paraneters were
i nportant, then your expected exceedence probability

woul d be one over 2¥°

, which is now a really small
nunber. And so that's why it's hard to pull apart
this for a very conplicated nodel

CHAI RVAN GARRICK:  Yes. | think that's

one of the things | was alluding to, | wasn't getting

to, is | think it's maybe very dangerous to address
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each realization in this context. | think that this
is a case where [ unping them woul d make the probl em
have a | ot nore physical nmeani ng, because it's a kind
of -- the realization -- when you get down to five or
six realizations, it's alnpbst an artifact of the
calculation rather than reality. And so --

M5. GHOSH: Can | propose sonet hing?

CHAI RVAN GARRI CK:  Yes.

M5. GHOSH: And you tell ne what you
think. So | -- first, | have to increase the nunber
of realizations. | was thinking maybe -- let's say we
start with 1,000 or sonething, right? And | have to
do sone nmultiple sets of 1,000 realizations, if | want
to probe the sanple spaces for various attributes,
right?

So let's say we pick things that nake
sense to |ook at together, like the initial waste
package rate, failurerate, withthe infiltration and
how nuch water is actually getting there, because t hat
gives us our source term com ng out of the waste
package.

Soif we force those, let's say, into sone
-- inthe 25th percentile range, let's say, for those
things, and |l et everything else vary as it is in the

anal ysis, and | shoul d get sonething about -- first,
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| will get a dose distribution with sonme exceedence
probabilities.

And as | said before, you're still going
to have a lot of cases where you don't exceed the
dose, but what you woul d end up with i s maybe a coupl e
of end states, where you' re going to exceed |ike 100
milliremor 15 mllirem when you're in the sanple
space. Right?

So now, would it be inproper to maybe
define this class of scenarios and say that if we have
this class of scenarios we -- basically, to build a
CCDF for the class of scenarios. So, you know, we
found that in 40 percent of the realizations we still
have a zero dose, but we may exceed 100 with this
probability based on this sanple space.

Yes. Because, | nmean, that's what | was
originally trying to do with the nine runs, and it's
just not enough to do that. Yes. Because, | nean,
t he point of doing this, and | take your point, but I
wanted to see for this particular history of howthe
repository m ght have evol ved, howcan we expl ai n what
we actually found at the end? And | didn't include
t he paraneters where it was bel owthe 50t h percentil e,
because | nmade the assunption that it doesn't explain

why we got the dose, because it could have been any
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val ue.

MEMBER HORNBERGER: It wouldn't change
your nunbers very much. Your right-hand col um woul d
not be changed very nuch, if you think about it.
Because what's affecting your right-hand colum are
t he 99 percent and the 98 percent. Anything | ess than
that isn't going to affect it very nuch, as you saw
for the one that came out to be 1.77 tines 102

CHAl RVAN GARRI CK:  Yes.

MEMBER HORNBERGER: Those things don't
make the nunber low. You're basically tal king about
factors of two rather than 10.

kay. Could | go on to sonething el se?

CHAl RVAN GARRI CK:  Yes, sure.

MEMBER HORNBERGER: So the other thing
that intrigued ne is your hypothetical risk goals.
And | understand the WPP CCDF and the nice way that
t he EPA had that standard. But I'malittle confused
that -- well, to nme, |I'm not sold that these
hypot heti cal goals that you put forward make sense.
kay? And let ne tell you ny reasoning. GCkay?

Thi s is essentially a cunulative
di stribution, and so the slopes of the cumulative
di stribution give us density. Okay? So your top goal

indicates that -- to nme, that you have a zero
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probability density of getting any dose bet ween 15 and
150 mllirems. Ckay?

Now, the only way that nakes sense to ne
is if you extend that l|ine horizontally out to
infinity, which means that your hypot hetical ri sk goal
is to have a zero probability that you will have any
dose exceeding the limt, which --

M5. GHOSH: Wait. Wiy do you see there's
a zero probability? There is a 10 percent chance for
the --

MEMBER HORNBERGER: There's a 10 percent
chance for the limt.

M5. GHOSH:  Yes.

MEMBER HORNBERCGER: COkay, at 15 m | liremns.

M5. GHOSH:  Yes.

MEMBER HORNBERGER: And it's a 10 percent
chance at 150. So how many additional ones have you
accumul ated? Zero.

If you take a cumulative distribution
function, the slope of that cunulative distribution
functionis the probability density. Okay? The sl ope
of that cumul ative distribution that you have there
is zero.

M5. GHOSH: I'msorry. | just took this

straight fromthe WPP, and the line that | drawis
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irrelevant. | think the main points are they didn't
want -- that they didn't want to overprescribe, you
know, what the goals are. There is just two points,
mai nly the one at the bottomand the --

MEMBER HORNBERGER: | know. And | know
WPPis arelease fraction, soit's adifferent thing.

M5. GHOSH:  Yes.

MEMBER HORNBERGER:  And that's my point.
My point is that what | think you should do is think
about whether that translates very nicely over to a
dose standard or not, because your ot her one t he sl ope
| don't |like any better either as arisk goal, because
what it indicates is that you have an equal chance of
getting any dose between 15 and 150, which doesn't
seemto make a |l ot of sense to ne either

M5, GHOSH: Okay. Yes. Il will think
about that.

CHAI RVAN GARRI CK: | think a nuch nore
strai ghtforward approach is just to prevent the CCDF
on the basis of the scenarios. Now, at the end of
each scenario you have a PDF, a probability density
function, and each scenario has a different end state.

So you take those scenarios and you
organi ze themin the order of increasing damge, and

t hen you accumul ate themfromthe bottomup. And that
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gi ves you your cumul ative distribution. And j ust
present that distribution as it is, but have -- with
a clear trail fromthe scenari os.

MEMBER WEI NER: Can | nake one addi ti onal

poi nt ?

CHAl RVAN GARRI CK:  Yes.

MEMBER WEI NER: If you read 40 CFR
Part 194, you will find that there is also a dose

standard for the WPP, although the one that was

applied was this. And a nore appropriate conparison

for -- to Yucca Mountain would be to use that dose
standard, because it -- as Ceorge has pointed out,
this -- the probability of one and probability of

. 001, that was specifically for the rel ease standard.

So | woul d encourage you to go back to 40
CFR 194 and redo that. Look at the -- well, there are
-- I've forgotten what the section nunber is. But
40 CFR Part 194 was the regul ation that EPA wote for
the WPP. That was the one that we had to wite the
conpliance certification application to. And that
al so provi des a dose standard. | think that m ght be
a nore | ogical one to use.

M5. GHOSH: Okay, yes. Thank you. I
forgot about the dose for WPP. So I'll look it up.

CHAI RMAN GARRI CK: Excell ent. Go ahead,
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Geor ge.

MEMBER HORNBERGER: Thisisreally --it's
not even a nitpick. It's just -- | put a question
mar k here, and Neil can probably answer the question
for us. Do you know how many vol canol ogi sts have been
killed in eruptions?

M5. GHOSH: Ch, is it high? Because |
didn't know. s it true? Yes? Oh, everybody is
nodding. GCkay. So |I'm--

MR. CAMPBELL: It's one of the riskiest
jobs in all of earth sciences.

M5. GHOSH: Is it worse than astronauts?
Yes? Okay. Well, thank you for pointing that out,
because obviously I"'mnaive. | had no idea. | was
young when Mount St. Hel ens happened, so this was
really inpressed inny brain, that this poor scienti st
who | oved hi s work di ed, you know, in the thing he was
st udyi ng.

CHAl RVAN GARRI CK: Il would be -- |
woul dn't want to have the record be too categorically
sure about that it's worse than astronauts, because
t he astronaut sanple is very small, and the incidents
are quite high, especially if you consider all of the
pr ogr amns.

But anyway, we are very inpressed wth
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what you're doing and --

M5. GHOSH: Can | ask you one |ast
guesti on?

CHAI RVAN GARRI CK:  Yes. W have -- excuse

me. W have sone ot her questions.

MR. McCARTIN: | just want to -- just to
make an observation, but al so your Table 3 -- 1'd Ilike
to conmpliment you on it. | think it's a very

interesting way to present sone information to make
people think. And I'll just point to one thing that
| have to go back and scratch ny head on

| have | ooked at the source code for LHS
sanmpling, and there is a lot of code in there to not
i ntroduce correl ation -- unspecifiedcorrelation. And
when | | ook at your first vector there, the |argest
one, there's three paraneters that are at their 97th
or higher percentile. Those three are uncorrel ated,
and it's in a sanple of 200. You could get three
paraneters at that high of a val ue. It's kind of
fasci nati ng.

Now, it is randomsanpling, so it doesn't
nmean it can't happen. However, it -- I'"mgoing to go
back and just try some statistical experinents with
our input --

MEMBER HORNBERGER: It would be really
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amazing if it were random sanpling. That's why you
get --

MR. McCARTIN: Yes. But even -- it does
not try todothis. Youcan get it, but I'll tell you
it would be interesting in 200 vectors to get three
uncorrel ated paraneters to be al nost at their highest
value. I'dIlike to do, as you suggested you nm ght do,
a 1,000 vector sanple.

MEMBER HORNBERGER: How many are you
sanpl i ng?

MR. McCARTIN: Well, and that's why |'m
wondering if LHS gets confused with, you know, the
approximately 2- to 300 sanpl e paraneters.

MEMBER HORNBERGER:  You ar e sanpling that
many ?

MR. MCCARTIN Yes. Yes. It will just be
interesting to do sonething -- sone experinments, some
statistical experiments. | nmean, you m ght do 1, 000
vectors and not get nore than one that |ines up that
well. | nean, in any given set you can get some rare
events. It doesn't nean that every 200 vectors sanpl e
you'll get that, but it is an interesting result.

|'m not sure what it means, but, once
again, it's the benefit of here's a different way of

| ooki ng at things. | think there is, as Dr.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

60

Hor nberger indicated, there's a |lot of information
here. But that's one of the -- | conplinment you on
your -- the work that you spend here. That's one of
the things we certainly hope to get when we have --
intern work is stuff that nmakes us think.

M5. GHOSH: Vell, | based it on your
study, so thank you.

(Laughter.)

MR. McCARTIN.  Well, | didn't --

M5. GHOSH: | was just trying to quantify
what you had already found, but, you know -- am I
all owed to ask you guys a question? Because | just
want to -- okay, because | really want to think about
how to have a risk goal in ternms of the CCDF. And so,
Dr. Hornberger, it seens like you don't -- is it that
you don't like the idea at all, or you don't |ike the
specific exanmples that | showed?

MEMBER HORNBERGER: The | atter.

M5. GHOSH: The latter.

MEMBER HORNBERGER: | guess what |I'm
suggesting i s you need to think about it as to whet her
your hypothetical goals on a CCDF for a dose standard
make sense. Okay. And |I'mnot judging -- |I'm not
saying that you m ght not be able to cone up with a

hypot hetical goal, but | don't think it's quite as
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sinple as just transferring the WPP rel ease fraction
goal over onto a dose standard.

M5. GHOSH: Right, okay. I'Il definitely
t hi nk about it. Thanks.

CHAl RMVAN GARRICK: | think, again, it's
nore inportant to be able to present the dose as to
what it is. You know, and if it's -- and if you have
a dose standard, as we do in Yucca Mountain, then you
know exactly where you stand. So | --

VI CE CHAI RVAN RYAN: That's kind of ny
poi nt, John. Is there really a need to have a
surrogate for dose? You know, in terns of a risk
coefficient or sone other risk goal? Wy don't we
just use the dose?

M5. GHOSH: Oh, no, no, no, no. It's just
that if we | ook at just the nean, we don't | ook at the
whol e spectrumof risk. That was ny point in trying
to build sone way to | ook at the whol e distribution.

VI CE CHAI RMVAN RYAN:  Yes.

M5. GHOSH: That's why | brought it up.
O course, dose is what --

VI CE CHAI RMVAN RYAN:  Sure.

M5. GHOSH: -- is causing the risk. Yes.

VI CE CHAl RVAN RYAN: But, | nean, if you

followDr. Garrick's comment and just, you know, put
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all of the realizations up against that dose -- and
even if it's in some sort of a forced way, so you can
see what's happening, you know, from a node
perspective, that's useful. But presenting the dose
i s always neani ngful to ne.

CHAI RMAN GARRI CK:  Yes. Phil, go ahead.

MR. JUSTUS: A perspective on your Mount
St. Hel ens exanple, and | amnot doubting that it was
a surprise certainly to the 60 people who died from
t he horizontal blast effect.

But the alternative perspective is that
froma regul atory point of view Mouunt St. Hel ens was
a -- was the agency's first success stories in
desi gni ng a nucl ear powerplant tonmtigatethe effects
of a volcanic eruption. |'m speaking of the Trojan
pl ant .

And the U S. Geological Survey did
correctly determ ne the weak side of a future Munt
St. Helens blast. They correctly determ ned the
vertical plume and the direction of dispersion of it.
They correctly predicted that the greatest hazard to
the Trojan plant would be fromthe nud fl ows com ng
down the flanks of the volcano into the Colunbia
Ri ver, clogging their intake systemwth silt, nud,

and sandy particles, and such.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

63

And t here woul d be sone ash, and t he HEPA
filter system and other filters would need to be
enpl oyed to withstand the small anobunt of ash froma
future eruption. Al'l of that happened within the
design basis for that vol canic event.

Just anot her perspective on -- it was a
surprise, but yet it wasn't from another point of
Vi ew.

CHAI RVAN GARRI CK: Any ot her conments,
questions, discussion? Wll, thank you very nuch.
Good luck in your activities fromnow until My.

M5. GHOSH: Thank you. Thank you all very
much. | really appreciate your hel pful conments.

CHAI RVAN GARRI CK:  Any ot her conments from
the conmttee or staff before we adjourn for |unch?
Al right. | think we'll adjourn for Iunch, and we'l |
resune at 1:00.

(Wnher eupon, at 11: 54 a.m, t he

proceedi ngs in the foregoing matter went

off the record for a lunch break.)
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