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UNI TED STATES OF AMERI CA
NUCLEAR REGULATORY COWM SSI ON
+ + + + +
ADVI SORY COWM TTEE ON NUCLEAR WASTE ( ACNW
140TH MEETI NG
+ + + + +
TUESDAY,
MARCH 25, 2003
+ + + + +
ROCKVI LLE, MARYLAND
+ + + + +
The Advi sory Conmittee nmet at the Nucl ear
Regul atory Conmi ssion, Two White Flint North, Room
T2B3, 11545 Rockville Pike, at 10:00 a.m, George M
Hor nber ger, Chairman, presiding.
COW TTEE MEMBERS PRESENT:
GEORCE M HORNBERCGER, Chairman
RAYMOND G WYMER, Vi ce Chairman
B. JOHN GARRI CK, Menber
M LTON N. LEVENSON, Menber

M CHAEL T. RYAN, Menber
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PROCEEDI NGS
10: 06 A M

DR. HORNBERCGER: This is the first day of
t he 140t h neeti ng of the Advi sory Conmittee on Nucl ear
Waste. My nane i s George Hornberger, Chairman of the
ACNW The ot her nmenbers of the Cormittee present are
Raynmond Wner, Vice Chairman; John Garrick, MIt
Levenson; and M chael Ryan.

During today's neeting, the Commttee will
(1) conduct a workshop working group on the NRC and
DCE performance assessnents, assunptions and
di f f erences.

John Larkins is the Designated Federal
Oficial for today's initial session.

This nmeeting is being conducted in
accordance wi th t he provi si ons of the Federal Advisory
Conm ttee Act. W have received no requests for tine
to make oral statements from nmenmbers of the public
regardi ng today's sessions. Shoul d anyone wish to
address the Comm ttee, please nake your wi shes known
to one of the Conmttee staff. It is requested that
speakers wuse one of the mcrophones, identify
t hensel ves and speak with sufficient clarity and
vol unme so that they can be readily heard.

Bef ore proceeding, | would like to cover
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sone brief items of interest. First, thisis thelast
ACNW neeting for our Vice Chairman, Raynmond G Wnmer
and we will mss him W truly will mss him And |
say that for nme personally andit's certainly true for
the rest of the Committee as well. And we do wi sh him
wel | .

Chai rman Meserve |eaves the Agency on
March 31st to assune t he post as President of Carnegie
| nstitute of Washi ngton. Chairnman Meserve didn't see
the point of staying on after Ray Wmer left, right?

(Laughter.)

M ke Lee and Tom Kobetz have been nmade
per manent staff nenbers. Ram n Assa, ACRS Staff
Engi neer, has accepted anot her positionin the Agency
and is leaving at the end of the nmonth. There are
several managenment changes within the Ofice of
Nucl ear Safety and Saf eguards that have or will occur
i n February/ March. O particular interest to the
ACNW Don Cool wll become the Senior Level Advisor
for Health Physics reporting to the Director and
Deputy Director, NMSS. Susan M Frant will becone t he
Chi ef Fuel Cycle Facility Branch. Larry Canpbell wi |
become the Deputy Director of the Licensing and
| nspection Directorate in the Spent Fuel -- SFP.

Daniel M Gllin wll becone the Chief of the
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Decomm ssioning Branch in the Division of Wste
Managenent .

On March 10, the Atomic Safety and
Li censing Board rejected the NRC Staff Opinion and
ruled that there was a crediblerisk that fighter jets
fromthe nearby Air Force Base could crash into the
above-ground fuel storage casks at the proposed
Private Fuel Storage PFSfacility in Utah. The Judges
sai d PFS coul d argue that the facility could wi t hstand
an F-16 collision w thout appreciable health and
safety consequences, but it could not rule on that
because the PFS application focused on | owl i kel i hood
of acci dents rather than a di scussi on of consequences.

For the benefit of the attendees at this
neeting, it is noted that the 141st ACNWneeting w | |
be -- will |ast two days, Tuesday and Wednesday, April
22nd and 23rd, 2003.

| also would Ilike to welconme our
di sti ngui shed Panel who has joined us at the table
here and they will be introduced individually as we
proceed and | certainly thank themfor participating
in our neeting.

So wi t hout further ado, we will nove onto
our working group and I will turn the neeting over to

John Garrick who will lead this session.
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7
DR. GARRI CK: Thanks, Ceor ge. The

Advi sory Conmi ttee on Nucl ear Wast e uses t hese ki nd of
wor ki ng group sessi ons for many reasons, but the nost
important reasonis that it allows ustodigalittle
deeper into sonme of the technical issues associated
with what we are doing and it nurtures our know edge
basis considerably in the process.

G ven that the performance assessnent is
such avital part of the eventual |icense application,
because it's the basis for the technical decisions, it
is appropriate that we pursue the technical issues
associated with the performance assessnment very
diligently. And that's what we're goingtotry to do
here the next couple of days.

In the prospectus that we devel oped for
t hi s wor kshop, we sai d that the purpose of the working
group session were fourfold: first, toincrease TMNs
t echni cal understanding and know edge of the
performance work that's been done to date for the
Yucca Mountain repository; second, to identify areas
in the analysis that may warrant increased realism
third, tounderstandthe different approaches taken by
t he NRC and t he Departnment of Energy; and fourth, to
provide a reference or baseline for a followup

wor ki ng group session on performance confirmation.
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There's a nunber of things that we want to
achi eve here. We've identified some specific
guesti ons. The thrust of the work shop is on the
source term associated with the Yucca Mountain
repository performance on the basis that unless you
have the source termright, it's pretty difficult to
have hi gh expectations of the rest of the analysis.

So that's why we're going to put a |l ot of
attention in the tw days on the waste package
performance and the activities that take place in the
near field, because that's where the waste is
nobi | i zed and becones i n what ever formand state that
it's going to becone for transport.

For exanple, sonme of the questions we're
very interested inis what is the basis for the water
chem stry assunptions inside the waste package in the
current nodel s?

What is the realistic representation of
the water pathway into the waste packages?

How can the performance assessnments be
used to achieve a nore realistic and bal anced desi gn
of engi neered and natural barriers?

How shoul d t he performance assessnents be
used to facilitate performance confirmation?

Atheme of this Conmttee for along tine
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now has been that if we are going to do risk-inforned
anal yses that those anal yses ought to be realistic
because unless they'rerealistic, wedon't really have
an appropriate reference point or game play against
which to make judgnents about how conservative we
ought to be or the Nucl ear Regul at ory Conmi ssi on ought
to be.

So we' ve pushed very hard that the nodel s
ought not to be nodels that are just for the purpose
of conpliance, but nodels that are indeed for the
purpose of telling us something about how this
facility is really going to perform

I n that connection, we've al so made quite
an i ssue out of the matter of the transparency of the
nodel s. And | thought naybe what | would do is share
with you two slides of sonmething that | dealt wth
many years ago on what constitutes nmaybe a conceptua
framework of transparency for a repository anal ysis.

This came about long before I'd read ny
first performance anal ysis and cane about when | was
-- had a conpany t hat made their |iving doi ng nodel i ng
and ri sk assessnents. And one of ny board nmenbers by
t he name of Nor mRasnussen asked ne how woul d you | ay
out a nodel for analyzing the risk of geologic

repository? And while it's changed a great deal since
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that tinme, these are the elements. And again, both
Normand | were thinking in ternms of a probabilistic
performance assessnent at a tinme when perfornmance
assessnments were indeed not probabilistic.

The first thing that occurred to ne is
t hat the anal ysis ought to be nodul arized in such a
way that you can deconmpose it into a visible
expression of what the driving contributors to the
performance are or to the risk. So | had the vision
of a set of initial conditions that indeed would be
probabi listic. You could imagine that being a
di fferent set of clinmatol ogy conditions and you could
imagine doing this for different discrete tine
interval s to accommpdat e t he ti me dependence. But the
i dea woul d be to have as the first nodel what | chose
tocall the infiltration nodel. That is to say that
would get us to the point of different water
conpositions that would becone, that would be the
out put and woul d becone t he i nput for the next nodul e
of the nodel which here |'ve chosen to call the near
field nodul e or the source term nodul e.

So t he concept here is that you woul d have
a variety of pinch points and out of these pinch
poi nts you woul d get certain perfornmance states based

on the inputs. Those performance states woul d be the
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i nput to the next nodul e and once, of course, that
input exists, it doesn't matter what happened
previously to that nodule. You can work that nodul e
in any fashion you desire.

So the idea is to have such a nodule for
the near field, for the unsaturated zone under the
wast e package and t hen, of course, the saturated zone
and then finally the biosphere.

Then t he upt ake whi ch woul d be the other
slide that | have and the only slides that | have
woul d be out puts such as this and this is not to say
that this isn't what we're getting, but it isonly to
say that when the Commttee is chall enged as to what
we nean by transparency, these concepts have sone of
the elenments of what we nean, nanely that we can
deconpose these outputs into these various scenari os
and to these various nodules to understand at the
nodul e | evel what the inportant contributors to the
risk are, at the scenario |evel what the inportant
contributors to the risk are and then at even the
| ower levels such as the features, events and
processes.

And again, we are tal ki ng about possibly
doing this for the nom nal case and perhaps treating

the events such as the episodic events |Iike
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eart hquakes, igneous events, neteorites and what ever
separately and that | ower right hand curve whichis a
frequency of exceedence curve is a convenient way to
represent episodic events. It's known by various
nanmes. It's known as the risk curve. It's known as
t he frequency of exceedance curve. It's known as the
conpl enentary cunul ati ve di stributioncurve. But it's
a very precise manifestation of what is nmean by risk
when you have it and the concept shown here is the
concept to capture the essence of uncertainty where
probability is the paraneter and the curves indicate
the probability of the frequency of certain health
effects occurring and so forth.

| thought I would just showthis as a way
or as a structure because when we review and did our
vertical slice of the performance assessnent, we
t hought very nmuch along these lines, trying to
backtrack from the results into the contributor
categories such as nodul es, scenarios, features,
events and processes.

One of the things | noticed in the
i ndependent review, the international independent
revi ew was t hey made the point that the international
conmuni ty does not enphasi ze probabilistic approaches

to the extent that is being enphasized in the Yucca
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Mountai n, but in alnost the very next paragraph they
said one of the nost critical requirenents for the
performance assessnment is the uncertainty anal ysis.
And | had alittle trouble with that because to nme the
| anguage of uncertainty is probability, if that
probability is <connected to the evidence and
uncertainty istheissue associatedw th this project.
So anyway, | just wanted to set the stage
alittle bit for some of the things that we're ki nd of
| ooking for here and now we can hear from a real
expert and we' re pl eased to have hi mhere, Joe Payer.
Joe is a Professor of Materials Science and
Engi neering and Director of the Yeager Center for
El ectrochem cal Sciences at Case Wstern Reserve
Uni versity. He has expertiseinmterials performance
and reliability, enphasizing corrosion and contro
nmet hods. He's a Fellow of the ASM International, a
Fel | ow and past president of the -- | think that's the
Nati onal Association of Corrosion Engineers, is it
not, International and recipient of the ASTM Sam Tour
Award for contributions to corrosion test nethods.
He's been a very high profile performer in sonme maj or
econom ¢ studi es that have been done in the U S. One
is the 2002 report on "Corrosion Costs and Preventive

St udi es. " And the other is the report that was
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performed in 1978 on t he determ nati on of the econom c
effect of corrosion in the U S.  These are pretty
prof ound studies. He was a nmenber of the TSPA- VA,
viability assessnment peer revi ewpanel that was forned
to provide the Departnment of Energy with a fornmal
i ndependent critique of the 1999 report. In addition,
he chaired DOE' s Wast e Package Material s Performnce
Peer Revi ew Panel and currently Joe is serving
part-time on a DOE Sci ence and Technol ogy Revi ew Panel
in support of DOE's Director, Ofice of Cvilian and
Radi oacti ve Waste Managenent.

We've heard fromDr. Payer before and he
was judged as the guy that could help kick this
wor kshop off and put the issue of how you build a
corrosi on nodel in perspective. W're delighted to
have you, Joe.

DR. PAYER Thank you very much, John. |
t hank the Commttee for inviting us and ne personal ly
to this. | look forward to it.

Let me do sone disclainers here first.
It's ny goal with this presentation is to give an
overviewstarting with what sonme of the conditions are
at Yucca Mountain. Alot of this are things that nmany
of you around the table obviously have dealt with

before, but | thinkit's worthwhile to rem nd us what
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sone of the conditions are at Yucca Mountain. W do
alot of testing in beakers, fully i mersed, because
that's the way to do those tests. W do a |ot of
short-termtesting, even when we test for a nunber of
years and try to apply that to 10,000 years.

The ot her inportant nessage that is sort
of a theme underneath this is when we talk about a
corrosion process or an alteration product of spent
fuel, that type of thing, we tend to take whatever the
experi ment al information is or the nodeling
information at that given tine and there's sone
kinetics or rate of reaction that's going on there and
we just intuitively or by mstake say okay, well,
that's what's going to go on for 10,000 years or
100, 000 years.

And | think it's inportant for us to
recogni ze and cone back to what conditions pertain at
the repository at 500 years or at 5,000 years or at
50, 000 years because the conditions change over that
time period. So sonme of these processes raise their
i nportance and others of themfall back.

As John mentioned in the introduction
here, | come froma materials science background. |
did ny thesis work at Chio State University a few

years ago, several years ago, in the area of
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corrosion, electrochem stry and basically | spent ny
career inthefieldof corrosion, materi al s sel ecti on,
failure analysis, determ ning howthings will behave
if you don't do anything and what if you take vari ous
criteria. So that's the bias that | cone to from
this.

Havi ng sai d that then ny primary expertise
has been on the types of processes that will penetrate
t he package, the corrosion processes, okay? What |
wi || say about the performance of the waste form and
radi onuclide release type processes are based on
havi ng sat through many sessions like this and being
abl e to hear Rod Ewi ng and Davi d Shoesm t h and ot hers
who have worked very closely in this field and I'm
trying to capture what they say.

So Rod certainly will have an opportunity
to put theright spinonit if |I mss the perspective
her e.

Next slide, please?

(Sl'ide change.)

DR. PAYER We're going to tal k about the
conditions at Yucca Muntain just to provide sone
background and perspective and then the three
i mportant aspects of this, | believe, or the way I

break this up and John, | agree very nmuch with t he way
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you try to nodularize this overall process. It's
i mportant to knowthe overal | outcome of these things,
but | think we need conpetence and strive for
under st andi ng at each of the different nodul es.

And three of the nodules 1'd like to talk
t o you about are what's the conpositions of the water,
the conposition of the water that's on the netal
surfaces and wast e package barrier | ayers. Wat's the
composi tion of the water entering the waste packages
and then what happens to it once it's in the package
and rel eases.

So we're going to spend a little bit of
time here tal king about sone of the issues of the
conposition of water. Corrosionisclearlyidentified
as the primary determ ner of wast e package del ay ti ne.
It's the nost |ikely, the npbst probable process,
degradati on process that will determ ne when packages
get penetrations and what the formand di stri bution of
t hose penetrations will be.

| want to spend sone tine tal king about
the waste form degradation and radionuclide
nmobilization and | think that gets to the essence of
this idea of the source term That's what we're
trying to control is generated and that's where --

identifies what the formof that release will be.
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Next sli de.

(Sl'ide change.)

DR PAYER: So a little bit about the
Yucca Mountain conditions.

Next sl i de.

(Slide change.)

DR PAYER Start at the top | evel. What
do we want a repository to do? There's two things
that we're interested in here and one is, first and
forenost, we'dliketoconpletelyisolatethe wastein
t he radi onuclides. Secondly, when they are rel eased
and the formin which they're released, we'd like to
retard that egress of radionuclides from penetrated
packages.

Next slide.

(Sl'ide change.)

DR. PAYER: One of the things that makes
this very difficult and that particular thing,
identifying what's the failure node, penetration of
wast e packages, what are the different degradation
nodes, stress corrosion, nmechani cal damage,
enbrittlenent, that coul d cause those; when will they
occur, what's thelikelihoodthey'll occur, what woul d
they ook like? That's at the core of what naterial s

scientists dothat work inthis field, inthis area of
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degradati on process.

What's speci al about this applicationis
the extrenmely long tinme frane we're tal king about.
Okay? And we're interested in regulatory periods of
10, 000 years, but that's not enough. Peopl e are
aski ng what happens even to much longer times than
t hat .

But again, toreiterate a point | nade in
the introduction here, | think it's inportant to
consi der the conditions and rem nd ourselves of the
condi ti ons and anal yze what's going on in the package
and with radi onuclides at different tinme franes. And
| just suggest that as we step around here, these
could be some of the tine frames of interest.

Next sli de.

(Slide change.)

DR. PAYER. Wy is localized corrosion a
maj or issue for waste packages in Yucca Muntain
repository? Several groups have | ooked at this from
very early days on through and it's been revali dated
and revisited. But long-lived waste packages are
essential for long termi sol ati on.

Localized corrosion, pitting, crevice
corrosion, stress corrosion cracking are the nost

i kely degradation nodes that can occur in these
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environnents and with materials that are being | ooked
at. So basing materials selection and design on high
crevice corrosion resistance is a prudent and a wel | -
accepted way to go about this. 1t makes sense.

The general issues in corrosion science
and engi neeri ng and material s sci ence in
el ectrochem stry, we know a |ot about |ocalized
corrosi on processes. W understand the breakdown of
passive filnms in many ways. These are not new
concepts to us. Having said that, it's a noving
sci ence. GCkay? W' re understandi ng nore about these
all the tinme, but there is a very solid firmscience
base upon which for the concepts certainly.

The trick 1is, the <challenge is to
det erm ne, apply this corrosion science and
understanding and extend it to the conditions that
occur at Yucca Muntai n.

Next sli de.

(Sl'ide change.)

DR.  PAYER Some of the inportant
paraneters in the water chem stry, the environnent,
any corrosion process and the corrosionrate, therate
of damage and degradation or if any danmage and
degradati on are going to occur is dependent upon two

things. It's dependent upon a corrosion resistance of

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

21

the material, howtough is this material, how strong
is this material and the environnent to which you
expose it.

And so in dealing with these problens, if
you say how corrosive is the condition at Yucca
Mount ai n, the next questionis to what? To a ceramc,
to a nickel-chronme alloy, to a titanium alloy, to
carbon steel? W' ve got to think about the materi al
in that environnent.

|f you ask how corrosion resistant is
titanium Alloy 22, carbon steel, fiberglass, the
guestion is in what? And any environnent, any
material, there are environnents where it wll act
nore like Alka Seltzer than a structural materi al
It will be attacked, certainly in these tinme franes.

So t he question i s howdo you defi ne where
t hose environnents are and how do you determ ne the
mat erial s' corrosionresistance inthose environnents
and what you're striving for is not to have those two
environnents, those two fields cross over.

And so what do we want to know about the
environnent? We want to know the tenperature and the
time of wetness. It's well accepted that dry netals,
wi thout the presence of an aqueous phase, a water

phase are not going to corrode at an appreciable rate
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inthis environnent. So dry, we don't have to worry
about. Al right?

However, when we say tine of wetness, we
don't have to fully i mmerse. W don't have to put the
waste package in a sw nmmng pool. If there's a
condensed | ayer of several nodel | ayers of noisture --
| lived in Houston in 1983 and there was a thin | ayer

of noi sture on everybody everywhere all the tine sort

of thing.

(Laughter.)

That's sufficient noisture. That's a
suffici ent aqueous envi r onment to support

el ectrochem cal di ssol ution. Anodes, cat hodes and al
t hose t hings. They just occur in that very thin
noi sture | ayer.

The acidity and al kalinity, the pHof the
environment is the way we neasure that, is a very
i mportant property for the stability of passivefilns,
the corrosion rate and so forth.

The oxidi zing and reduci ng power of the
environnent, we refer to the Eh, the potential, the
oxi di zing potential of the environnment. W go from
very reduci ng environments that do not have a great
propensity to form to take materials into solution,

to highly oxidizing environnents and by oxidizing,
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certainly oxygen is an oxidizing material, but there
are other oxidants. Ferric ion, cupric ion, and
others will increase the oxidizing power.

Havi ng said that, there are detrinenta
species for the stability of these passive film and
high on the list are chloride ions, reduced sulfur
speci es and there can be other ionic materials in the
environnent that can affect the stability and
corrosion resistance. There's sone beneficial species
that will make the stability of the passive filns nore
likely and things of those sorts are nitrates and
silicates. And then there can also be nore
conmplicated types of things.

The other thing to consider here and it's
inmportant is that in alnost all cases we're dealing
wi th aqueous solutions, wet environments that have
mul tiple speciesinthem Seldomw ||l be working wth
a pure or a sulphate only environnent or a chloride
only environment. We're goingto be dealingin al nost
all cases with chloride, plus nitrate, plus sulfates
plus this long nenu and that's inportant. That can
change t he behavi or

Next sl i de.

(Sl'ide change.)

DR. PAYER: The anmbi ent waters at Yucca
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Mountain are essentially innocuous. The materials.
We're tal king about neutral sodium bicarbonate type
waters with very |ow anmobunts, parts per mllon of
di ssol ved solids and m xed salts and there's quite a
menu of those an. ions and cad. ions and salts that
are avail able, but they're quite dilute.

It's an aerated environnent. The Mountain
is open to air, so it's oxygenated. It's with air.
There's a hi gher partial pressure of carbon di oxide in
t he at nosphere. That's the anbient condition out
t here. Those environnents, both the gas and the
i quid phase, are nodul ated or changed by t he t her mal
peri od by evaporation, concentration. Soif you start
with a very |low concentration of salts and you bl ow
t he water off, you evaporate the water off, it becones
nore and nore concentrated. So one of the real
chal l enges here is to determ ne what solution do we
wind up as this becomes nore and nore concentr at ed.

The nodul ati ons of these waters and |'m
going to talk about waters in a general sense, the
environnment and water. The nodul ati on, the changes
that can occur to that on the nmetal surface or when
that thin filmof water or droplets of water are in
contact with the waste form can be very significant

and | would say they overwhel mthe changes that can
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occur out in the rock. There are changes that can
occur in hot rock and exchange of this sort, but when
that water sits on a netal surface, if corrosion
starts, that environment can be nodulated nuch
greater. And certainly water sitting on the waste
form can be nodulated nmuch nore by the corrosion
products and the interaction of the el ectrochem ca
reactions than what occurs out in the surface.

Next sli de.

(Sl'ide change.)

DR. PAYER: For the waste form
nobi | i zati on, degradation and t he radi onuclide, we're
di scussing primarily the behavior of the urani umoxi de
matrix of the spent fuel. It's very inportant that
that spent fuel matrix is exposed to oxidizing or
reducing conditions, this Eh condition. Under
reducing conditions, the dissolution rate, the
corrosion rate, if you would, of the uraniumnmatrix,
is quite | ow.

But under oxidizing conditions, the rates are nuch
hi gher. so it's very inportant what the |ocal
potential is.

The anmounts of water in conposition going
into, on and fromthese processes, these materials,

are very inportant and t hose dropl ets of water, those

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

26

thin films of water, the amount of water, limted
water that's there are going to undergo significant
changes due to the corrosion, the oxidation reduction
processes, the precipitation of salts and m nerals,
t he di ssolution of salts and m neral s.

The interaction with the degraded waste
form produces alteration products and corrosion
products. There's also a lot of materials and |']1
show sonme pictures later, there's other materials
i nside the waste packages. W' ve got a significant
amount of steel. W' ve got sone alum num W' ve got
zirconiumclad. There's other materials there that
are all going to be potentially reacting inthis stew
that we're boiling up.

Interactions withtheinvert and the drift
support materials need to be considered and what's
principal to this whole thing, this tells us what
these things are, what are the transport processes
while it's in there and out.

Next sli de.

(Sl'ide change.)

DR. PAYER: Thi s suggests that the waste
package design and operating node has gone under
evol ution and this just shows back when the thought

was there would be small packages, hol es dropped in
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down here. We've gone through the concept of a very
hot repository where intentionally the entire area
woul d be heated up at fairly high tenperatures and
keep t he packages dry for | ong periods of tine. W've
now noved to sonewhat even a hot scenario now is
backed of f considerably fromwhat this was. And the
concept is to keep it so these dry out -- that's what
the red zone i s saying, the portion of the rock that's
been dried out sothey don't overlap fromdriptodrip
and there's al so consideration and a |l ot of tal k goi ng
about having what's being referred to as a |ow
temperature repository. And the idea there is you
woul dn't get any dry rock around here. You woul d
never exceed boiling at the drift wall. Okay?

Next slide.

(Sl'ide change.)

DR. PAYER: One of the things to keep in
mnd is this design has evolved over a nunber of
years. It will continue to evolve. Gkay? W have to
goto license applications and the process and we have
to go through various processes. But it's very
unrealistic to think -- and these are just random
nunbers |' ve pi cked, but the 108t h package, t he 1000t h
package, the 10,000t h package, | can guarantee it's

al nost certainly not goingto |l ook |ike package nunber
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one. Okay? Wiay not? Because we evolve, we're
tal ki ng about over nmany years here, the perfornmance
can get better, the conpetence can get better and
things can becone |ess expensive, if they can be
justified along the way.

Next sli de.

(Slide change.)

DR. PAYER: Just a series of slides here
to get us all on hopefully the same ground work. The
natural system out there is a series of layers of
geol ogic formations. And the repository i s placed at
about 300 neters below the rock. It's about another
300 nmeters to the saturated water table and what that

says, the inmportance of that is that the repository

sits in an unsaturated zone. |It's porous rock. The
rocks are partially filled with water. It's at
at nospheri c pressure which is an inportant

consi deration here. There's no processes by which we
can go to 10 atnospheres of over pressure or nore as
you could if you were inside a netal package or an
i nper meabl e barri er and generati ng gases. You coul d go
up to a nmuch hi gher process.

H gh relative humdity, unless we've
driven those waters off and the ambient waters are

dilute and they're neutral.
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Next sli de.

(Slide change.)

DR. PAYER. The water flow through this
nmountain is the critical issue. And the climatol ogy,
the amount of infiltration will determ ne how nuch
wat er comes down through the unsaturated zone above
the repository. At the repository level, that water
can react with and interact with waste package
materials, drift materials. That will determ ne
eventual |y t he penetrati on of the waste packages. The
wat er i nsi de t he wast e packages, after it goes t hrough
the cladding or if there's clad failures, will conein
contact with the fuel and that's where the
radi onucl i de nobilization rel ease starts. There can
be i nteractions of waters at that | ocation, the waters
nove out of that area through the invert material and
on down to the saturated zone.

And so it's very inmportant -- you ask why
we spend so nuch tinme thinking about waters and all
t hat . Water is at first the material or the
instrument by which we're going to penetrate the
packages. It's going to be the material or the
instrument by which we nobilize and release
radionuclides and it's going to be the nedian, the

instrument by which those radionuclides are noved
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t hr ough.

Next sli de.

(Slide change.)

DR. PAYER: | just picked this and many of
the slides, alnost all the slides |'ve taken here have
been bl atantly just cut out of project type reports
because t hey have much better cartoons can | can draw,
certainly. And | want to acknow edge that. On nany
of themthere's a little -- | don't know if you can
read them or not, but there's a little thing here
someone mght want to trace back and find out where
they cane from but these are all public docunents.

This is just a slide that was interesting
because it brings hone the fact that we're talking
about corrosion and degradation and radionuclide
nobilization on a wi de range of scal es and soneti nes
we're talking on a nountain scale where the
nmeasurenent of interest is 10 or 100 neters. O her
times in a drip scale we're tal king about processes
and phenonmenon that go on over centineters and neter
types of scales and we go all the way down to tal ki ng
about the stability of passive filns or the
devel opnent of very thin layers on spent fuel that are
nmeasured i n nanonmeters or m cronmeters. And we have to

be able to wal k through that sort of tinme frame from
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time to time or that dinmensional scale.

Next sl i de.

(Sl'ide change.)

DR. PAYER: This is just a photograph of
adrift show ng the steel invert support. The drift,
various types of packages, holding spent fuel rods
from PWRs. There's other co-disposal fuel BWR
reactors. This shows the drip shield, titaniumdrip
shield concept. It's in here. So this is the
integrity of these and the release of radionuclides
within these are what are of interest.

Next sl i de.

(Sl'ide change.)

DR. PAYER. This is a busy slide, but this
is a cross section and one of the things |I just want
to point out as we're tal king about a |l ot of different
materials here. W' re tal king about a titaniumall oy
drip shield. W're tal ki ng about a wast e package t hat
has an outer layer of a highly corrosion resistant
material, Alloy 22 whichis anickel-chrone nol ybdenum
all oy, highly corrosion resistant in a wi de range of
environnments, wll corrode in very aggressive
environnents. Andthetrickis, where's the boundary?

The inner layer for structural integrity

and structural strength of material is a 316 stainl ess
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steel and then inside that, we've got the fuel rods
and those sorts of things. That just shows a di agram
of that.

There's a lot of detail in here. Ckay?
There's a lot of materials and this just goes through
sone of the materials. The package wll be
backfl ushed, filled with helium when it's put in
pl ace. There's steel in this structure. There's
zirconiumcladding in this structure. There's spent
fuel in the structure and howthose interact coul d be
an issue.

Next sli de.

(Sl'ide change.)

DR. PAYER: This just shows the various
types of waste form There's comercial spent fuel.
There's materials fromother sources. These will be
put in simlar package, not identical, but simlar
packages. That defines the inventory, the nenu of
materials that go in and then by fission and reaction
processes, radioactive decay, we can get through a
whol e series of materials of interest. These are the
radi onucl i des of interest that we'retryingto control
and hold back and go. And they go fromthe fission
products, things |like cesiumand iodine to all of the

actini de and | ant hi ni de series here.
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The other interesting thing about thisis
the half life of several of these materials are
measured in 10° 10% very longevity. Some of them
drop off in a matter of years, and hundreds of years.
O hers are going to be around for tens of thousands,
hundreds of thousands of years.

Next sl i de.

(Slide change.)

DR. PAYER One of the ways, | think when
we tal k about source termwe' re tal ki ng about source
of radionuclides, but it mght be of interest if we
rem nd ourselves this is also the spent fuel is the
t hermal source termand so we start with heat that's
generated at the fuel pellet and bundle area. That
heat is then transferred to the waste package
surfaces, the waste package transfers that heat tothe
drift wall. That heats up things locally around the
drift and then you can also look at this as the
nount ai n scal e.

The heat fromthe spent fuel transfers to
t he wast e package, goestothe drift wall in the rock.
There are design and operational factors that can
control that. The drift spacing, the package spaci ng,
the geonetry of the packages, how big are they?

What's their dianmeter and | ength? What type of fuel
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do you put in them and then how do you | oad up, how
much do you load in the packages. So there's sone
control of this thermal course term

Next slide.

(Sl'ide change.)

DR. PAYER And this just shows an exanpl e
of -- this is sonme nodeling. | f you' ve got a hot
package here and this is a hot package, this is
| ooking at the degree of saturation of water and it
just shows that you can get a dry out zone where the
rock i s heated above the boiling point. You push the
wat er back away and t hen at sone point you get back to
anbi ent, basically saturated noisture, 100 percent
relative humdity. And depending upon the thermal
source termhere, the size and shape -- the size of
these can be either near the package. For a coo
package, you woul dn't have any conpl ete dry out zone.
And so that's a controllable thing.

Thi s | ooks at sone of the nodeling, again
on a nountain scale now W' re |ooking at el evation
here in each of these ticks, each two ticks is 200
neters. What this says this | ooks at the tenperature,
short time is 500 years and up to 2,000 years. The
i mportant thing hereis the above boiling. Here's the

boiling point. That dry out is localized around 5
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neters, 10 neters, that sort of distance of the
repository. You heat the repository up above and
bel ow it, but you get this thermal cycle, this cycle
t hat goes out and then conmes back after thousands,
tens of thousands of years.

Next sl i de.

(Slide change.)

DR. PAYER  This is just an exanple of
some data on what's the tenperature of the waste
package surface, outer surface of the waste package as
a function of time. It's on alog scale. Thisis a
hundred years, a thousand years, ten thousand years.
And i n | ooki ng at the response for the hot cycle, when
therepositoryis closed, ventilation stops, the waste
package surface heats up. This suggests in this
particul ar exanple, it heats up to 160 to 180 degrees
and in over a long period of tine it cools down.

If you go to a | ower tenperature type of
operation, and this has a ventilation period of 300
years to keep the packages cool, you get a heat up.
Here it's controlled so it doesn't heat up above the
boi li ng point and then you get a | ong sl ow cool down.
That's dependent upon where the package is and what
type of package. And that's what the fans here areto

suggest .
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So we get a cool, a heat up period over
several years and in a very |long slow cool down.

Next sli de.

(Slide change.)

DR. PAYER If you take that information
and you | ook at the relative hum dity as a function of
time, what's the amount of noisture that's sitting in
t he at nosphere around these. In the high tenperature
node, during the ventilation, here's a hundred years,
several hundred years. The package and the water is
driven away from the atnosphere, away from the
packages. Then the relative humdity as the cooling
occurs, continues to increase, and then eventually
after tens of thousands of years, hundred thousand
years, you come back to anbient and 100 percent
relative humdity.

Well, why is that i nportant? Peopl e woul d
suggest that if the relative humdity is below 20
percent or so, the packages are dry. There's no
noi sture. You don't have this thin fil mof noisture
on it. Corrosion, degradation processes are not of
i nterest.

Then, as the relative humdity rises
peopl e woul d argue and t he observati on showt hat some

pl ace around 20, 30 percent and on up to 60 percent
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dependi ng upon the condition of the surface, it may be
dry or it may be wet. |If there are delta equation
salts on that surface, it will formnoisture sooner.
If there are not those types of products on the
surface, it will remain dry. So we're in an area
where it may be dry and we need sone nore i nformation.

Most fol ks woul d suggest that if we're up
around 70 to 80 percent that the surface, even with
just sonme particles of an inert dust material wll
form a condensed |ayer. So the point is that over
this tinme period we can know and we can gather
i nformati on about whenis it dry, when does it get wet
and the type of npisture on it

Next sl i de.

(Sl'ide change.)

DR. PAYER: This is a busy slide, but it
just says at what tine would the waste package,
| ooki ng at those scenarios, those terns | have you, at
what tinme woul d the package be at 120 centi grade, the
outer surface? And for a high tenperature operating
node, they would be at that, at sone tinme around 500
years. After a thousand years, they would be cool ed
to 100 degrees. After 3,080, 10,060 and then novi ng
its way back to anbient.

The | ower tenperature curves |'ve showed

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

38

you never get above the 100, 120. They're at about 80
at closure for about a 1,000 years and then at 5, 000,
they're at 60. So again, it's inportant to keep in
mnd what's the tenperature, what's the relative
hum dity of these packages at various tines.

| woul d suggest that the enphasis froman
engi neering standpoint certainly the first several
years are correct. Okay? We've got to be very
conmpetent that will performwell in that particular
time period.

Longer time periods are still quite
i mportant, but the conditions start beconmi ng nore of
beni gn, the gamma radi ati on and radi ation fields start
dropping off. The fuel degrades. The tenperature
starts dropping and things becone not as aggressive.

Next sl i de.

(Sl'ide change.)

DR. PAYER: This is just a slide show ng
that there's a lot of chemstry, thermal coupled
processes that are goi ng on when you put hot packages
into this nountain. |If we get the boiling zone, we
get dry out sorts of periods, there's condensation,
there's interaction with the water and the rock. |
agai n t hough woul d poi nt out for these conversations

the kind of chemical processes, electrochem ca
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processes that can occur at the package |evel can
overwhel man awful | ot of information or changes that
are occurring up in that |evel

Next sl i de.

(Slide change.)

DR PAYER  Next slide.

(Sl'ide change.)

DR. PAYER This is just sonme cartoons out
of sone of the project work. But essentially it shows
sone of the nodels and I' msure we'l|l be hearing nore
about this, but there are in the TSPA, the performance
assessment nodel, there are aspects of that that dea
with water contacting the waste package. There's
aspects that deal with the waste package |ifetine.
There's aspects that work with the rel ease fromthe
wast e packages and then finally the radionuclide
concentrations as they nove out toward the bi osphere.

So there are pieces of this nodel and as
John showed earlier with his, that nodules that are
appropriate for | ooking at these various |evels.

Next slide.

(Sl'ide change.)

DR. PAYER. M thoughts on anythi ng that
woul d be | ooki ng at nodel s for the source term one of

the big issues is water. Water is the accessor. It's
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what wi || cause the penetrations, the corrosion that
will allowwater to get access to the fuel. Wter is
the nobilizer due to chemstry and access and
nobi lization wthin the package. Water is the
nmobilizer on getting through the <cladding and
penetrations in the waste package and the cladding to
the fuel and nmobilizing it and then water is the
primary mediumfor the transport. So | think we've
got to have realismthroughout this for those types of
i ssues.

Next sl i de.

(Sl'ide change.)

DR. PAYER What are sonme of the
characteristics of a source ternf? Conposition of
these waters is critical. Wwen will the penetrations
occur? What are those penetrations going to |ook
like? How many? VWhere are they? VWhat's the
distribution? How nmuch water is going to enter the
package through those penetrations? Wat wll the
waste form degradati on neet processes? How are we
going to nobilize these? Wat's the interaction of
t he radi onucl i des with t hose corrosi on products, waste
formal teration products andinvert materials and then
how are they transported out?

You can come up with your list, but ny
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suggestion is that it would not |ook -- have nore
detail or you coul d congl onerat e those, but sone pl ace
sonebody has to tal k about what our understandi ng of
that is.

Next sli de.

(Slide change.)

DR. PAYER Water contacting waste
package. Next slide.

(Sl'ide change.)

DR. PAYER: It was nentioned that the
issue here is what's the realistic range of
envi ronnents at Yucca Mountain? Wiat's therealistic
range of materials susceptibility, the corrosion
resi stance of Alloy 22 and titaniun? And what you're
| ooking for is where is that | evel of overlap? Wat's
the Iikelihood of overlap? What's going to occur in
that area of overlap and in an ideal world you'd have
no overlap at all. Okay? You like to separate those
boundari es sothat realistic environnents you' d see no
damage.

In order for this damage to occur, there
has to be water. The water has to remain there while
the degradation is going on. There has to be a
corrosive water. It has to be in this range of

environnments not out here in the non-aggressive
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environments, but it has to be in this range here.
The material has to be susceptible so that the
material has to beinthis area, not out in here. And
t hose condi ti ons have to persist, if it's on again/off
again type of a situation for along tine, | ong enough
to create a penetration.

Next sli de.

(Slide change.)

DR. PAYER W're interested in water on
t he package, water on the waste formand water com ng
out of the waste form The water is going to be in a
couple of different forms: condensati on of noi st
| ayers and dust layers or so forth or on surfaces;
dri ppage and seepage into the drift from the
envi ronment .

Next sli de.

(Sl'ide change.)

DR. PAYER This is just a handful of
slides that | put together just to -- not that it's
any detail -- but to give the feeling that we have a
sci ence base for under st andi ng and predi cti ng behavi or
in these types of materials and one of the useful
treatnents in the water chem stry issue are either
this particular or things that take a dilute solution

and predi ct, as you concentrate that, as you drive the
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wat er out of that solution, what are you goi ng to have
left in the beaker? What are you going to have | eft
in the drop on the waste package surface or the thin
filn

And what it says is you start with a
dilute m xture and you reach several of these, what
are referred to as cheni cal divides and so if you cone
dowmn this way, depending upon in this series,
dependi ng upon the relative anount of calciumin the
dilute water, versus carbonate species in a dilute
water, if there's an excess of calcium you will go
this path. And then there are several divides that
you go through. Starting up here, if you've got
excess car bonat e and | ower anmount s of cal ci umwhen you
get tothis fork inthe road, you'll start com ng down
this way.

What that says then is there are ways to
deal with water chem stry ways, geochem stry ways,
solution chem stry that will tell you what the famly
of types of brines you mght wind up with. So there
is a logical and procedure for dealing with that.

Next sli de.

(Sl'ide change.)

DR. PAYER: The i ssue of deliquescence of

various salts that are on the surface. This shows t he
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rel ative hum dity versus tenperature and at what poi nt
woul d you get an aqueous phase formng if you had
sodiumnitrate crystals sitting onthe package; if you
had sodium chloride on the package; if you had
magnesi um chl oride sitting on the surface. At what
relative humdity would you start to form noisture?
This is data. It'sreadily -- it's a data set that's
avail able to help us | ook at that.

One of the inportant aspects of that
though is that mxtures of salts -- this shows a
sodiumchl oride, a sodiumnitrate, a sodi umchl ori de,
m xt ures of those salts can have a | ower del i quescence
poi nt than either of the pure substances. So again,
we' ve got to come back and rem nd oursel ves of what's
goi ng on when we've got nultiple constituents.

This is just a slide that shows silica
solubility. Silicaisreadily available, SIQ2, out at
Yucca Mbuntai n. At the bottom of this is pH |
bel i eve, can you nove that up a bit?

This shows the pH and what it shows at
high pH, silica is very soluble, even at |ower pHs.
These are parts per mllion at different tenperatures
of silica that would be in the solution. This is a
cartoon out of corrosion literature, a book by Morris

Fontana, but it shows what happens when we've got a
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crevice material where there's a restricted geonetry
sol ution coul d get back in there. Due to the chem cal
and el ectrochem cal processes back inthe crevice, the
solution that's back in the crevice or underneath a
deposit can becone significantly different in
composi tion than the bul k environnent. And there can
be build up of species in here. It can becone nore
acidic. There are many processes that are pretty well
under st ood t hat occur underneath deposits or in netal
to metal contact.

Next sli de.

(Sl'ide change.)

DR. PAYER Two slides on corrosion.

Next sli de.

(Slide change.)

DR. PAYER The water conpositionin Yucca
Mountain naturally occurring. It's the nmajor source
of water and i oni c species, dissolved mnerals. It's
t he aqueous environment on the nmetal surfaces and on
the spent fuel that we're interested in.

These packages will not be fully i nmersed
inwater. The full imersiononthe netal surfaces is
hi ghly unlikely. The two likely conditions are
condensed water from the air, water seeping and

dri pping on to those nmetal surfaces, deposits form ng
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on those netal surfaces. But it's unlikely that we'll
see fully i mrersed conditions.

Next sli de.

(Slide change.)

DR. PAYER Ni ckel -based alloys and
titanium are the primary materials of construction
we're interested in. These materials have excel |l ent
corrosion resi stance. They, however, are susceptible
to corrosion in extrenely aggressive environments.
And the question is do those environnents have a
chance of occurring over reasonabl e anounts of tinme at
Yucca Mountain or not? And two of the mgjor
considerations withinthis are fabrication processes,
t he wel di ng. How t he packages are fabricated can have
a significant effect onthis and al so the tenperature
effects on these materials.

Next sli de.

(Sl'ide change.)

DR. PAYER. This is just a rem nder of
that tenperature during the ventilation period and
prior to closure. The tenperatures are kept |ow.

Wien it's closed, the tenperatures rise and then

there's a long slow cool down period. These are
rising in this slide up to a -- and this is wth
backfill. So if there's backfill over it in this
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scenario, tenperatures will get quite hot w thout the
backfill inthis particular scenario we got upinthis
range. |If you cool those, if you ventilate those for
| onger periods of tinme, up to 300 years for exanple,
and then close, you can keep the package surfaces at
| ower tenperatures.

| nportant performance factors, waste
package tenperature, the formand conmposition of the
water and then the interaction with the clad and
i nternal tenperature.

Next sli de.

(Sl'ide change.)

MR. KIEFFER: This is just a nontage of
slides on localized corrosion. The top one are a
seri es of nickel -chrome nol ybdenumal | oys and it shows
that those alloys -- these are all in the sanme
environnent after a given test. The nmaterials that
are | ess corrosion resistant can go very significant
attack. Notice it's localized attack, these dark
spots are pits, into the nmetal surface and the nore
corrosion resistance materials in these experinents,
Alloy 22, Alloy C4 and titanium basically show no
| evel of attack at all.

The difference between the Aloy 22

behavi or and t he Al | oy 825 behavior inthis particul ar
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case, the Alloy 22 has nore chrone, nore nickel, nore
nol ybdenum It has a nore stable passive film

We know a |ot about the chem stry and
treatnment of |ocalized corrosion processes and that
corrosion science provides a basis for understandi ng
t hese behavi ors. We can nmeasure the polarization
behavi or, the potential versus |log current of these
and we get these polarization curves that you see
here, and that gives us a rationale for determ ning
the corrosion resistance of the material. W can
conpare the corrosion potential to the potential at
whi ch danage occurs at and above and we can deterni ne
t he expected corrosion behavior. And this just shows
that this is the corrosion potential across here.
This is the protection potential and the rationaleis
if this corrosion potential never gets nore positive
than the potential at which damage occurs, then we
woul d expect | ong term passive behavior.

Next sli de.

(Sl'ide change.)

DR. PAYER: That's in terns of potential.
Potential is not the easiest thing to neasure on an
oper ati ng wast e package. One of the things that woul d
be easi er to neasure woul d be tenperature an there are

t emperature anal ogs tothosecritical potentials. And
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the idea is we can determ ne the tenperature at which
aqueous corrosion occurs. W can determ ne the
tenperature at which crevice corrosion occurred. |If
the tenperature for noisture formation is bel ow the
t enper at ure at whi ch crevi ce corrosi on occurs, there's
no tenperature. There's no vulnerability.

| f the tenperature of agueous corrosionis
greater than where the tenperature of crevice
corrosion could occur, then that tenperature
difference defines a range of vulnerability. I t
doesn't mean corrosionis goingto occur inthere, but
corrosion could occur in there.

The trick of this is these tenperatures
are environnent sensitive. And so as the environnent
changes, those tenperatures change. |f you have the
t enper at ur e ranges of vul nerability, you coul d go back
to those plots of tenperature versus time and you

coul d determ ne kinds of vulnerability for the waste

packages.

Next sl i de.

(Sl'ide change.)

DR. PAYER: This just shows passive film
formation. We're talking about very thin filns.

These filns are neasured i n nanoneters and so forth.

If these filns remain stable, if the passivity
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persists, then it's very likely the packages could
| ast | onger t han 10, 000 years wi t hout any penetrati on.
That's the trick

Way woul d t hey break down? They' re going
to break down either because, primarily because of
chem cal attack. And this just shows we have net hods
to go in the |laboratory and neasure the conposition
structure and so forth of those fil ns.

Next sli de.

(Sl'ide change.)

DR. PAYER: Stress corrosion cracking is
an issue. Stress corrosion cracking is a failure
node. If you ve got a nechanical stress and a
corrosive environment, a particular environnent, you
can get very rapid failure. These are just sone
cartoons that this phenomenon has been dealt wth
enpirically. You' d |oad up speci nens, and you see if
they fail or not. There is theory behind why these
occur. The theory for stress corrosion cracking,
again, is an evolutionary thing in corrosion science.

But there is a basis by which we
under st and t hese processes. One of the primary ways
of controlling stress corrosion cracking is to use
treatnments that will put conpressive stresses on the

surface of the material. And this is just a cartoon
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illustrating this.

| nportant factors for stress corrosion
cracking are the residual stresses, primarily and of
high interest that m ght occur around welds, what's
t he corrosive environnent, what stability over a |l ong
time, and welds are of particular interest for this
phenonena.

Next sli de.

Let me skip over this. W know sone
t hi ngs about long-termstabilities. Alloys -- again,
the challenge is to determne the very long-tine
aging, as we |look as a function of tenperature, so
t aki ng i nformati on at 400, 500 degrees and hi gher, and
projecting that out the long tine.

Next sli de.

The design and fabrication -- there's a
| ot of design details and just how these things are
fabricated and put together. There's a lot of
structural details around the drift, and what
materials are used here, and how they' re used.

And those types of things can have
significant effects. The materials of construction,
what's the netallurgy of those materials, what's the
residual stress of those materials. And, again, when

we' re | ooki ng at waste package conponents, the welds
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are critical items.

Next sli de.

Somre of the aspects about waste packages
-- they're exposed to one long, slow cycle. There's
no noving parts. It's a static exposure. W don't
have cyclic | oads on these things. The heat fluxes
are |l ow, and they woul d be dry i n a hi gher tenperature
node.

Next sli de.

Materi al s gi ve of f heat and radi ati on t hat
decrease with time. Radiation effects, after a few
hundred years, on the package surfaces are not
important. Thermal effects dimnish after several
t housands, tens of thousands of years, at the
repository |evel.

Next sli de.

You all can read that. Some conments on
waste form

Next sli de.

Once you get a penetration in a waste
package, depending on where it is -- and if there's
seepage and dri ppi ng water that can i npact on that --
the question is: howis that going to behave? And
there's two different ways of dealing with this.

You can ei t her say, okay, we're just going
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to have penetrations at the top, or wherever the
penetration is, the water will just start to fill the
package, and it wll act like a bathtub. The
alternative concept would be to have a package that
had a penetration at the top and a penetration in the
bottom and then it woul d act nore where the noisture
woul d nmove its way through and out of the system

| f you can't get advective flow, the flow
of nmoi sture, then the novenent of noisture in and the
nmovenent of materials through that -- t he
radi onucl ides are of primary interest -- are going to

go by di ffusive processes as opposed to advective fl ow

processes.
Next sli de.
This is just a picture of the fuel bundl e.
The zirconiumrods -- if there's afracture in a rod,

t he noi sture can go through that fracture and access
t he spent fuel. If it accesses the spent fuel, it can
then start breaking down, dissolving that fuel,
radi onucl ides can be nobilized, and nove their way
back out through those packages.

Next sli de.

And this just shows a nontage of
phot ographs that say there is a science, there is a

background of understandi ng those processes. Ckay?
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Not as fully as we would like to understand those.
It's an area of continued corrosion -- in this case,
di ssol ution-type study. But this is a cartoon of the
grains within the fuel, and this shows the fuel
cl addi ng. So this would be a high magnification
These grains are a couple mcrons, tens of mcrons in
di anmet er

And the question is: what happens when
noi sture cones through and accesses that? Wl
anything like the cesiumthat would be built up in
this gap -- in this gap would essentially becone
nobi | i zed right away, very short tine.

Materials that were on the surface of
these grains or in the grain boundaries, if the
noi sture had access to it, would be nobilized very
qui ckly. The radionuclides that are incorporated
within the structure, within the matrix, or bound
within these particles, could be retarded, could be
hel d back, could be slowed down in their rel ease.

Well, so we'd like to know about the
di ssolution of this. This just shows that under
oxi di zing conditions, thisiscorrosionrate basically
versus pH, under oxidizing conditions very high,
reduci ng conditions not very high. We under st and

chem cal i nteracti ons. This case shows some
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interaction with carbonates.

The pH in the environment, the oxygen
content, is critical. Again, this is corrosion rate
versus pH. This just shows the radiation | evel s over
a function of tine, because radi ol ysis products can be
i mportant here. And this just suggests that after 100
years or so, or a few hundred years, that the gamm
and the beta radiation has fallen off dramatically.
And so those radiolysis effects are critical or nore
i mportant early on and less inportant |ater.

Next sli de.

This is just to showthis pHeffect on the
di ssolution -- the corrosion rate of those spent fuel
drains. Under reducing conditions, they are fairly
stable, and they would provide a significant
degradati on of radionuclide rel ease.

Under oxi di zi ng condi tions, they dissol ve,
t hey corrode nmuch nor e rapidly, rel easi ng
radi onucl i des. Those processes are fairly well
under st ood. We can use thernodynam c cal cul ations to
| ook at the stability of the various fil ns.

| mportant factors here are oxidizing
versus reduci ng. W can neasure that as an Eh or
describe it as an Eh, and the acidity/alkalinity

environnent is very inmportant. A lot of this stuff
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has been taken from a review article, an excell ent
review article by David Shoesmth.

Next sli de.

A lot of this stuff was taken from an
article by Burns, Emng and MIler, and this is Ew ng
sitting over here. Sothereis conplicated m neral ogy
her e. There's a lot of different phases that can
form okay, when we have silicates and uranites and
various other materials.

We under st and sone of these material s and
structures at the atomic level, and so we can use
crystal chemstry to predict what the various
tetrahedra and how those will be put together to get
some of these sheet-type products or interlocked-type
products.

Ther modynam cs provi des an excel | ent basi s
for what phases will be stable in various chem stries.
And so where is the U2 stable? Were is uranophane,
and so forth, stable? Inportant factors here are the
crystal chem stry, chem cal anal ysi s, thernodynam cs.

We're interested in how the fusion
products -- fission products, sorry, and actinides
m ght be incorporated and held within these types of
materials in an alteration product.

Next sli de.
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Transport mechanism -- this is just a
cartoon of colloids form ng and the radionuclides
sorbi ng or desorbing fromthese products, and it nay
provi de a nechani sm by which they can be carried on
and transport ed.

How do t he radi onucl i des interact withthe
degraded fuel and the alteration products fromthat
fuel? How do the radionuclides interact with the
corrosion products, the iron oxides that are
devel oped, and other corrosion waste package and
internal materials, and how do they, then, interact
with the drip and support what's in transport through
t hat ?

Next sli de.

And this is just acartoon showi ng that if
radi onucl i des that are sorbed on the col |l oids and al
of that as it noves through the fracture -- and that's
a very high magnification cartoon here. But as those
nmove through the fracture, how will those -- wll
t hose radi onuclides being transported interact with
the matrix, or will it stay in the fractures and nove?

Next sli de.

Thi s just rem nds t hings going onon | arge
scal es down to the m croscale -- but the transport of

t hose radi onuclides to the unsaturated zone, into the

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

58

wat ers, and out to the biosphere.

Next sli de.

So let ne just finish by saying the goal
of this aspect, the goal of looking at it as the
source term | woul d suggest woul d be a set of nodel s
that capture reality. And what that neans is it --
they recognize the inportant processes and the
dependenci es of those processes. And they do that in
terns that are relative to Yucca Muntain.

And i f you, again, go back to the nodul es
that we m ght want to consider and | ook at there is,
what do we know about the water contacting waste
packages? How is that captured in these performance
nodel s? Wat's the waste package lifetinme, the types
of penetrations, formof penetrations?

VWhat's the rel ease of radionuclides from
the waste formand alteration, either the rel ease or
t he i ncorporation of? And then, how do they nobilize
and transport?

Thank you very nuch

MEMBER GARRI CK:  Thanks very much, Joe.

| wanted to further acknow edge the
di sti ngui shed panel we've put together to stinulate
t he di scussions foll owi ng each of our presentations,

and nost of themhave been nentioned al ready. But we
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have Rod Ewi ng fromthe University of Mchigan and a
very visible investigator in the source term
devel opnent of not only Yucca Mountai ntype conditions
but was very visible with respect to the waste
i sol ation pilot plan.

W have two nenbers of the Nucl ear Waste
Techni cal Revi ew Board here. They are Dan Bul |l en and
Ron Latanision from MT. Dan is from lowa State
Uni versity.

And we're very pleased to have Maury
Mor genst ei n fromGeosci ences Managenent Institute with
us as well.

Partly due to ny extended introduction,
we're alittle behind already. But | do want to give
t he panel an opportunity, at this juncture, to ask any
guestions that they may have. | suspect nobst of the
guestioning will come with the detail ed presentations
that are to follow. But nevertheless, | want to give
t he panel a chance to ask a couple of questions at
this point.

Dan?

DR. BULLEN: Dan Bullen fromthe Nucl ear
Wast e Techni cal Revi ew Board.

Joe, that was an out standi ng presentation

and a good summary overview. But | have a couple of
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key questions for you, and | would be off mark if |
didn't nention hightenperature versus | owtenperature
performance. So | wanted to cone back to a coupl e of
statenents that you made.

When you made your presentation of high
tenmperature versus | ow tenperature, it |ooked |ike a
majority of the tine the tenperature curves
over | apped. So basically, past about a thousand
years, everything sort of |ooks the sane. |Is that a
fair statenent?

DR PAYER  That's ny under st andi ng.

DR. BULLEN: What kind of changes woul d
you expect in a high tenperature environnment versus a
| ow tenperature environment with respect to the
corrosion activities? |Is there a possibility for a
nor e aggr essi ve envi ronnment i n a hi gh tenperat ure node
t han you woul d expect in a | ower tenperature node, or
vice versa? | guess |I'd |like your expert opinion on
t hose lines.

DR. PAYER. | think certainly you could
produce environnments inthe hightenperature node t hat
you would not see in a |low tenperature node. So
that's a scenario.

DR BULLEN. Right.

DR PAYER | think that's possible.
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DR.  BULLEN: And | guess along those

i nes, your conmment about the key elenent of the
source termnodel is realism And so when you get to
therealistic interpretation of the sourceterm wth
respect to evolution of the environnment, one of the
statenents that you made right toward the end -- and
| wote it down as your Figure Nunber 42 -- was that
you thought it was going to be dry in the high
t enper at ure envi ronnent.

And | guess with all of the coments that
were made about deliquescence tenperatures and the
types of, you know, sort of alnpst desiccating
environnents that you see, what sort of noisture
contact would you expect to see in that high
tenmperature environnent? And | guess |' mquestioni ng
whet her or not it really would be dry.

DR. PAYER | think you woul d drive wat er
away from the drip. So you're not going to have
seepage and dripping at those tenperatures.

DR. BULLEN. Cxkay.

DR. PAYER: And | think the degree of
del i quescence that you would see would depend on
what's -- you know, what's on the packages.

DR, BULLEN: kay. So you're talKking

about drying away fromthe drip, not dry on the thin
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filmof the waste package if there were deli quescent
salts present.

DR. PAYER Well, I think, again, you have
to get into some of the specifics. But | think you'll
have dry packages in a high tenperature operating
node, dependi ng on what tenperature you're at and how
you deci de what's on the packages.

DR. BULLEN. Ckay.

DR. PAYER | nean, | don't -- there's
going to be -- the processes are correct. Okay?

DR. BULLEN: Right.

DR. PAYER. And so then, you know, what
are the dust conpositions? What are the conpositions
that are on there? And how do they behave and m xed
salts and things of that sort?

DR. BULLEN: kay. | guess the | ast
question |I have is you tal ked about the overlap of
envi ronnents, where you had corrosion and where you
had the environnent. And the |ess overlap you have,
t he nore i nproved performance you mght be. Is there
nore or | ess overlap with a high tenperature or a | ow
t enperature operating node? O can you say?

DR. PAYER: You' ve got a whole agenda
here. The --

DR BULLEN: |'msorry.
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(Laughter.)

DR. PAYER |'mnot going to vote on high
t enmperature versus | ow tenperature.

DR BULLEN: | understand that.

DR. PAYER | showed a whole bunch of
chem stry and all those types of things. As the
t enper at ure goes up, the environments that will cause
alloy 22 and titaniumto corrode increases. There's
no question about that.

And so the question is: what's the
l'i kel i hood of those environments?

DR. BULLEN: Right.

DR. PAYER. And how do you get into it?
But, clearly, that increases with tenperature.

DR BULLEN: Ckay. Thank you.

MEMBER GARRI CK:  Yes. Maury?

DR. MORGENSTEIN: Maury, GM. To follow
up on one of Dan's points, do you feel it mght be
possible to wet a canister or adrip shieldin a very
hi gh tenperature node if you are driving water from
above the repository through a large fracture systenf

DR PAYER. Well, the quick comment is
t hat | have not | ooked at that particular scenario in
enough detail . Also, | think the intent of ny

presentation here was to identify what the processes
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of interest are --

MEMBER GARRI CK:  Yes.

DR. PAYER -- and not what Payer thinks,
al t hough 1' d be happy to share what Payer thinks. You
know? But |'mnot sure if --

(Laughter.)

MEMBER GARRI CK: Wl |, | think we're going
to get into that kind of detail as we listen to the
speakers on specific topics.

DR. PAYER. But clearly, | mean, those
ki nds of issues are exactly at the heart of it. You
know, will you get --

MEMBER GARRI CK:  Yes.

DR. PAYER: -- deliquescence? \Were wll
the water be? | nean, so |l -- | nean, those are --

MEMBER GARRI CK:  Yes.

DR PAYER -- critical issues.

MEMBER GARRI CK:  Any ot her qui ck questi ons
bef ore we proceed?

Ckay. | think I'Il ask the committee to
hold until we get deeper into the presentations.
bel i eve our next speaker is Abe Van Luik from DOE
whomwe' ve heard frommany, many tinmes. And I'Il1| just
ask Abe to kind of introduce hinself, given that DOE

is constantly reorganizing.
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(Laughter.)

DR VAN LU K: | am Abe Van Luik. | work
as a Senior Policy Advisor to the Ofice of License
Application and Safety. Joe Ziegler is ny boss.

And the reason for this talk is that you
are going to hear sone rather detailed tal ks fromthe
ot her DOE speakers on technical subjects, and they
want ed you to know t hat whatever their scope of work
isis our fault at DCE.

(Laughter.)

So if we can go on to the next vu-graph.
| want totalk alittle bit about what NRC requires of
us, what our approach is to realismand conservati sm
(rmonment ary equi pnent failure) -- requirenents for the
performance assessnment used to generate conpliance
wi t h t he post-cl osure performance obj ectives. W have
to pay attention to what they specify.

The Yucca Mountain Review Plan -- yes?

Ch, okay. High tech is not ny forte.

The Yucca Muntain Review Plan, Rev 2,
specifies the approach that will be used by the NRCto
j udge the adequacy of our perfornmance assessnent in
terms of neeting these requirenents.

|"m not telling you anything you don't

know at this point.
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Next .

| really don't want to read this to you,
but reasonable expectation is a very interesting
section in 63.304. And if we can go to the next one,
you' Il see what | think is inportant fromthat. To
me, what 63.304 says is that DOE should evaluate
uncertainties. There's no question about that.

W shoul d i ncl ude par aneters of i nportance

even if they're not precisely known. And we should

evaluate the full range of distributions but be
reasonabl e. The goal of these evaluations is to
det er mi ne likely per f or mance, not unl i kely

performance, for the distributions.

Next sl i de.

This i s anot her one -- 63.303. And you'l |
notice that | go through the regul ati ons backward.
That's a personality defect.

(Laughter.)

But, to ne, it seened to tell a nore
coherent story to do it this way.

I f we go to 63.303, the i npl enentation of
Subpart L, we have sone statenents here that you can
read for yourself. And on the next page you'll see
what | took away fromthis page.

Next page.
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The nean dose i s t o be eval uat ed usi ng t he
full range of distributions as discussed in 63.303.
So these are basically our guidelines on how to
proceed with the performance assessnent.

Next .

Now, if we go to 342, Ilimts on
per formance assessnent, there is a |l ot of good words
in here about the limtations of performance
assessnment per se. And if we go to the next page,
these are the things that | pulled out of there that
| think are relevant for this talk.

Per f or mance assessnent s need not consi der
very unlikely features, events, or processes. And
this is going back to -- we're looking for the likely
performance of the system The assessnents for human
i ntrusi on and groundwat er protecti on need not consi der
unli kely features, events, and processes. Those two
subaspects of performance assessnent are to | ook at
the nost |ikely performance of the system

kay. Now, if we go to 63.114,
requi rements for performance assessnent, here againis
a statement of requirenents on the work that we are
doi ng. And the way that we work with our contractors,
whomyou wi | | hear sonme of the details of what they' ve

actual Iy done, is we take these ki nds of requirenents
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and put themin direction letters to them and say,
"Fol | ow t hese requirenents.”

Next .

We decided to cite the entire 63. 114 set
of requirenents. And what | pull out of these
requirenents i s that we nust provide the basis for the
nodel s that we sel ected for the features, events, and
processes eval uat ed and excl uded. W nust providethe
basis -- whoa, |'m alnost lost there -- provide a
basi s for data used and for derived paraneter ranges,
and provide a basis for judging adequacy of the
nodel i ng.

And | think all of those requirenents
before are to nmake sure that we know that the NRCis
not interested injust bottomline nunbers. They want
to knowthe scientific basis for those nunbers and the
cal culations leading to them

Now, if we look at the Yucca Mountain
Review Plan criteria, these are basically the
directions the NRCis giving to its staff on howto
conduct the review of our |icense application. In
there it says that a conservative approach can be used
to decrease the need to collect information and to
justify a sinplified nodeling approach.

However , it put s us on noti ce.
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Conservati smin one process nmay not nean conservatism
in the dose projection. They have determ ned -- and
| think we all know -- that conservatism in one
process may, in fact, because of the |inkage of
processes, lead to a non-intuitive dose projection.

And wherever we claim conservatism we
need to show a technical basis. They will not take
our word for it.

Next .

Conti nuing wi th the Yucca Mount ai n Revi ew
Plan criteria, they recognize that the use of
conservati smto nmanage uncertainty -- and this is one
way to manage uncertainty -- has inplications for
risk-informed review The staff is to evaluate
assertions of conservatism from the perspective of
overal | system performance.

The staff wll use any available
informationtorisk-informitsreview It will not be
total |y dependent on what DOE provi des. They will use
t heir own know edge, intuition, and basisto aidtheir
revi ew.

The Yucca Muntain Review Plan's review
nmet hods and acceptance criteria enphasi ze the staff's
i ntent to thoroughly review potenti al non-

conservati sns at bot h t he subsystemand syst eml evel s.
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And | think this is very inportant. This
revi ew plan puts us on notice that they will look into
t he details of everything that they feel they need to.

Next .

VWhat we get fromboth the regul ati on and
the Yucca Muntain Review Plan is that realismis
desirable, but realism in every aspect is not
required. W believe that adding in realism where
it's practical is prudent, because it allows nore
nmeani ngf ul safety margi n eval uations. | think we've
heard that |oud and clear fromboth the TRB and the
ACNW and we agr ee.

Taki ng a nore i nforned, | ess conservative
approach to barrier design. It's a nore
strai ghtforward conmuni cation in the case for system
safety when you're tal king about realism versus --
trust ne, this is way conservative. It couldn't be
wor se than this.

And we | i ke the i dea of havi ng an i nproved
under st andi ng of system performance. | think our
i nternational peer review underscored this saying,
"You can show conpliance with the regul ati on, but you
al so need to denonstrate that you really understand
your system™

The NRC staff rightly took exception to
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that saying that if -- and that's why | quoted all of
t he sections on the basis. The NRC wants the basis
for the information. They want to show the
under st andi ng that underlies our system performance
cal cul ati ons.

So conservatism in our view, has both
advant ages and potential di sadvantages. It has real
di sadvant ages.

As recogni zed i n t he Yucca Mount ai n Revi ew
Pl an, conservati smmay al | ow assurance of safety with
| esser time and ot her resource expenditures. It's a
practical approach. It can becone a tradeoff issue
bet ween desi gn and materi al costs and research costs,
or licensing costs if you wll. And conservatism
tends to wunderstate safety, and that is a
di sadvant age.

Next .

We would like to think that we are using
an approach of pragmatic realism and, you know, |
thinkit's pragmatic. Pragmatic realismis one way to
say that it's one step away fromrealism

The ACNWand t he NWIRB have nade coment s
over the years saying that realism allows a nore
nmeani ngful uncertainty and safety nargi n eval uati on.

We agree with that. | nean, we don't disagree at all.
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We nust say that as we did total system performance
assessnments with nore and nore realistic i nput data,
| ong-term safety estimates have inproved every tine
t hat we have added nore realismto a conponent nodel .

Real i smhas i nproved t he under st andi ng of
systemperformance to the | evel needed to denonstrate
safety in the regulatory context. W think that we
are basically on track with the way that we're
approaching the TSPA for the license application.

Next .

Speaki ng of the license application, this
is a very inportant viewgraph, because it explains
what you're going to hear alittle bit |ater fromthe
technical talks. This is a policy talk. W're right
here in the m ddl e of FY2003 already. So if you draw
an imagi nary |line through here, you can see t hat when
it comes to TSPA-LA, the nethods and approach have
al ready been settl ed on and agreed bet ween DCE and t he
contractor at the very end of fiscal year 2002.

The test feeds that feed t he anal ysis and
nodel reports are done basically, and t he anal ysi s and
nodel reports will be done in a few nore nonths,
all owi ng the TSPA-LAto nove forward. And this is one
reason t hat because t hese thi ngs are not done yet, and

t he TSPA- LA has not been fully put into place yet, the
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nodeling -- the nodel construction wll be conplete
early in 2004. That's later this year.

Because of that, the things that you will
hear in the technical talks that come later will be
based basically on what we have done to this point,
but there may be changes in the TSPA-LA that will not
be reflected in these talks. So that's one thing to
put you on notice about.

The other thing is that we are basically
wel | on our way to conpleting the TSPA-LA. And so any
di scussi on we may have over the next few days nay be
abl e to be i ncorporated in some nuance of change. But
when it cones to substantive changes in our approach,
you know, we are too far along the way to TSPA-LA to
make a conpl ete break wi th sone approach that we have
enbar ked on.

So, basically, thisisnytalkistotell
you we agree with you, we think we're being pragmatic
as far as our approach to realism and we're well on
our way towards the TSPA-LA.

We feel good about the product we're
creating. We think it neets the expectations of the
NRC, as conmunicated to us in formal docunents. And
t he next set of tal ks fromDCE are going to be on the

technical details of the nodeling.
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So with that, | don't think there's
anot her vi ewgr aph. Well, okay, a summary. | t
basically says sonething -- this is sonething that

added in at the last mnute. The |icense application
wi Il have a m x of conservative and realistic nodels.
| think that's what | was putting you on noti ce about
a m nute ago.

But there is hope. W have a performance
confirmation program to enhance confidence in key
process nodels over tine. 1In addition to that, we
have a |l arger | ong-termtest and eval uati on programto
add understanding and realismfor the nodeling. And
we al so have enbarked this year on a science and
t echnol ogy program which will go into the [ ong-term
to eval uate new sci ence and technol ogy for enhanci ng
safety, efficiency, and understandi ng.

And | was glad that Joe Payer nentioned
t hat waste package number 10,000 will not |ook the
same as waste package 1, because one of their charges
istoseeif wecan make it nore efficient, safer, and
cheaper at the sane tine. And, you know, to |ock
something in for 20 years of production at the first
year | thinkisalittle bit -- what woul d Lee Barrett
call it? Technol ogically arrogant?

Sowith that, I will -- since you' re out
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of tinme, there's notinefor questions, I'll sit down.

(Laughter.)

MEMBER GARRI CK: Wl |, we're not going to
| et you off that easy.

DR. VAN LU K:  Ckay.

MEMBER GARRI CK:  Rod?

DR EWNG  Abe, just a clarification.
You made that point that as realismhas been added to
the TSPA that |long-term safety estimates inproved.
VWhat did you nean exactly? Does that mean the dose
al ways drops, or uncertainty decreases?

DR. VAN LU K: The dose doesn't always
drop with every nuance of change that we have nade.
But if we step over tine and |ook at the mgjor
products, for exanple, we did three separate TSPAs
during the site recomendati on period. They all pass
nmuster when it conmes to the 10, 000-year requiremnents,
but the peak doses keep steppi ng down.

| f you | ook i n between two of those cases,
t here was actually tine that they turned back up. But
peak doses are of interest to ne, and | am very
pl eased that every tinme that we' ve added realisminto
the nodeling they have cone down in size. Now,
whether that's a trend that continues or not would

be --

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

76
DR. EWNG And the peak dose is always

beyond 10, 000 years.

DR. VAN LU K: Way beyond 10, 000 years.

DR EWNG Right.

DR. VANLU K: It's about a half amllion
years now.

DR. EWNG Yes. Does that seemstrange,
that, you know, in a conplicated systemthat, as you
get nore data and know nore about the various parts,
t hat you al ways get a desirable answer -- that is, the
doses, the peak dose drops?

DR. VAN LU K: Wll, | think it's not
strange, if you recognize that we have nmmde a
concerted effort that where there was uncertainty we
manage that uncertainty by exactly what the ACNWi s
criticizing us for -- going in an unrealistic but
conservative direction.

It kind of verifies that these mmjor
assunptions that we've made, as we get nore data,
especially in the wast e package material s area, as we
get nore data, we add nore realismto that nodel. And
the waste package life extends out in tinme, and the
failure rates sl ow down.

DR EWNG Soif |I followed through this

series of TSPAs and | ooked at t he paraneter ranges and
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val ues generally used, | would see that frompoint A
to point C you were nore conservative in C and it
becane | ess conservative with realisn?

DR VAN LU K Yes. Yes, | think for
certain aspects of things.

DR EWNG Right.

DR. VAN LU K: There were other things --
for exanple, the very first cut at TSPA- SR, we had not
updated the climte nodel yet. Wen we updated it,
t he peak doses actually went up.

DR, EW NG Ri ght . But that doesn't
necessarily nean you added realismto the anal ysis,
right?

DR. VAN LU K: There is an argunent there
that what we have added is inforned specul ation
That's better than the speculation we had before |
t hi nk.

(Laughter.)

MEMBER GARRI CK:  You sound |ike the news
medi a now.

(Laughter.)

Any ot her questions? Dan?

DR BULLEN: Dan Bul | en, Nucl ear Techni cal
Waste Review Board. Just a quick question on your

summary schedule. | guess maybe it's just an arrow
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that you left off, but it sure |looks like that the
design and even the analysis and nodel reports are
actually design -- they don't feed into TSPA at all.

DR. VAN LU K: [It's an arrow probl emnore
t han anyt hi ng el se.

DR. BULLEN. Ckay.

DR. VAN LU K: They didn't --

DR. BULLEN: There's an interface between
desi gn and performance, then?

(Laughter.)

DR VAN LU K: Yes, there is.

DR BULLEN: Ckay. Thank you.

DR VAN LU K: Yes, there is.

(Laughter.)

MEMBER GARRI CK: Abe, is the license
application date, cal endar-wi se, still at the end of
2004 or --

DR. VAN LUK: At this point intine it
is. It is that way on our schedule. But, actually,
even as we speak, there is a frantic reassessnent --
and "frantic" is a strong word -- but there is a
serious reassessnment of every aspect of every --

MEMBER GARRI CK: But it's probably
realistic.

DR. VAN LU K: And we're comng to the
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poi nt where we're going to nake a nore realistic cal
of, can we still do this, or do we need to slip it?
But that call has not been nade yet, so right nowthe
schedul e is Decenber of 2004.

MEMBER GARRI CK: Good. Any ot her
questions? Excellent. Thank you very nuch.

We're now going to hear from Dr. Andy
Canpbell. Andy was a recent nenber of the technical
staff of the ACNW W were very sorry to |lose him
but he is nowin a very inportant position having to
do with the NRC s performance assessnent.

Andy, why don't you tell us exactly what
your new role is.

DR. CAMPBELL: Ckay. Can you hear ne
okay? Okay. I'm the section |eader for the
Per f ormance Assessnent and Integration Goup in the
Di vi si on of Waste Managenent at NRC.

The section that | |ead has fundanent al
responsibility in terns of reviewwng DOE s TSPA
anal yses, integrating activities across various key
technical issue groups within the NRC, and also in
terms of when the license application cones in,
reviewi ng those aspects of the license application
dealing with performnce assessnent.

Wat | want to do is set the stage for
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t hree ot her NRC presentati ons, one of whichw || occur
this afternoon. Chris Grossman will provide an
overvi ew of our total system perfornmance assessnent
code, what we call our TPA code.

Tomorrow Dave Esh will talk about the
source term conponents of that code in sonme detail
and t he bases and support for sone of the assunptions
and approaches that we use in that code. And then,
TimMCartin will talk about sonme of the results of
various analyses that are ongoing in terms of
under st andi ng key aspects of system perfornmance.

There are t hree mai n nessages t hat we want
to make. One is to convey to the audi ence and to the
conmttee our role. What is NRC s role in review ng
DOE's performance assessnent and our role as a
regul ator? How does our TPA code fit into that rol e?
And then, sone of the confidence buil ding neasures
that we have devel oped for that code and are still
ongoi ng.

Okay. On the next slide, | explain our
role, the NRCsrole. Really, thisis focused on the
rol e of performance assessnent group, the prelicensing
activities, and then ultinately the review of DOE s
license application. In prelicensing, a lot of the

focus in terns of the TPA code and ongoi ng anal yses,
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what we call our integrated perfornmance assessnent
anal yses, were focused on devel opi ng the staff review
capabilities.

TSPA is a very conpl ex code, and we felt
t hat we needed t o devel op an i ndependent capability to
review that code, as well as looking at bits and
pi eces and t he whol e code that DCE -- and results that
DOE cones in wth.

Part of that is to understand inportant
features, events, and processes, and the sel ecti on of
those FEPs for the TSPA And also, in terns of
devel oping our own understanding of how barriers
perform within the Yucca Muntain system and our
ability toreviewinformation and nodeling review, we
will present in that area ultimately in the |icense
appl i cati on.

We have a series in the prelicensing node
of interactions we have had over the years with the
Departnent of Energy on total system performance
assessnent, for exanple, TSPA 95, TSPA-VA, the
viability assessnment, and TSPA- SR, t he TSPA devel oped
for the site recommendation, and a w de variety of
ot her interactions.

Qutside of the PA group, there are, of

course, alarge nunber of interactions with respect to
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our key technical issue groups. There are nine areas
t hat we have devel oped in 1996 to focus on inportant
i ssues at Yucca Mountain. And so |'mjust focusing on
t he PA aspects of that.

And t hen, through this process, PA group
has been helping to identify information necessary to
review the license application, and those are the
agreements that you hear about and the process we're
goi ng through right now with DOE to address issues
that we feel -- information we felt was needed in
order for us to be able to review a |license
appl i cati on.

And that's the purpose of t hose
agreenments, but we are using TPA and our nodeling
capabilities to try and understand which of those
agreenents are really the key ones in ternms of
i mportance to performance.

Next slide.

Alittle bit of the historical background.
NRC staff has been doi ng some integrated performance
assessnment nodeling, starting actually in the late
"80s. And, in fact, PA nodeling dates back to even
the "70s in terns of NRC s activities.

| PA 1 was conpl eted i n about 1990 and was

published in 1992. Then we had an integrated

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

83

performance assessnent Phase 2 analyses that was
conpl eted i n about "'93/'94 tinmefrane and published in
1995. In that context of IPA 2, the staff began
devel oping its total system performance assessnent
code, the TPA code. And that was used -- an early
version of that was used in the | PA 2 work.

In terms of devel opnent of the TPA code,
we are now devel oping the final version for license
review, which is TPA 5.0. The initial code after
| PA 2 was the total system performance assessnent 3
code, and there were a coupl e of different versions of
t hat . And then, the total system perfornmance
assessment TPA code 4.0. So we're now essentially on
the fifth iteration of the TPA code.

And associated with the devel opnent of
those iterations of the code, the staff has conduct ed,
along with the Center for Nuclear Waste Regul atory
Anal yses, a series of sensitivity studies that
essentially becanme | PA-like activities |l eading up to
where we are today.

And so | ' ve al ready nmenti oned sone of the
interactions we've had with DOE on their TSPA, but
t hese activities have real ly hel ped confirmin our own
m nd, what are the key issues and what do we need to

probe wth respect to DOE s approach in the
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prelicensing approach?

And then, finally, | just nentioned the
KTI framework. In 1996, the staff reconfigured its
program to focus on nine key technical issue areas.
It was 10 at the tinme, including devel opment of the
regul ation.

As we transition to |license application
review, we wll transition to the 14 integrated
subi ssues which are enbodied in the Yucca Muntain
Revi ew Pl an framewor k.

Next sli de.

VWhat are sone of the roles of NRC s TPA
code? It provides us with an independent review
capability. W are using it to evaluate the various
TSPAs. W really want to understand and eval uate t he
nodel s, assunptions, and data, and abstractions that
go into TSPA. And it gives us -- we want a flexible
code that gives us the ability to evaluate the
conpl eteness of their nodeling approach.

W are also trying to enhance our own
understanding to identify key elenents of the
repository system to provide us, the NRCstaff, with
ri sk insights that hel p us establish our prioritiesin
terms of review and an ability to integrate

eval uations of subsystem performance from the
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different groups that are doing what are called
process-|l evel nodeling that are very detail ed-1|evel
nodel i ng t hat woul dn't necessarily appear in the code
but provide information to the code.

Next sli de.

Ckay. Sone of the applications of our TPA
code include confirmatory anal ysis of DOE s nodeling
approach and their results. In sone cases, sinplified
calculations that pull material out of the code and
|l ook at it inanore sinplified manner to support some
of our performance  assessnent anal yses and
under st andi ng, detailed uncertainty and sensitivity
anal yses, whi chincludeidentifyingthe uncertainties,
and testing the relative inportance of paraneters,
alternative conceptual nodels, and some of the key
assunpti ons.

The i ntegrati on of process nodels and our
under st andi ng of how this systemworks is really key
to understanding the DCE nodel ultimately when it
comes into the NRC for review in the |icense
appl i cation. And so all of this is focused on
enhanci ng that understanding, identifying the key
uncertainties intheir abstraction processes, and the
i mportance of certain scenarios in the anal yses.

This i s basically for nom nal perfornmance.
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Thi s does not include events such as an i gneous event

or long-termseismc events in terns of inmpact on the

repository. But in terns of nom nal perfornmance,
these are the key areas -- infiltration, the near-
field environment, including engineered barrier

degradati on and source term radionuclide transport
t hrough both the unsaturated zone and the saturated
zone, and bi osphere and dose.

And what the presentations fromthe NRC
staff will be focused on is the nom nal system W
have presented material to the conmmttee in the past
on i gneous activity, for exanple, and we don't intend
toreally go into any detail on that.

Ckay. Finally, confidence building
performance assessnent. In 1999, through the Center
for Nucl ear Wast e Regul at ory Anal yses, whi ch conduct ed
a peer review of the TPA 3.2 code, we |ooked at the
overall code as well as areas -- hydrol ogy,
vol canol ogy, geochem stry, FEPs, the devel opnment of
features, events, and processes, and screeni ng, heal th
physi cs, and a nunber of other key areas of repository
per f or mance.

Sonme of the key recommendati ons i ncl uded
devel opi ng nore transparency i nterns of docunentation

of the code. There are a significant nunber of
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specific -- very specific comrents. The Review
Conmttee felt that the code was appropriate for the
review of DOE' s |license application, but then have a
series of specific suggestions in ternms of areas that
we coul d i nprove.

And so staff followp, essentially, has
consi sted of inplenenting what we felt were t he nost
i mportant reconmendations in ternms of uncertainties
and key portions of the repository in the devel opnent
of the TPA 4.0 code and the current version of the
TPA 5.0 code.

And then, we also are inplenmenting a
verification testing of TPA 5.0, which will [ook at
not only the quality areas of the code, in terns of
neeting the rigorous quality assurance standards t hat
we have within the agency, and the Center also
follows, but also in terms of the nodul es, the key
nodul es t hat performthe cal cul ati ons, and some of the
st and- al one nodul es. And we can talk to that at sone
later tinme if that's desirable.

So, finally, in terms of our ongoing
activities, there are a nunber of things we're doing
ri ght now | eadi ng up to Decenber of '04, or whenever
the license application cones in the door. One, we

briefed the coomttee before onrisk insights. W are
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now i n Phase 2 of our risk insights effort.

We are in the process of devel oping arisk
i nsights baseline, which will describe in kind of an
executive summary type of approach what the staff
feels are the key areas of repository performance.
And that report will be published by the end of the
fiscal year, by OCctober, the end of Septenber or
Oct ober of this year.

And then, we are using this type of
approach to provide feedback to the other KTl staffs
internms of bal anci ng which agreenents are really the
key agreenents that we have to focus on in the short
peri od of time we have before the |icense application
woul d cone in the door

We are interacting with DOE on their risk
prioritization report and making sure that our
interactions with DOE are consistent with our own
understanding from risk insights, finalizing the
devel opnent of TPA 5.0 prior to the license
appl i cati on. And | put developing IPA 4; this
probably shoul d be | PA5, giventhe various iterations
of the code and anal yses we've done over the years.

But through the risk insights process,
what we want to do is identify key areas that require

further anal ysis for our own understandi ng and ability
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to review what DOE is doing. And then, prior to the
I i cense applicationcomnginthe door, we will update
our risk insights baseline in preparation for that
revi ew.

So that's the end of the talk. Now I'd
just, again, mention Chris Gossman will be talking
about the TPA code and its overview. Dave Esh will be
addressing tonorrowthe source termnodeling, and Ti m
McCartin understanding PA results.

And it's inportant to recognize that
what ever results we tal k about are prelimnary. They
don't indicate a final judgment on the particular
matters that we're discussing. And they don't
indicate a final judgnent on the license ability or
regul atory acceptability of approaches for the Yucca
Mountain |icense application.

So with that, | amopen to questi ons.

MEMBER GARRI CK:  Good. Thanks very nuch,
Andy.

Questions fromthe panel ?

| have one question, Andy. | notice that
the Electric Power Research Institute was strongly
urging you to do what evidently you' re going to do,
and that is use your risk nodel to prioritize the

agreenents. And you nmention your -- can you tell us
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alittle bit about how you're going to do that, to
what extent you're going to inportance-rank, if you
wi sh, the agreenents?

DR. CAMPBELL: Vell, right now we're
devel oping and essentially redrafting a -- what we
call a risk insights baseline, which will really |lay
out in kind of an issue-level approach, kind of like
at the integrated subissue | evel, what the key areas
of repository performance are.

And t hen, what we are pl anning on doingis
aligning that with specific agreenent and agreenent
areas that, based upon our long history of analyses
and specific work that we've been doing in the | ast
few vyears, aligned those agreenments wth our
fundanental understanding of, what are the key
features, what are the nost i nportant aspects of that.

And the idea is to not necessarily rule
things out, but to really understand, what are the
very key el ements of all those agreenents that we fee
are necessary for our review of the Ilicense
appl i cati on.

MEMBER GARRI CK: Now, of course, the
agreenents are not conpletely decoupled from the
subi ssue, the key technical issues. But they're not

necessarily the sane either.

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

91
DR CAWMPBELL: That's right.

MEMBER GARRI CK:  Are you going to do any
ki nd of mappingwith this -- of the inportance ranking
of the agreenents with the subi ssues of the KTIs? As
you know, the conmittee has been urging for a |ong
time that there be nore of a PA tenplate put on the
KTls. And it's probably not reasonable to think in
terms of the KTIs thensel ves, but the subi ssues of the
KTlIs is nore reasonable. Are you going to sort that
out a little bit between the agreenents and the
subi ssues of the KTIs?

DR. CAMPBELL: Well, one of the things
t hat we' ve done i s we' ve mapped t he agreenents t o what
are called the i ntegrated subi ssues, which are the 14
key areas of the Yucca Mouuntain Review Pl an.

MEMBER GARRI CK:  Ri ght.

DR. CAMPBELL.: And what we're really
focusing on is how those agreenents nmap to the 14
i nt egrat ed subi ssues, because that then | eads i nto our
ability to review the license application. So that
ki nd of mapping is taking place.

And what we need to be abl e to do, because
if you look at, for exanple, a KTI [like CLST,
container life and source term there nay be -- you

know, there are something like 53 or 56 agreenents
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there. Not all of those agreenents are naybe t he nost
important. There are sone that will rise to the top
in terns of inportance to |ong-term performance,
certainly over the 10, 000-year period, and ot hers nay
fall down.

So with this mapping, we're, of course,
mappi ng to t he i nt egrat ed subi ssues rather thantothe
KTls. And what we hope to be able to do then is,
within the context of those integrated subissues,
whi ch particul ar agreenents are really the key ones.

MEMBER GARRI CK:  Very good.

Any questions from anybody? Rod?

DR. EWNG Just to followup onthat, and
|"mjust listening and trying to understand, as you
establish priorities for the KTls in ternms of risk,
how do you work into that considerations of nultiple
barriers? That is, | can inagine a barrier that in a
certain analysis plays alnmost no role, but it is a
mul tiple barrier. |Is that part of the thinking as you
organi ze?

DR CAMPBELL: Yes, it is.

DR EWNG And how is that done?

DR. CAMPBELL: Well, the performance of
the barriers -- and | think TimMCartin is going to

addr ess ways of thinking about different barriers and
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how r adi onucl i des transport through the system And
| think 1"mgoingtolet -- defer to Ti mwhen he gi ves
his presentation.

| don't know if, Tim you want to say
anything at this point on that issue. But Tim--

MEMBER GARRI CK: Wiy don't we wait on
t hat .

DR. CAMPBELL: -- MCartin will address
that issue tonmorrow, | think, in a level of detail
that | can't provide at this point.

MEMBER GARRI CK:  Any ot her questions from
the commttee?

Andy, vyou've done a wonderful job of
getting us back on schedul e.

(Laughter.)

| think we're -- on the schedule it says
we're going to adjourn for |unch now. Is that not
correct? Al right. W'Il dothat, and we'll see you
at 1:00.

(Wher eupon, at 11: 59 a.m, t he

proceedi ngs in the foregoing matter went

off the record for a lunch break.)
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AAF-T-EERNOON S-E-S-S1-ON
(1:04 p.m)

CHAI RVAN HORNBERCER: The neeting wll
resume.

MEMBER GARRI CK:  Thank you. We're now
going to get into some nore details, an overview of
both the TPA and TSPA, in reverse order. So | guess
we're going to hear first fromPeter Swift. Yes.

MR, SWFT: kay.

MEMBER GARRI CK:  Peter, why don't you tell
us a little bit about your job.

MR, SWFT: Sure.

MEMBER GARRI CK:  And yoursel f.

MR. SWFT: Do you have a m crophone?

MEMBER GARRI CK:  Yes.

MR SWFT: Al right. I'mPeter Swft.
' mgiving the presentation here on the agenda that's

t he overviewof the DOE's TSPA. | should start off by

just introducing mnyself. I''m from Sandi a Nati onal
Laboratories in Al buquerque. I"m a geol ogi st
originally by training. 1've worked in perfornmance

assessnment for quite a fewyears. And | amalso the
manager within the M&O for the project, the Bechtel
SAI C Conpany, for the performance assessnent strategy

and scope subproj ect.
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This is agroup -- | work for Bob Andrews,
who manages perfornmance assessnent i n general. You'l
nmeet Bob in a little bit here. The TSPA nodeling
group is within nmy subproject within Bechtel.

Al'l right. |'"m going to nove on here.
The next slide, please.

Probably whilel hadit up there, I should
have credited the rest of the TSPA team Just very
briefly I want to nmention Jerry MN sh, who has
nodel ed that group for nmany years, and a host of --
dozens of people who put a ot of work into what --
| " mhere presenting ot her people's work, andit's what
we all do. So give themthe due credit.

"1l say a little bit here about the
current status of the DOE's TSPA. Very brief summary
of our nethodol ogy. First, what I'mgoing totry and
do, follow ng the agenda, i s sunmari ze t he naj or nodel
conmponents. |'"m going to try to map the workshop
groupi ngs or nodul es to what we nodel within the TSPA.

Alittle bit about the process nodel s, the
abstractions. | won't touch on the source term
itself, because Bob Andrews will talk in detail on
t hat and how things are |inked together.

Next slide, please.

First bullet here -- everything that
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either | or Bob Andrews is going to show in the next
two days cones from existing anal yses. There is no
new work here. There are sonme graphics you may not
have seen before, but we have not run new
calculations. This is all essentially old work.

Here is where it conmes from The |ast
slide in this packet, last handout in the packet,
gi ves proper source material references for these
docunent s.

The Decenber 2000 TSPA for the site
recommendati on, the so-call ed SSPA, the suppl enent al
analyses in July of '01, updated them again in
Sept enmber of '01, and |l ast year there have been two
nore reports, one one-off style analyses where we
neutralize or renove barriers one at a tine, and one
one-on where we added barriers one at atime. On both
those there are brief reports that describe each of
t hose sets.

The nodel s and anal yses for the |icense
application are still under devel opnent. Dave
mentioned this earlier. And we're not going to be
able to tal k about themhere, because we don't -- we
aren't confident exactly where they're coning out
here, and they're literally -- back in Las Vegas

peopl e are wor ki ng on putting themtoget her this week,
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next week, and in the com ng nonth.

Qur TSPA net hodol ogy -- and we believe
this is consistent with what the NRC, and for that
matter the EPA and Part 197, consistent with what the
regul atory community is looking for in TSPA. It also
follows international practice. W start out
screening features of instant processes, deternine
t hose that shoul d be i n the nodel s and t hose t hat need
not be. We devel op nodels. W identify uncertainty
in them W construct the -- an integrated nodel
using all of those processes that we screened in.

We end up wi t h a nom nal perfornmance node
and a disruptive event performance nodel, which for
t he work done to date has been the vol cani c scenari o.
They are different nodels.

We al so have a stylized human intrusion
nodel that is specified by the regulation, andit's a
slightly different nodel. Al we're tal king about in
this workshop | believe is the nom nal nodel. Thisis
the last tine I'Il nention the other two.

And then, of course, the |l ast step in the
system -- in the nethodology is to evaluate tota
per f or mance. And, in particular, there are the
rel evant standards.

W do this through a Mnte Carlo
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simul ation, multiplerealizations, runthe nodel over
and over again, sanpling on the input paraneters to
give us a display of the distribution of possible
nodel results consistent with the uncertainty and the
i nput paraneters.

Next slide, please.

This, believe it or not, shows the same
t hing graphically. Part of the point hereis to show
that we started out here wth identifying the
features, events, and processes, screened themin,
screened sone out. And if you followthrough here --
" mnot going to wal k through it -- but these are the
conponent nodels we' ve had to devel op goi ng t hrough
fromthe unsaturated zone fl ow down to t he bi osphere.

And we have to nodel different scenarios
-- volcanic and human intrusion -- and different
performnce measures, groundwater protection, and
total dose

Next, pl ease.

Okay. The point of this is to show how
t he wor kshop has grouped the maj or conponents of the
system and how the DCE has grouped them And so on
t he agenda we have sonething called infiltration and
tunnel dri ppi ng. Wthin the DCE nodels, we have

separate nodel conponents for climate infiltration
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unsaturated zone flow, thermal effects, seepage, and
SO on.

Al ready our nodel | ooks nore conplicated
than this sinple listing. But | believe that we
actually do need to nodel each one of these various
things in order to have a reasonabl e nodel for, let's
say, the source term And we need to be abl e to nodel

t he performance of each of those itens there, and so

on.
Next, pl ease.
We al so tend t o group our nodel conponents
by the barriers they represent. This will conme up

again in ny second tal k tonorrow norning, so |'mnot
going to spend too nuch time onit. But you can find
t hose nodel conponents | described in the previous
slide here arranged from -- in the -- sort of
follow ng the water novenment, in the way i n which we,
the DOE, uses them as barriers in the perfornmance
assessment .

Next, pl ease.

And nowwe' | | | ook at the subnodel s wi thin
each of those mmj or nodel conponents. This is a --
like a slide | showed two or three back, this is just
for nom nal scenario, and the maj or conponents goi ng

around here.
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Each one of those mmjor conponents has
within it subnodels. So unsaturated zone flow, there
are subnodels for it. O the waste formhere -- a
raft of subnodels. Each one of these things here we
actually can point to a nodel within the TSPA code
t hat handl es those things.

Next slide, please.

And this is the kind of slide that only a
nunerical nodeler would |ike. And they probably
wouldn't Iike it either.

(Laughter.)

But the point is that each one of those
l[ittle subnodel s has to be represented with nuneri cal
code -- equations witten in a computer code that are
t hen cal cul ated. And no point in going through all of
t hese.

They really -- there are all of these
nodel s enbedded in our system And sone of themare
run external to our TSPA nodel, where their results
are essentially |l ook-up tables. Qhersinthis colum
here run directly within the TSPA nodel and are
executed over and over again for each realization.

Next, pl ease.

Al right. Now, the actual conponents

here. Conmponents that arerelatedtoinfiltration and
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tunnel dri pping.

Next slide, please.

Climate being the first one. I'mgoingto
just stop briefly here and nention that 1'mgoing to
go through each one of those major nodel conponents,
not the subnodels, with the same | evel of information
roughly. 1t's a one slide quick | ook at what's in our
climate nodel .

VWhat |'mtrying to cover for you are the
i nputs, the key assunptions, the outputs, in sone sort
of graphic that hopefully, you know, says it all in a
little bit. Clearly, this is a very superficial
treatnment of the nodel conponents. If you have
guestions on themand there's tinme, ask ne. |If not,
maybe we can cone back to them

The purpose of this is to go through the
-- | hate to say the conplexity of the nodel because
|'d like to think it was a sinple nodel. In fact,
this is a very sinplified nodel of a system But we
believe it does take this | evel of detail to nodel it,
even at a sinple |evel.

So climate -- we have three different
climte states, the present day; a nonsoon, which is
from 600 years in the future to 2,000 years in the

future, where the site will be wetter but not col der,
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it'll be nostly summer rains; and then the gl acia
transition climte, whichw |l persist for the rest of
the 10,000 years, which is a cooler and wetter
climate, eventually building towards a full gl aci al
climate, which does not occur in the first 10,000
years.

Qur climate nodel -- its inputs aren't
listed here. It doesn't have nodel inputs. It has
pal eoclimate inputs and, to sone extent, actually
observational weat her datainputs. The outputstothe
infiltration nodel is where it nostly feeds, gives
that tenperature and precipitation.

Water table rises are provided to the
unsat urat ed zone, and to t he saturated zone we provi de
the tine of climte changes that are used to fix the
time at which the water flux is changed. Basically,
wi thin a saturated zone, we account for climate change
by increasing water flow.

Next slide, please.

The infiltrationnodel -- thisis actually
a pretty inportant nodel in the system This is one
t hat takes that precipitation and determ nes how nmuch
of it enters the rock and starts percolating down
towards the repository. It includes run-off and run-

on, which is water flooding into | ow places and then
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si nking in.

It takes precipitation and tenperature
data fromthe climte nodel, uses soil surface maps.
So it's a detail ed nodel .

It produces -- sorry it didn't come out on
the screen there -- produces infiltration flux maps
that are then provided to the nountain scale flow
nodel . That would be its primary output. And it
treats uncertainty infiltration by creating three
detailed maps for each climate state -- a high,
medium and low infiltration |evel.

MEMBER GARRI CK:  When you say output is
the infiltration flux, etcetera, etcetera, isn't the
out put the water conposition?

MR. SWFT: The water composition woul d be
an output of -- actually, there's a thernal
hydrochem stry nodel with several steps downstream
We're not worried particularly about the evolving
water up here. It's the water down at the repository
| evel that -- and so we get that water terned | ater in
the system [I'll cone to that.

MEMBER GARRI CK:  Ckay.

MR. SWFT: The head shaking there.

| mean, we have plenty of data on the

wat er chem stry.
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MEMBER GARRI CK: Wl |, what |' mgetting at

is my original vision of this whole nodel was that the
out put of the infiltration would be the |ikelihood of
different water conpositions entering the near field
and becom ng the input into the near --

MR, SWFT: Sure.

MEMBER GARRI CK:  -- the near field nodel.

MR. SWFT: The way we use infiltration,
the term that stops at the bedrock

MEMBER GARRI CK: | see.

MR. SWFT: What you're describingis part
of our mountain scale nodel for flow and chem stry
wi thin the nountain.

MEMBER GARRI CK: Ckay. Next slide,
pl ease.

This just -- the nountain scale
unsaturated zone flow. This is the novenent of water
t hrough the unsaturated rock. And thisis a-- it's
a detailed three-dinensional nodel of the entire
nmount ai n underlying that outline of the nountain.

At the top here, this is actually one of
the infiltration maps. This is the input to the
nountain, to the mountain scale flow nodel. This is
a horizontal slice taken at the repository el evati on,

and this is down at the water table.

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

105

These are -- there is real data on these.
These date fromthe SR fromtwo years ago. But what
you can see here is the -- at the surface, nost
infiltrations up at the highest el evati ons where the
greatest precipitation is on the ridge.

As you go down, you start to see focusing
along faults. Not a whole |ot of difference between
t hese two, sone though. Get down to the water table
and the water flux -- blue is the highest water fl ux.
Water is focused along the faults, and t hat we believe
--well, it'sdriven by the material propertiesinthe
nodel. W believe that is, in fact, realistic.

Al'l right. The outputs fromthis -- for
the hydrologic properties, the same franmewrk
devel oped for this map. This nodel is also used for
t he thermal hydrol ogy nodel, and it provides the fl ow
fields that are the primary basis for transport bel ow
the repository fromthis level to this |evel here.

Next, pl ease.

DR EWNG Peter?

MR SWFT: Yes.

DR EW NG Just very quickly, the
fracture systens at each level, the faults are in
exactly the sanme position?

MR SWFT: No. It's a three-di nensi onal
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map. So the faults -- they have drift |oading --

DR. EWNG Could we go back just --

MR. SWFT: Yes, go back one. [|'m not
sure you can see it at this scale, but the faults
shoul d not be vertical on this. No, they should nove
ar ound.

DR. EWNG But they're nearly vertical,
| take it, from--

MR SW FT: Wll, they're pretty high
angle faults, yes.

DR. EWNG  Ckay.

MR SWFT: Go ahead.

The t her mal hydrol ogi ¢ environnents, there
are two separate nodel s of interest here. One of them
i s the thermal hydrol ogy nodel, which this is where we
first put in the repository into the system W've
got the drift layout and heat |oading from-- which
are design inputs.

The water flux for SR for actually taken
directly fromthe infiltration nodel. W didn't use
t hat upper portion of the flownodel. W used it for
t he transport bel ow.

But the -- so we've got a thernal
hydr ol ogy nodel of the whol e nountai n al so that | ooks

at what we did for SR It | ooks at howthe flowfield
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is perturbed by the heat pulse fromthe repository.

The out puts fromthi s were t he percol ati on
flux. That's the water noving through any specified
poi nt inthe subsurface, to the seepage nodel, and t he
environnental conditions inthedrift in the adjacent
rock. Thisis inportant. This is where we put inthe
tenmperature, relative humdity, in the drift. They
come out of this nodel

The thermal hydrol ogi c chem stry nodel,

the so-called THC nodel, it's a separate nodel, run
separately. And it starts with initial water -- its
purpose, well, first of all, is to calculate the water

chem stry entering thedrift as it thernmally evol ves.
This is sonmething that's of considerable interest.

Itsinputs aretheinitial water chem stry
based on well water data.

DR, MORGENSTEIN: Excuse ne.

MR SWFT: Yes.

DR. MORGENSTEI N.  Why woul d you use wel |
water data to |look at the initial water chem stry,
which is in the soil zone? Wy don't you use soi
zone chem stry water?

MR SWFT: Well, then we would -- yes.
We woul d then be nodeling the evol ution of the water

fromhere down to there. Infact, we're picking it up
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nost of the way down in nodeling this evolutioninthe
t hermal environnent. W're --

DR. MORGENSTEIN: | don't get this at all.

MR. SWFT: Okay. There's an assunption
there that the real water collected from wells
represents the real evolution of water in an
undi sturbed system from the land surface to the
subsur f ace.

DR. MORGENSTEI N: And what gives you the
right for that assunpti on? What data do you have t hat
supports that?

MR. SWFT: | guess |I'mprobably not the
person to answer that question.

DR. MORGENSTEIN: Ckay. | woul d suggest
this is totally wong. This is not the direction to
go in. There is no reason not to collect initial
wat er chem stry of the soil zone. | cannot believe
t hat the program doesn't do this.

MR. ANDREWS: Peter, let ne add -- thisis
Bob Andrews. You're exactly right. And, therefore,
in the sunmmer of 2001, we did a conparison of using
so-cal l ed J-13 saturated zone water, which Peter is
tal king about here, and the available data at that
time for water chem stry, and evol ved both of those

chem striesinthedrift and conpared their resultsin
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t he suppl emental science and perfornmance anal yses,
whi ch was used t o support the sci ence and engi neeri ng,
whi ch was used to support the site reconmendation

Those anal yses, which | did not bring but
are in the supplenental science analysis report,
showed very little difference by the tinme you evol ved
theminthe drift. They are different starting water
chem stries. You're exactly right. But by the tine
you evolve themand mx them if you will, with the
inert materials, you get very little difference in
temporal evolution for the major constituents.

DR, MORGENSTEI N: s it difficult to
actual ly col |l ect surface water for you guys, and to do
a mass bal ance?

MR. ANDREWS: These aren't surface waters.
These are all groundwaters. And taking water
chem stry sanples fromthe core is a very difficult
process. There are data on those. The USGS has
coll ected those data extracting water fromcores for
the | ast seven or eight years.

The prelimnary sets of those data were
used in the site reconmendation that | just alluded
to, and addi ti onal data, water chem stry data, will be
used in the license application.

Extracting water from the fractures --
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there is no water right now in the fractures. The
fractures are at 10 percent or 5 percent liquid
saturation. The tenperatures are at 85 to 90 percent
liquid saturation.

We do have wat er chem stry data, however,
from perched water zones where we've encountered
perched wat er zones. And those have been used to help
constrain the in situ pre-thermal chem stry.

DR. MORGENSTEI N. Ckay.

MR. SWFT: Next slide, please.

The seepage nodel -- nodel designed to
calculate the flow of water into an opening into the
drift. And it includes only fracture flow, the
assunption there being that's the water that enters
the drift. The water in the matrix does not.

It includes flowfocusing effects, the
i dea that some fractures will carry nore water than
others. And it does include drift degradation in the
sense that it | ooks at a range of drift shapes. Drift
openi ngs change shape as they degrade. And so for
inputs to that, the thermal hydrol ogy flux, the shape
of the drift, and the rock properties.

For SR, TSPA-SR, the abstraction used
t hermal hydrol ogy flux five neters above the drift as

t he i nput up there, recogni zi ng that the nodel was not

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

111

adequate to account for the thermal effects in the
stream near field. Therefore, we took what we felt
was a conservative approach of using the flux from
above that highly disturbed thermal zone during the
t hermal peri od.

Infact, that hadrelatively little effect
on performance. W can cone back to that. But the --
during the thermal period, the anount of water
entering the drift is not that inportant a
contributor, becausethereis very fewfail ed packages
and the drip shields are intact.

The outputs of a seepage nodel are the
seepage fraction, whichis the nunber of packages, the
fraction of packages seeing seepage. It's nore
conplicated than this, but that's a good nunber to
start with. And the seep rate -- how nmuch water is
comng through in mllinmeters per year.

And there are seepage bins, dependi ng on
-- it used to be nunber of packages put into each
groupi ng, so-called bin, based on different waste
types and different infiltration scenarios. Andthere
are, inmy talk fromtonorrow fromthe backups, there
are sone discussions of what seepage rates actually
are or were for recent nodels for each of the

di fferent bins.
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And seepage fraction -- this is worth
noting there. Thirteen percent of the waste packages
inthe siterecommendati on saw seepage. A nuch | arger
percent age, 48 percent, in nore recent anal yses. That
has to do wth the frequent flowfocusing and
episodicity, which is basically how often the
fractures are flowwng. And if they are flowi ng | ess
often, you tend to get higher flowrates. And then,
when they do flow -- and that's above the threshol d.

Yes?

DR. PAYER: Joe Payer. A question -- when
you say 48 percent, does that nmean 48 percent of the
packages are getting dripped on all the tinme, or
48 percent are dripped on --

MR, SW FT: In the glacial transition
climte, yes.

DR PAYER  Okay.

MR SWFT: Next, please.

DR. LATANI SION: Just to followthat up --
Ron Lat ani sion -- there is evidence that suggests t hat
the drip shield actually will stress corrosion crack
in representative repository environnents. [|s that
sonmehow i ntegrated into the |ink?

MR SWFT: It was considered. There is

not in this nodel, and Bob Andrews will tal k nbre on
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that |ater on.

DR. LATANI SI ON:  Ckay.

DR. EWNG Just a very quick question.
Earlier in the discussion of climtes you indicated
that the uncertainty in the magnitude of changes in
precipitation and tenperature are included throughthe
infiltration nodel.

MR SWFT: Yes.

DR. EWNG So when we get to seepage, now
that uncertainty --

MR SWFT: It's there. And you have to
go to ny backups fromtonorrownorning to see howit's
there. But it's through the different bins. W have
hi gh and | ow seepage, high, |ow, and nedi um seepage
rates for each climate state, and --

DR. EWNG But is the actual uncertainty
bei ng propagated through the anal ysis?

MR SWFT: Yes. Well, yes, it is, in
that we end up with different seepage rates for
different waste package bins representing high,
medium and low infiltration states for each of the
three climte states.

DR EWNG So what does it nean to be
i ncluded through the infiltration nodel ?

MR SWFT: Becauseit'stheinfiltration
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nodel that sets the -- sets two things. One is it
sets the initial conditions for that percolation for
the thermal hydrology nodel, -eventually becones
percolation flux. And the other is that it sets the
probability that youw |l be in a high, nedium or | ow

infiltrati on state.

DR. EW NG So | could follow the
uncertainty step by step through this. It's all
connected, is | guess -- it's not truncated at --

MEMBER GARRI CK: It's connected, but it's
doubtful you could followit.

DR. EWNG  Ckay.

(Laughter.)

MR SW FT: But it is -- it could be
expl ai ned.

DR EWNG Right. Ckay.

MR SW FT: And I'm afraid that -- you
know, | can take a shot at it, but it would take half
an hour here, and that's --

DR. EWNG Al right.

MR SWFT: -- | mght not be the right
person to explain it.

DR BULLEN: Dan Bullen, NWIRB. Just a
quick followp on the seepage question. And we

| earned in the |ast presentation from Abe Van Luik
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that the design is actually integrated in sonme way
intothe TSPA. And the evol ution of the design nowis
that there is actually a five-panel layout for the
repository.

One of those panels actually crosses the
Ghost Dance. And so coul d you expl ain howt he seepage
and the design are i nterwoven | guess? Because how do
you deal with the Ghost Dance fault as a bottomline
with respect to seepage?

MR. SWFT: Thank you. | know | can't
answer that one. That cones under the category --

(Laughter.)

-- of nodel s we are currently devel opi ng.

DR BULLEN: Ckay. That's fine.

MR SW FT: O course, we do have to
change our hydrol ogy nodels to fit the new footprint,
and that work is in progress.

MEMBER GARRI CK: Peter, maybe Bob w |
make these connections in his talk. But | hope
somebody poi nts out the changes in the nodel s bet ween
t he SR and t he suppl enental that accounted for the --
some very consi derabl e changes in the doses.

| know that in treating uncertainty or
accounting for uncertainty -- led to contribution to

the dose in the zero to 10, 000-year timeframe, and
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t hat some other things led to al nost a five orders of
magni t ude dose reductionin the 10, 000 year to 100, 000
year.

As you do this, can you help us connect
with the differences in the nodels that accounted for
these rather dramatic differences in the dose?

MR SWFT: Sure.

MEMBER GARRI CK:  Because it suggests a
hi gh | evel of instability in the analysis.

MR SWFT: W weren't -- neither Bob nor
| was prepared to actually talk about that. | can
talk about it. 1'd rather do it in the context of
t omorrow norning --

MEMBER GARRI CK:  Ckay.

MR SWFT: -- when |I've got sone results
to show - -

MEMBER GARRI CK:  Fi ne.

MR SWFT: -- up there on the screen.

MEMBER GARRI CK:  Fi ne.

MR. SWFT: | also -- sonmebody has to keep
me honest on tine.

MEMBER GARRI CK:  Yes. Well, your tineis
up.

MR. SWFT: Ckay.

(Laughter.)
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Next slide, please.

But, please, do keep nme honest on tine.

MEMBER GARRI CK:  Yes.

MR SW FT: | have two slides in here
which I'm not going to nmention at all because Bob
Andrews, if | don't use up all of his time, will talk
about themlater on -- the source terns as defined in
-- for this working group

Next slide, please.

And, again, | think Bob uses both these
slides in his talk, and | think Joe Payer may have
used versions of these also this norning.

Next slide, please.

Now, what we call the -- well, no, what
t he workshop grouping has called the near field as
distinct fromthe source term the engi neered barrier
systemflow, chem stry, and transport nodel s are what
we're interested in here.

And, yes, we do have nodels for each of
these, nodels for the -- for exanple, the one-
di nrensional flow nodel, it takes the thernal
hydrol ogy, the seepage, the flow out of the waste
package, and produces a fl owthrough the i nvert, which
is the main point of interest there.

A chem stry nodel cal cul ates the evol vi ng
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chem stry of the -- and Bob i s going to tal k about the
chem stry package, but this nodel calculates the
evolving chemstry in the invert for transport
pur poses.

And then, an engineered barrier system
transport nodel that has both invective and diffusive
transport nmechani sms, and it provides the radionuclide
fl ux.

Next, pl ease.

The unsaturated zone transport nodel --
again, it's a 3-D nodel that uses those flow fields
cal cul ated by the nmountain scale flownodel. Andit's
i npl emented directly inthe TSPA. W actually run the
FEM particle tracker for -- continuously for each
realization

And what it -- its primary inputs are
those flow fields, radionuclide fluxes out of the
invert, and the tinme and magni tude of the water table
changes. When a climte change occurs, the water
table rises, by assunption essentially, and the
radi onuclides that are in transport in that zone are
flushed into the saturated zone, added to the
saturated zone source term And it's the output to
t he saturated zone.

Next slide, please.
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There's a process nodel that cal cul ates
t hr ee- di nensi onal steady-state flowat the site scale
That' s the bl ue boundary shown on here. This, by the
way, has been shown many tines before, but it's a
fal se color inmage, infrared range.

The red is vegetation, so that's high
altitude up there, or alfalfa fields | believe they
are, agricultural fields down here in the Amargosa
Val | ey.

And the blue line here are the cal cul at ed
flow pads away fromthe site. So the 18 kil oneter
boundary i s sonewhere about in there.

Transport is cal cul at ed her e as
br eakt hr ough curves for release at theinitial tinme --
time zero. And in ny backups to ny tonorrow
presentation you can see sone breakthrough curves.

The nodel includes sorption and both
reversible and irreversible colloids. Reversi bl e
coll oids are those that | ose their radionuclides back
into solution, where they then may be sorbed by ot her
nmechani snms or picked back up onto colloids again
Irreversi ble ones are colloids that stay as coll oi ds
and transport fairly quickly.

And we use a convolution integral to use

t hose breakthrough curves to -- we apply themto the
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rel eases at whatever tinme they enter the saturated
zone. And we scale for climate effects just by
increasing the -- we correctly scal e the breakt hrough
curves.

The output to the bi osphere nodel is the
radi onuclide flux at the withdrawal well. And I']
mention it here because it doesn't show up on t he next
slide. The withdrawal well -- we use the 3,000-acre

feet per year specified in the regulation, and we

assune that all radionuclides in the plunme are
captured in those 3,000-acre feet. So it is all
radi onuclide flux to -- excuse ne. Al of the

radi onuclide flux crossing the 18 kil oneter boundary
enters that w thdrawal well

Next slide, please.

The bi osphere nodel -- a little graphic
there just showing things that are included in the
nodel . Inportant things here -- that the exposure
pat hways, food, water ingestion, dust inhalation
external exposure.

Lifestyle and groundwater punping is
specified by regulation, or our assunptions are
consistent with regul ation. The dose net hodol ogy is
| CRP 30, and the inputs to the TSPA that matter there

are those radi onucl i de concentrations i n groundwat er,
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which is sinply the flux to put into 3,000-acre feet.

The outputs from the biosphere nodel
itself are the BDCFs, biosphere dose conversion
factors, which are actually applied to those
concentrations to get the dose in TSPA

Next slide, please.

That's just a summary. | think | can stop
there for tine.

MEMBER GARRI CK:  Ckay.

MR. SWFT: And | apol ogize for that. But
if there are questions, I'll try to field them

MEMBER GARRI CK:  Thanks.

Al right. Questions fromthe panel or
the coomittee? Dan? Maury?

DR.  MORCGENSTEI N: Sort of a general
statenent, going back to water chem stry. Obviously,
"' m not satisfied. One of the things that really
bothers nme is that we're utilizing a saturated zone
wat er conposition, say J-13, or any ot her you choose,
and we're basing the entire reactive situation with
respect to the EBS with that water chem stry.

We're saying that in the near field the
only water chem stry of inportance is J-13. W're
sayi ng that water com ng down fromdifferent places,

t hrough different areas of the ground surface, have
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al | about the same water conposition. And that going
into the near field, as they go through Topopa
Springs, they all equilibrate and have about the sane
general water chem stry. And that's about what J-13
| ooks like and we're reacting -- EBS-like GC 22
material with that.

MR SW FT: As it evolves in the near
field.

DR MORGENSTEI N:  Yes.

MR SWFT: Yes.

DR MORGENSTEI N: And |'m saying that
sinmplistic viewis totally unfounded, that inreality
di fferent waste packages are going to see all sorts of
different water chem stries in the near field.

MEMBER GARRI CK: Yes, that's what | --

DR. MORGENSTEIN: And so l'd like you to
speak to that. Wat can you say?

MR SWFT: I"m going to defer to Bob
Andrews. Bob, you are going to cover this soon?

MR ANDREWS: Yes, we'll talk about it
nore then.

DR. MORGENSTEI N. Ckay.

MEMBER GARRI CK:  Al'l right. We'll parkit
and get back to it.

O her questions? Yes, Rod?
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DR EWNG Thisis just adetail. But in

t he unsaturated zone transport nodels, you have this
3-D steady-state particle tracker, dual continuum
transport sorption, reversible/irreversiblecolloids.

| 1 ooked at that maybe two years ago, and
there weren't actually many data avail abl e. Has that
changed at all? | mean, are there -- is there an
experimental database to support nodeling the
sorption, reversible/irreversible?

MR. SWFT: Well, yes, thereis data. I'm
not prepared to talk about data in detail.

DR. EWNG  Ckay.

MR. SWFT: You are well aware what data
there was two years ago. There's nore since then.
That doesn't hel p answer your question.

DR EWNG Right. GOay. Thanks.

MEMBER GARRI CK: M ke, didn't you have a
guesti on?

MEMBER RYAN. Yes. Peter, thanks for your
presentation. But on the bi osphere part, you made t he
comment that -- let ne get it right -- all of the
radi onuclides in the water are exiting the well.

MR SWFT: Yes.

MEMBER RYAN:. Could you tal k about that?

| nmean, that seens to be unrealistic and, frankly,
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overconservative because, as the water is depleted,
lots of stuff will be left behind.

MR, SWFT: |It's driven by the regul atory
speci fication of 3,000-acre feet per year. And our
hydrol ogi sts say that a well punping at that rate
actually could draw down the entire width of the
pl ume.

MEMBER RYAN: But al | of the radi onuclides
won't conme out with it.

MR SWFT: Wll, they do in our nodel.

(Laughter.)

MEMBER RYAN: | understand that. But the
point I"'mtrying to nmake to you is that there is an
uncertainty there that needs to be assessed. You
know, it's very hel pful to understand whether that's
conservative or not conservative and by how nuch.

MR, SW FT: | would be personally very
interested in seeing how the NRC has treated that
guestion nysel f.

MEMBER RYAN: Ckay. Well, 1'Il park that
guestion, too.

DR. VAN LU K: This is Abe Van Luik from
DCE. W actually inour -- if you look at our EIS, we
realize that the cal culation that we're doing for the

bi osphere is a stylized calculation that assumes a
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large wthdrawal, and then, basically as a
conmpensati on, assumes that all flux enters that well.

At the sane tine, in our EIS we recogni ze
that this is probably not the way it goes, and we do
| ook at doses further downstream naking sone | think
reasonabl e assunpti ons about how nuch cones through.

But it's a stylized calculation. W were
not trying to be realistic in this calculation. W
were trying to follow the regul atory gui dance, which
| think is areasonably conservative assunpti on here.

MEMBER RYAN: But you' re sayi ng reasonably
conservative, but we have no neasure of that. My
point is we need to think about what neasure we m ght
have for that. | thinkit's quite large. That's why
|"mencouraging it. Leaving it indeterm nate doesn't
seemto be consistent with howwe' re addressi ng ot her
uncertainties.

MR,  SWFT: This is basically a --
somet hi ng that the regul ator has given us regul atory
gui dance on how to treat. There's a very large
uncertainty as to what future humans really will punp
out of the ground.

And si nply saying they're all captured and
punped out, it produces the |argest possible nass

rel ease at the surface of radi onuclides. But it al so
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di ssol ves them dilutes them in 3,000-acre feet. Any
ot her assunptions you have to adjust the amount of
wat er you' re going to put those into as concentrations
in order to calculate the dose al so.

So you coul d have fewer radi onucl i des and
| ess water. You could have fewer radionuclides and
all that water. This is pretty specul ative.

MEMBER RYAN: All the norereasonto doit
nore formally.

MR SWFT: Al right. W are doingit as
we believe the regul ator has specified.

MEMBER GARRICK:  Yes. | think thisis the
t hing that sonetinmes concerns us, is that on the one
hand when we're under the | anppost we do a very good
j ob of addressing the i ssue of reali smand uncertainty
propagati on and sanpling, and what have you.

But when we get away fromthe | anppost and
we're in the regions where we don't have nuch
illum nation, we nake these gross assunptions that
probably just conpletely w pe out any benefit of the
nore refined and realistic nodeling that's done.

How do we judge that? That's a very
difficult issue. This seens to be one of those kinds
of assunptions. There's a |lot of them

MEMBER RYAN: You know, one specific
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exanple, if | wmy, John, that is -- kind of
exenmplifies my point isw typically treat 1-129 as an
intake to diet. W never assess the iodine pool in
the diet. And if you dilute 1-129 in an iodine
pool - -

MEMBER GARRI CK:  Yes.

MEMBER RYAN: -- you can't get a real --
you can't get the dose that you can by applying the
dose inversion factor. The dose is nuch |ower.
lodine is an inportant transfer radionuclide.

So the fact we just kind of stick the
bi osphere on the end and not give it the sane rigor
t hat we gi ve ot her conmponents, | challenge that to be
somet hing we need to think about.

MEMBER GARRI CK:  Any ot her questions?

MR SWFT: Yes. TimMCartin wants to
conment on that.

MEMBER GARRI CK:  Oh, yes.

MR. McCARTIN: | guess |'d -- one question
| had -- Tim MCartin, NRC staff. When you were
tal king about the -- what gets into the punping well
or into the concentration for the reasonably and
maxi mal |y exposed i ndi vi dual , t he di ssol ved
radi onuclides are in there.

Now, there is radionuclides that are
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sorbed on the rock. That is accounted for. But what
we're --

MEMBER RYAN: Ckay. Well, that's a
different story than all of the radi onuclides get into
t he water.

MR MCARTI N: Yes. Al of the
radi onucl i des have reached t hat point inthe transport
system

MEMBER RYAN: All sol ubl e radionuclides
that are in solution. Ckay.

MR.  MCARTI N: Al those that were
transported.

CHAI RVAN HORNBERGER:  Yes. But, Tim in
fairness, you still are making the assunption that the
entire mass fl ux across the boundary is going intothe
3, 000-acre feet.

MR, McCARTIN:  Yes.

CHAI RVAN HORNBERGER: And that is not a
physi cal possibility.

MR MCARTI N well, | think it's
possi bl e. Three-thousand-acre feet -- well, 3,000-
acre feet is a fair amount of water relative to the
size of the plunmes that we and DOE have seen to date.

Now, the reason -- there is a couple of

reasons why this was done in ternms of when we
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specified the regul ation, EPA also -- that there was
not a desire to find out concentrations in very snal |
parts of the aquifer.

Clearly, an actual plunme emanating from
any source wi Il be highly variedin concentration, and
it was not deened practical nor doable to try to
estimte concentrations very precisely in snal
amounts. And so a vol une of water was specified, and
you'reright, we wi |l assume the concentrationinthis
vol ume of water.

There is the flexibility that, indeed,
this volunme of water could not physically get the
entire plune. The Departnent can make argunents and
denonstrate that they aren't capturing the entire
pl une. But to date, their analyses indicate that
3,000-acre feet issufficientlylargethat there would
be very littlereductionif onetriedto estimte what
m ght you not get in the 3,000-acre feet.

MEMBER RYAN. My comment isn't ainmed at
criticizing the convention. It's sinply to say that
there are sone things that could be evaluated to
eval uate that convention with regardto its nature of
bei ng conservative or not conservative in parts and
pi eces and see what those things are. And | think

just to say it's the convention, that's what it says
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intheregulation, let's just plugthat in, m sses the
opportunity to make some ot her assessnents that woul d
be hel pful.

MEMBER GARRI CK: Any ot her questions?
Yes, MIt.

MEMBER LEVENSON: |'ve got kind of a
little bit of a generic question | guess. You' ve done
things |ike one-on and one-off wth barriers,
etcetera, but al nost all the di scussi on today has been
about oxi de fuel and power reactor fuel. Andclearly,
that's the bulk of what is put in the repository.

Maybe it's okay to automatically assune
that's the maj or source term but maybe it isn't. The
chem stry is completely different. Youhavevitrified
materials. You have Navy fuel. You have a hodgepodge
of DCE fuel, sone alum num nmatri Xx.

Have you run any nodels adjusting the
chem stry and corrosion, etcetera, for these other
mat eri al s, assum ng maybe that there isn't any power
reactor fuel there, to see whether in fact it's
appropriate to continue to ignore all these other
t hi ngs?

MR SWFT: W do not ignore all those
others. W do nodel the other waste streans in a so-

call ed co-disposed waste form which is vitrified
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waste wi th DOE spent fuel

And, in fact, nuch of our technetium
which is the driver for dose for at |least the early
portion of performance, comes out of that vitrified
waste rather than out of the commercial spent fuel

No, we have not nodel ed t he syst emw t hout
conmercial spent fuel init. | think that was your
guesti on.

DR MORGENSTEIN: So you have one source

termrather than a variety of different source terns?

MR SWFT: ["m not quite sure how to
answer that question. W | ooked at one suite of
wast e, which design -- our design specifications say

will be the type of waste shipped to Yucca Muntain,
that includes init many different waste fornms, which
we do include in our nodeling. But we do not attenpt
to nodel a systemwith different types of waste, other
t han those that are already planned for it.

DR. MORGENSTEI N: How do you treat the
variationin waste rel ease fromthe di fferent types of
cani sters?

MR. SWFT: W nodel primarily two | arge
-- Bob, you're going to talk about this, aren't you?
Yes. This is Bob Andrews' talk. ["11 put it off

here. Sorry.
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MEMBER GARRI CK: kay. Any -- yes, go

ahead, Abe Van Lui k.

DR. VAN LU K: Yes. O course, we -- this
is Abe Van Luik, DCE. W are looking at the
contributions of different waste types, basically as
an off-line report, to see if our assunptions about
categorizing those in these larger bins s
appropri ate. And, in fact, Jim Duggett has just
conpl eted another set of analyses in that regard as
part of our cooperative effort with EM about what
they're going to ship us.

Anot her point | was going to make, which
we can revisit tonorrowal so, is the idea that we have
actually looked at the water geochem stry quite
closely. W have seen that the water in the pores is
a slightly different conposition than the water that
we do find in the fractures, and that it |ooks |ike
the predictions that Bob was referring to are
basically a good integration of those sources. And
that, in turn, matches pretty well the J-13 water

| f we were drawi ng down i nt o t he car bonate
aqui fer and drawi ng up carbonate waters, | woul d agree
with you, we're out to lunch. But we are | ooking at
waters that are very close in conposition all through

that system And the interesting thing is that, of
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course, what the water is telling us is that nost of
t he fuel through the systemis through the fractures,
and that the matri x basically has alot of pleistocene
water in it still.

MEMBER GARRI CK: Ckay. I think we'll
excuse Peter. Thank you very nuch.

MR SWFT: You'll see ne again.

MEMBER GARRI CK: We'll ook forward to
t hat .

Al'l right. | guess our next speaker is
Chris G ossnan.

Chris, you'll tell us your job and who you
are, etcetera.

MR. GROSSMAN: Can you hear me? Okay. MW
name is Chris G ossman, and | ama new nenber here of
t he Envi ronnment al Per f or mance Assessnent Branch of the
Di vi si on of Waste Managenent. | started with the NRC
a little over a year and a half ago, and they've
gotten ne involved pretty heavily so far, and |I'm
enj oyi ng what |'m doi ng.

So with that, I'd like to thank the
conmttee for inviting the staff hereto provide -- to
gi ve us the opportunity to discuss our TPA code, the
total system performance assessnment code.

My goal this afternoon is to provide you
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with an understanding of the key approaches and
assunptions upon which our TPA code has been
constructed by the staff both here at the NRC and our
support contractor, the Center for Nuclear Waste
Regul at ory Anal yses.

Back to the title slide, please.

| plan to focus this talk on the current
version of the code, which is Version 4.1. However,
per f ormance assessnent is an iterative process, and
the staff, with technical assistance fromthe Center,
is currently upgrading the code to Version 5.0.

During this talk I will highlight sone of
t he nodifications being made for that version of the
code, but I do not plan to talk to the nodifications
in much detail. But if the conmttee is interested,
the staff will be glad to conme back at a later tine
and di scuss those nodifications.

|"d alsoliketothank both staff fromthe
NRC and t he Center for contributingtheir expertisein
t he devel opnent of the conceptual nodels fromthe TPA
code. In particular, I'd like to single out several
staff menbers listed here on the slide for nmaking
significant contributions to this presentation.

Next slide, please.

As Andy Canpbell nmentioned this norning
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before lunch in his presentation, that the NRC is
responsible for reviewing alicense application for a
potential repository at Yucca Mountain. Currently,
the NRC is engaging the Departnment of Energy in
prelicensing activities to ensure that any |icense
application contains sufficient i nformation to support
our review.

The TPA code is a tool to assist that
review of both the prelicensing activities and the
potential |icense application.

We conduct detail ed technical performance
assessnent s to i ndependent | y under st and t he
potentially inportant isolation characteristics and
capabilities of the proposed repository system
t her eby enhanci ng our review capabilities.

Staff relies on evidence gleaned from
prelicensing interactions with DOE, as well as
scientific research conducted by the NRC and the
Center, to devel op or support our nodel s that are used
in the TPA code.

This, and the subsequent presentation by
Dave Esh, regarding the source term nodeling wll
detail the use of that -- some of that available
evi dence that's been used to support the conceptual

nodel s in the TPA code.
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"1l give you a few exanpl es here. Sone
of the independent research conducted by the Center
has included detailed process-level nodeling of
coupl ed wat er, and energy transport through pores and
fractured rock. This is used to estimate long-term
shallow infiltration rates at the site, or in our
si nmul ati on.

Anot her exanmpl e woul d be field
i nvestigations at the Nopaugh 1 site. This is a
natural analog site in Pena Bl anca, New Mexi co. And
we' ve used this information to estimate oxi dati on and
rel ease rates of spent fuel.

A third exanple would be [|aboratory
corrosion experinments that have been conducted at the
Center for Alloy 22. W have used these to help
devel op our waste package corrosion nodeling.

The TPA code enpl oys fundanental first
principles and experinental -- or, excuse ne,
enpirical evidence to sinulate repository behavior.
Thi s approach al so can allowflexibility in conceptual
nodel s to assist our review capabilities.

The code facilitates our understandi ng of
t he results of our nodel s and our associ at ed strengt hs
and weaknesses. It allows us to probe uncertainties

in data or nodels and chall enge DOE' s assunpti ons,
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data, and nodels, as well as our own.
Next slide, please.
DR EWNG  Excuse ne.
MR GROSSMAN:  Yes, sir.
DR,  EW NG Just the phrase "first

principles,” what do you nean by that?

MR. CGROSSMAN:  These woul d be t hi ngs such
as conservation of mass woul d be an exanpl e of a first
principl e.

DR. EWNG Ckay. Thank you.

VMEMBER GARRI CK: That's a good first
principl e.

(Laughter.)

MR. CGROSSMAN:  The approach we take in the
TPA code i s t o conduct probabilistic dose cal cul ati ons
for specifiedtime periods. W attenpt to account for
essential features of the engi neered natural barriers
as well as chem cal and physical processes affecting
degradati on and rel ease to the biosphere.

The approach attenpts -- also attenpts to
account for uncertainti es, including spatial
variability of system attributes, nodel paraneters,
future states, and the |ifestyle characteristics of
t he reasonably maxi mal |y exposed indivi dual .

This is included with the TPA code
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scenario -- classes include a nom nal case, which
i ncl udes cli mat e change and seism c activity. There's
a disruptive case involving faulting, as well as a
di sruptive case involving igneous activity.

Next slide, please.

This is asinpleschematic of arepository
conceptual i zation. And for ease in use -- for ease of
use and sone conput ati onal efficiency, we replace the
intricate | ayout and t he conpl ex geol ogi c settingw th
relatively sinple conceptual representations. For
exanple, the repository layout is represented by an
i dealized planer feature, broken down into 10
subar eas.

The nunber of waste packages in each
subarea are assuned proportional to the fraction of
total repository area represented by that subarea.
Radi onucl i de rel eases in each subarea are cal cul at ed
by nodeling a single waste package for each subarea
and for each failure type.

Al so, TPA replaces the geology by a
sequence of honobgenous | ayers represented here in the
unsat urat ed zone. The properties for each subarea for
soon to be uniform For exanple, the stratigraphy is
assunmed to be | ateral ly conti nuous and uni formw thin

a subarea to represent the unsaturated zone as a
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sequence of hydrostratigraphic |ayers.

Except for thermal |oads, flow and
transport processes in and bel ow a gi ven subarea are
soon to be independent of those processes in other
subareas. Thus, flow is entirely vertical with no
| ateral diversion in the unsaturated zone.

TPA nodels flow and transport in the
saturated zone, represented by the three diagonal
hat ch box bel ow, with three di stinct streamtubes over
the width of the repository footprint and normal to
unsaturated zone flow. Each subarea in the
unsaturated zone connects to one of the three stream
tubes in the saturated zone.

And then, finally, the mass flow rate of
radi onucl i des exiting the saturated zone streamt ubes
is used to conpute the average concentration at the
wel d head. This is then used to cal cul ate t he annual
dose to the reasonably nmaxinally exposed individual.

For the remainder of the discussion, |
want to wal k through the repository systemfoll ow ng
the expected progress of water and radionuclides.
First, | planto discuss the processes associated with
wat er nmovement to and through the repository |evel,
represented here above the repository. Then, | plan

to briefly highlight sone of the key processes
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associ ated wi th degradation of the engi neered system
foll owed by processes affecting radionuclide rel ease
fromthe engineered system

| only plan to highlight these processes,
because in the subsequent presentation by Dave Esh
t hese processes wi || be di scussed i n nmuch nore detail.

And finally, | plan to provide sone
det ai | ed di scussi on of radi onuclide transport through
t he natural system

This will give you an idea of the format
l"m trying to attack here with this presentation.
It's goingto followthe same general progression. On
the first slide, I planto introduce the processes and

sonme of the approaches used to represent these nmjor

ar eas.

The next several slides then will discuss
particul ar conceptual nodels in nore detail. During
the discussion of the details, | wll generally

i ntroduce the conceptual nodel, provide any evidence
that' s been used to devel op or support the nodel, and
provi de sonme process-level output to give us an
under st andi ng of how the nodel is working.

Solet's nove onto our first topic, which
is the water flow -- water novenent through the

repository.
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It's inmportant to have an under st andi ng of
the water available to the engineered system for
radi onucl i de rel ease. The key processes affectingthe
novenent of water to and into the engineered
conponents of the repository systeminclude climte
change, shallow infiltration, deep percolation,
t hermal hydrol ogi c processes, as wel | as focusing for
di version -- flow focusing or diversion processes.

Climate change is represented in TPA as
the variation intenperature and precipitation wthin
antici pated glacial cycles. Process-|evel nodeling
incorporates climate, soil depth, and bedrock
permeability toestinmate the shallowinfiltrationflux
for bare soil conditions.

Once the time evolution of shallow
infiltration flux is determ ned, TPA then constrains
the deep percolation flux equal to the shallow
infiltration. Duringearly periods, water percol ating
downward wi |l be affected by thermal processes due to
heat generated from the enplaced waste. Wat er
noverent wi |l be i npacted by coupl ed heat transfer and
fl ow processes such as vapori zati on, condensati on, and
ref | uxi ng.

Finally, TPA partitions the water flux at

t he repository horizonintowater flux diverted around
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t he wast e packages and water flux entering the fail ed
wast e packages due to di versi on or focusi ng processes.

Next slide, please.

So let's get into one of the -- sone of
the details of one of our nodels, and this is the
shallow infiltration nodel. And we use a one-
di mensi onal nodel i ng approach to descri be howwat er at
t he | and surface noves vertically downward t hrough t he
unsaturated zone to the repository horizon and
ultimately to the water table.

Infiltration rates are strongly affected
by preci pitation and evapotranspiration, whichinturn
is strongly affected by air tenperature.

Over the period of repository perfornmance,
the average precipitation and air tenperature are
anticipated to change wth the glacial cycle.
Evi dence suggests that precipitation may have been at
one and a half totwo and a half tinmes | arger than the
current climte, while tenperature nay have been 5 to
10 degrees cooler at the last full glacial nmaxi num

TPA cal cul ates the change in tenperature
and preci pitation due to bul k cli mate changes based on
t he Mal enkovi c cycle, as well as shorter termclimatic
changes superinposed on the | ong-term changes. And

you can see sonme of the bulk change in terns of the
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overall shape of the curve in the |ower figure, and
t hen sone of the shorter term perturbations.

Process-1 evel nodeling then determ nes the
net infiltration for the nodern climate from one-
di nensional sinulation results that are based on
net eorol ogi cal data from Desert Rock, Nevada. The
process-|l evel nodeling incorporates climtes, soil
depth, and better rock perneability, as nentioned
previously, and these are used to estinmate
infiltration flux based on a range of tenperature and
precipitation.

The TPA determnes the net infiltration
flux from the process-level nodeling based on the
calculated tenperature and precipitation. Thi s
figure, as | said, shows the bul k variation as well as
the shorter term variations in sonme of that
information that the code is using.

Next slide, please.

One of the other processes | nentioned two
slides ago was the groundwater refluxing from --
during the thermal period. And heat emanating from
t he waste packages at early tines -- and we can ki nd
of get a sense of the tenperature profile at the drift
wall there fromthe top figure.

It will causethe tenmperatureinthedrift
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wall to exceed the boiling point of water, and wl|
drive water away fromthe repository due to coupled
t hermal hydrol ogi ¢ processes.

The Jlower figure here displays the
conceptualization of the drift scale thernal
hydr ol ogi ¢ nodel incorporatedinthe TPA. The process
-- we use process-level nodeling to calculate the
t hi ckness of the dryout zone. What we have here are
a series of drifts represented at the | ower portion,
and the dryout zone that is calculated offline in
process-l evel nodels would represent this distance
here up to the boiling isotherm

We then used the code to cal cul ate that
t he di stance -- cal cul ate the di stance that water wi | |
flowdown a fracture to penetrate into the dryout zone
before it conpletely vaporizes. And this would be
represented here by this length here where we have
this circulation of water

|f the penetration di stance exceeds the
t hi ckness of the dryout zone, then water will reach
the drift and be available to potentially contact the
wast e packages. For flexibility and to evaluate
uncertainties associated with the thermal hydrol ogic
nodeling, we also incorporate two additional

al ternative conceptualizations of thisrefluxinginto
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t he nodel

Next slide, please.

After the thermal reflux, there is a net
downward percolation to the drift. TPA assunes that
the water will flowin fractures wwthinthe repository
hori zon. Qur dripping abstraction determ nes the
quantity of water eventually enteringthe fail ed waste
package.

We use a sinple and efficient approach to
nodify the percolation flux involving sanple
di stributions. These sanple distributions are factors
that account for large-scale diversion as well as
drift scale processes. Specific factors account for
the fact that not all the waste packages wll
experience dripping water.

They also account for focusing or
di verging of water away or toward the drifts due to
flowand fractures. They account for the diversion of
wat er around the drift due to capillary forces in the
unsat urat ed products. They account for flow of water
t hat does reach the drift boundary al ong the wall of
the drift in the filmflow

They account for drips that actually do
drip fromthe drift boundary, but mss the hole or

potentially the hole is plugged wth corrosion
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products. |I'mnot going to go in too nmuch nore detail
on these, but | just wanted to give you an overvi ew
sense here of how we approached water entering the
wast e package.

Dave Esh pl ans to address the abstracti on
in nore detail later today in his presentation
regardi ng the source term nodel i ng approaches.

Next slide, please.

And speaking of Dave, this will be the
lion's share of the presentation. The degradati on of
t he engi neered systemal so represents the next stepin
our progression towards the biosphere here. W've
conpl eted water nmovenent through the repository.

| want to give you, though, a brief
preview of some of the processes which Dave wll
detail later to provide an understanding in termns of
the integration of these processes with the entire
repository systemin our nodel.

TPA sanples the tinme of drip shield
failure. This distribution was developed from
process-| evel nodeling based on sone evidence. The
code considers -- for the waste package, the code
consi ders several failure types. The first is a
juvenile failure. These are failures that may occur

due to fabrication defects or enplacenent danmage.
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The code sanples a snmall nunber of waste
packages which are assuned to be failed at the
begi nni ng of the simulation. The code al so consi ders
corrosive degradation failure types for the waste
package; specifically, uniform and localized
corrosion. The mechanism and rate of corrosion is
dependent upon the conditions of the near field
environnent, and the code assumes that the waste
package fails with a single penetration of the
cont ai ners.

And because the near field environnent
affects the corrosive failure nechanism as well as
wast e formdegradati on, the code detern nes sonme key
t hermal hydrol ogic paraneters -- the waste package
surface tenperature and relative humdity of the air
bet ween the waste package and the drift wall

The code al so uses the results of process-
| evel nodeling to estimte sonme key contributors to
the near field environment. And I'd Iike to discuss
the thermal nodeling as well as the near field
environnent abstractions in a little nore detail to
gi ve you somre nor e under st andi ng of t he approaches and
assunptions in these areas.

Next slide, please.

Rel ative hum dity initiates the corrosion
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mechani smin the TPA code for the waste package. The
code perfornms a series of analytic calculations to
determ ne the tenperature of thedrift wall, the waste
package surface tenperature, and the maxi mum spent
fuel tenperature, whichis for waste formdegradati on.

The drift wall tenperature is cal cul at ed
using a nmountain scale conduction-only nodel. The
heat sources are represented as a series of parall el
i nes across -- spread across the repository region.
The waste is assuned to be enplaced in drifts so
closely that there's no spatial variationinthe waste
heat output along the drift, but there is variation
between the drifts.

Ventil ation duringthe pre-closure period
can also be accounted for in the TPA code. A
conceptual nodel of the drift scaleis illustrated in
our top figure here. The drift is idealized as a
series of concentric circles. The waste package
surface tenperature and maxi num tenperature of the
spent f uel are calcul ated using anal ytical
approxi mati ons of multinmdal heat transfer.

The abstraction relies on an anal yti cal
conduction nodel wth thermal conductances that
appr oxi mat e conducti ve, convective, and radi ati ve heat

transfer. The nodel accounts for the tenperature of
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the drift wall in calculating the waste package
surface tenperature.

After conmputing these, the code then
calculates the relative humdity as a function of the
drift wall and waste package surface tenperatures, as
wel | as the noisture content of the air at the tinme of
closure. And, finally, the code has -- incorporates
alternative conceptual nodels for determning
temperature and relative humdity.

Next slide, please. Yes?

DR. MORGENSTEI N: Do you | ook at transi ent
heat on the canister at all?

MR. GROSSMAN: Inthe codeitself -- there
may have been sone offline nodeling. But in the code
itself, it's nodeled as explained. In ternms of
transient heat, | don't believe we do. D ck Codel
can speak to this.

MR. CODELL: This is Dick Codell. Yes,
the heat rate is a function of the radi oacti ve decay
of the waste, and that's built into the anal yti c nodel
that's in the TPA code. That's what you were talking
about .

DR.  MORGENSTEI N: Yes. | was nore
concerned with variations on the nmetal surface based

on geonetry of the surface.
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MR. ESH. This is Dave Esh, NRC. That's

not included in the current version of the nodel. |
bel i eve our abstraction for TPA5.0, whichis goingto
have a pretty substantially revised near field
chem cal environnment nodel, may consider it. |'mnot
sure.

MR. GROSSMAN: Besi des t he t hernal regine,
the conposition of the near field environnent can
affect the corrosion nodeling. Chloride here is
considered an influential species for |ocalized
corrosion, and the corrosion abstraction, which w ||
beconme apparent during Dave's presentation when he
t al ks about engi neered degradati on.

Currently, the process-level nodeling
simul ates the change i n chl ori de concentration at the
drift wall due to evaporative processes. The TPAthen
adjusts the chloride concentration to account for
uncertainties and limtations of the nodeling to
represent the chem stry on the waste package surface.

This figure here depicts the chloride
concentration resulting from the process-|evel
nodeling that is currently in the TPA code. The code
fixes pH at nine, which has some basis in process-
| evel nodeling.

And we realize that this is sonewhat
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[imted, but that the next version of the code wll
substantially redesign the near field environnent
chem cal abstractiontoinclude asuite-- includethe
time evolutionof asuite of environnental paraneters.

Next slide, please.

So we' ve tal ked about the degradation of
t he engi neered components, and next 1'd |ike to nove
on to radionuclide release from the engineered
conmponents.

Here again, Dave will|l present nuch nore
detail in his presentation |ater today. | only w sh
to highlight the major areas here for your benefit.

Qur code considers two nodels for
advective transport of radionuclides out of the waste
package. We have a bathtub nodel in which water
dripping into the waste package nust reach a
particul ar dept h before radi onucl i des di ssolvedinthe
wat er can flow out of the package. And we al so have
a flowthrough nodel in which water drips into the
wast e package, contacts the waste, and imredi ately
exits the waste package.

Currently, TPA does not incorporate a
di ffusi on nodel. However, to assist our review
capabilities, TPA 5.0 will add such a nodel in the

f uture.
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The code relies on experinmental evidence
as well as natural anal ogs to support the spent fue
di ssolution rate nodel. The code al so incorporates
t hree additional alternative abstracti ons to nodel the
di ssolution rate. And currently, the code does not
i nclude a high-level waste class source termin its
i nventory, because the spent fuel contributes to the
bul k of the enplaced waste. However, to assist our
review capabilities, we do plan to add such a source
termin TPA 5.0.

And, finally, the TPA code allows for
cl addi ng protection, thoughthe current version of the
code takes no credit for that protective feature of
t he cl addi ng.

MEMBER GARRI CK: Chris, just help ne
under st and sonet hing. You said that you rely on data
and information for the way it was nodeled wth
respect to the dissolution. Wat do you rely on for
your specific bathtub nodeling assunption or your
advective flowthrough assunption?

MR SWFT: Well, interns of what we rely
on, these are two conceptual nodels that allowus to
eval uate sone of the uncertainty associated with the
act of radionuclide release fromthe waste package.

VEMBER GARRI CK: Yes. Well, | can
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understand i f you saturate the waste package that you
have a strong basis for knowing how the waste is
actually mobilized. Wat | don't understand is why
t he bat ht ub assunptioninthe first pl ace nakes sense.
MR. SWFT: Well, in sone cases, we can
envi si on where you m ght have water entering through
the top of the waste package. And for sonme reason
you woul d have corrosion, possibly on the side or

somewher e near that same hol e where t he wast e package

would have to fill up to a certain |evel before
spilling over and then rel easi ng radi onuclides to the
i nvert.

MEMBER GARRI CK:  Yes. | plan to come back
to this issue when we hear fromthe DCE

DR. EW NG Can | just follow up?
Probably the bat htub nodel is not so appropriate, but
it's useful froman experinental point of view There
are many experinments in the literature of spent fue
di ssol ved under static conditions, in a beaker, let's
say, essentially in a bathtub. Does your node
predict the experinental results?

MR. SWFT: Not to ny know edge. But Tae
Ahn woul d li ke to speak to this, I think, a menber of
our staff.

MR, ESH: This is Dave Esh first. [I'Il go
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over that sone in ny presentation.

DR EWNG Ckay.

MR. ESH: And you'll hopefully get a
flavor for what we're doing.

DR. PAYER: I had a question.
Procedurally, it sounds as if, as you went down
t hrough this -- Joe Payer, by the way -- that you've
got several alternative nodels and you're thinking
about or are actively devel oping sone others and
pl uggi ng them i n.

Contrast that with what | think | heard
Peter Swi ft say that, you know, the TSPA has to | ock
in their nodels as of now and can't, you know, meke
dose changes for the LA docunents. How can you al
pl ug these things in? |s what you' re doi ng anal ogous

to the -- what the TSPA folks called their one-off

anal ysi s?

MR SWFT: No.

DR PAYER O help ne with --

MR. SWFT: These woul d be i nst ances where
we want to apply a different conceptual nodel. Mybe

the thinking with, say, the bathtub nodel is
conpl etely wrong. So we | ook at another nodel, a
fl owt hrough nodel, to get a sense of the uncertainty

associated with the vari ous nodel s.
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This hel ps us in our review capabilities
when we woul d need to evaluate DOE' s nodels and --

DR. PAYER | guess it just -- and maybe
there's not a sinple answer for it, but | don't see
how you have that flexibility to nmake t hose conceptua
nodel tradeoffs at this point, and --

MR SWFT: Well, actually, when running
t he code through a sinul ation, you choose one or the
other. They don't both run sinultaneously. And then
we woul d conpare from there. So there isn't this
shift in and out between the two.

CHAI RVAN HORNBERGER:  Joe, | think maybe
their advantage is that they don't have to produce a
i cense application.

(Laughter.)

DR. PAYER | guess the point is that, is
it the nunber of sinulations that you have to run? |
mean, | --

CHAl RVAN HORNBERGER: Joe, our TTPAis a
much sinpler nodel. And in that sense, they can run
nore sinmulations. But | don't think that that's the
end all and be all. | really think that DOE is
| ocki ng i n because they have to have sonet hi ng stabl e
from which they can produce a docunent, whereas the

NRC has to review the docunent, and they can do it
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much nore flexibly.

Andy, | think you had a coment.

DR. CAMPBELL: Yes. | was going to
actually followon to that statenment. The whol e poi nt
of TPAis not to provide a conpliance denonstration.
It's really to probe what DCE cones in with in terns
of their conpliance denonstration. So we need the
ability to probe different concepts, alternative
conceptual nodel s which DOE actually has to come in
and consider in their analyses.

And so a lot of these different nodul es
and di fferent approaches that we i npl enent in TPA are
focused on trying to get a handle on, what are the
nost inportant in terns of contribution? So in a
nunber of instances, we bound processes through
| ooki ng at a range of possible performance. W bound
t he possi bl e i npact of a waste package filling up, or
wat er fl ow ng through t he wast e package by havi ng two
di fferent conceptual nodels.

Even wi t hin t he bat ht ub nodel , it doesn't
all just fill up. There's actually a sanpl e paranet er
that all ows water to drain out at different |levels, so
that we can | ook at the inpact of a partially-filled
wast e package or a waste package that only has a

little bit of water. And that gives us an idea of,
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how i nportant is this particular issue or process to
our review of their license application and their
processes and nodel s.

MEMBER LEVENSON: And | presune, Andy,
that's the same reason that you' re | ooki ng at backfill
inthe one earlier slide onthermal nodeling, and al so
| ooking at the high tenperature repository.

DR. CAMPBELL: There was an earlier
versi on of TSPA, the design for the repository where
they were considering backfill, and so that was
i ncorporated into the nodeling approach.

MEMBER LEVENSON: That was the exanple
actual ly, that he showed.

DR. BULLEN. Dan Bullen, NWTRB. Just one
| ast qui ck questi on about your | ast bulleteditemhere
on cl addi ng, which you've said you don't use in your
nom nal case scenario. Wat type of data would you
expect to need to justify the use of cladding? And
how woul d t hat data be essentially incorporated into
your code?

MR SWFT: Well, for a discussion of
that, | would like torefer to our KTl expert interns
of the container life source term and that woul d be
Tae Ahn, in terns of the type of data we would use

then to -- in the nodel for the cladding.
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MR. AHN: Tae Ahn, NRCstaff. I|If we would

like to include the claddi ng proponents in the base
case, we need to have a nodel such as |ocalized
corrosion condition, pH whichstabilized-- toinduce
the | ocalized corrosion, and that criteriawll apply
to the stress corrosion cracking as well. Those two
are currently ongoing issues wthin DCE.

DR.  BULLEN: Bul | en. Qui ck question
before you |l eave. The cladding is also tenperature-
dependent, though, Tae Ahn. And so, do you unzip the
cl addi ng at hi gher tenperature and then not unzip it
at | ower tenperatures, or --

MR. AHN: Zipping is -- we consider that.
However, in keeping with the curve for the cladding
with the initial defect, and the zipping kinetics is
so fast, we can't give credit to the zi pping kinetics
itself.

DR. BULLEN. Thank you.

MR. ESH. And this is Dave Esh. 1In TPA 4
versions, we only had a cladding correction factor,
whi ch you coul d specify, which would be constant in
time. Werealize we needed nore flexibility than that
going forward. Andin TPA5.0, | believe the cladding
corrosion factor can be tinme-dependent. So the user

will specify what the time dependency i s, and they can
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take into account, say, an unzipping process or
sonething simlar.

DR BULLEN:  Thanks.

MR. GROSSMAN. Okay. Next slide, please.
So now we've noved on to the wunsaturated zone
radi onucl i de transport, and after the radionuclides
have rel eased fromthe engi neered system they nust
travel through the natural systemto reach the REM.

And the first conponent of this system
it'll encounter is the unsaturated zone below the
repository. The TPA nodels, the UZis a sinple 1-D
vertical flowfieldthrough hydrostratigraphic | ayers
whose thicknesses were derived from the geologic
framewor k nodel 3. 1.

The figure here depicts the relative
t hi cknesses of each |ayer that are used for each
subarea in the code.

MEMBER GARRICK: This is a real test, to
read this one.

MR. GROSSMAN:  You m ght have better |uck
on the screen here. They use the abstraction, nodel s,
fl ows, and fracture when t he percol ati on fl ux exceeds
the matrix hydrol ogic conductivity for a given tuff
| ayer. The TPA code does not include natrix diffusion

for the unsaturated zone, because there is limted
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evidence that the diffusion does occur to a
significant degree in the unsaturated zone.

Matrix diffusion 1is considered nost
ef fective when the flow velocities are slow, flow ng
fractures are not far apart, and available fracture
surface areais fully wetted to allowfracture matrix
interactions. All these factors appear to be limted
inthe UZ. Additionally, the inclusion of the matrix
diffusion into the code results in long run tinmes,
which limts our review capabilities.

Next slide, please.

This is a plot of sone unretarded
unsaturated zone travel tinmes, to give you an i dea of
what the nodel is doing here. And you see here that
for subareas 2, 8, 9, and 10, which are the four |ines
on the left, exhibit the fastest unretarded trave
times, while the remai ni ng subar eas experi ence | onger
unretarded travel tines.

And if we go back one slide, if you | ook
at the gold layers, that's the Calico Hills, non-
wel ded vitric layer, and pay attention to that.
That's sonething that TimMCartinw |l tal k about to
gai n an under st andi ng of sone of the significance of
that layer in terns of our code.

You'll see in subareas 2, 8, 9, and 10, it
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does not appear, whereas it does appear to sone extent
in the other |ayers.

Next slide, please.

You'll see here that we account for sone
uncertainty in the wunsaturated zone through the
di fferent subareas.

MEMBER RYAN: Chris, just a quick
question. Wsat's probability of exceedance of what?

MR CROSSMAN: That's the probability that
if yougoto aparticular point onthe line, say here,
if we followthis out, this is 10 percent, you have a
10 percent chance of exceeding this. Excuse nme here.
Ch, we have this time in terns of travel tine. Does
that clarify that or is it still --

MEMBER RYAN: The probability of exceedi ng
the travel tinmes.

MR. GROSSMAN: Right. Okay. Next slide,
pl ease.

The sat urat ed zone radi onucl i de transport,
then, is depicted here -- our conceptual nodel. And
the way we nodel this is there's three stream tubes
that are based on a 2-D horizontal flow net
interpretation of the hydrologic gradients in the
upper - most aqui fer bel ow the region.

The actual wel d | ocati ons whi ch were used
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to develop this flow net, and then 3-D stream tube
interpretation, can be seen on the figure provided,
sone of these small points. There are several points
around on the map.

TPA predicts the nean trajectories and
travel times of radionuclides in the saturated zone
and accounts for variation in geochenm cal properties
along the transport paths. The saturated zone node
nodel s fl owt hrough | ocal i zed conducti ve zones t hr ough
the tuff, but uniformy distributed through the
al luvi al aquifer.

Because there is some uncertainty
associated with the distance to the tuff-alluvium
interface beneath the repository, we sanmple this
di stance in the code. And, finally, TPA nodels
radi onucl i de sorptioninthe alluvial aquifer and tuff
matri x for the radionuclides.

And wunlike the wunsaturated zone, the
conditions pronoting matrix di ffusioninthe saturated
tuffs appear to be nore conmon. Therefore, matrix
diffusionisincludedfor the saturated zone nodel i ng.

Next slide, please.

This figure was analogous to the
unsaturated zone transport, and this is unretarded

saturated zone travel tines. W have them for
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subareas here, but if you recall each subarea dunps
into one of the three stream tubes. So you
essentially have three curves there representi ng sone
of the uncertainty.

The unretarded saturated zone travel tine
aver ages approxi mately 640 years, but ranges from as
quick as 57 to as long as 1,800 years.

Next slide, please.

And this is a conceptualization of our
bi osphere nodeling. After the radionuclides are
rel eased fromt he saturated zone, they are capturedin
3,000-acre feet and nodeled in the biosphere then.
TPA predicts radiological exposures for pathways
applicable to the reasonably nmaxinmally exposed
i ndi vidual, including ingestion, inhalation, and
ext ernal exposure.

Sone paranmeters are specified in the
regul ation, while others are drawn fromsite-specific
data, and those | believe are marked here on the
figure. And using federal guidance reports, the code
calcul ates dose conversion factors for each
radi onucl i de and exposure pat hway, and then converts
t he radi ol ogical releases fromthe saturated zone to
total effective dose equival ent.

Next slide, please.
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In the interest of tinme, I'Il just run
through this quickly. This is disruptive events. |
wanted to provide this for conpleteness, though it
wasn't the focus of the workshop. W do nodel seismc
di sruptive event, in which we predict the nunber of
wast e package failures caused by falling rocks that
nmechani cally | oad and deformthe waste package.

We also calculate the nunber of waste
package failures that result from novenents al ong
undetected or new faults when they exceed a
di spl acenent threshold. And then, finally, we also
account for waste package failures caused by both
extrusive and i ntrusive i gneous events. And we nodel
airborne releases of radionuclides for volcanic
erupti ons.

And the final slide.

And this just reiterates what | nenti oned
earlier, that with the code we try to provide a
flexible framework that allows us to independently
evaluate a potential license application from the
Departnent of Energy, as well as review prelicensing
activities.

It also helps wus to enhance our
understandi ng of what's going on at the -- or what

could potentially go on at the repository.
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We try to use, where possibl e, fundanent al
principles to devel op our approaches and to sinul ate
the repository behavior. And we also like to allow
for conputational efficiency where it's warranted.
And when the data i s avai |l abl e, we base our approaches
as nuch as possi ble on data or evidence.

And with that, 1'Il open the floor up to
guesti ons.

MEMBER GARRI CK:  Thanks, Chris.

Joe?

DR. PAYER: Joe Payer. Just to foll owp
on your |ast comrent there. \Wat's the overlap, or
how consi stent are t he dat abases bei ng used by DOE and
you folks? Are they the sane database?

MR. GROSSMAN: No. In sone cases, werely
on information we glean from the prelicensing
interactions with the Departnment of Energy. |In other
cases, as | nmentioned in the beginning, we rely on
wor k that's bei ng conducted at the Center for Nucl ear
Wast e Regul atory Anal yses and sone of the i ndependent
research they're conducting, such as in the area of
corrosion nodeling and spent fuel dissolution.

DR. PAYER: I s sonebody | ooking at the
i ssue of where -- if the predictions, if the outcones

are different, is sonebody anal yzi ng how nmuch of t hat
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m ght be the result of differences in the data that
you' re using, and di fferences i nthe approaches you're
taking to nodeling, and separate that?

MR, GROSSMAN: Yes. We're very interested
in where the differences would be. Those highlight
potenti al points where we, you know, nmay chal | enge t he
Departnent of Energy in their nodel s and assunpti ons.

Currently, the structure we have here is
we group staff into key technical issues which we
bel i eve are areas i nportant for the perfornmance of the
repository. Andthe staff involvedin those techni cal
issues then would help to evaluate the data, the
sufficiency of the data on the Departnent's part, as

wel | as our own data that goes into the nodels.

And Tim would like to add, | think, to
this.

MR. McCARTIN. | guess just onereal -world
exanpl e. If I go back, oh, I'lIl say three to five
years ago, ourselves and DOE were -- are estimating

the sane release rates from the waste package.
However, we had a nmuch | ower dissolution rate for the
fuel and took no credit for cladding. DOE had a rnuch
hi gher dissolution rate for the fuel but took
significant credit for the cladding.

Even though the end product of what was
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the rel ease fromthe waste package was very simlar,
they were for drastically different assunptions. And
t hose are the kinds of things that we -- we're using
this to hel p assi st our thinking, as Chris indicated,
and probe DOE. But, yes, absolutely we need to --
just the fact that you conpare doesn't nean anyt hi ng.
You need to understand why the conparison is there.

MEMBER GARRI CK: Woul d t hi s be because t he
source termanalysis or the source termnodeling is
probably |ess constrained than any other of the
nodel s? That is to say, the biosphere and uptake
nodels, they're pretty well prescribed. The
infiltration nodel you woul d expect that that would --
t here coul d be consistency there.

Radi ol ogi cal -- radi onuclidetransport you
woul d assunme simlar things. But the one thing that
seens to be the opportunity for great variationisin
t he source termnodel, nmuch nore t han any ot her nodel .
Am | off target, or is that --

DR. EWNG  Yes. I"d want to disagree
with you, actually. | think if you look at --

MEMBER GARRI CK:  Rod, you woul d di sagree
with nme?

(Laughter.)

DR EWNG \Well, at every opportunity.
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(Laughter.)

If you look at the variation, say, in
transport of radionuclides versus, you know, rel ease
froma waste form the nost inportant issue are the
boundary conditi ons.

MEMBER GARRICK:  Yes. But when I talk
about source term |'mtalking about the nodel that
takes it to the point of rel ease.

DR. EWNG Fromthe waste package.

MEMBER GARRI CK:  Yes.

DR EWNG Right.

MEMBER GARRI CK:  So | ' mtal ki ng about the
rel ease states.

DR. EWNG Yes.

MEMBER GARRI CK:  That the --

DR EWNG This is just an opinion, but
| would say one of ny great disappointments is that
actually we know a fair amount about the chemi stry
associ ated with the dissolution of spent fuel and the
chem stry of these individual radi onuclides, giventhe
boundary condi ti ons, which can | think be pretty well
estimated inside one of these waste packages if we
take the tinme and do the work.

And so | would say not only is this very

i mportant, becausethisis wheretheradioactivityis,
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and i f you really understood that you woul d, you know,
have the right release to carry through the rest of
the nmodeling. But | think this is an area where we
coul d make trenmendous progress in --

MEMBER GARRI CK: | think we're in viol ent
agreenment. That's what |'m saying.

DR EWNG Well, then, | disagree with
what | just said.

(Laughter.)

DR, BULLEN: Dan Bul | en, NWRB. Just
along the lines of incorporating new data, you
nmenti oned that you try and use sort of the simlar
dat abases that the DCE uses. But do you al so use data
-- like I"m looking at your saturated radionuclide
transport nodel, and your streamtubes have sort of a
dearth of data in the kind of northeast quadrant
there, yet Nye County has a nunber of wells that are
goi ng on.

So as the well data becones available in
t he saturated and unsaturated zones, will those data
be incorporated into your nodel s?

MR GROSSMVAN: | can't speak to that
directly. 1 do knowthat in the future code -- where
they are using a three-dinensional nodel now to

i mprove that abstraction. So | can't speak to the
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source of the data for that at this point, but the
nodel i s being updated.

DR CAMPBELL: This is Andy Canpbel |. W
will incorporate, to the extent that we can,
information fromthe Nye County wells.

MEMBER GARRICK: M It.

MEMBER LEVENSON: Yes, | have a coupl e of
questions for clarification. One, you ve made the
statement that you make t he assunpti on t hat when t here
is first penetration of the package that neans the
wast e package has failed. How do you define waste
package failure? And the context of my question is,
a while ago the other group --

(Laughter.)

-- made the assunption that in case of
wast e package fail ure 50 percent of the surface of the
cani ster di sappeared. So what's your assunption for
failure?

MR. SWFT: For our waste package failure
assunption, with the corrosion mechanism we assuned
that a through penetration is a breach of the waste
package.

MEMBER LEVENSON: Wl |, what does that
mean?

MR SW FT: That's fail ure. The wast e
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package then offers limted protection. Thereis some
accounted for inthose fl owfactors that we di scussed,
but it's mnor.

MEMBER LEVENSON: And i f stress corrosion
crack m nuscule width goes all the way through, you
assume you have a wi de-open hole and water is free to
dripin wth no resistance? I|s that --

MR SWFT: |In sone respects, yes.

MEMBER LEVENSON: Ckay. The second
guestionis, there's alot of talk about the water as
it concentrates, evaporates on surface, and a | ot of
wat er chemi stry. Then, consistent with the nodel that
you' ve just nentioned, does that nean the mnute the
wast e package has fail ed any wat er goi ng i nside i s now
plain dripping water that's never been concentrated?
O do you assune it's the same water as is on the
surface, highly concentrated, etcetera?

MR. GROSSMAN:. |'mgoing to | et Dave deal
with that, because he tal ks about --

MR. ESH Yes. This is Dave Esh, NRC.
Hopeful ly, in ny presentation you' |l get an idea for
what we're doing for that question.

MEMBER GARRI CK:  Yes, Maury.

DR. MORGENSTEI N: Wth respect to

di sruptive events, although, you know, we're not
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concentrating on that, do you |ook at other events
t hat DOE mi ght not be looking at? O do you follow
t he DCE | ead?

MR. GROSSMAN: No. We doin terns of the
auspi ces of this key technical issue framework. But
in terms of the code itself, you know, what you see
here i s what you' ve got. So internms of investigating
i ssues that the Departnent of Energy maybe has not
considered, | nmean, that's part of what we consider
our jobis to reviewthese areas. And so | woul d say
under the auspices of this key technical issue, we
have staff that do i nvestigate those sorts of things.

DR. MORGENSTEIN: In that Iight, have you
| ooked at the possibility -- when we | ook at vol canic
events, we've have | ooked at vol canic events that --
where lava has hit the near field, or there's a
surface fl ow. Have you | ooked at nmaybe sonething | i ke
just lukewarm water comng off of the heat of a
vol canic event soneplace else, reaching the
repository, but having typical high-deleterious
species that m ght affect C 22 or other EBFs?

MR,  SW FT: That's sonething |'m not
prepared to answer today.

DR. MORGENSTEI N. Ckay.

MEMBER GARRI CK:  All right. Any ot her
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guestions? Yes.

MR M CARTI N Tim McCartin, NRC Not
t hat specific scenario, however, with vol cani smwe do
| ook at intrusive effects, where the magna affects
both the waste package and the rel ease of the fuel.
And so you're looking at a wide -- a potential for a
significant alteration of the integrity of the waste
package within the repository, not quite the sane as
wat er contacting it.

However, one thing to keep in m nd, that
t he probability of a volcanic event is quite low. And
so when you're nul ti plying, say, evenif you had a --
say you have 7,000 waste packages, if you had a 10°
probability, 7,000 tinmes 10° is 7. So it would
qui ckly get reduced to the effect on seven effective
packages. So there is -- in that sense, it tends --
from a groundwater release standpoint, it isn't as
significant as the direct rel ease.

MEMBER GARRICK: Al right. Any other
guestions? Any questions fromstaff? Al right.
think we've arrived at a break point, which |I'msure
wi || make several of you happy. Solet's returnin 15
m nut es.

JL: Renenber, if you |l eave the floor you

need an escort, if you have a visitor's badge.

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

174

(Whereupon, the proceedings in the

foregoing matter went off the record at

2:42 p.m and went back on the record at

3:02 p.m)

CHAl RVAN HORNBERGER: When | said we were
ready to reconvene, | didn't nean just the ACNW

DR GARRICK: Okay. Qur next speaker is
goi ng t o be Bob Andrews, whose spoken to us many ti nmes
in the past and probably has a newtitle as well. So,
Bob, I"Il let you explain that to us.

MR. ANDREWS: Well, we're very stable.
Have the sanme title for the last 2% years.
Performance Assessnment Project Manager within the
Becht el SAI C conmpany, which is the prine MO contract
to the Departnent of Energy for Yucca Mountain.

' mgoing to wal k t hrough el ements of the
source term try to address sone of the individua
comments that have been conming up on previous
presentations, but if | mss them | knowyou won't be
shy and you'll raise them again.

That cl ock says 3:00, and I think I have
until 3:30. But | will add any tinme that's a question
time during the presentation, so that will be how I
will treat this.

I do not have a |ist of ot her
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contributors, but let me go to the next slide because
| think it's useful to walk through the outline with
how t he wor k was per formed and who perforned t he wor k.
And before doing that, say that everything in here has
been presented in a nunber of project docunents.
They're either inthe TSPASRitself, the Suppl ement al
Sci ence Performance Assessnment done in the summer of
‘01, sone aspects are in the science engineering
report or in the SR suite of docunentations
t hensel ves.

" mnot goingtotal k, however, about work
that's gong on as we speak, work that's been goi ng on
in the last 6 to 12 nmonths that wll inprove and
provi de the basis for the license application. You' re
free to ask questions about that, and I will inform
you the best of ny ability about those ongoing tests
and analysis, and nodels. But everything [|'m
presenting is historic information.

To tal k about the contributors, I'll use
the outline here, because we're going to wal k t hrough
t he key aspects that affect the source term and then
ultimately the source termitself.

Act ual radionuclide rel ease rates based on
t he di scussi ons we had with ACNWstaff, we deferred to

tonmorrow norni ng where the staff, and | believe the
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Board, wanted to see tine slices of interimresults
i ncl udi ng radi onucl i de rel eases fromvari ous el ements
and various barriers as you marched through tinme. So
Peter will be back up again tonmorrow norning to talk
t hat aspect. 1'mgoing to tal k about the basis and the
component parts that lead to that fromthe source term
per specti ve.

And for definition purposes the source
termmeans di fferent thingstodifferent people, we're
going to tal k about all of the processes, events and
features that can effect and in the nodel do effect
ultimately the radionuclide release rate from the
engi neered barrier system which for our purposes are
goi ng to be defined as the edge of the invert, sointo
the rock. | will not talk about transport within the
rock itself, withinthe UZ or SZ. So that's how we' ||
t ake source term here.

Wal ki ng through the major components of
it, we have the in-drift environment at work. [|I'm
going to use this as an introduction to the
contributors to that.

The chem cal aspects of the in-drift
environnment are driven by work and testing done by
Lawr ence Berkel ey Labs and Law ence Livernore Labs.

The mechani cal aspects is work done by
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| TASCA and some ot her BSC subcontractors, primarily
wi th support from Livernore.

The thermal aspects and the hydrol ogic
aspects intherock and inthe drift arealittle bit
separated. Lawence Berkeley Labs is doing the
analysis in the rock and doing the testing in the rock
from underground primarily and the thermal testing
that's underground; nost you're aware of the drift
scal e test that was used as a basis for a |l arge nunber
of the conceptual nodels, both chem cal conceptual
nodel s, t her nohydr ol ogi ¢ concept ual nodel s and t her nal
hydr ochem cal conceptual nodels. And Berkeley and
Li vernore wer e actively i nvol ved in t hose
i nvesti gations.

And t he hydr ol ogi c aspects of thein-drift
environnent is principally a Berkeley aspect with
respect to seepage. And the Livernore aspect wth
respect to humdity, condensati on and renobilization
of heat and noisture inside the drift.

Goi ng to t he degradati on of t he engi neered
barriers, the drift shield and the package, nost of
that work was done by Livernore scientists, their
subcontractors either through Li vernore or through the
Depart nent of Energy supportingthe nodel devel opnent,

the testing, the analysis of the test results, the
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devel opnent of the nodels, the review of the nodels
and actual inplenmentation of those nodels inthetotal
syst em per formance assessnent.

Com ng i nsi de t he package, the i n-package
envi ronnent was generally done by Sandia scientists
wi t h support fromot her BSC subcontractors. W'll talk
about that.

The waste form degradation nodels and
anal yses are based on testing and data principally
done by Argonne and PNL, but there's other
contributors including LANL with respect to colloid,
colloid ability, colloid source terms, etcetera.
Those data tests and nodels are wthin those
institutions' purview.

The release from the waste form and
engi neer barriers through the package, through the
invert has generally been a Livernore and Sandia
activity, based on sonme | aboratory tests and t he nodel
devel opnents and validations with respect to those
| aboratory tests.

And that's it. So that gets us to the edge
of the drift.

We do all these things under QA controls
under anal ysis and nodels. The tests are controll ed

under scientific investigation test plans and
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scientific notebook processes. The data are al

controlled, the software are all control |l ed by vari ous
process steps that we follow. So there's probably
represented in these sinple 30 slides 40 or 50
anal yses or nodel s docunentati ons that rel ate to what
" mtal king about here. So as Peter said, each page
al nost represents one or two anal yses or nodels and
many nore tests that support those anal yses or nodel s.

So starting in the rock and tal ki ng about
the chem stry -- we can go on to the next slide. |
have some pl ace hol der slides there for you. The next
one. Thanks. Ckay.

Joe had t hi s conceptual picture. The nodel
of what happens in ternms of the chem cal evolutionin
the rock is driven by not only the in situ to amnbi ent
conditions, but also by the evolution in tine as a
result of the thermal history that that water i s going
to be exposed to. So it is a function of the thermnal
environnent, and we have nodels to evaluate the
evol ution of the chemstry in the rock both in the
matrix and in the fractures as a function of tine.
And it is that chem stry which then cones into the
drift if there is seepage.

DR, MORGENSTEI N: Do you have |ab

experinments to support the nodel s?
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MR. ANDREWS: Thisis nostly fieldtesting

in situ field testing. There are in addition nostly
fromthe drift scale thermal test and a single heater
test, which also evolved the chemi stry as a function
of time and tenperature. There are additional
| aboratory experinments that have been conducted
principally at Livernore and Berkeley, but they've
| ooked at nore of the change in the hydrology as a
function of time induced by a couple of chemn cal
processes as opposed to the change in the chem stry.
So we've used nore of the in situ chemstry and its
evolution with tine fromthe drift-scale test, which
was a -- |'mgoing to get the nunbers wong -- 4 year
heat up and now we have one year cool down of that to,
if you will, conpare the nodel projections against.
Now, of course, at the tinme of the SR we
had 2, 2% years of heatup. So since that tinme we've
had remai nder of the heatup phase and one year of cool
down phase. So that's that second bullet there.
|*ve shown here in the bottomright hand
corner just one elenent, it happens to be PC02,
evol ution as afunction here of different infiltration
rates. So we've tried to anal yze. | nean, these couple
geochemi cal nodel s tend to be quite conpl ex, sonewhat

| aborious that's run. It's a week or 2 weeks of
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computer time and have a fully coupl ed thermal hydro
chem cal nodel. So there's only limted anmount of
sensitive anal ysis that have been performed. But one
of the sensitive anal yses that was perforned as a part
of the Suppl enental Science and Perfornmance Anal ysis
inthe summer of '01 was what effect of different flux
rates, i.e, infiltrationrates, percol ation rates have
on the chem cal evolutioninthe rock. Because as one
m ght theorize that different fluxes that you have
uncertainty in fluxes my vyield differences in
chem stry. So we eval uated those di fferent chem stries
and processes of those different chemistry in the
drift.

DR,  MORGENSTEI N: Is there a sinple
expl anation for why the CO2 concentration at 100 years
drops, what, 5 orders of magni tude and then at a 1, 000
years junps back up to where it was originally? It
| ooks i ke a strange shape.

MR. ANDREWS: There probably is in that
anal ysis, but I don't have that in front of ne right
now. W can find the answer to that or get the answer
to that particul ar question.

Going on to the nmechanical aspects, the
in-drift environment not only is effected by the

chem stry of the water comngin, but is also effected
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by t he nechani cal degradation of the drift itself, or
can be. To assess that we had a rock degradation
nodel . That rock degradati on nodel is based primarily
on analog type information but wusing in situ
properties, fracture characteristics and fracture
properties measured from the exploratory study
facilities at Yucca Muntain.

Shown hereis adistributionof rock sizes
for different |levels of seismc |oading and for the
nom nal case without a |l ow probability seism c event.
These rock stresses were allowed to occur. The rock
fall was all owed to occur, inpinge onthe drip shield.
There were stress counts done on the drip shield. The
drip shield does crack if its stressed under a high
enough rock |oad, but those cracks from a chenica
perspective and from a norphol ogy perspective were
assuned to plug the cal cium carbonate precipitation
during the thermal period.

Going on to the next --

DR, MORGENSTEI N: Is there a reason to
make that assunption for some experinents?

MR.  ANDREWSG: Yes. There were sone
experiments that were started at Purdue t hat supported
it. There was also observations, if you wll, of

cracked nor phol ogy t hrough titaniumthat were used as
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a basis toidentify sizes of cracks, characteristics
of cracks and t he hydrol ogi c characteristics of those
cracks. Typical cracks with uncertainty in atitanium
nmet al .

Soinpart it was observation, but in part
it was -- | don't want to say first principles, but in
part it was anal ysis and nodel s devel oped of cracked
nor phol ogy and hydrol ogy through cracked nor phol ogy.

DR. LATANI SION: Let ne just follow on.
| understand the DOE has adopted a criterion that
suggested if the stress exceeds 50 percent of the
yield point, that for the drip shield they would
consider that to represent a --

MR. ANDREWS: A crack.

DR. LATANI SION: -- a crack? Is that what
you're using here or what sort of stresses are you
envi si oni ng when you make the comment that rock falls
do not induce sufficient nmechanical stress?

MR. ANDREWS: The stress criteria -- |
have to get back with you. Right nowit is 50 percent.
|"d have to get back with you of what percent was
used.

DR. LATANI SION: Okay. | nean asked the
sanme question of DOE. | don't quite see the basis for

50 percent. I'mnot sure what it should be, but I'm
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curious about how it cones about.

MR. ANDREWS: Yes, we can talk.

DR LATANI SION:  Ckay.

MR.  ANDREWS: I will talk about stress
cracks for the Alloy 22 here in a second. You'll
probably have the sane question about why 80 percent
for that one, but we can tal k about that as well.

Going on to the next aspect of the
environnent, so we've talked about chem stry and
mechani cs, nowlet's start tal ki ng about hydrol ogy, at
| east one aspect of hydrology which is driven by
tenmperature. So what you have here is the tenmperature
di stribution, arange of tenperature distributions are
actual | y used. There's package-to-package variability
in tenmperature, location-to-location variability in
tenperature and of course a tenporal evolution of
temperature. And that variability is principally
driven not just by the local variations from one
package to the next, or where that package m ght be
| ocated in 2-D space at the repository pl ane, but al so
isafunctionof theinfiltration rate or percolation
rate, if youw ll. Hi gher percolationrates generally
cooler tenperature. This is a full 2-D thernal
conducti on nodel .

The ot her aspect of aqueous environment is
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seepage. | think Peter talked alittle about this, so
| maybe won't bel abor seepage as nmuch. The seepage
representation for the site recommendati on and the
seepage representation as we go forward is based on
the underground testing and nodel validation
associated with that testing and the uncertainty in
t hose nodel s of that testing of the various rock units
at repository horizon. So these distributions wll
change because there's additional data, but it's
nom nally the sane approach that's being used. And
that is to say that the seepage and seepage
distribution and seepage uncertainty 1is driven
principally by the uncertainty in the hydrologic
characteristics right around the drift, which changes
with tinme because of drift degradation which also
changes with tinme. So the degree of degradati on and
how that's incorporated in the nodel is assessed in
t hese nodels and was assessed in the Supplenental
Sci ence anal ysi s.

You can see the principle drivers are the
rock perneability and the rock capillarity and the
rel ati onshi p between those two drives seepage.

The other controlling factor, of course,
is how nmuch water is noving through the nmountain at

that particular location to begin with, i.e., the
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percolation flux as Peter talked about, which is
driven by infiltration which changes with tinme. And
it's also driven by sone uncertainty that we have
associated with flow focusing or episodic potential
flow that can increase locally the percolation fl ux,
and t herefore canincrease the probability of seepage.

DR PAYER Bob, could you help me with
the figures here? What would the sort of mddle of
t he road seepage fraction and seepage flow be? [|'m
not sure |I'mreading the diagramcorrectly.

MR. ANDREWS: Present day percol ation fl ux
at respiratory at horizon is between 1 and 10
mllineters per year. Wth climate change it can up a
little higher than that at certain locations in the
nodel . Peter had a map, | believe, of the actual
spaci al distribution of percolation flux for the nean
climate state. So you have uncertainty inclimte and
you have uncertainty in percolation flux. So the
range even under present -- or | should probably be
careful and go back to Peter's figures rather thantry
to guesstimate it. But present day's 1 to ten. It
can up to a 100 with sone uncertainty. And it can go
up to several hundred with climte state changes.

DR. PAYER: But the vertical yellowline

on your diagranms is considered to be the --
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VR. ANDREWS: That's the nmean of the K

over al pha.

DR PAYER  Okay.

MR,  ANDREWS: So I'm |ooking at
uncertainty in wvariability of K over alpha,
permeability over capillarity. Sothat's the ability
of the rock to bypass the water. And then this is the
actual percolation fl ux.

DR. PAYER So what would be a good
aver age val ue or nom nal val ue of a seepage flowrate?

MR. ANDREWS: Let's go to the next slide.
| think I have that.

DR PAYER  Okay.

MR. ANDREWS: | f you take percol ation fl ux
of present day, so you got to be -- Peter was givVving
t hese percentages of 13 percent and then changi ng an
SSPA to 46 percent, that's for the glacial transition
climate, which is the maxinuminfiltration rate over
the regulatory tinme period. It's not present day
climate, it's going to be wetter and cool er, at | east
the climatologists intheir nodel think it's going to
be wetter and cool er over the next 10,000 years. So
you have to be in this percol ation flux range between
10 and 100 m I limeters per year for that climte state

change and the flowrate becones nmean of a tenth of a
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cubic nmeter per year if there is a seep. So this is
flow rate given you have a drip.

kay. So we've covered sort of what's
happeni ng in the rock and what's com ng t hrough to the
drift, and howthat is a little bit evolving in the
drift. But | thinkit's useful inasummary way to go
to slide 9. Thank you. Wiere we | ook at how that
seepage and noisture is redistributed in the drift.

W nmake the assunption that if thereis a
dripintothedrift, that drip hits a drip shield and
if the drip shield' s not there or not functioning or
has sone degradation, there's a possibility of that
drip going through the drip shield. If the package has
sone kind of a hole or a breach, there's sone
possibility that that same drip gets into the package
and gets out of the package. We'Ill talk about in and
out of the package here in a little bit; the bathtub
representation or nonrepresentation. And then that
same drip can pick up nuclides and go through the
package t hrough the invert and into the rock carrying
with it some radi onuclides at sone concentration that
we'll get to here in a second as well.

If the drip shield s intact, then that's
not a advective pathway. | can still get noisture on

the package. And we'll talk about that here in
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del i quesced salts and have a humdity that's high
enough such that | coul d have noi sture on t he package,
but | can't get liquid on the package if the drip
shield' s intact.

The same t hi ng, of course, through inside
t he package. Can't get liquid water even if the
package has failed, but I can still have npisture in
t he package if the package has a breach. So we have
to be kind of a little careful through this as how
much of this is liquid water and how rmuch of it is
noi sture. And noi sture can di ssolve waste. Misture
can corrode waste packages. Things can diffuse at
some rate through a thin film and that's what we're
tal ki ng about here is a thin film

So this picture is trying to get
schematically at the difference between |iquid water
and therefore the potential for advective transport
versus nonliquid water but still noistureis present,

and therefore the possibility anyway of diffusive

transport.

The second bullet there is fairly clear.

DR,  MORGENSTEI N: Questi on. Go ahead,
Dan.

DR GARRICK: |'Il wait until he hits that
third one.

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

190
DR. MORGENSTEIN: Ch, okay.

MR. ANDREWS: Sonebody nent i oned sonet hi ng
about a 50 percent assunption. |'m not sure where
exactly that had conme from

What exactly we do, when the drip shield
degrades, it degrades as a function of tinme. It
corrodes as a function of tinme. It cracks as a
function of time. The sane thing with the package.
So there is a tenporal evolution of the fraction of
the drip shield that's degraded and a fraction of the
wast e package that's degraded. And that fraction is
used to evaluate the fraction of water, given that it
hits the drip shield that can penetrate the drip
shield. Or giventhat it hits the package, that it can
penetrate the package.

| believe the 50 percent was an al |l usi on
to the fact that we nmade the assunption that when 50
percent of the, | believe, drip shield-- maybe it was
package. No, | think drip shield. Wen 50 percent of
t he dri p shiel d was gone, that the rock stresses, rock
fall stresses could inpinge upon the cladding and
therefore give no nore credit cladding.

DR.  LATANI SI ON: Just to put a little
perspective on that. As | understand it, DCE has

adopted a criterion for failure which for the drip
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shield is 50 percent of the yield point. And 80
percent of the yield point of the package.

MR ANDREWS: Ckay. That's correct.

DR. LATANISION: It's the Alloy 22.

MR. ANDREWS: Ckay. We'll cone to that 80
percent here in a second, as | prom sed.

kay. Dan, you had a question?

DR. BULLEN. Well, before you go to the
next slide, | just |ooked at that credit for therma
gradi ent not taken.

MR, ANDREWS:  Yes.

DR, BULLEN: Do you think that's
conservative or --

MR, ANDREWS:  Yes.

DR.  BULLEN: And why would that be
conservative? If you have a thermal grading and
you're focusing water transport by convection, is
t hat - -

MR ANDREWS: We're inside the drift.

DR. BULLEN: Right.

MR.  ANDREWS: And we did evaluate the
effect of this conservatism in the Supplenental
Sci ence Perfornmance Assessnment. The argunent is that
for comercial spent nuclear fuel, it stays hot for a

relatively long period of tinme. And it stays hotter
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than its surroundings, i.e., the package or the drip
shield or the rock for a very long period of tine.
There are sone anal yses in the Suppl enental Science
t hat showed how rmuch tine, but it's generally in the
t housands to up to 20,000 years where that delta T
between the waste form the waste package, the drip
shield and the rock is positive in that direction.

So, the argunment woul d be if | didn't have
seepage during this thermal period, and we have the
possibility of seepage during thermal period, but if
| didn't, then I'd have no way of condensing |iquid
wat er on the waste form

DR. BULLEN: | m sunderstood. |'ml ooking
at waste package-to-waste package variabilities and
the transport froma hot waste package to a col d waste
package. That's not what you're addressing here?

MR. ANDREWS: Not in this particul ar one.
We did address that on in the Suppl enental Science,
but that's not what |'m talking about wth that
bullets. That's a good point. Thank you.

DR. BULLEN. Ckay.

DR. GARRICK: Now you didn't take credit
for a thermal gradient between the spent fuel and the
wast e package, of course later on we're going to |l earn

that you did take credit for a concentration gradi ent
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so that you could defuse outward.

MR. ANDREWS: |'mnot sure that's taking
credit for a concentration gradient. To say the
concentration gradient is greater between the waste
formand its --

DR. GARRICK: It's only greater because of
the way you nopdeled it wth aggressive water
chem stry.

MR. ANDREWS: | think the solubility at
the waste formwi || al ways be -- well, yes, solubility
can change with time. Peter will be back to show us
sone interesting results tonmorrow where you see the
effect of solubility changingwithtine. Andit's the
solubility or concentration that can change the
direction of your diffusive radionuclide transport.
Here I'mtal king just thermal and hydrol ogy.

DR GARRICK: Right.

MR.  ANDREWS: Ckay. Going on to the
degradati on of the engineered barriers.

The drip shield and the package, we've
just distributized the repository into its 1200
pl us/ m nus packages and its sanme nunber of drip
shields, and the distribution of what we've called
pat ches froml ocati on-to-1ocationonadripshieldand

| ocation-to-location on a package primrily to
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i ncorporate spacial variability and uncertainty that
exi sts in corrosion rates and stress states and ot her
factors that can | ead t o degradati on of the engi neered
barriers.

These are ki nd of a summary slide, but I'm
going to tal k about each one of theseinalittle nore
detail inthe subsequent slides, except for that third
bullet. Solet ne talk about that third bullet right
NOW.

In the TSPA for the SR and the
Suppl enment al Sci ence Performance Anal ysis we di d have
data for corrosion potential and for «critical
potential, the difference of which drives the
possibility toinitiate | ocalized corrosion. For the
data that existed at that tinme there was no
possibility over the range of environnents that we
stressed the drip shield or package to that corrosion
potential ever exceeded. And there was uncertainty,
by the way, in both of those because there's
uncertainty in the data and uncertainty in the
representation of those data. But for the TSPA and
t he Suppl emental Science there was no possibility of
ever exceeding the critical potential wth the
corrosion potenti al .

A nunber of you are aware that there is

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

195

nore recent data, sone of it that we've collected at
Li vernore, sone of it by the state and t he center have
collected. So we're reevaluating that particular
representation as we go forward. | think we realized
i n TSPA net hods and approach docunent, which we sent
to NRC last fall. But for the results I'mgoing to
show you, there's no possibility of |local corrosion
for the environnents that we tested and for the nodel
and i nformation that was avail abl e.

General corrosion was treated as both --
treated a l ot of different ways for different sets of
anal yses. If there's uncertainty in the corrosion
late, it'sdifficult totell whether that uncertainty
is real fundanental wuncertainty associated wth
corrosion nechani sns and sone details of corrosion
processes or it'sin part that and in part sone aspect
that shows netal-to-netal variability. So we did a
range of different ways of representing that
variability or uncertainty; fromlocation-to-|ocation
on a package, frompackage-t o- package and representing
it as total uncertainty.

Those rates that |1've shown here, | have
not actually shown t he raw data upon whi ch these rates
are based, but this is the 2% year data or 2 year

dat a. There's probably 60 sanmples in that
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representation, in that CDF.

We enhanced those corrosion rates to
represent the mcrobe influence corrosion and agi ng
ef fects, of whichthere are additional | aboratory data
at Livernore that supported the range of enhancenent
factors, if you will, on general corrosion rate.

Yes?

DR. LEVENSON: Does that | aboratory data,
it's alittle anbiguous that last bullet. |Is there
| aboratory data both for the mcrobiologically
i nfl uenced corrosion and for the aging effects?

MR. ANDREWS: Yes. They accelerated the
aging tests, obviously, and then they did corrosion
potential nmeasurenents totry to ascertai n what woul d
be a potential enhancement factor. They did not | ook
at wei ght | oss.

DR. LEVENSON: Ckay. That's the aging,
and | wunderstand that. But do they also have
| aboratory data that justifies the m crobiologically
i nfluenced nmultiplication factor?

VR,  ANDREWS: Yes. It's limted, but
there are data.

DR. LEVENSON: (kay. Because we had a
presentation to the ACNWfrom Livernore and | don't

remenber that being the case. But okay.
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DR. PAYER | think the last tine conrent,
ny understanding is it is limted and it cones to
pretty much technical judgnent as to what we do.

MR.  ANDREWS: Yes. It's not general
corrosion data. We didn't put m crobes in the tank and
| ook at wei ght | oss type measurenents for that effect.
But they had wi th and wi t hout vari ous m crobes | ooki ng
at corrosion potenti al differences and then
extrapol ated those corrosion potential differences
that they observed from |aboratory tests to that
enhancenent factor.

Okay. The next degradati on nbde i s stress
corrosi on cracking. Slide 12 is kind of an intro
slide, but going at Dr. Latanision's questionis slide
13.

There are stresses. Those stresses are
principally at the welds, that's the key area of
stresses. There are two stress mtigation techni ques
that are applied to the welds in the SR  Departnent
of Energy is reevaluating those stress mtigation
techni ques going forward to LA as we speak. But to
the SR, it was | aser peening on the mddle weld and
solution annealing on the outer weld.

These stress profiles shown here are the

results after | aser peening on the right hand si de and
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solution annealing on the left hand side. And what
was used as a stress threshold was the 80 percent of
yield strength prior to initiating a stress crack.

W have data that show that threshold
shoul d be or could be -- and could be is probably the
best way of saying it -- between 170 percent and 220
percent of yield strength for Alloy 22. And t hese are
over 100 day tests under a range of di fferent chem cal
envi ronnent s. I don't think they were done at
Li vernore, but |1'd have to verify that.

We used 80 percent of vyield strength
because there are al so U-bend tests at Livernore, when
you extrapolate those that the range of 80 to 90
percent at | east seened possible. So there are somne
data that say you mi ght be 170 to 220 percent, and
ot her data that say range 90 percent is clearly onthe
conservative end of this spectrum

DR MORGENSTEIN:  Maury, GM.

Wat was the range of the chem cal
envi ronnents used?

MR.  ANDREWSG: They were using those
simul at ed aci d waters, the evol ved chenistry. There's
four basic chem stries they' ve been using their test
environnents. |'d have to actually get the report with

the data, to be honest with you. But there's four
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di fferent chem cal environments they were | ooki ng at
for these stress neasurenents.

So this is one place. John, | think you
asked differences between TSPA-SR and SSPA, and
actual ly between SSPA and what we did for the fina
envi ronnental inpact statenent. This is one area
where it was different. In the TSPA-SR the best
avai lable information, which was pretty nmuch an
assunption, although there was sone literature
information that was used to support it, was a yield
of 20 to 30 percent. So at 20 to 30 percent of yield
strength, things would start cracking froma stress
crack. Andif it starts cracking, although we have two
di fferent nodels for crack propagation, generally if
it starts cracking it continues cracking. That's the
nor e conservative representation. There's no stifling
or arresting of the crack.

So, if I had 20 to 30 percent of yield
strength, you can see the amount of material |'d have
to corrode away before | initiated a crack was goi ng
to be less. So the failure degradation node of
principally in the TSPA-SR was failure through a
stress crack. The failure started to occur -- and |
don't have those plots -- roughly 15, 000 years, |

t hi nk maybe even a little before that, and conti nued
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up from that point on; principally from stress
cr acki ng.

DR. MORGENSTEIN: [I'msorry. Do you have
any sense of what the tenperature regine was for
t hose?

MR. ANDREWS: When they crack or for the
tests?

DR.  MORGENSTEI N: For the tests, yes.
VWhat tenperatures?

MR ANDREWS: [|'d have to | ook at those
dat a. "' m not sure how high the tenperature -- ny
recol l ection --

DR MORGENSTEIN: Pretty | ow?

MR. ANDREWS: -- it was up to 90 degree C,
95. | don't think they went above a 100 degree C for
t hose particul ar tests.

That's one difference. The ot her
difference, and that's associ ated with when you do a
solution annealing technique, i.e, a heat treatnent
technique, thereis apossibility toinproperly apply
t he heat; keep the heat on one | ocation too |ong or
too short. There is sone literature information not
so nmuch about the wuncertainty associated wth
anneal i ng techni ques, about the uncertainty about a

well controlled human process that would lead to a
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possi bility of i nproper heat treatnent. That i nproper
heat treatnment was the degradati on node during the
Suppl enmental Sci ence Performance Analysis that was
carried forward into the TSPAor FDISthat lead to the
possibility of an early waste package degradation,
i.e., sonething that's degraded at enplacenent.
Because this occurs up at the surface when the
anneal ing is being applied.

That annealing is applied on the outer
lid. The inner lid was in the design, was |aser
peened, but we nade t he assunption that if | had a bad
anneal, that it m ght have in fact degraded t he i nner
lid so that the lid -- of the other Alloy 22 I|id.

DR. GARRI CK: \Where on earth woul d you get
data that woul d support that second bullet?

MR. ANDREWS: That's not data. The first
one. It's hard to even call the first one data. It's
i ndustry observations, is probably the best way of
characterizing it.

The second bullet's not data.

DR. GARRI CK:  Yes. It's dropping of a
cliff.

MR. ANDREWS: That's an anal ysi s.

DR. GARRI CK: How did you get the nunber,

2.26 out of 12,0007
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MR.  ANDREWS: Well, essentially it's

rounded here a little bit, but --

DR GARRICK: Two tinmes ten to mnus 5
times that? Yes.

MR.  ANDREWE: | said approxi mately two
tinmes ten to mnus 5 because the actual nunber was
like 2.2 times ten to the m nus 5.

DR GARRICK: Yes, | understand.

DR. RYAN. Didthe probability just cane
froman i ndustry somet hi ng or other, or exactly what?

MR. ANDREWE: Yes. It was industry
observations -- |'d have to get that analysis for you
to be honest with you.

DR. RYAN: The reason |I'masking is that
the steel industry has a wi de range of --

MR, ANDREWS:  Yes.

DR. RYAN. -- steel levels and steel sets
and it would be interesting to know where it cane
from

MR ANDREWS: Yes. W can get that. W
can get that for you. It was nuclear industry, |
bel i eve, yes.

kay. Let nme keep noving al ong. Based on
all those inputs, the degradation the characteristics

of the drip shield are shown here on slide 15.
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DR. LEVENSON: Excuse ne. Just before that

slide you junped from wearlier you said you did
include tine factors in corrosion.

MR, ANDREWS:  Yes.

DR. LEVENSON: But on this early waste
package failure, the next tothe last bullet, says you
assume i mredi ate failure.

MR ANDREWS: After this one.

DR LEVENSON: Is this --

MR.  ANDREWE: That's correct. O her
degradati on nodes; corrosion, stress cracking, the
potential for localized corrosion were in there as
potentially time dependent, which are driven by
t enper at ur e dependency or environnent dependency or
hum dity dependency. But for this particular one it
was essentially at the surface, not effected by the
subsurface environnment and it was brought --

DR.  LEVENSON: Are we talking about a
stress corrosion failure due to inproper heat
treatment, right?

MR, ANDREWS:  Yes.

DR LEVENSON: So how does it fail
i medi atel y?

MR. ANDREWS: It failed by the inproper--

DR. LEVENSON: Di d you have the sane tine
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constance to get water in there and concentrated, and
all the rest of the things?
VR.  ANDREWS: Oh, well wait a mnute.

Let's talk, by failure | nean | have now degraded t hat

barrier --

DR GARRICK: You have a pat hway?

MR. ANDREWS: -- fromperformng -- | have
a crack -- actually a hole, but in that package.

DR. GARRI CK: He has a pat hway now.

MR. ANDREWS: | have a pathway. It is no
| onger keeping the potential for water out of that
particul ar package.

DR. LEVENSON: Well, 1 don't think that
goes with the probability nunmber inthe first bullet.
The i nproper heat treatnent doesn't result in a crack.

DR. PAYER MIt, | think the rational is
that it fails by stress corrosion cracki ng as soon as
it getswet. Now, it's not goingto fail imedi ately,
but in the time steps that you take, it's going to
fail in tens of years or 100 years, or whenever.

DR. LEVENSON. kay. But --

DR. PAYER So they turn that on. They're
saying they got -- | believe they say they got to
suspectable weld because it's got high tensile

stresses at the surface.
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DR LEVENSON: Ri ght.

DR. PAYER. So as soon as that weld gets
wet, the stress corrosion cracking will start and it
goes at a rate that will penetrate that package
imediately in a time frame of repository tine.

MR. ANDREWS: That's what we're | ooking
at .

DR PAYER | think that's the rational

MR. ANDREWS: Yes. Thanks, Joe.

kay. And then you get to the actual
wast e package degradati ons shown in slide 16, whichis
conbining all of the above potential effects. And
there you see those early degradati on nodes and the
| ater degradation nodes which generally are by
corrosion now because stress cracking, in this
particular case, wth exception of that initial
i nproperly heat treated weld, effectively doesn't
occur or such a lowprobability that you don't really
see it in the results.

Ckay. That's the package.

Now |I'm going to go inside, transition
slide and then slide 18.

Chem stry i nsi de t he package is
predom nately dom nated, at |east for the anal yses

t hat we' ve done and t he nodel s t hat we' ve constructed
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so far, predom nately affected by what's inside the
package. There is different chemistry if there's
glass in there than if there's cladding and CSNF.
W' ve factored those differences in chemstry in the
results, so we're essentially tracking two types of
packages.

You know, the chemstry effects the
cl addi ng degradation. The chemstry effects the
alterationrate of the fuel. The chem stry effects the
solubility of at | east sone of the key radi onucli des.
It doesn't effect all of them but it does effect the
solubility of some key ones.

DR. WMER: You tal k about irreversible
colloids. But you don't tal k about real coll oids.

MR. ANDREWS: Wel |, you know sone col | oi ds
are reversible in nature. Things go on themand cone
off them There's many --

DR. WMER: No, |'mthinking of plutonium
col l oids, for exanple.

MR. ANDREWS: Onh. plutonium Sone of it
is irreversible and some of it reversible.

DR. WMER  Sone of it is real. It by
itself is a colloid.

VR, ANDREWS: Oh, waste form coll oids.

Yes. W have waste formcolloids -- yes, good point.
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Good poi nt.

These are nonencl atures, if youwll, for
the transport aspect of colloid mgration where the
transport aspect outside of the waste form area or
outsi de of the waste package is dependent on how is
t he radi onuclide attached to coll oids.

DR. WMER: And what | call areal colloid
woul d be grouped in with irreversible coll oids.

MR. ANDREWS: Yes. Yes. Yes. | nean, the
types of colloids we have inside the package and at
the waste form are glass colloids, waste form
colloids, iron colloids, anorphous silica colloids.
But from a transport perspective, how they are
transported we lunp theminto these two categories;
those that stay totally absorbed on the colloid and
nove with the colloid and those that nove with the
colloid but can conme off of the colloid through
transport.

DR WMER What's a | ast colloid?

MR.  ANDREWS: The actual chem cal
constitutes of the glass colloid?

DR. MORGENSTEI N: What's a gl ass col | oi d?

MR. ANDREWS: Was the degradation of the
gl ass, whichis awaste formhere, the waste gl ass. As

it degrades there are silica byproducts that can

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

208

attach to radi onucl i des. And t hose radi onucli des that
are attached to those silica bearing waste form
col | oi ds- -

DR.  MORGENSTEI N: These are syl enol
groups?

MR.  ANDREWE: I"d have to go check how
t hey di stingui shed which colloid was which

DR. EW NG Bob, maybe to answer that
guestion and | have a question on the previous slide,
if you don't m nd.

Usually it's the gel layer that forns in
aglass and it sloughs off and it contains particul ate
actinides or radionuclides that are included in the
glass colloid part.

If | looked in the box you've | abeled
solubility, what | understand or what | guess that
woul d be is you dissolved sone of the cladding, the
fuel, the waste glass so you put things in a solution
that are in the box. And then by geochemni cal code you
cal cul ate where you' ve reached solubility limts for
di fferent phases and you renove t hose phases, and t hen
continue on. It would be sone pattern like that, is
that correct?

MR. ANDREWS: [n a very general way.

DR. EWNG Right. Right.
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MR ANDREWS:  Yes.

DR. EWNG And, of course, the problemis
al ways having the right --

MR. ANDREWS: Chemi stry.

DR EWNG -- chemistry in the solutions
and al so the right data for thernmodynam c perineters
so that you can get the right phases and their kinetic
effects and so on.

MR, ANDREWS: Yes. Yes.

DR EW NG Ilt's a little bit of
di gression, but as an exanple of the difficulty, the
Eur opean Uni on had a project at Okl o where they have
a smal | natural reactor under oxi di zi ng condi tions, so
rel event to Yucca Mount ai n. They went through a series
of blind predictive nodeling exercises with two or
three different teanms of very conpetent geochem sts
using i n various conbi nations six different databases
for the thernodynam c perineters, EQ 36, M ntech and
so on. And then they took the ground water
conposi tion, dissol ved sonme of the urani umand nodel ed
it.

And the result was that nost of the nodel s
converged on t he sanme basis as reaching the solubility
[imt and being precipitated. One would be uranium

silicate sopite. But then in our research group we
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went back and we | ooked at the actual material and we
found many different uranium phases, we didn't find
sopite or any of the predicted phases, okay? And t hat
had to do with not accounting for the trace el enent
geochem stry of the solution. It's not a sin, it's
very conpetent people. But, you know, going through
several iterations we could see howdifficult it was
to actually nodel the solubility Iimting phases and
get themright. OCkay.

So | guess ny question is, and these were

tal ented people, inthis part of your nodeling effort

why do you expect to be successful? | nean what --
MR. ANDREWE: VWen | conme to one
particular radionuclide, we'll talk about the

uncertainty.

DR EWNG Well, but it's not doing it
one radionuclide at a time. It's probably already
wong, right? | mean, that we know doesn't work
because the experience is that the very |ow
concentrations of trace el enents, phosphorous, sulfur
have effect on the system So | guess, you know, it's
a broad question, but when | |ook at sonme of these
flow di agrans | conpare that to actual experience of
geochem cal nodel i ng. And it seens to ne the

expectations here are relatively high conpared to
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actual experience.

MR. ANDREWS: Let nme skip to --

DR. EW NG O to reduce that to a
guestion, are there experinents that support the nore
conpl ex chem stries that you're trying to nodel ?

MR. ANDREWS: Yes, let's go to slide 25.

DR EWNG Ckay.

MR ANDREWS: This is --

DR. EW NG And | won't ask anynore
guesti ons.

MR. ANDREWS: No, please. Please. Your
eating into your cumul ative question tine.

DR EWNG Right. Right.

MR, ANDREWS: So here shown in this
distribution is the neptunium solubility data shown
with the actual Xs froma lot of different sources.

DR EWNG Right.

VR,  ANDREWS: Under a lot of different
conditions, both from above and from bel ow Sone
different chem cal environnments. These have been
collected not only for this project, but for other
projects as well. And then shown with the two curves
is the nodel which includes the geocheni cal
speci sation for the key controlling phases that were

assumed for this nodel. And t he key control | i ng, which
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is kind of in part getting at your question, is a
basis of the experience of the nopdelers as a
collective teamtrying to capture as reasonably as
t hey can the range of uncertainty associated with the
characteristics of, in this case, nept uni um
solubility. For sonme other radionuclides such as
techneti umor i odi ne, al though you can have sol ubility
l[imts for those species under certain geochen cal
constraints, we don't believe fromthe nodeling that
we' ve done inside the package that we have those
geochem cal constraints, i.e., we don't have a
reduci ng environnent inside the package; that it is
m xi ng and degradi ng and consum ng oxygen, that's
true. But it's not going to a reducing environment
i nside the package, even after we've degraded the
package.

DR. EWNG Wy all?

MR. ANDREWS: [It's after we degraded.

DR. EWNG After you degraded?

MR.  ANDREWS: Before we degraded the
package it has whatever environnent was in there.

DR. EWNG This is great. | nmean, this
type of work has to be done and it certainly supports
t he approach. But if you | ook at el enents for which we

have a lot nore data, uranium and |ook at the
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literature, you'll see that the geochem cal nodels
often match the solubility limts for U-307. The only
difficulty is U 307 doesn't occur in nature. And
Np205 probably doesn't either.

MR. ANDREWS: That's correct. Yes.

DR. EW NG Particularly in a typical
ground water conposition.

MR. ANDREWS: There are plots | did not
bring them an anal yses where we | ooked at urani umand
uranium solubilities under a range of different
conditions inside the package as a neans of,
hopeful 'y, constraining our solubility projections for
t he acti ni des and radi onucl i des of interest. Thereis
uncertainly, however, inthat constraining and we need
to, | think, address that uncertainty as we go
forward. And a point well taken.

DR. EWNG You know, to ne what it calls
for experinents specifically designed to the system
that you're trying to nodel.

MR, ANDREWS:  Yes.

DR EWNG And | realize neptuniumwth
everyt hi ng.

MR. ANDREWS: That coul d be.

CHAlI RVAN HORNBERGER: Bob, | realize we're

hangi ng up, but | just have what | think is a quick
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guesti on.

So when | | ook at this cartoon, you have
solubility and it's aqueous solubility, aml correct
ininferring that you' re viewing this as being onthin
films of noisture?

MR ANDREWS:  Yes.

CHAI RVAN HORNBERCGER:  And so you do a nass
bal ance on the water to keep track of you have the
right amount of water and to get the right
concentrations and what not ?

MR. ANDREWS: Wl |, we've done various --
we don't know how nuch water exactly will be dripping
in there or present contacting with the waste. So
we've done a range of calculations with different
wat er anounts to evaluate do different water anmounts
make nmuch different into the bul k chem stry which then
could drive the bulk solubility.

But right now the -- if the package is
degraded, and by that | nmean the environnent outside
can conme into equilibriumw ththe environment inside,
what ever that environment i s, whether it's dripping or
no dripping and the tenperature and humdity
conditions that are outside comeintoequilibriumwth
what's inside and if it's not dripping, then it's a

thinwater fil mthat essentially covers all conponents
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inside. There's not a spacial distribution of that
thin filminside. So it can contact all cladding. It
can contact all structural steel inside. W nmake no
distinction, if youwll, to detail out howthe water
is distributed inside. But we do distinguish whether
it'safilm i.e., can only condense, if youwll, on
the formor if it's dripping. So liquid water.

DR. MORGENSTEI N: And you do this for each
di fferent type of package separately?

MR. ANDREWS: We real ly only have t he two.
We kind of lunped all the CSNF, the commercial fuel
together whether it's PW or BW and made no
di stinction there. And we have codi sposed t hat Peter
t al ked about, codi sposed package whi ch have gl ass and
DOE spent nuclear fuel in them So we created those
t wo.

| think sonebody asked a question about
what about naval fuel, because the naval packages are
a totally separate set of packages. They're much
bi gger and the Navy through Bettis Labs is actually
doi ng the in-package environnment and degradation of
t heir fuel and actual source termfor us. There's sone
reasons for that, as you can inmagi ne.

DR, MORGENSTEI N: How do you treat the

conpeti ng chem stries between the di fferent packages?

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

216
MR.  ANDREWS: W say if I'm in the

conmer ci al spent nucl ear fuel package, then that is
the chem stry with its uncertainty for that type of
package. And if I'min a waste package, then that's
the chemistry with its uncertainty for that package.
We don't m x those two. Because we say if it's com ng
out of this package, it's com ng out and rel easing
t hrough the invert and into the unsaturated zone. So
there's no, if you will, lateral chem stry gradi ent
along the drift. There's lateral tenperature and
hydrol ogy and noisture gradients, but no |ateral
chem stry gradients. In other words, water doesn't
defuse fromone -- or chem stry doesn't defuse from
one package location to the next. That's the
assunption that we've nade.

DR. MORGENSTEI N:  So you have i ndependent
different source terns?

MR ANDREWS:  Yes.

DR. GARRICK: The question |'ve always
been puzzl ed by i s howyou rational i ze sat urated wat er
i n- package condi tions and di ffusive transport external
condi tions?

MR. ANDREWS: The saturated in-package is
a chem stry nodel assunption, | think is probably the

best way of saying it, John. It's essentially a
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m xi ng chem stry nodel --

DR GARRICK: It's a way to nmobilize the
wast e such that --

MR. ANDREWS: It's the way to devel op a
reasonabl e range of chem stries.

DR GARRI CK:  Yes.

VR, ANDREWS: Whi ch then nobilize the
wast e.

DR. GARRI CK: The waste. And t hen when you
do get a stress corrosion crack, you have a
concentration gradient that allows --

MR,  ANDREWS: That will allow it to
def use.

DR.  GARRI CK: -- diffusive transport
outward. But |'ve never been able to quite satisfy
nyself in the spirit of realism--

MR, ANDREWS:  Yes. Yes.

DR GARRICK: -- the rational of these
what appear to be conpl etely i nconpati bl e assunpti ons.

MR ANDREWS: Well, the gradient we're
interested in for diffusion out of the package i s not
really gradient in bulk chemstry. It's not florid or
florid gradient. It is technetium gradients or
nept uni um gradi ents. So bul k chem stry and evol uti on

of that bul k chem stry di fferences bet ween t he package
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and t he edge of the package or between t he package and
the invert, that is not considered.

| don't defuse chlorides, you know,
bet ween t he package and the invert.

DR GARRI CK:  Yes.

MR,  ANDREWS: | just say |'m doing a
package chem stry nmodel and |'m doing an invert
chem stry nodel, and letting water if it advects,
advect through that, but |1'm saying from a bulk
chem stry point of view which then drives solubility
and colloids and things like that, |I'm not doing a
total |y coupl ed geocheni stry nodel between t he package
and the invert.

DR GARRICK: Well, we'll have to talk
about that.

MR, ANDREWS: Ckay.

CHAI RVAN HORNBERGER: But conceptional ly
then diffusion is through these thin filnms of water?
MR ANDREWS: That's correct.

CHAI RVAN HORNBERGER: And it has to be
conti nuous through the --

MR ANDREWS: It has to be continuous
t hr ough.

CHAl RMVAN HORNBERGER:  -- waste form out

into the invert?
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MR, ANDREWS: Yep. Yep

Okay. Let ne in the interest of time skip
over sone of these other ones. | show cladding in
her e.

| show in slide 22 the waste form
alteration rate. In this case it's the conmerci al
spent nucl ear fuel, which is based on the | aboratory
data, both dripping and hum d air data from Argonne,
principally.

Cl addi ng degradati on nodel or
representation is shown as slide 23.

W do have a distribution of clad
failures, if you will, driven principally by the as
receivedinitial perforation of clad. W don't nake it
a distinction -- this total distribution in fact is
driven by sone early cladding information and sone
nore recent cladding information. The nore recent
cl addi ng i nformation virtually has zero penetrati ons,
not quite, but very | ow Wereas the 20 year old, 30
year ol d cl ad does show sone penetration. So this is
the as received distribution.

DR. BULLEN: Just a quick question. As you
go to higher and higher burn up and hotter fuels,
you're going to get essentially nore oxide thickness

on the cladding and you're going to have a different
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nor phol ogy on the surface of the clad. This node
doesn't address those kinds of issues? Because,
obvi ously, they last along tine now, but as you goto
60 gi gawatt days per netric ton, you're going to have
a different norphology and the clad lifetinme my be
significantly lessinrepository. Not evenin storage,
but in repository. You realize that?

MR. ANDREWS: Well, we need to | ook at
t hat .

DR. BULLEN. Ckay.

MR. ANDREWS: Thank you. Appreciate that
conment .

Slide 24 just wal ks through the major
radi onucl i des.

DR. RYAN: Just out of curiosity, radium
is there because it nust be for "huge" tines?

MR, ANDREWS:  Yes.

DR. RYAN: "Huge" being m|lions of years?

MR. ANDREWS: Yes. We generally had the
same inventory we were using for the 10,000 year
period and for peak dose, because these results are
used for what we did in the FEIS or the TSPA for the
FEI S and that as required says go to peak dose, in the
FEI S.

DR.  RYAN: | guess all this is just a
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little bit, you got to think about it because sonme of
those won't be thereinamllionor 5mllion years,
or what ever.

MR. ANDREWS: That's correct. But they're
inthere in the inventory and wanted to be conpl ete.
If the package fails early, they are certainly
nobilizable and transportable for whatever the
solubilities and however they are transport ed.

We tal ked about neptunium al ready.

EBS transport, slide 26, is useful. I
t hi nk we' ve ki nd of tal ked around this, and that isif
it drips, there's a possibility for advection through
t he package, i.e., radionuclides inthe sol ubl e phase
transporting with the liquid water as it's advecting
t hrough the package through the hole in the package
and through the invert. But it's also possible, at
least in our representation, to allow diffusion
through this thin film through the package wall and
through the invert. That diffusion rates of liquid
saturation, thereare alot ondiffusionrates through
very low liquid saturation soils and ot her granul es.
Extrapolating that to very thin filnm was an
extrapol ati on and a bit of an assunpti on, conservative
assunpti on.

W were asked on slides 27 and 28, and
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don't want to steal Dave Esh's thunder, but where we
t hought di fferences between our representation of the
source term as defined in the previous slides and
where NRC s interpretation in | PA |'mnot sure where
we conpared this to. 3.2 -- | think 3.2, because we
may not have had -- yes, | think we | ooked at 4, too.
" m not sure.

W | ooked at 4. Ckay.

And t hese are where we t hi nk sone of those
di fferences are. Now when NRC gets up after nme, you'll
prove me wong or right, but | think these are where
some of the differences occur. So I'll just save that
and stop now.

DR. RYAN. One nore quick question on the
inventory. Were does the thorium 232 conme in with
regard to ground water protection, slide 24 again?

MR.  ANDREWS: Thorium for ground water
protection?

DR. RYAN. It says thorium232 and radi um
228, which are in the thorium series, obviously.

MR. ANDREWS: Yes, these are the explicit
requi rements, you know, EPA had for the --

DR. RYAN: Thorium 232 is prinordial. |
don't think it's in fuel.

MR. ANDREWS: No, it's gener at ed.
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DR. RYAN: \Were?

MR. ANDREWS: Either of you know?

DR RYAN: It's a prinordial radionuclide
at the head of the chain. 1s thorium based fuel on
the inventory? | don't think so. There is so. DOE
fuel .

DR WYMER: I ndi an Point had a thorium
core early on.

DR RYAN: Ckay. Becauseit's odd that it
shows up there and nowhere el se.

MR, ANDREWS:  Yes.

CHAI RVAN HORNBERGER: Bob, just to nake
sure | understand your response to Rod' s question.
Whet her you have t he geocheni cal nodelingright to get
the right phases, even if you don't have the right
phases, do you have any phases?

MR, ANDREWS: Yes. Yes.

CHAI RVAN HORNBERGER:  Seri ously, are you
taking into account secondary mneral precipitation?

MR, ANDREWS:  Yes.

CHAI RVAN HORNBERGER: And so you have sone
data on it --

MR, ANDREWS: Secondary phases are in
t here.

CHAI RVAN HORNBERGER:  And you have sone
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data on | think it was Joe Payer this norning had a
big question mark as to how radionuclides get
incorporated into these crystal structures?

MR. ANDREWS: There are sone data, you
know, at Arogonne fromthe degradation tests of the
di fferent phases and phase evolutions of the spent
fuels that they' ve done. So we've conpared those
phases with the phases that we' ve i ncorporated in the
EQ 36 type, you know, thernodynam c nodel .

| think Rod's point, you know, is well
t aken. The actual thernodynam ¢ data, you know, for
some of those phases is scarce, you know. There's
some, but you know you're --

DR EWNG Well, experinmentally there are
data for two of the phases, good data. Nowthere are
ways you can cal cul ate that are turning out to be very
accurate. So, you know, there's a way out.

CHAI RMAN HORNBERGER: Ckay, go ahead.

DR. BULLEN. Bull en, NWRB.

Just one nore quick question, | know we
didn't give you time to cover all your itens, but on
slide 15 where you tal k t he cal cul ated curnul ative drip
shield failures, the drip shield failure mechanismis
only by gentle corrosion.

MR ANDREWS:  Yes.
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DR BULLEN: But the invert and the

support structure for the drip shield are carbon st eel
and basically tuff, crushed tuff, right?

MR, ANDREWS:  Yes.

DR. BULLEN: So the assunption is that
they remain stable, that the invert doesn't rust and
that there's no subsidence and no changes?

MR. ANDREWS: Sufficiently stable for the
drip shield to maintain its function

DR. BULLEN:. Gkay. So do you know how
much novenent you have to have before the drip shield
doesn't work? Just curious.

MR. ANDREWS: Movenent |ike due to what?

DR. BULLEN: Vll if it rusts and the
carbon steel expands and you get, you know, novenent
of the rails. And if the crushed tuff goes back in
and, you know, settles in or whatever. | just wonder.

MR.  ANDREWS: Ckay. There have been
cal cul ati ons by the design group, you know, on that.
And | don't have them

DR BULLEN: | understand that.

MR. ANDREWS: But we can get those.

DR. BULLEN: | was just curious as to how
you mght incorporate that into another failure

mechani smbesi des general corrosion? | nean, it woul d
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probably be a little bit nore reassuring if you
actual ly had built one and watched it, you know, as to
how nuch force do | have to put on it to nove it and
t hose kinds of things. | guess | was just curious --

MR, ANDREWS:  Yes.

DR. BULLEN: -- as to other failure
nmechani sns you m ght have for the drip shi el d. Because
if youuse adrip shieldhereinthe performance nodel
and it works for, you know, better for years then it
ki nd of solves a |lot of your problens, right?

MR ANDREWS: Well, it solves --

DR BULLEN: | there's still diffusive
transport below this shield under --

MR. ANDREWS: We have the possibility of
sone other futures and events that can effect the
performance of all of this, right?

DR. BULLEN. Exactly.

MR ANDREWS:  VWich you haven't talked
about .

DR. BULLEN: But | just wonder about
anot her mechani sm

DR GARRI CK: Rod, and | think we've
successful l'y di srupted your presentation, and used up
all thetinme. Andintroduce some nore questions. Yes,

Dave?
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DR VAN LU K: W just wanted to make one

happy point. That we do have a work in Mexico right
now and we' re hoping to get nore information. Thisis
not in-package chem stry, but we're |ooking to get
nor e nuner ol ogi ¢ and secondary phase i nformati on from
t hat anal og by | ooking at the vertical profile.

DR. EWNG Have you made any predictions
as to what will be there? That would be the, you
know, really interesting.

DR. VAN LU K: It"'s ny consi dered opinion
that we should never do any work w thout doing a
prediction. 1'll check into that.

DR. EWNG Yes. Ckay.

DR. GARRI CK: Anynore questions? Thanks
a | ot, Bob.

Okay. We're now going to hear from David
Esh. And he's going to a simlar presentation with
respect to the NRC s nodel .

MR ESH Well, I"'mDavid Esh. I'min the
Envi ronnent al and Per f or mance Assessnent Branch of the
Di vi sion of Waste Managenent. And |'mgoing to talk
about NRC s source term nodel and support today.

I"dfirst Iiketoacknow edge all the main
contributors, and also there's a lot of people

involved in the TPA code devel opment, source term
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devel opnent. They aren't all listed. It would be a
very long list of names. And a |lot of work goes on
behind the scene that never even ends up in a TPA
code. So | just want to nmake you're aware of that,
t 00.

And I'll try to give you sone indications
during the presentation, sonme little snippets of that
type of information.

| n general, you heard Dr. Payer tal k about
corrosion science and how it's evolving. Well, the
performance assessnent is evolving, too, and in
particul ar our TPA nodel fromthe NRCi s evol vi ng, our
source termnodeling is evolving. And |' mgoingtotry
to give you sone indications of that during this
presentation.

Next slide.

And, hopefully, | wll provide enough
informationto allowthe Conm ttee to eval uat e whet her
we have what was referred to as gross assunpti ons. And
so, and a nunber of you asked questions that were
deferred. 1'Il try to answer the ones | could
remenber. If | mss them feel free to ask themagain
and we'll go at them

In general, our nodel is what we would

call databased. W try to use as much objective

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

229

i nformati on as possi bl e, as nuch real i smas practi cal .
W also try to be open about the information and its
uncertainty. And we base our nodels on sinple
concepts. That doesn't mean that our nodels are
sinmple. Sometinmes they are quite conplicated.

The key point is that we nust have
flexibility in our nodel to enabl e our review. So that
flexibility can take different forns. Sonetines we'l |
do a really sinple abstraction. That will allow us
flexibility to ook at a variety of alternatives.

And our nodel isn't always conpletely
flexi ble, though. W can't do everything with the TPA
code. Sonetinmes we have to go to an auxiliary anal ysis
or sonething else to evaluate the problem

Qur devel opnent is independent of DOE.
Sonebody asked, | think it was Dr. Payer asked what
were the sources of information that were conmon. We
do have sonme common sources of information, but we
always do an independent interpretation of that
informati on. And we'll do an i ndependent abstracti on,
t 0o.

A key for us is that we have sonething
that's conputationally efficient. It mght not seen
like a big deal, but if we don't have a nodel that we

can run in a reasonable amount of tinme and get sone
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results from it really doesn't serve our purpose
well. So that's a consideration that we have. And
sonetimes we come up with a simlar nodel then maybe
what we woul d | i ke, but we have to al ways bal ance t hat
| evel of detail and the conputational efficiency that
we put into the code.

And 1'Il try to speak directly to sone
cases where we have alternatives represented in our
nodel, alternative conceptual nodels, that is.

Next slide, please.

And this is not a pretty picture, but
maybe that's confidence building that we don't spend
our time making pictures. It's just designed to give
you an indication, here's the boundary for our
analysis. W start with this dash line, and |I' mgoi ng
to tal k about what | can going on inside of here.

The main process is |'mgoing to include
a bullet here on the side.

Next slide, please.

The first thing that we have is we do this
process of water getting into the drift, potentially
interacting withthe engi neer barriers. Thenthe waste
fornms, nobilization of the waste and eventual rel ease.
Is how nuch water 1is actually getting in and

contacting the waste.
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W have two nmain processes that we
consider in the TPA code. There's the potential for
dripping to the barriers and then there's also the
fraction of that dripping that can actually get into
t he waste package. And actually there's an appendi x
in the TPA and user's nmanual that describes this in
detail.

You coul d real ly spend an hour on any one
of these things that I'"mgoing totry to cover in two
slides. So you'rereally only getting a real surface
skimto the information avail abl e.

Qur nodel, our concept is pretty sinple.
We have variability in the amount of water, we have
variability in the hydraulic properties of the units.
And when you take both of that and you consider well
when there is the ability of the matrix to have fl ow
t hrough the matri x, then the water is going to flow
t hrough the matri x. When the water in the rock exceeds
the hydraulic conductivity of the matrix, then it
petitions intothe fracture system |It's basically a
stochastic anal ysis of that sinple concept. And what
we do is we correlate a nunber of perineters so we
don't get anythi ng unphysical, but the result is that
you get this variable amount of water that may drift

to the packages. And it's correlated to the nunber of
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packages that see drift in water. So it's very
unlikely that you have a lot of water to a |lot of
packages. If you have a lot of water, then you
typi cal ly have f ewer packages. |If you have | ess wat er,
than you have it to a | ot of packages.

Once the water gets inthe drift it gets
to potentially to the engineered barriers, then we
have a nunmber of processes that can all divert this
water. It's shown in the figure here in the corner.

W take into account that water can flow
on the surface of the drift. Just because it enters
the drift, doesn't nean it's going to drip onto the
engi neered system So that's the water running down
the walls into here.

If it does drip on the engineered
barriers, it doesn't necessarily inpact holesinthose
barriers or breaches in those barriers. So | think
it's roughly to about a 30 percent degraded stage
before the barriers don't really act |ike a hydraulic
barrier anynmore. Up until that point they'll provide
sone diversion capability.

And then even i f you do have hol es, and
think this was a question MIt was somewhat getting
at, you can have diversion fromthe hol es because of

corrosi on products, or maybe the holes may be snall.
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They m ght not be hydraulically active. So, in our
nodel we account for these two main processes, and
they result in nodifications to the anbunt of water
that could potentially get to the waste form

The next slide, please.

We have two conceptual nodels for water
contact. We have a bathtub and we have a fl ow t hrough
nodel . And these are pretty good figures to showthe
concept.

The one here on ny right is the bathtub
nodel . Basically the water cones in and the hei ght at
whi ch the water connects to the sanpl e, the height at
the location where the water cones in the sanple,
they' re both stochastic so you get a vari abl e anpunt
of water that can fill up in the package.

The water that fills up the package, the
fuel that's in the wet region can then rel ease and
degrade. This area that's wet inside the package,
it's nodeled as a stirred tank and the solubility
l[imts are applied to that region.

For the flow through nodel, the water
sinmply cones in through a hole, it runs over the fuel
and then exits through a hole in the bottom And it's
simlar tothe bathtub nodel, but thereis only a very

tiny volune of water accounted for inside the package
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during that process.

Next slide, please.

CHAI RVAN HORNBERGER: So it's all fl ow of
liquid water, there's no consideration of vapor and
condensation, and all the stuff DOE considers?

MR ESH: That's right. And I'Il talk to
that later in the presentation. W've added a
di ffusive transport nodel to give us the flexibility
t o eval uate DOE' s nodel , but there are various reasons
why we didn't have that upto this point. And I'I1l try
to talk to those.

The reason why | showed the conceptual
nodels for flowis | wanted to talk to this result
here. Basically |'ve presentedthe flowinto the waste
package as a fraction of deep percolation. This is
what our nodel woul d produce. Wat you can see is
that you get a very small fraction of the water into
t he package up to the anpbunt of water -- and this is
a fraction of depercol ation. So depercol ation in our
nodel is between 4 and 13 mllineters a year, |
believe. So the nean is 8.5 mllimeters per year.

The flow into the package is on average
about 5 percent of that value. But it's highly
vari abl e because of those processes going on that |

tal ked to earlier.
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Now, i f you conbi ned that with the bat htub
nodel for the water contact, you get a range of
results fromthe fill up tinme can be as small as | ess
than 20 years to a very long time. And what we see in
our TPA 401 sensitivity analysis is our nodel is very
sensitive to the water contact perineters. And it's
easy to see fromthis sinple presentation of our nodel
does, why you get that result. It creates a large
variability in the timng of the rel eases.

Okay. Next slide.

In addition to the water flow processes
that can influence the anbunt of water that gets to
the waste form when the drip shield is intact in our
nodel , we have no evective conponent for rel ease. So
we have no releases from our nodel when the drip
shield is intact, in TPA 401 or previous version.

Qur drip shield corrosion nodel is very
strai ght forward. And there's been a nunber of
questions, and Dr. Payer showed in his presentation
t he whol e concept of the w ndow, the environnental
wi ndow and the material properties. Well, we're
directly taking our independent nmeasures done at the
Center for Nuclear WAste Regulatory Analysis, to
converting the passive current densities to corrosion

rate. And that becones the abstracted distribution
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t hat goes into the TPA code.

So this is our evidence or objective
information, andit directly goes into our abstraction
in the TPA code. So you could say that our
environnental lingo for drip shield corrosion is

defined by our test conditions. That's what we're

doi ng.

Next slide, please.

For the waste package, we also have
uni formcorrosion, and as I' Il showon the next slide,

our extraction approach to the uniformcorrosion for
t he wast e package is identical to what we' ve done for
the drip shield.

This slideis toindicate that alot nore
goes into our nmodels and our conclusions than, say,
one set of experimental results. This slide is
basically showing a nodel calculation for this
extension of a point defect nodel to eval uate what
happens to the current density over time. And it's
used to evaluate this conclusion at the bottom how
likely 1is breakdown of ©passivity or enhanced
di ssolution for the material.

Sure, go ahead.

DR. PAYER. Dave, just a clarification,

per haps, or a conment.
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The over | appi ng di agrans | showed wer e f or
the potential of localized corrosion, crevice
corrosion to occur. This general corrosionis assuned
togoonwhenit's wet anytine there's noi sture onthe
surface. So | don't think there's disconnect there.

MR. ESH. Yes, | don't think so either.

DR PAYER: It's the issue of is a
| ocal i zed corrosion process goingtokickinthat wll
go faster than this.

MR ESH Yes. And | think in the next
slide or two I'll be tal ki ng about this.

But this slideis anindicationthat, okay
-- go to the next slide, please.

Onthe next slideit'ssimlar tothedrip
shield slide. W take passive current density
nmeasur enent s and cal cul ate t he corrosi on rate based on
Faraday's | aw, extractly convert it into a corrosion
rate, and then that's converted in a failure tine
distribution that you see at the bottom And the nean
i s about 80,000 years. The shortest is around 40, 000
and then it's up to about 180,000. So it's a direct
conversion of the experinmental neasures, what
objective information we have to a nodel in the TAP
code.

The previous slide was to say that, okay,
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we're using this experinental dataonthis limted set
-- or this set of environnmental conditions. But alot
of other work goes on to evaluate sone of the
assunptions inherent in the sinplified nodels.

Next slide, please.

DR. LATANISION: Let me just interject.

MR. ESH. Sure, go ahead.

DR. LATANI SION: A very mgj or assunption
here is that -- not assunption, but condition is that
you're | ooking at 95 degrees centi grade.

MR, ESH: Yes.

DR. LATANI SION:  What happens if it's 180
degrees centi grade?

MR ESH. Hopefully we'll see that in a
side or two.

DR. LATANI SION:  kay. Good.

MR. ESH: Localized corrosion, that's the
wi ndow of susceptibility that Dr. Payer was tal king
about. Qur nodel for that, thisis the first instance
in the TPA code where we're directly conparing an
environnental condition calculated in the code to
properties of the material. In this case we devel oped
fromexperi mental observations arelationship for the
crevice corrosionrepassivation potential, andthat's

conpared to the corrosion potential and the | ocal i zed

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

239

corrosion occurs when the corrosion potential is
hi gher than the repassivation potential. So the
expression is a regression of experinental data, and
it happens to be a function of tenperature and
chloride. And | want you to renmenber that. There's a
backup slide, | think 29, that shows this a little
nore clearly. But it basically defines the wi ndow of
susceptibility based on our experinental results and
this abstracted nodel when the packages would
experience | ocalized corrosion.

Now, there's a nunber of considerationsin
t he data here. The processing, m || anneal ed, whet her
it's age, whether it's wel ded; they may all effect the
| ocal i zed corrosion susceptibility. And t hose thi ngs,
including the effects of inhibiting species such as
nitrate, can be introduced through changes to this
relationship. So that's how we handle it.

W feel a nodel is pretty flexible if
we're not tied to any particular result, but we can
evaluate |ocalized corrosion in sonewhat of a
fundament al or mechani stic way based on t he enpiri cal
observati on.

Next slide, please.

Now, this slide is kind of to get the

engineer's attention, to get all the science and t hen
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you say, okay, well what do | nake of it. Well, what
you make of it is this analysis is to eval uate ranges
of critical relative hum dity for the onset of agueous
corrosion. And what's particularly happening hereis
that when you're going to a lower range for the
relative humdity, in effect you' re saying that the
t emperature at which | can have an aqueous envi r onnment
is increasing. That's the way it works in our nodel.
So as this critical relative humdity goes down, |
don't know what the exact tenperatures correspondi ng
to these values are. Wll, | can tell you fromslide
29 it would be that this is probably corresponding to
about 110 C and this is probably corresponding to
about 130 C, maybe. | don't knowexactly. But as their
critical relative humdity goes down, then you can
have the potential based on the nodel that's
abstracted in the base case for | ocalized corrosionto
occur.

Next slide, please.

We al so have consi dered stress corrosion
cracking, and here's a very snmall subset of the
experimental results. The conclusions are that for
the conditions evaluated and the types of tests
performed they haven't stress corrosion cracking. It

appears that the corrosion potential is |ess than the
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potential for SCC or the stress intensity factor is
| ess than the stress intensity factor.

Now, one thing you nmay take from this
graph, well we're automatically applying aggressive
conditions in these experinents. W're also
automatically applying a stress to it. So it's
assum ng an aggressive environnent, it's assumng a
stress and then it's trying to see whether it cracks
or not. And no crack growh was observed in these
three, or in nost of the subset. You do see in this
case it's nmentioned grain boundary attack and in this
case m nor secondary cracking. Those are attributedto
sonewhat of alocalized, inthe term nol ogy |' musing,
| ocal i zed phenonena as tal ked about in the previous
slide and not necessarily SCC. Although the | anguage
| "' m speaki ng and the corrosion community speaks are
probably different.

Sure, go ahead.

DR.  MORGENSTEI N: Could you tell us

somet hi ng about the fluoride?

MR. ESH The fluoride in the SCC
experiments? | don't know what the fluoride
concentration were in those experinents. Tae or

Qust avo?

MR CRAGNOLINO No fluoride was used in
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these tests. Qur team we are going to explore the
possibility of interaction in between chloride and
fluoride on the first corrosion cracking of Alloy 22.
But inavariety of environnents that contain chloride
and ot her species, we didn't observe a test corrosion
cracking even wusing much nore extrenme |oading
conditions than the ones that are described here for
this test.

MR. ESH. Thank you. Gustavo Cragnolino
was t he speaker

Next slide, please.

I n summary, our TPA 4.1 code does have an
SCC extraction and we don't plan on adding it in TPA
5.0. That's because of our experinental observations
to date, and also additional analysis for the risk
i mpact s.

This is an offline anal ysis not done with
a TPA code. It's done with the GoldSim software
pl atf orm where basically we devel oped cracks in the
wast e package, we assunmed them gave the geonetrica
properties and then cal cul ated the di ffusive rel eases
fromthe waste formto outsi de of the package. And you
just don't get an extrenely risk to these very snall
cracks. So we're not carrying this forward i n our TPA

code.
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We see our TPA code, we have an initial
def ect nodel that you can assi gn any anount of failure
and any tenporal evolution in the failures. W can
eval uate any type of SCC phenonena if we need to,
we're just not going to build an explicit for it in
t he code.

Next slide, please.

Moving on to the waste form now W'l
first cover spent nuclear fuel. This is a select
representative of spent fuel dissolutionrate sanple.
And what you see is that we took -- we got dissol ution
rates reported in mlligrams per neter squared day.
They're done on a variety of different types of
sanples. They're done under different solutions.
They' re done with different test nethods. And you see
if you look at the data here, quite a bit of
variability in the rates that are reported.

Now, our nodel -- go to the next slide,
pl ease.

Qur nodel -- actually we have 4 different
nodel s i n TPA for spent nucl ear fuel dissolution. Qur
first two nodels are based on the experinmental data.
We' ve al so added a nodel to represent a natural anal og
and one with secondary m neral formations, schoepite

in this case.
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The base case in TPA is nodel 2, but we
have the flexibility to turn on and off any of these
nodel s very easily.

We have a tenperature dependence that's
defined fromenersion and fl ow through tests froma
tenperature range of 25 to 85 degrees C. And we have
two different nodels for the surface area, because
remenber it's the contact of the fuel with the water
that you have to take into account.

So our sinple expressionis given here at
the bottom There's an arhenius termin here. And we
have a pre-exponential coefficient, and the arhenius
termthat gets tenperature dependency, and that's our
nodel that we use for this base case nodel two.

The ot her nodel s are described in alot of
detail in the TPA code manual, and they're sonewhat
nore conpli cated.

DR. GARRI CK: How do you t ake i nt o account
t he secondary mineral formation in the nodel ?

MR. ESH. | can't answer that. Dick, can
you answer that?

MR. CODELL: This is Dick Codell

The schoepite nodel, asit's called, nodel
4 we assune that all the radi onuclides are rel eased at

the rate that schoepite would dissolve. And we have
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mass action expressions for the various ions in the
urani um wat er schoepite equation. And this gives us
t he concentration of uraniumas it was com ng out of
schoepite. And we assune that the degradation rate of
t he schoepiteis controlled by that solubility sothat
ever thing inside in the schoepite would cone off at
that rate.

MR. ESH. Sorry, go ahead.

DR GARRI CK: What ki nd of effects does it
have on the actual corrosion rate?

MR. CODELL: Well, this is the corrosion
rate of the fuel. It gives avery |owrel ease because
the schoepite is pretty insoluble. So it's at the
| ower end of the spectrumof rel ease rates. Mdel one
gives the highest. Mddel 2 is in the mddle.

DR. GARRICK: (Ckay. Thank you.

DR. EWNG Do you expect schoepite to be
t he phase that forns at Yucca Mountainin the presence
of typical silicate rich ground water?

MR. CODELL: Well, that woul d depend on if
you have schoepite in the water comng in.

DR. EWNG Right, you do.

CODELL: Yes, | think so.

EW NG  Schoepite would fornf

2 3 3

CODELL: Yes.

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

246
DR EWNG Certainly not, | think.

MR. AHN: There are a coupl e of reasons we
study the schoepite. Under the very | ogic conditions
silicate water was -- silica was depleted in quite
often in testings. Predom nately they observed the
schoepite later. That's one reason we study the
schoepi te rel ease nodel

The other nodel was at this nonent
radi onucl i des are considered to be entrapped in the
schoepite, but it's not confirmed in the cell oids,
that's another basis we study the schoepite.

DR. EW NG So all the technetium you
think is in the schoepite?

MR. AHN.  Maybe the --

DR EW NG No, this is strictly an
assunpti on, and probably the techneti umwoul d not be
in the schoepite.

MR. AHN: Yes, right. Let ne add one nore
t hi ng.

In our nodel 2, which is base nodel
al ready factored in the secondary phases, because the
solution rate determned included the secondary
phases. Even you forned the secondary phases have
technetiumw || not be trapped i the secondary phase.

DR. EW NG VWhat about cesium or
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strontiunf

MR. AHN: Right. Pardon ne?

DR EWNG  Cesiumor strontiunf

MR. AHN: Cesiumand strontiumw || not be
rel eased -- will be released and will not be trapped
in the secondary mnerals. However, cesium -- also
cesium and strontium we do not consider, except the
cesium 135. Because those are not |ong-lived for
radi onucl i des.

DR. GARRICK: Mst of it will be gone.

DR EWNG \Well, not the 135.

DR GARRICK: Well, not, no.

MR AHN: 135 i s no.

DR EWNG M major point is if you |l ook
at urani umdeposits around the world under oxidizing
condi tions, schoepite fornms for awhile and thenit's
a very different phase assenbly that you woul d expect
at Yucca Mountain or under these conditions.

MR. ESH Go to the next slide, please

This i s kind of where the rubber hits the
road. |'ve basically taken our nodel and the inputs
t hat we have for our nodel nunmber two, and converted
it into a spent nuclear fuel degradation tine. \What
you see is at higher tenperatures it degrades faster,

of course, as you woul d expect. And |'ve plotted a few
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experinmental points where they would convert back to
this result on the plot here. And this was for the
particle nmodel, not the grain nodel. The grain node

isS nore conservati ve.

This is another perinmeter, the pre-
exponential factor that we typically see as bei ng very
sensitive in our performance assessnment results. And
you can easily see that fromthis figure. Sonme of the
time it degrades very rapidly, some of the time it
degrades very slowy, and so it creates quite a bit of
temporal variability in the timng of the rel ease.

| think there's slide 29, can you skip to
t hat . No, let's see. Keep going. 30. 31. 32.
Here's your question about the alternative fuel
di ssol uti on nodel s.

Basically nodel 1 is the nost pessimstic
and thi s schoepite nodel is the nost optim stic of the
four that we considered. But alternative nodel
uncertainty can add -- can be pretty significant in
this case, and | think that was the point that you
wer e seei ng discussed earlier, maybe by M. Garri ck.
| woul d agree with himthat | believe that source term
nodeling can be pretty -- the uncertainty in the
source term nodeling can be pretty significant. W

feel we have the capability in our code to ook at a
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lot of different alternatives, and that's all we
really need to do. And we'll |ook at whatever
alternatives the DOE wants to come forward with and
try to support.

Let's go back. Okay. W can go to the
next slide then.

We' ve added a nodel for glass in TPA 5.0.
We didn't originally have it. Primarily because the
inventory in the glass is a lot smaller for many of
t he key radionuclides than it is in the fuel. But to
have the flexibility to evaluate DOE, we felt we
needed to add a gl ass nodel, and it's very anal ogous
to the fuel. There's a lost of estimted glass
di ssolution rates. They can be dependent on gl ass
formul ati on testing net hods, test conditions, al ot of
t hings that can influence them a lot of variability
in these rates. And we use a rate expression that's
simlar to what the Departnment of Energy uses. Qur
ultimate rate has a forward di ssol utionrate termthat
it basically slows down as the silica builds up in
sol uti on.

The intrinsic dissolutionrateis given by
this expression. It's a function of the ph and the
tenperature inside the package.

DR, MORGENSTEI N: That would only work
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with -- not a flow through situation.

MR. ESH: I don't know in particular
whet her - -

DR MORGENSTEI N: Because, | nean, you

woul dn't build --

MR ESH. Well, | woul d expect that inthe
flowthrough situationthis termis essentially zero.
So it essentially goes at the forward rate, yes. And
even, as |'ve stated earlier in our conceptual nodels
for rel ease, we still do apply a small vol une of water
associated with the flowthrough nodel. It's just not
the | arge vol une of water |ike you have i n the bat htub
type of release.

You can go to the next slide, please.

The reason why we added gl ass i s because
t he t enper at ur e dependence of the gl ass, the arhenius
termis typically stronger than what you see for the
fuel or at | east is abstracted in our nodel. So under
sonme ci rcunst ances the dose fromthe gl ass can exceed
the fuel. But as you go to later tine overall the
fuel has nuch nore inventory, it dom nates our risk.
And these are prelimnary results from our current
version of the code.

Next slide, please.

Waste form cladding, | think you heard
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earlier that we don't take credit for cladding in our
TAP 5.0 base case, but we feel we have a flexible

nodel. And there's a failure mechanisns that can

influence the cladding. I've listed eight of them
here. 1'msure people in the audi ence could add sone
nor e.

Qur TPA 41J has a factor, it's called the
cl addi ng correction factor. And it can be set by the
code user for conplete to no protection. But we
realized that, okay, it isn't quite going to give us
what we need with respect to the cladding failure, so
we' re adding tinme dependency in TPA 5.0. That shoul d
allow us to evaluate any sort of cladding failure
wi t hout spending the effort to devel op a mechanistic
nodel for any one of these corrosi on nechani sm

DR. GARRICK: \What there corresponds to
what DOE cal | s unzi ppi ng?

MR. ESH. The unzi ppi ng woul d conme i n here
inthetinme dependency, actually. It's not -- you have
a failure nechanism which is listed here in the 8
different points. Then after it perforates, then the
cl addi ng can unzip. And so the perforation m ght be
temporal and the unzipping mght be tenporal. That
would be sone sort of convolution to get one

expression, | imagine, for the overall behavior.
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DR GARRI CK: Yes.

MR. ESH: It mght not be conpletely
straight forward, but this sort of change to our code
is not sinple, but it's not nearly as difficult as
adding in these detail ed mechani sm

Let's go to the next slide, please.

W basically have a variety of
expl anati on, a nunber of expl anati ons for why we don't
take credit for cladding our base case. Basically the
assessnent i s as conplicated as assessingthe netallic
spent fuel waste packages. The chem stry inside the
package is quite conplicated and to assess the
i nci dence of | ocalized corrosion and stress corrosion
cracking in the cl addi ng, we woul d need to have pretty
good estimates for what's going on inside the in-
package chem stry. So we don't take credit for
cl addi ng in our base case.

Now you mi ght say, well that's very great
but it's not as conservative as you can inagine
because there is going to be glass source term
There's roughly, | think, 3 percent of the fuel going
into the repository of the stainless steel clad and
not nmuch -- and | think the technical experts
generally agree they wont' take credit for the

stainless clad fuel like they will the Zircaloy. And
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thereareinitially failed claddingthat goesintothe
repository. Thenthere's the additional uncertainty of
rail transport and what that m ght do to the cl addi ng
as it reaches the repository. Andinterimstorage and
the tenperatures inposed onit there. There's al ot of
uncertainties that we did a sensitivity analysis
consi dering those factors. And roughly we coul d reduce
our base case doses by about 80 percent if we took
cladding credit. But it's not 100 percent effective,
and that's somewhat of a m sconception whenever woul d
peopl e woul d | ook at, okay, you don't take credit for
cl addi ng.

This is pessimstic, but our technical
staff don't believeit's overly pessim stic, nor with
our current results do we need to worry about it too
much. If we had results that we were getting -- that
were much larger, we'd pay a lot nore attention to
sonmething like this.

Next slide, please.

Once we get our waste forns corroded, our
EBS corroded, our waste fornms corroded, then we have
two nmechani smthat we can rel ease. W have advective
transport and we have diffusive transport. The
advective transport requires flowand it carries the

di ssol ved radi onucl i des out at their solubilitylimt.
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Qur diffusive nodel that we added for TPA

5.0 it's going to be transport of the filnms of the
wat er both inside and outside the waste package, and
t he user defines the | engths and thi cknesses of these
filns.

We found that the thickness of the film
t he I engths and thickness of the filns in particular
i nsi de t he package can have a bigrisk limting effect
for alot of scenarios. You can imgine if you pulled
t he end of f one of these packages, the diffusive area
isn't the open area. It's the water filmarea on the
i nside contact area. That's a lot different. So you
have to be careful how you abstract and how you nodel
this diffusive transport, and that you're being
reasonabl e for the phenonena you're tryingto | ook at.

Next slide, please.

Qur rel ease and transport aut o package, as
| said easier, we have two contact nodel s, bat htub and
fl ow through. The bathtub can have vari abl e height.
Fl owthrough is the same, but we don't allowthe build
up of the fluid. And basically the nmass-out of any
radi onucl ides is a product of the water flowrate and
t he concentration. The concentration is determ ned by
solubility limts.

Solubility limts abstraction is based on
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the likely solid phases precipitated or co-
precipitated inthe chem stry of the fluidthat reacts
with the solid base.

Let's go to the next slide where | cover
solubility limts.

There are a nunber of radio elenents;
cesium technetium carbon iodine. W basically say
solubility limts are one nolar. W don't believe
they' Il be any significant solubility limt in the
sol i ds.

The range and probability distributions
for many of the other elenments in TPA are based on t he
elicitation of experts conducted by DOE. So this is
a source of information that we are using. They've
actual ly progressed fromthis point. W' re using sone
information that was fromthe project, as we didn't
have any better infornation.

The assunpti ons behind their distributions
is that UZ water is bounded by that of J-13. The
solubility limts are going to be determ ned by the
far-field groundwater. And the environnent is
oxi di zi ng.

Now, we needed a backup side, so | have
nunber 33. It gives you sone indication of how --

yes, that's great. How sensitive the nodel can be to
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solubility limts. You have a set of the
radi onucl i des, but basically their solubilitylimted
all thetine, even consideringthevariability andthe
flow com ng into the package.

Then you have another  subset of
radi onuclides that are rarely if ever solubility
l[imted. And then you have sone that fall in between.
And it can be sensitive to the type of water contact
you' re using. And this paper goes into a |lot of
detail about all the influences you can have on
solubility limts and rel ease.

The set of radi onuclides here on the right
hand corner, those are the ones that we typically see
get now. They'rerelatively lightly retarded and t hey
have a high solubility limt. These other guys, in
addition to being solubility limted, typically al so
absorb rather strongly, too. So they're doubly
mai nt ai ned in the systemand t hese guys you coul d say
are not very well retained in the system

So the output of our performance
assessment for theregulatory tine periodistypically
strongly influenced nuclides down in this corner
whereas the | onger termrisks are nore influenced by
the nuclides that fall in the m ddl e and the far hand

side of the graph here.
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DR. LEVENSON: | have a questi on.

MR ESH  Sure.

DR. LEVENSON: | understand t hose down on
the right hand side, their solubility for all
practical purposes for this is alnost infinite,
et cet era. And you calculated at one nolar for
calculating for -- is there enough that in the fuel at
any one cask to really get you to one nolar or
anywhere near it?

MR. ESH: I don't know. | know that it
only takes about .007 mllimeters per year for any
reasonabl e rel ease rate of, say, techneti umand i odi ne
tonobilizethat. It only takes alittle bit of water.

DR. LEVENSON. Ch, |I'mnot tal ki ng about - -
I"m not questioning at all that it mght be all
nmobile. Al I'"'msayingis that if you re calculating
what's conming out of there based on concentration
gradi ents and you' re usi ng one nol ar, you may not have
anywhere near enough material to get one nolar.

DR CAWPBELL: Dave --

MR ESH: Well, it mght be better to
present this information normalized to the inventory.
That might provide you an additional piece of
i nformati on.

DR. CAMPBELL: Dave, |let ne take a stab at
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t hat . That's an upper Ilimt. It's not the
concentration of iodine or technetium or whatever,
coming out in the solution. That's driven by the
rel ease rate for the degradation of the fuel. The
whol e point of the one nolar is it just sinply noves
the solubility limts so high that you' Il never have
asolubilitylimt. It's not com ng out at one nol ar - -

DR. LEVENSON: You're saying the one nol ar
is not used in the cal cul ati on?

DR. CAMPBELL: It's just you've set the
solubility so high that what drives the rel easeis the
rate of degradati on.

MR. ESH. So sonetines you'll have rel ease
rate dom nated nuclides and then sonetines you have
solubility nuclides basically.

Can we go back to --

DR. PAYER. Dave, while you're on that,
there's quite a bit of steel on the inside of the
wast e package that's going to generate quite a bit of
iron oxides. Do you account for any beneficial or
detrinental or any effects of that iron oxides?

MR. ESH. The answer is no. |f we can go
back to the solubility limt slide, which was 22
maybe. 23.

For the solubility Ilimts that are
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uncertain, we're getting nost of themfromthis expert
elicitation. And these are t he assunpti ons assignedto
t he expert elicitation. They, | believe, did not take
credit for the corrosion products inside of the
package.

It's actually interesting that you
nmenti oned t hat. DOE has gone to nore process oriented
solubility 1limt calculations, which were the
di scussi on point that Rob was getting at. And those
are typically functions of the in-package chem stry
that they calculate. The in-package chem stry was
generated with an EQ 36 simnul ation.

| believe that you could potentially have
beneficial effects fromthe corrosion products. You
could al so have a chemical environment that is nore
aggressi ve and you have higher effective solubility
[imts than based on what these assunptions are.

DR. PAYER Yes. | was thinking nore -- |
nmean that's all true; it could have certainly a
function of the water chem stry of the water that's
there. But | was thinking nore fromthe standpoi nt of
how it mght effect the diffusion path [ink or the
transport processes. And also if it would provide any
retardation of any of the radi onuclides absorbing to

the iron oxides. These are fields | don't know much
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about it, I've just heard the terms brought up.

MR. ESH. Yes. The interesting thing for
the elenents that you consider solubility limts
i nsi de the package, they tend to be the ones that al so
absorb rather strongly in the geosphere. So what
you'll find is that only under conditions of |ower
t han expected absorption and higher than expected
solubility dothey start significantly contributingto
t he ri sk.

The invert below the waste package
typically has a chemical environnent that is |ess
aggressi ve than insi de t he package i n DOE' s nodel . And
what happens is you may have a higher solubility
inside the package, but then when that nuclide
rel eases fromthe package, it hits this environnment
that's in the invert nore dilute, nore benign, has a
hi gher ph and a |l ot of the nuclides precipitate once
they hit the invert and they're released at a | ower
rate fromthe invert. So it's a system problem and
you have to consider the solubility limts both
out si de and i nsi de t he package whenever we di scuss it.
It's not an easy problem by any neans.

Next slide, please.

I n concl usi on, what | wanted to get across

was we've based our nodels on the data we have, the
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objective information that we have. We use sinple
concepts where possi ble, but the nodels can be pretty
conpl ex.

Probably the first source of information
you'd want to go is the TPA wuser's guide that
describes all these nodels in much nore detail than |
could dointhis presentation. But then contact any of
us if you want further discussion on any topic.

And a key point, though, is that our code
has to be fl exi ble enough for us to do a revi ew. Yes,
we may nmeke sel ections for nodel s of perineters in our
base case, but we aren't goi ng to base our deci si on on
our nmodel. We're going to base our decision on DOE' s
nodel, their results and their support of it. W'l
use our nodel to question things that maybe we can't
directly run DOE s nodel or directly evaluate
something. O maybe we have a qui ck question about
somet hi ng, we use our code to do that sort of work and
to evaluate those sorts of questions.

So, in summary, | believe our tool is
fl exi ble enough and it'll provide us what we need to
do our licensing review.

Be happy to answer any questi ons.

DR. GARRICK: Yes. CGo ahead.

DR. LATANISION: Well, | guess this may

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

262

applied to the first of your bullets up there, the

dat abased nodeling. And |I'mthinking of the figures

that | asked the question about earlier, and this
would be 6, 7 and 8, | guess on uniform corrosion
rates.

MR, ESH: Yes.

DR. LATANI SION: The date in these studies
is at 95 degree centigrade. And if the project goes
forward and the hi gh tenperature operating node, then
a considerable period of the lifetime of these
packages and drip shields wll be at higher
t enper at ur es.

MR ESH. Sure.

DR. LATANISION: | guess |'d feel alot --
| think intuitively the conclusion is right, that
uni form corrosion probably is not an issue. But |
guess |'d feel a lot nore confortable if | saw a
t enper at ur e dependent corrosion rates that woul d, you
know, allowthat sort of careful analysis. And | don't
recall. Maybe Bob Andrews knows the answer. | don't
know where he is. But is there project data that
shows the tenperature dependence?

MR. ANDREWS: Yes, there is sone limted
general data and tenperature dependence of those.

Those wer e al so docunented i nt he Suppl enent al Sci ence
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Per f or mance Anal ysi s.

DR.  LATANI SI ON: Up to what range of
t emrper at ur e.

MR. ANDREWS: Oh. That's a good questi on.
Probably only up to about 95. |"'m not sure we
exceeded.

DR. PAYER: | think there's polarization
data both at the center, perhaps Gustavo could
nment i on.

DR LATANISION: On, | know that.

DR PAYER:. But also Livernore has one
pol ari zation --

MR. ANDREWS: Livernore has the
pol ari zation data, but | think they were general.

DR. PAYER -- so passive current density
interpretation are up to 120 and 130, | believe.

MR. ESH  Your point is right on. | mean,
yes, if you believe you have a wndow of
susceptibility possibly at higher tenperature, and
that's what the fundanental science says, then you
want to have sonme information to hang your hat on
there. And it's conpletely reasonable.

DR. LATAN SI ON: Vell, nmy point's very
sinmple. | nean, | think intuitively your conclusionis

correct. But | think |I'd al so be much nore certain or
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confortable with that if | coul d see sone tenperature
dependent dat a.

MR. ESH. What we find -- sorry. \Wat we
find for the general corrosioninformation, | believe,
both at the center and this would hold for the DCE
wei ght loss data, it's very noisy or uncertain,
whatever you want to call it. Experi ment al
uncertainty. And if you try to do a regression on
what's the change i n the general corrosion rate based
on the environnental influences, you can't cone up
with anything really. You don't seeit's sensitiveto
ph, you don't see it's sensitive chloride. You don't
see it sensitive to tenperature. You just seeit's an
uncertain set of data. So you have to go to other
types of nmeasurenments than those particular
nmeasurements that are confounded by silica
precipitation in the DOE's case, and | just think
i nherent neasurenent uncertainty in some of the
nmeasurenents we get.

DR. LATANI SION:  You know, |'m sorry, |
don't buy that. | nean, that's just not good enough.
| nmean, if you look at a couple of different

tenperatures with the same solutions, that's what |I'm

| ooki ng for. You' ve got a reasonabl e envi ronnent here.

And if you | ook at 90, 120 and get corrosion rates,
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then | think -- I"mnot sure that would be all that
noi sy.

MR. ESH. The data | had, and | did this
regression, that we're at 25, 60 and 90 --

DR. LATANI SION:. W have to go into your
l ab and | ook at this.

MR. ESH. You basical ly get Rsquares that
are statistically not significant. You can't --
there's alot of additional sources of uncertainty in
t hat dat a.

DR. LATANI SION: So cl assical rate theory
doesn't apply to corrosion rates in this case?

MR ESH: | would expect it would. My
opinion is | would expect it would, but the data you
can't elucidate that from

DR LATANI SI ON:  Yes.

VR. CRAGNOLI NG This is Custavo
Cragnolino fromthe center.

Let ne clarify a little bit this point.

| think | would have to conbine the range of
tenperature of all the boiling point of water
sol uti on, diluted solution. Because we did

experiments in the range of room tenperature to 95
degr ee. And it's true that, as it was nentioned,

there is a lot of uncertainty in the data, and we
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can't cone out with a very worthy value for the
activation of energy and for the preintervention
val ue. But we are confident that at | east
tenperature's right. Now we are using to the
t enrper at ur e about 100 degree, but in order to dothis,
we have to work the concentrated solution of cells
that are -- | asked to do experinments on the liquid
cells without using a natural system that create
particular conplications. And this is what we have
done and try to do now, and to see if the val ues that
we are getting in the tenperature range that we know
when, that is from 25 degree to 95 degree can be
extended out to 120, 130.

DR. LATANI SION: Right.

MR. CRAGNOLING And this is the current
situation. There is good reason to believe that the
continuity of this physical process that's going to
have to work with final concentrated sol ution, and we
have a fewweeks. And | think the project, the DCEis
sensitive to doing the same thing, but they are
confronting the sane problemthat we are.

DR. LATANI SI ON: Good enough.

DR. GARRI CK: Ckay. Any other questions?
Yes, go ahead, Marty.

DR, MORCGENSTEI N: Can we go to 237
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Looking at the water chemi stry again, was there a
particular reason to go and | ook at UE-25p#l1 as a
bounding with J-13? In other words, if you guys were
going to do this over again today, would you go down
this direction?

| hate to put it this way, but |ooking at

UE- 25p#P1 i s | i ke goi ng back to Szymanski. |'msorry,
but the states not going -- we can justify an
upwel ling of water into the -- you know, in their

field. And | don't see how el se you're going to get
t hat conposition. Are you suggesting that Szymanski
was correct?

MR. PABALAN: This is Roberto Pabal an at
t he Center.

| think the anal ysis that was done by the
DCE, their expert welicitation used the UE-25p
conposition only because it has nore present in the
solution phase. And -- is a very strong conplex --
that's | think the reason for using a UE-25p as one of
t he boundi ng conpositions in addition to J-13.

So we're not inplying that any upl oadi ng
woul d occur, of course.

DR. MORGENSTEIN: "Il just let it ride.

MR. AHN:. | have one information for you.

This is Dr. Ahn.
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You nenti oned about the solubility limts
in the presence of various secondary mnerals. In

fact, in the expert elicitation as you see on page 23,

you can see the database nention it at all. That
really include the secondary mneral. | don't nean to
include the whole -- mnerals, but it included

m nerals during the spent fuel dissolution.

DR. GARRI CK: Any comments nore from
either the panel or the committee?

DR. PAYER: One ot her question, | guess.
| Sthe treatment of the water into t he waste package,
isit ever found or has it been | ooked at if the water
beconmes the controlling rate, that it just cones in
and it's being used up or is it -- is it |ooked at
that there's just this very | arge anount of water and
that's never an issue. It's either drippingin there
or the filn®

DR EWNG So is your question that the
evaporati on potential exceeds the anmount of water --

DR PAYER: Yes, the possibility of
evaporati on potential as things are corrodi ngthey use
up sonme of the water, and this can effect the kinds of
wat ers that remain.

DR. EWNG  Sure.

DR PAYER: IT could also effect if it's
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wet or if it's dry and just the issue. | nean, you' ve
got the package that in some cases the visionisit's
got some stretch corrosion cracks in it. In other
cases there are holes drilled init. You know, that
exchange, has it been | ooked at? Oxygen is consuned
by these products as well during some of these
peri ods. Has that ever been found to be a controlling
rate?

MR. ESH. That's a very good suggesti on.
Because some of the rates as |'ve presented can get
very | ow under certain circunstances. So you could
possibly have a limted fromthose processes.

We primarily only consider the hydraulic
l[imtations to those water pathways, but not as you
suggest .

DR. PAYER. Well, ny understanding the
Swedi sh programgoes t hrough an exerci se where i f t hey
penetrate their outer package, they deal with the
anount of oxygen that can cone in and what kind of
condi ti on remnains.

MR ESH. Sure.

DR. PAYER: You know, obviously, it's a
different situation. But the treatnent of it is
avai |l abl e.

MR, ESH. Sure. It's a good suggestion.
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DR. CAMPBELL: Just one comment here.

Andy Canpbell, NRC staff.

A nunber of years ago | was part of a NEA
panel that reviewed the safety report 97 for the
Swedi sh KBS-3 concept. They essentially put a |arge
amount iron inside the waste package and t hey have an
environnent that is extremely reducing. So what
happens i s they' ve engi neered t he package to generate
hydrogen i f any water gets into it through the copper
cani ster through pi nhol es or sonething |like that. And
the canister is in a bentonite shell, if you wll.
And it's very strongly reducing environnent both
because of the geol ogy and because of the bentonite.

And so what they do is that generates an
over pressure inside the waste package which tends to
[imt how nuch water can defuse in. So that's
basi cally what's happening i n the Swedi sh system and
t hey nodel ed the di ffusion of noisture into that and
the generation of the over pressure, and then the
possi bl e stopping point where water can no |onger
diffuse in because there's too nmuch hydrogen over
pressure.

DR. GARRICK: Any other questions? Any
questions fromstaff? Ckay.

Thanks a | ot, David. Very good.
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As you can see from the agenda, we have
allowed time for public comments, and | think we woul d
like to ask if there's anybody in the roomthat woul d
like to make comments at this tinme, this is the tine
to do it.

M5. TREI CHEL: Judy Treichel, Nevada
Nucl ear Waste Task Force.

Well, you can be grateful | don't have a
conment. | have a question.

On the schematic the invert is crushed
tuff. Is that |ike gravel that you just -- is it just
thrown in there and snoot hed out, or do you actually
make a surface out of it |like a cenent that's nade out
of real small crushed tuff? Because it al ways | ooks
like this flat form and | knowin Joe Payer's slide,
he was still back to the carbon steel invert, and
t hat' s gone.

DR. GARRI CK: Abe, you want to orchestrate
t hat one?

DR VAN LUK: It's ny inpression, and
"1l go back and check it, that it's a netal frane
that is filled with crushed tuff and is perhaps
snoot hed out to the way that you snooth gravel with a
rake. But it's not a hard surface. Al of the support

is on the netal supports, not on the crushed tuff
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itself. It's not a | oad bearing gravel.

M5. TREICHEL: COkay. Is it a carbon steel
frame then that this stuff goes in?

DR. VAN LU K: Do we have sone peopl e here
fromthe engineering side?

It's ny inpression that it's a -- not a
carbon steel frame, but it's a stainless steel frane.

M5. TREI CHEL: Okay. And then the pallet
is made of Alloy 22, is that right?

DR. VAN LU K: The pallet is made out of

Al'l oy 22.

And | shouldidentify myself | guess every
time | speak. Ed Van Luik -- oh, | don't need to.
kay.

And | believe that where the pallet neets
the invert, the conponents that it neets are also
Alloy 22. So there's not going to be areliance of an
Alloy 22 to stainless steel interface.

M5. TREICHEL: kay. Thanks.

DR. GARRICK: This is an opportunity. Any
ot her cooments? Wl |, hearing none and unl ess there's
guestions from either any of the speakers or
partici pants, or the panel or the Conmttee, | think
we'll --

DR. LEVENSON: | have one ki nd of generic
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guestion. | don't know who to ask it of.

In the calculations for humdity and
noi sture and things | i ke that, originally the concepts
assuned that this was a gas type nountai n, whereas t he
USGS neasurenments are that this is a giant chimey
passi ng sone thousands of CFM of air up through it,
whet her there's any fans running or not. s a
conbination of the chimey effect and barometric
punpi ng being taken into account these days in
calculating things like humdity in the nountain?

The USGS has nmade extensive neasurenents
on it.

DR. BULLEN. Bob Andrews?

MR. ANDREWS: Yes, let ne try.

The observati ons of baronetric have been
factored into the hydrol ogic nodels upon which the
seepage nodel s are based. But the actual transient
ef fects, you knowdaily or yearly transi ent effects of
gas punpi ng have not been directly incorporatedinthe
t her nrohydrol ogi ¢ cal cul ati ons t hensel ves.

DR. LEVENSON: I think the USGS
nmeasurenents indicate that the steady-state chi mey
ef fect punpingis greater thanthe baronetric punpi ng.

MR, ANDREWS:  Yes.

DR, LEVENSON: It's not yet been taken
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into account?

MR. ANDREWS: No. The thermal chemi ca
nodels that | alluded to, the thermal hydrologic
chem cal nodels do allow that air phase gas exchange
for the chem stry, but not for the hydrol ogy.

CHAl RVAN HORNBERGER:  How about for the
t her mal ?

MR, ANDREWG: Not for the therm
hydrol ogy. The thermal chemstry, but not for the
t her mal hydr ol ogy.

CHAI RVAN HORNBERGER:  You know, | guess
the real questionthat arises that M|t has brought up
before is to what extent this air novenment carry
noi sture and heat along with it and is that transport
significant with respect to the ot her nechani sns t hat
you consi der?

MR. ANDREWS: Let nme go back and try to
find the answer to that. Thanks.

DR. GARRI CK: Bob, before you |leave, |I'd
like to ask a general question of you and Dave Esh.
And that is, and focus on the source term |n your
opinion, not in the opinion of the nodel, in your
opi nion as an expert what do you consider the 3 or 4
greatest sources of uncertainty in the source term

nodel ?
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MR. ANDREWS: Gosh. What an opportunity.

Wel |, defining the source termthe way we
did here, | think the degradati on nodes of sone of the
engi neered barriers, in particul ar t he wast e package,
are significant and alternate degradati on nodes. So
that's a key uncertainty that effects performance for
t hi s nom nal scenario class that we' ve been focused on
in here, as opposed to other disruptive events that we
have not focused on in here.

| think that some of the solubilities and
t he i n- package chem stry effects on those solubilities
are also significant. And the transport out of the
package, you know this diffusive effect on the
di ffusion | engt hs or advecti on and effects of pl uggi ng
and its potential effects of advection and diffusion
woul d al so be maj or significance.

| think the first two are coveredin al ot
of KTl agreenent itenms. The third one |I don't think
we have a KTl agreenent itemon, actually.

DR. GARRICK: Wiere would you put water
composi tion on there?

MR. ANDREWS: Vell, it's the water
composition and its effects on bullet nunber one,
which is the degradati on of the engi neered barriers.

And on bullet 2, whichis the solubilities and rel ease
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rates.

DR. GARRI CK: Dave, you want to share with
us your w sdom on this?

MR. ESH. Sure. | think I would say the
source termrel ease, the source termuncertainty that
| feel is the biggest, is the actual conceptual nodel
or nodel uncertainty with respect to the waste form
in particular the fuel. It's related to water
composi tion question because it effects both the
phases and potential secondary phases that can form
i nsi de the package and the solubility [imts for sone
of these species. They typically don't showup inthe
out put of the performance assessnent because of how
much they're retarded in the geosphere. But they
woul d be t he ones t hat woul d nost i nfluence the | onger
term peak risks.

So, | don't know how to say whether it's
wat er conposition or whether it's the source term
nodel solubility release rates. But | don't know how
you separate them That concept, |'d say, is one. And
then the second one is what is the high tenperature
performance of the engi neered barriers.

So I kind of have given you nmaybe five

that are descri bed as two.

DR. GARRICK: kay. Do any of the other
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presenters or speakers that are here want to add or
amplify or illumnate. Go ahead.

DR. MORGENSTEIN: Probably if we take a
step back and | ook at the npbst inportant aspect of
what we real | y don't understand, it's the environnent.
And it's the geochem cal near field environment, and
t hat breaks down into the water chem stry. But it's
not limtedto just the water chem stry. It'slimted
to an understandi ng of what the tenperature regine
| ooks I'i ke with respect to what water chem stry cones
in contact with which canister at what point intine.

And a gross assunption by nost activity
has been to | ook at one or two water chem stries or
one or two tenperatures and say this is what the
behavior will ook I'ike. And that over-sinplification
is probably driving our frustrations today. Until we
understand those basic perineters, we really can't
speak t o what aut hegenci s are going to formbecause we
don't have the conditions.

We can't speak to transport out of the
system into the saturated zone, because we really
don't know what's being transported. We don't know
what t hose colloids | ook Iike, if there are coll oi ds.
So that we really don't have a sound franmework of

under st andi ng of the environnent of the near field,
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and | think that's what perturbs us the nost.

MR ELZEFTAWY: M. Chairman, | have a
comrent .

DR. CAMPBELL: Yes. Your nane.

MR, ELZEFTAWY: It's ny personal comment
as a nmenber of the public. | don't want to think about
traveling 2,000 mles to nake the comment.

By nane is Atef Elzaftawy, and |I'm a
hydr ogeol ogi st .

The last thing | did with this program
1988 or '89, but | have been -- ny hands have been
dirty reading sone reports here and there. But as a
nodeler | think listening to the presentations and
| ooking at the DOE program and |ooking at the NRC
program one of the worst fear | have in ternms of
comput er nmodel s is sinply what | call it MPL incident.
MPL stands for Mars Pol ar | ander incident.

If you'll renenber, NASA sent those two
probes and t he two bi g contractors i n Pasadena and t he
other one in Denver, programmed it. One of them put
the metric system and the other one put the English
system and we finally lost both of them anyway.

So you can -- ny first program was, |
don't know, 15, 16 subroutine back in 1970. But what

goes i nto t hose subrouti nes bet ween one subrouti ne and
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the other of all this big hunmongous conputer program
is very inportant. You need to | ook at the data and
how the data is being transfornmed from one organ --
| et's | ook at our body -- fromone organ to the ot her.
What does the heart do? What does the brain do? What
does the pancreas do? What's all these organs are
doing to give you a nice tenperature heal thy body. If
you don't have all this coordination together, at the
end you wi Il have sone data but you ask yourself aml
sick or aml well.

"1l just | eave you with that. So, thank
you very much

Good | uck.

DR. GARRI CK: Yes, go ahead, Rod.

DR EW NG Just a comment to follow
Maury's di scussing the environnent.

Separate fromal |l of the nodeling, | think
one thing that always i npresses ne and depresses nme a
little bit is that this is a repository for spent
nucl ear fuel and yet the anmount of data that we have
on the behavior of spent fuel in an oxidizing
environnent is remarkably limted. And | think if we
had a stronger scientific programinvestigatingthis,
t hen our discussions of nobdels would bear a closer

relation to scientific discussions on other issues.
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| nean, it's really -- you know, this is
spent fuel that we're disposing of. It's oxidizing
conditions, we know that nmuch about the environnent.
There'll be water present. And yet the experinental
data we have with real fuel, the characterization of
real fuel, it's function at burn up, the know edge of
t he secondary phases, this is very limted.

And 1'd al so suggest it's the secondary
phases that are actually the source term The U2 wi | |
go so qui ckly that we shoul d be | ooki ng at the urani um
6 phases as the source term That of course is self-
serving, because this is sonething | work on.

DR. GARRICK: That's all right. That's why
you're here. Ckay. Yes, go ahead.

DR. VAN LU K | was wondering in the
conment s about the wi nd bl owi ng t hr ough Yucca Mount ai n
what the daily punpingis directly rel ated to how nuch
-- what the conposition is of the atnosphere in our
tunnels, for exanple, as far as radon is concerned.
I f you | ook at the west side of the nmountain, if the
wind really bl ew through the nountain as sone people
have suggested, there should be a dryout zone there,
but there is not. The flowis basically vertical on
t he west side as well as over the top and on the east

si de.
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If you look at the holes that the USGS

drilled through the PTN, through the non-wel ded unit,
t hose are t he ones that showed up, you know, basically
t he mountai n sucks and then bl ows, depending on the
weat her conditions. But inside the nountain itself
where the cross drift is where we put up sone
barriers, basically we see a very stable gaseous
envi ronnent inside those seal ed tunnels.

So | don't know where the question was
goi ng.

We do have a proposal from Nye County
sayi ng that because you can engi neer the nountain to
t ake advantage of this by basically putting drifts
upward through the PTN, rises through the PTN, you
could actually create an environnent where you get a
| ot nore air exchange and actually cooling. |I'm not
sure we want to engi neer the nountain |ike that, but
you would have to nodify the nountain to take
advantage of the atnosphere conductivity of the
nount ai n.

| mj ust wonderi ng t he questi on was com ng
from or going?

CHAI RVAN HORNBERGER:  Fromny st andpoi nt,
| don't anticipate or | didn't expect that the

guesti on was whether the nmountain was going to have
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dry-out zones. It's nore a question of, and perhaps
you have the data, | don't know the answer to the
qguestion. It's an honest question.

We | ook at the USGS and t he suggestion is
that there is air novenment, whether it's barometric
punping or whether there is a standard upflow
t hr oughout the whol e nountain. And then the question
isthat air will transport heat and noisture. And |'m
just curious as to whether it transports a significant
amount of heat or noisture, particularly noisturewth
respect to, say, relative to the depercol ation fl ux.
It's basically an upward flux, and it nmay be
negligible. | just don't know. | just never have seen
t he answer to that.

| don't think it will change the anbi ent
conditions. As you know fromyour own drift, it's not
going to lower the relative humdity in the drift.
That's not the point.

DR VAN LU K: Ckay.

DR GARRICK: Yes. Go ahead, Joe.

DR.  PAYER Just sort of a general
di scussi on and coment here.

Havi ng | ooked at the international peer
review of the TSPA, | guess at site recommendati on

time and having participated over the |ast severa
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years in a couple of different peer reviewactivities
and nonitoring what this group said and TRB said, it
seens one of the conmopn suggestions that cones out of
t hat or requests that cones out of that is the desire
to have a series of simlar nodels that capture
reality in one of the boxes, in one of the nodul es
that you started us off for this norning, and they
keep recurring.

And | think fromthat standpoint the need
and the very cl ear recognition on the part of DOE t hat
they're followng the orders they need to get a
license, to go in that direction, that you have to
have a TSPA and all, and then with that and the
combi nati on of sonme budget tines and people tinmes and
all that, there seens to be a lot of pressure that if
this doesn't reduce uncertainty in TSPAor if we do a
one off sensitivity analysis or in the flexible NRC
nodel, if it shows up it doesn't have a big effect on
the tail somewhere, then that gets a lower priority
t han sonething that does. And | understand that
| ogi c.

DR GARRI CK:  Yes.

DR. PAYER: However, it's driven us to a
poi nt where there hasn't been nuch effort really put

i n devel opi ng sone of these sinpler understand it kind
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of nodels, for exanple in sonething near and dear to
nme. |If we really had a wider data set and a better
understanding of the initiation of localized
corrosion, the likelihood of it, and inportantly |I've
seen little or no work done on the stifling of that
process.

W know that both stress corrosion
cracking and | ocalized corrosion can stop, they can

start, they can start up at arate, slowdown. And we

just haven't -- the general "we," as all the comunity
studying this problem from their stakehol der
positions, haven't real |y addressed sone of those very
fundament al ki nds of issues.

And | just make this as a comrent. | don't
know what the fix is. But, you know, | think part of
t he hope of the science and technol ogy programthat
DOE' s putting together is to be able to address sone
of the issues. But having sat around t hat table, that
t he sane ki nds of pressures cones forward. It's hard
to do and to pay for sone of these things that could
have a nmmjor inpact on just people's -- gee, we
understand that, you know.

And | don't knowexactly howit's captured

in TSPA, but here's reality and that's what they tel

me they're ding.
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DR. GARRI CK: Well, several years agothis

Comm ttee coined the phrase SPAM which stood for
sinplified perfornmance assessnment nodel. And we were
pushi ng the concept quite aggressively for a spell.
And one of the reasons |I showed that diagramis that
if we really did have a scenario based nodel of the
performance assessnment where we could rank the
i mportance of the nodel to the perfornmance neasures,
then the concept of a dom nant sequence becone
reality. And that's sonething that would be very
fascinating. Because one of the major breakthroughs
inreactor risk assessnent work was when we di d becone
nmuch nore rigorous with respect to adopting a scenario
based approach to risk and we took the notion that
what a risk assessnent is is basically a structured
set of scenarios, we were able to |look at those
scenarios and sonme very snall fraction of the
scenari os generally was responsible for sonme very
|arge fraction of the risk. And if you could take
that small fraction that was responsible for a |l arge
part of the risk and create a dom nate sequence nodel
as we did in the reactor safety arena, these nodels
became enormously beneficial. |In fact, they becane
t he basis for creating onsite nodels that were al nost

real time in the sense that we're able to nonitor the
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dynam cs of the risk of their plant on the basis of
t hese nodel s.

Now, these nodels were not the big node
and t he bi g nodel's not the plant. And you have to be
very conscious of that. But the search for sone
counterpart of that in the performance assessnent
field goes on.

And | agree with you, that would be
enormously beneficial if we had sone sort of physics
based nodel that was physi cal | y under st andabl e t hat we
could get our arnms around that we could manipul ate
rather routinely and straightforward, and that we
coul d communicate with to the public, it would be a
very desirable thing. And | think it's sonething to
conti nue to pursue.

Yes.

DR. BULLEN. Actually, we should give the
DCE a conpl i nent because about 4 years ago they did a
sinmplified TSPA and nmade a presentati on to our Board.
Unfortunately, that work didn't continue. And one of
the biggest benefits goes back to what you said
earlier this norning, is that it's a nmuch nore
transparent operation if you' ve got some sinplified
nodel that you could, you know, base at the | evel of,

maybe a high school senior or a general nenber of
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public who can tweak the knobs or turn the dials and
say, "Well, what's the worse case you can get," and
try and get themto understand t he fundanent al physics
of what's going on in the nountain.

Now, that may be a very difficult task to
undertake, but that sinplified nodel may be a real
benefit, perhaps in the |icensing stage or perhaps in
t he performance confirmati on stage where people are
trying to understand just exactly what goes on.

DR. GARRI CK: Vell, it's not just a
t heoretical concept in the reactor field. It has
beconme the basis for inplenentation of sonething
called the maintenance rule. And it's been a very
power ful device for bringing the whole concept of
mai nt enance into the arena of having sonething that
gi ves you reasonabl e assurance that you' re worki ng on
the nost inportant things as it relates to safety.

So, | don't know what can be done about
that. But | do knowthat if we could do sonmething in
that direction, | think the dividends woul d be great.

DR. BULLEN. Ckay. | agree.

DR EWNG Related to that, John, and
correct me if I'"'mwong, the advantage you have with
the safety analysis of reactors is that it's an

oper ati ng machi ne and you' re constantly updati ng your
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know edge and your nodel s wi t h what you' ve | earned on
a day-to-day basis. And the challenge here is that
we're going to build sonething and | eave it, and not
be able to update the design or the procedure to the
waste fornms in the future. | nmean, we're limted in
t hat respect.

And what |'d suggest is the equival ent of
i ncreased know edge by operating the reactor for
repositories increased research to develop the
fundanent al under standi ng t hat you need t o have t hese
si mpl e nodel s have sone neani ng.

A sinmpl e nodel doesn't mean to ne that,
you know, it's dunbed down. It becones si npl e when you
have a good physical and chemical basis for your
under st andi ng.

The chem stry and physi cs isn't
conplicated, but the nodels can be so el aborate as to
be a pain.

So | think it's really two different
chal | enges.

DR. GARRICK: Well, they are two di fferent
chal | enges. And there's been | ots of debate of active
system nodel s versus passive systemnodel s, which is
basically what we're talking about here. Passi ve

systens that have very long ti me constants. But onthe
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other hand, I'mstill not convinced that somehow we
constitute the information we already and the
extensive analysis we have into somewhat end-to-end
scenarios through sone sort of a structure |ike we've
been tal king about that you couldn't approach what
we're | ooking for here.

Any other discussion, coment? W're
ri ght on schedul e.

Yes?

DR. VAN LU K: Peter al so.

Rod took the balloon that | was going to
rai se and popped it right away. But we do have a
sinmplified nodel that we use in, for exanple, | just
used -- gave away 25 copies to a high school science
teacher's group. And | had a copy with me | could
have given you, except ny neighbor on the plane got
interested on what | was working on and took it away
from ne.

But this not the kind of a tool that you
woul d use to gain basic insight. |It's a kind of a
tool that we would use to conmunicate to the public
t hat science is indeedin our nodels, and that's about
as far as it goes.

This is a joint venture between the MO

and MTS. MIS created the sinplified nodel and put it
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on an M&O basically interactive CD, which is a very
ni ce piece of work.

And we are noving forward wth that,
except when | said | need noney to do this this year
because | prom sed the TRV, in fact, that it was ny
goal inlife to do this, | was told okay, here's the
work scope for the LA, what would you delete. And
hence, it has to wait a while.

DR GARRI CK:  Yes.

DR EWNG Well, | would say that has
value and | would |ike a copy.

DR GARRICK: You've got ny enail

DR. BULLEN: It can't be enmil ed.

MR SWFT: If we have tinme, | have a
conment .

DR, GARRI CK: Ckay. Go ahead.

MR SWFT: I'm Petter Swift. And |I'm
speaki ng here as soneone who wi Il in sone way react to

and perhaps inplenment suggestions fromthis group.
And | hear requests here that | find I'm
getting a m xed nessage. Sinplicity and realism from
a nodel er' s point of viewthey don't always converge.
They rarely do.
| hear Rod asking for trace el ements to be

considered in the formati on of secondary phases, a
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realistic and sensible thing to do. It's not an easy
nodel i ng t ask.

| hear Joe asking for cyclic processes in
corrosion betreated explicitly. Thisis not a sinpler
path. It's actually a nore conplicated path.

And Abe's comment is a good one. Wat a
si mpl e nodel can do, typicallyislimt it toresults
that are within the scope of what your nore conpl ex
and deeper understanding tells you is reasonable. So
t he sinple nodel Abe talks about, it's basically --
it'll reproduce the range of results and | et the user
tinker within the range for which the larger nore
conpl i cated nodel appears to be valid. But once you
take a sinple outside the range of validity of the
understanding you just develop nore conplicated.
Underlyi ng nodels, you' ve gone beyond the range of
validity for this sinple nodels.

So | want this group to think about that
as they reconmend a si npl er nodel. What are we real |y
asking for? | think we're asking for a tool to help
us understand what we already know from the nore
conplicated nodels or what we should know from the
nore conplicated nodels, you know, assum ng they're
adequat e.

And that's ny coment.
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DR. GARRI CK: Good. Good. AS Ei nstein

said, make it sinpler, but no synptom-- what did he
say? Make it sinpler but no sinpler.

Okay. We'll be here at 8:30 in the
norning, and with that we'll adjourn.

Thank you very nuch.

(Whereupon, at 5:35 p.m the hearing was

adj ourned, to reconvene tonorrownorning at 8:30 p. m)
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