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P-ROGEEDI-NGS
(8:33 a.m)

CHAI RMVAN GARRI CK: Good nor ni ng. Qur
nmeeting will cone to order. This is the second day of
t he 146t h neeti ng of t he Advi sory Commi ttee on Nucl ear
Wast e

My nane is John Garrick, Chairman of the
ACNW The ot her nenbers of the comm ttee present are:
M ke Ryan, Vice Chair; GCeorge Hornberger; and Ruth
i ner .

Today the conmittee will hear fromthe NRC
staff on Yucca Muntain preclosure safety and drift
degradation issues. W will hear fromthe staff on
the updated staff perfornmance assessnent code. W
intend to discuss the plan for ACNW review of NRC
wast e managenent -rel ated safety research to revi ewour
proposed presentation for tonmorrow s public neeting
with the Conm ssion.

Richard Major is the designated federal
official for today's initial session. The neetingis
bei ng conducted i n accordance with the provisions of
t he Federal Advisory Conmittee Act.

W have received no witten comments or
requests for tine to nake oral statenents fromnenbers

of the public regarding today's sessions. Shoul d
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anyone wi sh to address the conm ttee, pl ease nake your
wi shes known to one of the conmttee staff. And it is
requested that the speakers use one of the
m crophones, identify thenselves, and speak clearly
and | oudly, so that we can hear you.

Qur first topic is going to be the Yucca
Mountain preclosure safety and drift-degradation
i ssues. The committee had sone briefing on the
net hodol ogy that's being proposed on this sonme tinme
ago. Infact, it was a joint subcommttee of the ACRS
and ACNWthat wote a report in January of 2002, and
that report had three or four corments init that were
of great interest to the comittee.

One comment had to do with both comm ttees
favoring nore of a PRA approach than what was at that
time described as the integrated safety analysis or
safety assessnment approach. W al so suggested that
the | SA, as changes are nade in it, that those changes
be structured in such a way that it all owed evol ution
to nore of a risk-based approach to safety anal ysis.

The conmittees -- both commttees
expressed sone concern about the capability of the
integrated safety assessment net hodol ogy to address
dependent events, dependent failures. And we also

rai sed questi ons about the insights that the | SAwoul d
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provide with respect to the aggregated ri sk, because
t he versi on we saw -- there was consi derabl e enphasi s
on speci fic scenari os but not on aggregating the ri sk,
so to speak.

So we're | ooking forward to an update. O
cour se, we're talking about Yucca Mountain
applications now. At that tine we were just pretty
much tal ki ng about the nmethodology itself. | think
that the presentation today is sonmething we are
extremely anxious to hear.

And | understand that Raj Nataraja is
goingto start off and will introduce all of the other
speakers.

Raj ?

MR. NATARAJA: Good norning. Can you hear
me?

My name is Raj Nataraja, and | am the
technical lead for the repository design and t hernal
nmechani cal effects key technical i ssue, which consists
of both precl osure and postcl osure aspects.

And nmy presentation is going to be quite
brief. Basically, I"'mgoingto set the stage for this
nor ni ng' s presentation, which has actual ly t hree maj or
presentations but nade by four different people.

The title for today's -- this norning's
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presentationis precl osure safety anal ysi s nmet hodol ogy
and drift-degradation evaluation. And what | would
like to do this norning is go over the objective and
scope of this nmorning's presentation, talk a little
bit about the risk significance of the topics that we
have chosen for presentation, and then | wll
i ntroduce the speakers who are going to make quite
detail ed presentations.

So we are going to cover a | ot of ground
this nmorning, and it ranges between the saf ety aspects
that inply -- that are affecting the precl osure period
as well as the postcl osure period.

As | nmentioned, the staff has been worki ng
on nostly postcl osure aspects for quite sone tine, and
have started paying attention to preclosure only in
the | ast couple of years. That was because the work
structure was devel oped in that way, and all of our
focus was on the postcl osure aspect.

However, the first topic that we are goi ng
to discuss today is to provide an update on the
precl osure safety anal ysis. W have atool -- what we
call PCSA tool. As you know, the rule requires the
Departnent of Energy to conduct a detailed safety
assessnment, and the term used there is integrated

saf ety assessnent, which basically you have correctly
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observed consists of the same steps that the PRA has
-- what can go wong, howlikely is it, what are the
consequences.

And t he PCSA t ool that we have devel oped,
we have given you a nethodol ogy. We'Ill give you an
updat e today about the application with a specific
exanpl e.

And the second part of the presentation
will talk about the long-term effects of drift-
degradation, whichis afairly inportant issue. As a
matter of fact, the -- nost of the agreenments that we
have with DOE deal with either the stability during
the preclosure or long-terminpacts of instability.

So the second part of the presentation
will focus on how to predict the | ong-term behavior
and its inpacts on the design and performance of the
engi neered barrier system

Just to give sone reasons for why we
pi cked up these two topics, as you know, the PCSA is
our tool and our nethodol ogy that we use to eval uate
DCE's design and assess the risk significance of
various structure systens and conponents. And that's
how we determ ne whether the performance objectives
are met.

And al so, DOE will cone up with a list of
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structure systens and conponents as part of the safety
anal ysi s based on their integrated safety assessnent,
and we will do sone selective review of certain risk
significant structure systens and conponents. And the
way in which we determ ne which will be the focus of
a review is based on the work that we do using the
PCSA t ool

And as far as the drift-degradati onissue,
there is one technical issue that we have ranked as
hi gh, potentially high, in terms of risk under the
RDTME KTI. And that is because there is a potenti al
for the inpact of the drift-degradati on being severe
enough to i npact a | arge nunber of waste packages, if
the load is transferred fromthe rock falling on top
of the drip shields. And if the drip shields buckle
and transfer the load to the waste package, there is
a potential inpact on the waste packages.

The first presentation onthe PCSAw || be
done by two people. The first part of the
presentati on, which covers the nethodol ogy part, is
done by Robert Johnson of the Perfornance Assessnent
Branch, NRCstaff. And he will be followed by Dr. Bis
Dasgupta from the Center. He will go into sonme
details of the application of the two and give a

specific exanple or exanples. They nmay be real or
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not, but they show how we use the PCSA tool to
eval uat e DOE desi gns.

And one inportant thing that |I m ght add
here is that the structure systenms and conponents
i mportant to safety as defined will consistent of both
an eval uation of the public dose as well as the dose
toworkers. And it |ooks |like that the dose to public
is not a big concern here. Dose to workers is
probably the nore i nportant and nore definite result
of the operations. So the two will show exanpl es of
how it is applied to both cases.

And then, the second part of the
presentation will consist of two parts. The first
part will be presented by Dr. Goodluck. He will talk
about the enpirical rel ationships and sonme anal yti cal
cal cul ations that were used to predict the | ong-term
behavi or of an enpl acement drift.

Actually, this work was initiated as a
result of the Departnment of Energy's assunptions in
t he SAR performance assessnent, which basically nmade
an assunption that an enplacenent drift will remain
open for 10,000 years. W did not believe there was
sufficient technical basis to mke such an assunpti on.

So we | ooked at other possibilities, and

a recent report prepared by the Center actually went
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into sone details and canme up with sone alternative
possibilities. And that's what we will hear in the
first part, and the second part will take the output
fromthat analysis and use it as input to the design
of the waste package. Actually, we have not cone to
t he waste package part yet. W are |ooking at the
drip shield right now.

And we |ooked at one of the current
designs, or at |east the designs that we |ooked at
were current at the tinme when we started this work.
And that -- the inpact of the rock fall on the drift-
degradation and the static and dynam c | oads on the
drip shieldis | ooked at. And that presentation wl|
be made by Dr. Doug Gute fromthe Center also.

| just have two nore slides. | don't want
to spend too nuch time on that. The reason for this
is more or less |like a backup slide. W haven't
tal ked to sonme of the new nenbers, so they m ght not
know exactly what the RDTME KTI is all about.

It's a mouthful. It takes into account
the design and construction of operation --
construction and operation of the geol ogic repository
operations area. The word -- if we sinply say
"repository,” you know, discussions, we refer to

geol ogi c repository operations area as defined inthe
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Part 63.

And this particular KTl covers both
precl osure and post cl osure performance obj ectives, as
| mentioned earlier. And we have to worry about the
coupl ed processes and long-term inpacts of therma
| oadi ng and sei sm c | oadi ng.

We have two aspects of seismc | oading --
t he design basis seismc |loads that will be used for
the preclosure part, and then there are the seismc
events that occur duringthe 10, 000-year peri od, which
m ght i npact the | ong-ter mbehavi or of the enpl acenent
drifts and the EBS.

And t hen, the construction and operations
sub-issues are also covered under RDTME KTI, but
mai nly their inpacts are during preclosure and the --
if they are factored in appropriately for design, then
they can be factored appropriately for postclosure
per f or mance assessnent.

We have | ooked at -- if you have read sone
of our earlier versions of the IRSRs, you wll see
t hat RDTME KTl had four subissues -- design contro
process, seisnic design, thermal nechanical effects,
and seal s.

Actually, design control process was

| ooked at under this KTl sinply because we did not
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have anot her place to put it in. W were not actively
doing QA at that tinme. Actually, it belongs under
qual ity assurance.

Currently, we have cl osed that subissue,
because t he subi ssue was generated as aresult of some
of the observations we made during the ESF
construction -- design construction and operation
But the sanme issues mght, you know, crop up again
when we start thinking about design construction and
operation of the repository itself. But apparently
t hat subi ssue is cl osed.

And the last one -- seals -- is also
cl osed, because that was not relevant to the system
that we are in.

And nost of the agreements that we have
which are still being open and |ooked at are the
seism c design and thermal mechanical effects. And
there i s sone duplication here in the sense that this
DS and CLST also have lots of conmon issues and
agr eements.

And, finally, there's alot of i nformation
here which I'mnot going to go through, but this is
simply to show that we are l|looking at -- for
conveni ence, we are |ooking at preclosure.

When | said RDTME KTl itself, | already
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sai d that precl osure and postcl osure are both part of
it. But the reason why we have put preclosure
separately here is the KTl structure did not cover the
precl osure part.

So we are looking at the preclosure
aspects under 10 topics, which | believe we nmade a
detail ed presentation to you. | think it was at the
127t h ACNW neeting. W told you what the 10 topics
were, and what are some of the issues under each one
of those.

As you can see, we have right now based on
the interactions with DOE we have nine agreenents
t here, two agreenents onthe identificationof hazards
and initiating events, which is part of PCSA, and two
onidentificationof structure systens and conponents,
which is also the result of PCSA, and five agreenents
on the design of structure systens and conmponents.

But there are a nunber of preclosure
topics we haven't really touched on yet, so we wl|
probably have nore issues that conme up later.

And under the RDTME KTI itself, as |
nment i oned, the subi ssues one and four are cl osed. And
we have a total of 23 agreenents currently we are
| ooki ng at. And as you can see, many of these

agreenents deal with the stability of underground
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openings as it inpacts the preclosure operations as
well as the inpacts on the postclosure performance
because of the potential inpacts of instability of the
enpl acenent drifts.

So, in summary, we chose two topics which

we t hought were risk significant, one for preclosure

and one for postclosure. And we wll make sone
detail ed di scussions on all of those topics. If you
have any qui ck prelim nary questions, |'l|l be happy to
answer . O herwi se, we can nmove on to the first

presentation.

CHAI RVAN GARRI CK:  Any questions at this
point? Wuld you comment on the inpact that the
absence of a detailed design has had on any of these
anal yses?

MR. NATARAJA: Well, that's been one of
our problens all along. And the nature of the
repository investigation itself has been one of
iterative -- it has to be iterative out of necessity,
because they will not know all of the information in
advance. Sothey didthe site characterizationtothe
extent they could, and then the nore i nfornmati on cones
in they keep naking revisions.

And we have had sone difficulties, yes,

because we cannot pinpoint any defect in an unknown
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design. W can only work on a generic concept. So
far we have not seen a final design. But | think it
has matured enough for us to raise a number of
guesti ons.

CHAI RVAN GARRI CK:  But has t he absence of
a detailed design maybe nmade you go in a nore
conservative direction than you mght if you had?

MR, NATARAJA: | don't know whether it
woul d be nore conservative, but we would like to | ook
at too nmany possibilities. And sone of those
possibilities and alternatives m ght not berealistic

sinmply because we cannot just elimnate it at this

st age.

CHAI RMAN GARRI CK:  Yes. Thank you.

Any questions? Ckay. Thank you.

MR. NATARAJA: So Robert Johnson.

MR,  JOHNSON: Ckay. Good norni ng. (Y
nanme i s Robert Johnson. 1'Il be ready in a second.

I"'mwith the Performance Assessment Section, as Raj
nmenti oned. Bear with ne.

Ckay. Again, ny nane i s Robert Johnson
I"'mwith the Performance Assessnent Section in the
Envi ronment al Performance Assessnent Branch i n NVSS.
| will be presenting today with persons that have

al ready been introduced.
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The key or the purpose or the reason that
we're hereisto brief you guys about the devel opnent,
t he net hodol ogy, and the capabilities of the PCSAt ool
and to di scuss the sinplifiedconceptual anal ysi s that
we' ve started.

Thank you.

Okay. Once again, the reason we're here
is to discuss or brief you guys on the devel opnent,
net hodol ogy, and capabilities of the PCSA tool, as
wel |l as discuss the sinplified conceptual analysis
that we've started to do.

The next -- we're also going to provide
you a glinpse or sone insights on where we're headed
with the tool, and sone of the things that we need to
do to bring it up to speed.

Before | get any further, | need to
recogni ze sone addi ti onal contributors -- Rol and Benke
at the Center. | didn't nmention, Bis is with the
Center. Inaddition, additional contributors are Tony
Ebaugh, who is in the H gh-Level Waste Branch, and
Banad Jagannath, and there are a |ot of people who
have wor ked al ong over the course of the devel opnent
of the tool, a |ot of other people.

That leads nme to the overview. Li ke |

said, 1'"'mgoing to be presenting the first part of the
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presentation today, which is going to provide sone
background -- the rel evant background i nformati on and
nmet hodol ogy, including relevant requirenments, the
precl osure safety anal ysis or safety revi ewstrategy,
and then outline some of the capabilities of the tool,
and then step through the first part of the exanple
probl em and the capabilities of the tool.

Bis will be up next. He's going to

actually provide nore detailed information on the

conceptual analysis that -- or the exanple problem
t hat we have put together. He'll outline the future
work, and he will provide a sunmary.

kay. So I'mgoing to take a mnute or
two just to step through sone of the requirenents,
just to put it in perspective, so we can better
understand what we're doing with the tool. So I'm
going to start off the -- okay. Bear with ne.

Okay. Part 63 defines the preclosure
safety analysis as a systematic exam nation of the
site design, potential hazards, initiatingevents, and
the resulting sequences -- event sequences, and the
potential dose consequences to both the public and
wor ker s.

63-112 further defines the preclosure

safety analysis as an identification and systematic
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anal ysis of the naturally-occurring and human-i nduced
hazards at the repository, including a conprehensive
identification of potential event sequences.

The next inportant point to nention here
is the -- that the precl osure safety analysis has to
denonstrate conpliance with the regul atory perfornmance
obj ectives. And for Category 1 event sequences, which
are those that have -- those event sequences that are
expected to occur one or nore times during the
precl osure period. There's a public annual dose limt
of 15 mllirem and then the worker dose limts are
identified in Part 20 -- are 100 mllirem

The Cat egory 2 event sequences, which are
t hose event sequences that are expected to occur at
| east one tine in 10,000 before public -- during the
precl osure operation period, has a public dose limt
of five mlliremper event sequence in the organ dose
-- this is just a summary.

The precl osure safety anal ysisis required
to identify and analyze SSCs that are inportant to
safety. This analysis should also describe the
controls that arerelied onto limt or prevent event
sequences or mtigate their consequences.

It alsoidentifies measures to ensure the

availability of the safety systens, and it's also
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going to include information on the design basis and
design <criteria that satisfies the regulatory
performance objectives that we di scussed up here.

Ckay. This side provides an overvi ew of
the staff's strategy for revi ewi ng a precl osure safety
analysis that would be submtted as part of the
license application. It's inportant to note that DCE
is required to submt the preclosure safety anal ysis
that nmeets the requirenents that we just discussed.

DOE  nust denonstrate through its
precl osure safety anal ysis that therepository will be
desi gned, constructed, and operatedto neet regul atory
performance objectives throughout the preclosure
peri od. Key elements of the preclosure review
strategy include the fact that the staff will be using
t he Yucca Mountain review plan to reviewthe |icense
appl i cati on.

Specifically, wth respect to DOE s
precl osure safety analysis, the staff will use the
preclosure safety analysis tool to conduct an
i ndependent confirmatory anal ysi s where necessary and
to evaluate the preclosure -- DOE s precl osure safety
anal ysi s.

The staff will focus their review on the

important SSCs, or SSCs that are identified as
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important to safety, in the context of their ability
to neet the preclosure safety objectives. It's
i mportant to note that the PCSA tool also -- or is not
the only tool that is going to be used to identify
SSCs that are inportant to safety.

There is a whole list in 112 that
identifies a mnimum of 13 other aspects that are
goi ng to be consi dered when they' re determ ni ng what
SSCs are inportant to safety. Exanples of that --
nmeans to limt concentration of radi oactive materi al
inthe air, means to prevent and control criticality.
Another exanple is the ability of SSCs to perform
their intended safety functions, assum ng that the
event sequences occur.

The |l ast point here is that staff wll
| ook at risk insights for multiple sources. W are
first going to be | ooking at DCE' s precl osure safety
anal ysis to nake -- to get sonme risk insights to see
it fromtheir perspective.

We have our tool, which allows us to
i ndependently look at selected portions of a
repository or to look at specific systens. W have
other simlar regulated facilities. We've got --
there are nmulti pl e sources of input for riskinsights.

And as | nmentioned, one of the main things is that the
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tool provides sonme capability in this area.

Okay. The next slide outlines key
capabilities of the preclosure safety analysis tool
itself. The tool provides independent review
capability inthat it allows the staff to evaluate the
conpl eteness of DOE s preclosure safety analysis,
including the identification of hazards, initiating
events, the developnent of event sequences, and
consequence anal ysis, and the identification of SSCs
i nportant to safety.

It also allows the staff to evaluate
sel ected portions of DOE' s precl osure safety anal ysi s,
their assunptions, their data, as warranted.

Okay. Use of the tool al so enhances the
staff understanding of DOE s preclosure safety
anal ysis by giving the staff an integrated tool that
provi des the capability to conduct precl osure safety

anal yses for part of all of the facilities, as |'ve

mentioned -- selected sections, if we need to, or we
can -- we have the capability to do a nore exhaustive
anal ysi s.

It all ows us t o performindependent safety
-- an i ndependent safety assessnent. It allows us to
| ook at the event sequences and i ndependently identify

SSCs inportant to safety. It allows us, as |

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

25

nmenti oned, to develop preclosure risk insights,
performsensitivity and i nportance anal ysis, provide
-- and one of the main things is that it provides a
framework -- the staff wth a framewrk for
systemati cal |y docunenting our review.

Okay. This slide is a graphical
representation of the staff's preclosure safety
anal ysi s revi ew et hodol ogy as descri bed in the Yucca
Mountai n review plan. Each of the individual boxes
which are kind of hard to read here are -- they
represent particular elenments of the staff's review
included inthe YMRP, inthe reference sections of the
YMRP. | tried to identify which sections related to
it in each of the boxes, so it's easy to understand.

Ckay. To illustrate the relationship
bet ween t he precl osure revi ewnet hodol ogy and t he PCSA
tool, | further grouped the review nethods. Ckay.
The first box actually represents the inputs to the
PCSAtool, the things that we're going to be inputting
into the tool itself.

That i ncludes asite description, facility
desi gn and operati ons, the SSC desi gn bases that we' ||
have, and identify inputs fromnaturally-occurring and
human-i nduced hazard anal yses.

kay. The next grouping actually
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represents the functions that are going to be taken
care of in the PCSA tool, or the PCSA tool functions
t hensel ves and how they relate to the revi ew net hod.
These include operational hazards, event sequence
anal ysis, and categorization consequence analysis,
conpl i ance assessnent for Category 1 and Category 2
events, and the identification of SSCs inportant to
safety.

And the last grouping represents the
obj ectives of the preclosure safety analysis itself,
and that includes, again, the conpliance assessnent
for Cat. 1 and 2 event sequences, and the
identification of SSCs i nportant to safety, as well as
a review of design basis and design criteria, and a
review of ALARA requirements 20 for Cat. 1 event
sequences.

kay. This slide provides a brief
i ntroduction, asinplifiedconceptual anal ysisthat we
have been working on, or the exanple problem There
has been a recent increase in staff enphasis on both
the preclosure safety analysis itself and the
precl osure safety analysis tool. And one of the
results is the analysis that Bis is going to di scuss.

Activities that were perforned as part of

t hat anal ysis include we went through and created a
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conceptual dry transfer facility. 1In the absence of
real design information, we actually | aid out what we
expected tobeinthe facility and started fromthere.

We went through and identified applicable
functional areas. We perforned hazard anal yses,
FMEAs, and what-if type analyses, devel oped event
trees, assigned hypothetical probabilities for
initiating and top events in the event trees. W went
t hrough and i dentified Category 1 and Category 2 event
sequences.

And then, with the results, we conpared
t he doses fromeach of the Category 1 and Category 2
event sequences to their respective perfornmance
objectives in63-111. W identifiedsonme hypot heti cal
SSCs that are inportant to safety and perforned a
limted risk analysis, because the scope of this
anal ysis was relatively smal |

One thing to understand here -- the |ist
that | just went through is not intended as a -- or
it's intended as a hi gher | evel discussionto lay the
foundation for the nore detailed discussion that's
going to be com ng.

And the last point is that the staff is
going to be using a sim |l ar approach to revi ew DCE' s

precl osure safety anal ysis.
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Now, we can transition or we can take
guestions. Yes, ma' am

MEMBER VEI NER: At what point -- if you go
back to your last slide with the boxes --

MR JOHNSON:  Yes, mm'am

MEMBER VEEI NER: -- at what point do you
i ntroduce the notion of probability or riskinyour --
in the blue box in the tool itself?

MR, JOHNSON: Ckay. |In the tool itself,
the concept of risk is identified. First, we go
t hrough and there's sort of a qualitative approach.
You start out the process and go through the
operational hazard anal yses thensel ves.

Then, you're going to identify event
sequences that are within -- or | should say you
determ ne the probability of the event sequences t hat
you've identified here to determ ne whether they fit
within the -- if they are beyond consideration or
whet her they are Category 1 or Category 2 event
sequences.

And t hen, the consequences are determn ned
for each of the event sequences that fit into each of
the Cat. 1 and Cat. 2 event sequences, and the
combi nation of the two is | think what you' re | ooki ng

for.
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MEMBER  WEI NER: Do you introduce

probability into your -- or do you associate your
event sequences or any conmponent of them wth
probabilities?

MR JOHNSON:  Yes, mm'am

MEMBER VEI NER: | suppose |I'I| seethat in
t he exanpl e.

MR JOHNSON:  Yes.

MEMBER WEI NER:  Thank you.

MR. JOHNSON: Were there ot her questions?

MEMBER HORNBERGER: Do we know how DCE i s
going to do their analysis for the preclosure case?

MR. JOHNSON: At this point, we know that
-- we have sone understanding. They've put out a
preclosure safety analysis guide. Ilt's nmny
under standi ng that there's going to be a revision to
that com ng up or coming out in the near future. 1'm
not sure when that's com ng out.

Do you have anyt hi ng maybe to add to t hat ?

DR. DASGUPTA: Well, we have seentheir --

MEMBER HORNBERGER: You have to use a
m cr ophone.

DR. DASGUPTA: This is Bis Dasgupta. W
had a glinpse of their analysis for the | RSR desi gn,

but their change of the design and t he new anal ysi s we
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haven't yet seen.

MEMBER HORNBERGER: So based on what you
know, howsimlar or different do you antici pate that
the DOE safety case would be from your nethod of
anal ysis, your PCSA tool for exanple?

DR. DASGUPTA: DCE -- we have this tool to
review DOE' s preclosure --

MEMBER HORNBERGER:  Yes, | realize that.

DR. DASGUPTA: -- analysis. And they can
present their -- | nean, their analysis the way we'd
like. And we have our own approach to review that.

MEMBER HORNBERGER: Ri ght .

DR. DASGUPTA: Hopefully, it's all inthe
sanme direction. But today what |I'mgoing to talk to
you about, how we are going to approach that.

MEMBER HORNBERGER: Ckay. So | realize
everything that you just said, and | accept it. But
what | was trying to gain sone understanding of is
whet her your anticipation is that there will be any
maj or differences between the way DOE approaches the
building of their safety case and the way you have
organi zed to review the safety case.

DR. DASGUPTA: As far as the | RSR desi gn,
we don't think that there will be -- whatever we do

fromthe I RSR design analysis, | think we are headed
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intheright direction. But |I do not knowif they are
changi ng their nethodol ogy for future anal ysis.

MR. JAGANNATH. Banad Jagannath, staff.
We reviewed the PSA guidance docunent, which is
related to the staff guidance docunent, and what we
have seen we are in kind of -- sane considerations,
same | ogic. We have not seen any detail, but ny
general inpression is we are in agreenent.

CHAl RVAN GARRI CK:  Let me ask about an
overal | strategy here. Has the strategy i n devel opi ng
a PCSA net hodol ogy been one of howto revi ew sonebody
el se's safety case or safety assessnent, or has it
been al nost 100 percent an i ndependent net hod of doi ng
safety assessnent? Because the role here is one of
sati sfying yourself that their analysis is a credible
one and has addressed the issues correctly.

Can sonebody conment on whether or not
that -- because we have seen in the perfornmance
assessment thereis quite a bit of attention givento
t he perspective of being a reviewer rather than just
an independent -- developing just an independent
capability to do safety assessnent.

MR. JOHNSON: That's a good question, and
|*ve got a good answer.

(Laughter.)
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The tool, first and forenost, is designed
as a reviewtool. But it actually allows the staff
the capability and the framework to actually do a
full -bl own anal ysis.

So it's -- we have to review what DOE
provi des us, the precl osure safety anal ysis that they
provide us. The tool we think is headed in the right
direction to allow us to look at their -- the
direction that they' re headed with the preclosure
safety anal ysis, the nethodol ogy docunent.

But the key here is that it actually --
the tool gives a little nore flexibility. It gives
the ability to do the analysis, and then we al so can
consi der sone el enents of risk. W can go through and
incorporate all of the capabilities of SAPH RE. It
all ows us to revi ewwhat they're going to provi de, and
we -- and actually do an analysis, either a selected
portion if it's necessary or a full-blown anal ysis.

CHAI RVAN GARRI CK:  Ckay.

MR. JOHNSON: Does that take care of your
guesti on?

CHAI RMAN GARRI CK:  Yes, thank you.

Do you have any questions? Any other
guestions at this point? Gkay. Thank you.

DR. DASGUPTA: Good norning. M nane is
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Bi s Dasgupt a. The objective of this part of the
presentation is to provide you -- provide through an
exanpl e t he overvi ewof the PCSAtool capabilities and
how it relates to the review sections that you have
seeninthe earlier flowhart. ['Il go back and forth
on that one.

To put into perspective, the basic
functions of the PCSAtool isto store informtion and
dat a systematical |l y, conduct wi de-ranging qualitative
and quantitative analysis, and produce a focused
result to determ ne the conpliance with respect tothe
per f ormance obj ectives and al so to gain risk insight.

Now, the structure of the PCSA tool and
its nmodule is giveninthe backup slide, and | believe
it's in the slides 4 and 5. The tool actually puts
t oget her many anal ysi s t echni ques, net hodol ogi es, and
tools in a conbined and i ntegrated software. But the
tool is very conprehensive, andit hastheflexibility
to -- with a built-in flexibility to review-- to do
revi ew of the preclosure safety anal ysis, and as wel |
as conduct independent uncertainty, sensitivity, and
i nportance anal ysi s.

The staff has conducted a Ilimted
preclosure safety analysis on a conceptual dry

transfer facility. W looked into -- the focus of
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this analysis was to gain experience over the
precl osure safety analysis tool, and we | ooked into
the transfer of the assenblies and the canisters in
the hot cell, the canister in this hot cell, and al so
the transfer -- or the handling operations of the
wast e packages in the welding area. And this is
indicated by this circle.

Now, the overall conceptual surface
facility that we have used in the analysis is givenin
t he backup slide 6. This is the -- this slide shows
t he operations that have been used in the conceptua
analysis. Ontheleft it is-- abridge crane is used
tolift the canisters out of the transportation cask,
and before it's put inside the waste package is put
tenmporarily in the staging rack. And then, fromthe
staging rack it is put in the waste package.

There is -- an assenbly transfer nachine
has been vi sualized over here kind of to transfer the
assenblies one at atime fromthe transportation cask.
The spent fuel is in place fromthe transportation
cask and put directly into the waste package.

Now, over here the |layout and the
operations in this conceptual analysis is inthis --
you know, the data that was -- the |ayout and the

operations is totally conceptual. And the data
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required for this analysis was either assumed or it
was taken fromthe DOE s site recommendati on design.

Now, the way the preclosure safety
anal ysis tool, or the PCSA tool, would work is that
the first -- the whole facility is divided into
several functional areas in order to focus our
attention on that particul ar analysis.

And that's why you see these different
nunbers. W give different nunbers to these
functional areas. That hel ps us to kind of identify
which are we are really agreeing on conducting our
anal ysi s.

The information for this analysis really
cones fromthe review of these two boxes in the Yucca
Mountain review plan sections, such as associ ated
desi gn and operations and associ ated design basis.
The Yucca Mbuntainreviewplaninits sections -- site
description, facility design, and operations -- we
review the information and try to find out the
suffi ci ency and adequacy of the i nformationto conduct
a preclosure safety anal ysis.

After having done that, after we are
satisfied that we have enough information, those
i nformati on are abstracted and put inside the -- as an

input to the PCSA tool
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Now, after that information has been put
in, then we get intothe analysisin-- the preclosure
safety analysis. That neans address the risk
triplets, the three sections of the risk triplets.

The first one -- thefirst risktriplet is
t he operational hazard analysis. The tool has three
or four nethodol ogi es. These are primarily
qualitative techniques, |Ilike what if analysis
techni ques, the failure nodes and effects analysis
technique, and the -- there is the energy checkli st
method, and also a human reliability analysis
t echni que has been witten. So that the primary aim
is to find out the gaps in the identification of
hazards and initiating events.

Now, for natural and human-induced
hazards, these are revi ewed outside the tool, but the
credi bl e hazards are primarily -- the information on
the credible hazards, primarily the frequencies are
put inside the tool as an input, so that that can be
used for further analysis.

MEMBER WEI NER:  Excuse ne.

DR DASGUPTA:  Yes.

MEMBER VEEI NER: Coul d you identify as you
go through this where you have hardw red sonething

into the tool and where it is a user input? Just for
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ny information, if that's not too nuch trouble.

DR. DASGUPTA: Oh, no. Yes. Probably
"1l -- that's the basic -- | mean, that's the
objective of this sort of talk, to kind of go hand in
hand and to show you what we have done in the tool and
howthe tool relates to the revi ewprocess and what we
are going to input that.

Ckay. To go back to answer your questi on,
the first thingis to -- that we have, we first have
to input the information in the tool that comes from
the review of these high description facility design
operati on and SSCs desi gn basis. The tool has gone --
first, the systemdescripti on conponent, and i ncl uded
-- inaddition to that, the types and the quantity of
t he nucl ear material that's going to be sort of used
in that particular functional area.

So the first is all divided into
functional areas, and i nformation for each functi onal
area then comes through from the review of this
process agai n.

The tool takes this information, and then
the first step of the tool is to conduct a hazard
anal ysi s. And | just said that -- what are these
di fferent hazard analysis techniques that we have

built into the tool?
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So the tool has the capability of
conducting the total hazard anal ysis. But, of course,
we will get fromDOE a |ist of hazards. The idea over
here is to find the gaps in their hazard anal ysis and
toidentify whether they have not incl uded sonme of the
hazards and anal yzed themin the -- you know, further
anal yzed them to determ ne the conpliance and the
risk.

So nowthe -- in this exanple, the hazard
anal ysi s was conducted, and | think the backup slide
nunber 7 shows you the |ist of hazards that has been
identified for this sinple conceptual facility.

The primary hazard t hat we have i dentifi ed
over here are the assenbly drop and t he cani ster drop,
because of the failure of the bridge crane or the
assenbl y transfer machi ne, or due to the human errors.

Ckay. After the hazard analysis -- after
the identification of the hazards, the next step in
the -- the next conmponent of therisk triplets is the
event sequence anal ysis and categori zation. The tool
-- that means over here the tool now does its own
anal ysi's, which neans tries to devel op the scenari os,
event scenari os. For doing this analysis, we needthe
event scenari os.

Event scenarios are defined as the
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initiating events and t he subsequent failure of | ayers
of protective and mtigative safety systens that have
been designed to protect the workers and the public
fromgetting the radiol ogi cal dose.

So which neans now -- | think I can turn
this off. Wiich means the scenarios are then
devel oped into event trees, and the tool has the
SAPH RE software to do the event tree and the fault
tree analysis that we were required to use as the
probability data that | think a little while ago you
have been tal ki ng about.

Okay. The exanple that we saw has got --
t he scenari os have beenidentifiedin slide nunber 10,
| think, inthe backup slides. And over here what |'m
showing is just an exanple of one scenario, which
deals with the failure of a bridge crane, which drops
the canister, and the canister can breach if it has
got an initial defect of certain probability.

And after that breach, the public can
either get the dose, which is the unmtigated dose,
t he particul ates and the noble gas, or if the HEPAis
wor ki ng the public can still get the mtigated dose,
which is comng fromthe noble gas.

MEMBER WEI NER: Where do you get -- |

assume these nunbers are just for your exanple.
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DR DASGUPTA: R ght.

VMEMBER WEI NER: But where will you get
t hese probability nunbers fron®

DR. DASGUPTA: Okay. For this initiating
event, we have given -- in this exanple, we had done
some assunptions, and al so sone -- have al so conduct ed
some analysis. For this particular event scenario,
the bridge crane failure rate, we got it.

We have done independent fault tree
anal ysis, in which we kind of | ookedintothe failures
of different conponents -- electrical and mechani cal
conmponents, developed a fault tree, and tried to
develop the failure rates of the bridge crane. And
t hen we know how many operations are going to be there
in that particular --

CHAI RVAN GARRI CK: Bis, is this for a
particul ar category of bridge cranes, or is this
bri dge cranes?

DR. DASGUPTA: It's a bridge crane. You
know, the heavy-duty, because the canisters are
primarily the very heavy -- you know, it's a heavy-
duty bridge crane, yes.

VI CE CHAI RVAN RYAN: Just a quick
qguestion, too. These are point values for

probabilities in this exanple. Can you al so handl e --
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DR DASGUPTA: R ght.

VI CE CHAlI RMAN RYAN: - - di stri but ed val ues

DR DASGUPTA: Exactly.

VI CE CHAI RVAN RYAN: -- probability
functions?

DR. DASGUPTA: Right.

VI CE CHAI RVAN RYAN: Yes, okay. Thanks.

DR. DASGUPTA: The SAPHI RE software can
handl e di stributions for each of these probabilities,
and it can propagate to uncertainties all the way
t hr ough.

And for the canister breach, we have
assuned this value of 10°% as, you know, initial
defects in the canister. The HEPA is -- again, we
have assunmed it, but it is kind of in the ballpark
figure that we -- we seethe valuesinthe literature.

But all of these values will be |ooked

intoindetails whenthelicense application cones, or

bet ween -- between the |icense application comes and
now we will get into nore details in these val ues.
So after we -- this event sequence,

although this is a very sinple one, but we can use
SAPHI RE software to do this analysis. And we wi |l get

t hese event frequencies for each branches of this
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event tree.

Okay. The next step of the -- of this
anal ysis, of the risk triplets, is to evaluate the
consequence, radiol ogical consequence. W use -- in
the tool we use RSAC software to do the radiol ogi cal
consequence. And al so we use the MELCOR software.

The RSAC software calculates the
at nospheric dispersion, and the MELCOR is used to
estimate the building retention of release of the
airborne material, which neans it calculates the
rel ease fraction. They use a fraction of the rel ease
that really goes out to the public. | mean, we are
trying to nake this analysis nore realistic as
possi bl e.

The tool has the capability to do both
point estinmate as well as probabilistic analysis of
t he consequence. And in the probabilistic analysis,
the two sanples -- a wi de range of input paraneters
like neteorological data, the release fractions,
source termevent tree, the inhal ati on i ngesti ons and
subnersi on data, and then the tool uses the RSAC for
determnistic analysis for the -- for all of the
realizations for different -- for each realization

And ultimately, thetool will producethis

kind of results. It will give you conplinentary
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cumul ative distributionfunction, andthis shows -- on
the I eft-hand side it shows the different pathways --
t he i nhal ati on ingestions for the internal dose and
t he ground surface and subnersion for the external
dose and the TDE, the total dose equivalent for the
nmean dose over here. And we use the nean dose to do
a conpl i ance anal ysi's, which you will find over here.

Com ng back to this one, these are the
nmean doses that comes fromthe consequence anal ysis.
We have one step before that. First of all, after we
get these frequencies, the frequency needs to be
categorized as to the definitions of the Part 63 in
whi ch Robert has tal ked to you about. And these are
t he categories of the frequency -- Category 1 and 2 of
t he particul ar event scenario.

MEMBER VI NER.  Are you -- |' muncl ear as
to what you are assum ng about the rel ease fractions
and t he si ze of stuff that's rel eased and t he di vi si on
between gas and volatile, and so on. I s that
somewhere in your code, or do you -- how do you
determ ne that?

DR. DASGUPTA: Well, the code as such is
-- thisis the input that -- you will have to give it
to the court.

MEMBER VEI NER:  Yes. But is there a place
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that you input, for exanple, different deposition
velocities for your particles, different types of
physical or chemcal properties of whatever is
rel eased?

DR. DASGUPTA: Ri ght . And | think if
Rol and Benke, who is actually -- who is our HB help
over there, if you can el aborate on that, Rol and.

MEMBER WEI NER:  Ckay.

MR. BENKE: Sure. This is Roland Benke,
CNWRA staff. The answer is yes. Speci fically,
deposition velocities would be an input to the RSAC
code. That would be atnospheric dispersion
cal cul ati ons. The ot her question that you asked about
particle sizes, that is an input for the MELCOR code
that's used for building retention fraction, or it's
conmonly called as | eak path factor

Do you have any further questions?

VEMBER WEI NER: Oh, | will fromtine to

(Laughter.)

MEMBER HORNBERGER: So that's, of course,
t he cal cul ati on once you have a rel ease. So sonewhere
in here you' ve dropped the cask. Tell ne how -- what
t he assunptions are about how much of the material

gets rel eased.
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DR DASGUPTA: Did you get that, Roland?

MR. BENKE: Ch, okay. Rol and Benke agai n.
Sure, yes, I'lIl -- Roland Benke, CNWRA staff.
Starting with the assunption that thereis a breach of
the cask, we are going to have to pick a rel ease
fraction fromthe spent nuclear fuel that's damaged.

I n general, we've done aliterature search
and gathered i nformati on fromboth Anerican Nati onal
Standards on release fractions for non-reactor
facilities, as well as NRC gui dance, such as Spent
Fuel Project Ofice Interim Staff Guidance 5, and
ot her NUREG gui dance docunents.

Those rel ease fractions fromt he gui dance
docunents tend to be conservative. |n general, we say
for a consequence anal ysi s we use best estinmat es where
possi bl e. Rel eases fromcontainers, w thout know ng
t he i npact forces and anobunt of damage, are certainly
generic in these anal yses today that you' ve seen.

MEMBER WEI NER: Do you use -- |'m not
famliar wth RSAC Is that just a gaussian
di spersi on code?

MR. BENKE: Yes, that's correct.

MEMBER VEEI NER:  \What do you do about the
area where the workers would be? Because nost

gaussi an di spersion codes bl ow up as you get close to
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t he source. Wat do you do about the near field?

MR. BENKE: Right. Very good point. W
are not relying on atnospheric dispersion to give us
i nvol ved worker doses. Qur current plans are to
performcal cul ati ons offline specific to that worker
dose scenari o.

There is, you know, in general -- if you
have a facility that is a nunber of kilonmeters away
from a nenber of the public, the atnospheric
di spersion can be used for a variety of releases
wi t hi n t he buil di ng, because obvi ously they need to be
transported through the air and at nosphere to get to
t he receptor.

Now, if the receptor is a worker, then
geonetry of where the worker is, are they outside an
operating gallery, are they inside a hot cell, are
they wearing respiration, are they shielding walls
that need to be considered. All of those things are
nore conpl ex and nore uni que for each scenario.

So what the tool capability will be is
establishing thelinks and areas where i nfornmati on can
be stored for of fline worker dose cal cul ati ons. W do
not foresee the capability to imagine all scenarios
and stylized cal cul ations, so that the tool is doing

t he nunbers -- nunber-crunching on those.
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W i magi ne anal yses that can be tracked as
-- together for a worker safety conpliance at the end
usi ng the tool.

DR. DASGUPTA: 1'd like to add right at
this point we don't have the capability to do worker
dose, and that's why you see in this colum that they
are not calculated. But this is in our next -- |
nmean, this is the next part of the devel opnent that we
are working on, to introduce the worker dose
cal culations into the tool.

Any questions on this one?

MEMBER VEEI NER:  What ki nd of assunptions
are you meki ng when you calculate the public dose?
What ki nd of assunptions are you maki ng about things
i ke breathing rate? And are those user input to the
code, or are those hard-wired in the code?

CHAI RMAN GARRICK: O are they offline?

Yes.
MEMBER VEI NER: O are they offline? Yes.
DR. DASGUPTA: Yes. No, these are input
to the code, you know, so -- so it's -- the tool is
very flexible. W did as mninum as possible

hardwiring in the code. So that even -- even with the
release fraction, as Roland said, that -- that we

didn't hardwire that, and it depends upon what are t he
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rel ease fractions or other data that we get -- and
reviewthem and then put that into the code, into the
anal ysi s.

Now, this was a snapshot of just one
exanpl e of the different event scenarios that | have
listed in the backup slide, which is slide 9. So,
simlarly, we go through this analysis, and for each
of these event scenarios the initiating event
frequencies and the other probabilities -- you know,
particularly the initiating event frequencies -- are
given in slide nunmber 10.

So we go through this analysis. The tool
goes through this entire analysis, and for different
functional areas -- and then the results of all the
event sequences, t he frequenci es, and t he
consequences, are all put together fromthe entire
repository, and they are collected in one place.

This slide shows the only -- the
Cat egory 1 event sequences. They are ki nd of sol dered
-- all of the Category 1 event sequences. And hereis
t he conpliance analysis that the tool perforns.

First of all, I think Roland has touched
upon the different conpliance assessnents that we go
t hr ough. Nunber one is that individual event

sequences should not be greater than 15 mllirem
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Ckay? That's nunber one conpliance assessnent.

The second one is the annualized dose or
t he frequency wei ght ed dose shoul d not exceed, agai n,
15 mllirem per year.

And the third one is the -- sone of the
dose fromconbi nati on of events in a single year al so
shoul d not exceed 15 mllirem

| di d not showthat anal ysis, but the tool
has the capability to do the conbination of events
over here, so you hit -- when this calculation is
done, it gives all different possi bl e conbinations of
different -- of Category 1 event sequences and the
dose. So we conply and | ook at the conpliance from
t hat perspecti ve.

This is the conpliance analysis for
Category 1 event sequences. Category 2 is quite
sinmple -- that their regulation says that each
i ndi vi dual event sequence shoul d not exceed five rem
dose criterion. So -- you know, so we don't need to
do any further analysis to that one.

The next is the exanple of SSC inportant
to safety. This feature is not fully functional in
the tool, but this is the nmethodol ogy that probably
you wll wuse. This is based on our take-away

approach, take-away anal ysis approach.
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Agai n, com ng back to the sanme exanple,
this is what we do -- what we will do. W wll take
this baseline event tree, and then take away the
safety system one by one and |look at the -- and
performthe conpliance assessnment once again.

And then, if the conpliance assessnents
show that it exceeds the regul atory dose limt, then
that particul ar safety systemis inportant to safety.
So this is the process of analysis that we will be
using to identify SSCs inportant to safety.

Ri sk anal ysi s. The tool provides the
capability to evaluate systemrisk. Now, thisis --
this capability has been introduced to gain risk
i nsi ght.

Okay. The tool perforns both point
estimate and probabilistic risk analysis. A sanple
result fromthis risk analysisis givenin-- | think
in slide -- backup slide 12.

VWhat do we expect fromthis risk anal ysis,
and how do we want to gain risk insight? First of
all, the tool evaluates the total risk. It considers
all Category 1 and Category 2 event sequences are
beyond design basis, so it doesn't distinguish the
Category 1 or Category 2. It takes all of the event

sequences, and then the total risk calculation is
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per f or med.

This result fromthe risk analysis --

MEMBER VEI NER: Excuse nme. How do you - -
do you multiply the probability tines the consequence
and then add themall up? O how do you do that?

DR DASGUPTA: Vell, it's -- | think I
wi Il have to again defer to Rol and Benke. But we do
in a probabilistic space. I[t's not just
mul tiplication of our frequency tinmes the dose. It's
-- we do this calculation in the probabilistic space,
and find out the outconme of each event -- occurring
and non-occurring -- and conbinations of those
di fferent events occurring. So you would get a big
list of different conbinations of events.

Rol and, do you want to add anything to

t hat ?

VR. BENKE: Yes. Rol and Benke, CNWRA
staff. At this time, | think we should probably
finish the presentation. | could probably talk a

while on that, but | don't think it's appropriate
ri ght now.

What you could do is point themto the
paper that's mentioned at the bottomof slide 16 that
outlines the nmethodol ogy. You sumarized it well.

Thanks.
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DR. DASGUPTA: Thanks, Rol and.

So after obtainingtherisk, the-- wetry
to anal yze this and find out what are the | argest --
what is the risk insight, to try to understand what
are the largest contributors of the total risk. It
coul d be based on sone certain SSCs functioni ng or not
functioning, or it could be certain functional areas
t hat have a high risk significance.

O it could be any hazards or operations
that could be risk significant. | think that
information we wll get from the risk analysis
capabilities.

W conme to future work. The too
devel opnent is not conplete. The Version 3 is our
target version for -- to be used for the license --
for review of the license application. As we have
al ready tal ked about, the worker dose capability has
not been introduced yet, but we are working towards
it.

Primarily, the worker dose cal cul ation
will be done offline, but the tool will devel op the
i nput data for dose analysis. And then, the tool wll
al so have the linkages that will conme out of the
wor ker dose cal cul ations to do t he conpli ance anal ysi s

of the event sequences, and al so the SSCs i nportant to
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safety related to t he worker dose cal cul ati ons for al
of the performance |ike the tool.

We are expecting to use, for the externa
dose softwares |like MCWP, the Monte Carl o software,
and al so use the dose -- for the internal dose, we'd
like -- we probably will use the guidance given in
Part 20. So the Part 20 will be heavily used for

assessi ng wor ker dose cal cul ati ons.

The tool -- our next goal is to do
software verification of the PCSA tool. Each
i ndi vi dual external softwares will be -- also will be

verified, and al so the entire process. The PCSA tool
itself will be verified.

And we would like to continue the safety
anal ysis in the next fiscal year, expand the anal ysis
t hat we have done, the conceptual design, which neans
-- analyze the other functional areas or -- and bring
i nthe other hazards, |ike the external hazards, which
has not been analyzed in this particular anal ysis.

I n summary, as you can see fromthe backup
slides and all of these discussions that the tool is
pretty conplex. And it's also very conprehensive.
And this tool -- but it had got enough flexibility to
do the review, to do its independent analysis, to do

revi ews.
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The tool can do uncertainty sensitivity
and inportance analysis, and it -- you know, it
conbi nes so many di ff erent met hodol ogi es and t he t ool s
and t he techni ques that makes this tool kind of unique
for it to use in the Yucca Mountain -- to reviewthe
precl osure safety analysis for the Yucca Muntain
facility.

And the rest of the summaries are |ike we
will continue -- the staff will continue using the
tool in the next fiscal year to gain nore experience
and also to gain nore risk insight. And as nore and
nore details that we receive from DOE, probably we
will iterate through that process and anal yze themto
get ourselves a -- to get insight into the facility
operations and design.

| think that's all 1 had.

CHAI RVAN GARRI CK:  Ckay. Bis, what is not
i ncl uded i n the nmet hodol ogy that woul d make it a full -
fl edged PRA tool ?

DR. DASGUPTA: That's a good question
And we | ooked hard into it and tried to conpare every
time what is there in the PRA net hodol ogi es and what
we didn't have inthe tool. M assessnent is that we
have al nost all ingredients that the PRA uses that we

have over here.
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This tool, although I did not nention,
coul d use -- you know, | ook at the dependent or conmon
cause failures. This is all built into the kind of
scenari os or event scenarios that you can use.

Sensitivity uncertainty anal yses are all
part of this -- you know, the tool functionality over
here. So to ne, you know, | don't see very nuch of
t he di fference between the PRA and the total function.
W are -- in this tool, we are looking into all
aspects of therisk triplets. And that's the sense of
both PRA as well as the PCSA tool.

But that's ny sort of assessnent. | f
anybody el se has --

CHAI RVAN GARRI CK:  So, wel |, we didn't see
any exanpl es of conmobn cause or real --

DR. DASGUPTA: Right.

CHAI RVAN GARRI CK:  -- dependent failure
anal ysi s or uncertainty analysis or humanreliability
conponent or --

DR. DASGUPTA: Right. But --

CHAI RVAN GARRI CK:  -- what have you. But
you're saying that you could introduce a top event,
for exanpl e, inyour event tree that woul d account for
human - -

DR DASGUPTA: R ght.
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CHAI RVAN GARRI CK:  -- reliability, and you

coul d acconmodate the split fractions in the event
tree with probability distributions, etcetera,
etcetera.

DR. DASGUPTA: Exactly. And, in fact, we
have introduced the human reliability or the human
error effectsinto -- in our exanpl e problem Sone of
the exanples that we had, the human could make an
error in trying to lift the canister or the
assenblies. Wile they are lifting it and putting it
down, there could be several different ways the human
can drop the | oad. And it's all like error of
conm ssion. And that's what he had tried to do that
inavery sinplified manner in this exanple itself.

The tool -- | did not nmention, of course,
the tool has a database of different failure
probabilities, okay, we gathered from different
sources, and the tool has a database of the failure
rates, includi ng wherever we coul d get any i nfornmati on
on the uncertainties.

And also, it has got the HEP -- or the
human error probability generator. |1t's apparently
fromthe Swai n and Goodman' s net hodol ogy t hat we have
i ntroduced in the tool, so any ti me peopl e can -- want

to eval uate the human error probability they could go
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ahead and do it.

And the other aspects of trying to
identify if human could be an initiator -- we have a
qualitative methodology in a hazard analysis
t echni que. W have a process that -- where, you know,
t he user can go t hrough and eval uate or find the human
errors that can initiate events. O if human error
could be used in the fault tree or event tree
anal ysis, you know, it's all built into that.

CHAI RVAN GARRI CK: Now, how about data
updating such as the use of Bayesian nethods to
account for new data.

DR. DASGUPTA: Right.

CHAl RMVAN  GARRI CK: Are there any
algorithms for that?

DR. DASGUPTA: No. Ri ght now, we don't
have, but we have plans to work on that. W do --
because that's our next stepinthe steps that we wll
be following in this com ng fiscal year

CHAI RVAN GARRI CK:  Rut h.

MEMBER VEI NER: | have two questions ri ght
NOw. One is, how do you do -- you said you can
propagate a distribution of any input variable. How
do you sanpl e on that distribution? And do you all ow

t he user to choose a sanmpling nethod -- Monte Carl o,
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SAPH RE, and so on?

DR. DASGUPTA:  Yes. For the frequency
anal ysis, the SAPH RE does that and the SAPHI RE has
got both t hese net hodol ogi es -- Monte Carl o and LHS - -
so, you know, the user can choose whi chever sanpling
process they can use.

MEMBER VEEI NER:  The ot her question is:
did you -- when you chose SAPH RE, did you | ook at a
variety of software tools that coul d acconplish this?
Because just -- | don't really know nuch about your
tool, obviously, since this is the first time |'ve
seen it.

But it seems to me that Analytica, for
exanpl e, can do nost of what your tool does wi thout a
| ot of extra design. | just wondered if you had done
a survey of software before settling on this
particul ar approach.

DR. DASGUPTA: Yes. And there were two
criterias for it. One was research. W |ooked into
different software. And the other -- while doing
that, we found out that SAPHIRE is kind of in a very
devel oped stage conpared to, you know, a couple of --
even a coupl e of years back. And SAPH RE is actually
devel oped for NRC. So SAPHI RE is software NRC uses

quite a |l ot and NRC has confidence in.
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CHAI RVAN GARRI CK: The nornmal approach

that is taken in nost PRA work is that you -- of
course, once you get the scenarios and the |i kel i hoods
of the scenarios in whatever form you have them
ei ther as frequencies or probabilities or probability
of frequencies, or whatever, you often do this just on
t he basis of point estimtes.

And then, when you see which of the
scenarios are the nost i nteresting fromthe standpoi nt
of contributing torisk, then you magnify the | evel of
t he anal ysis considerably on those particul ar ones,
and including probably the invoking of a bona fide
uncertainty anal ysis.

Is that sonething -- is that a practice
that you would tend to foll ow?

DR. DASGUPTA: Yes. Yes. That's exactly
-- and the tool actually has that flexibility. Wy
|"msaying this is supposi ng we chose one particul ar
event scenario, and we went through this point
estimate analysis. So that's the first pass of the
anal ysi s.

And after t he anal ysi s has been conduct ed,
and if you want to do sensitivity on that particul ar
event scenario, the tool does not -- | mean, you don't

have to del ete that scenario fromthat. And you coul d
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still develop another parallel scenario, do the
anal ysi s, and use t he new anal ysi s for your conpliance
assessnment .

And in that one, we could bring in the
uncertainties and sensitivity and all other different
paraneters that we know of. And this is the kind of
risk insight is that we are planning -- hoping to gain
fromthis tool.

So as of now, we have tried to build in as
much as we can think of. And probably in the next
year when we do nore analysis, and as we go through
this process, there may be certai n changes we need to
make. But to exactly sort of keep these
flexibilities --

CHAI RVAN GARRI CK: | think the inportant
thing is to nake sure that the analysis only is as
conplicated as it needs to be. There's a |ot of
scenari os associated with this kind of a systemt hat
you can elimnate in a very quick hurry, just by
| ooking at the scenarios in many instances.

And you certainly don't want to enpl oy t he
full rigor of the process on each of the scenari os,
and |"massuning that that's how you will -- how you
woul d use it.

DR. DASGUPTA: Right. | nean, yes, the
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| evel of --

CHAI RVAN GARRI CK:  The exerci se of going
t hr ough and devel opi ng t he scenarios very oftenis the
nost val uabl e exercise in ternms of relating the nodel
to t he physical characteristics of thefacility. Once
you do that, generally a | ot of things becone pretty
obvi ous and you can narrow the scope of the problem

Doing it in phases |like that is extrenely
val uable, and | assune that's what you will do. You
won't apply all of the rigor of your software to each
scenari o.

DR DASGUPTA: You are right, and that
will be built into the tool, not to goto all -- for
exanple, we may not want to do a rigorous hazard
analysis if we knowthere's only a handful of hazards
that we need to | ook at.

CHAl RVAN GARRI CK:  Yes.

DR. DASGUPTA: (kay. So the tool -- you
don't have to go fromone end of the analysis to the
ot her end. You can get in, develop your event
scenari os, you can just go in and do your sequence
anal ysis, but all -- at the end, the tool allows you
to systematically put this data in a place, so that
ultimately you can do your conpliance assessnent.

| hope | answered your question.
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CHAI RVAN GARRI CK:  Yes. Any other -- this

is an unfair questionto close out this discussion on,
but 1'lIl ask it anyhow. G ven that you have nowt aken
basically the | SA t hought process and evolved it into
what appears to be alnost a PRA format, if you had it
all to do over again would you not consider just
starting with a PRA established nodel ?

DR DASGUPTA: Vell, to ne, the only
conponent of the ISA, as far as | understand about
| SA, is the hazardidentification part that we have --

CHAl RVAN GARRI CK:  Yes. But that's part
of ny point, Bis.

DR. DASGUPTA: Yes. And, in fact, when
the PRA-- it's ny understanding, | nmean -- | cane to
this line much later, but ny understanding is that
when PRA was started, |SA or these hazard analysis
techniques were not there. They cane later on,
primarily with the chem cal industry.

And so we have added this facility. I
nmean, it's not that -- we kind of added this
capability to do this qualitative hazard analysis to
identify certain hazards. So beyond that, all of the
analysis is primarily PRA-based in the tool. So
that's the only part that we really borrowed fromthe

| SA.
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CHAI RVAN GARRICK:  All right. Well, you

can't help but ask the question given that this is
ki nd of the foundi ng agency for PRA, and there was an
establ i shed | egacy of nmethodol ogy that was not only
avai | abl e but denonstrated wi t h nuner ous appl i cati ons,
including fuel cycle applications. And | was just
curious as to whether or not, if you had it to do
over, you would maybe start from a different point
t han going to the chem cal industry and pulling from
t hat resource.

DR DASGUPTA: Yes. Tim has sonething.

MR, M CARTI N: Yes. Tim McCartin, NRC
staff. | guess when we put ISAin the rule, in our
proposed rule, we weren't inplying a suggestion that
we were | ooking at ISA-- atermas a very broad cl ass
of analyses. PRA would be considered in that broad
class. It was getting nore -- and we probably rmade a
m st ake, and we -- obvi ously we di d change t he nane i n
the final rule.

CHAI RVAN GARRI CK: | " msure gl ad of that.

(Laughter.)

MR. McCARTIN: Because we weren't -- there
was not -- we were not trying to indicate a particul ar
anal ysis but trying to identify a broad class. And

consi stent with what you were sayi ng before, you need
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to do an analysis appropriate to the conplexity of
what you're dealing with, and there wasn't an attenpt
to exclude it.

And as Bis has explained, really this
particul ar net hodol ogy has really, you know, pretty
much all the el enments of a PRAin many different ways.
So, you know - -

CHAl RVAN GARRI CK:  Well, that's enough
Thanks, Tim | understand, and | just had to needle
it alittle bit.

(Laughter.)

Wake peopl e up, you know.

Al right. Are you finished, then?

DR. DASGUPTA: If you don't have any
further questions.

CHAI RVAN GARRI CK: Are there any nore
guestions fromstaff? From anybody?

kay. Is this a good time, Raj, to have
a break?

DR DASGUPTA: Yes.

CHAI RVAN GARRI CK:  COkay. Let's take a 15-
m nut e break

(Wher eupon, the proceedings in the

foregoing matter went off the record at

10: 02 a. m and went back on the record at
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10: 20 a. m)

CHAl RVAN GARRI CK:  Okay. Let's seeif we
can resune. | have been informed that Mark Board
wants t o make a comment fol |l owi ng t hese next series of
presentations, and we want to be sure and allow him
time to do that. So we have that on the agenda now.

| think ' mgoingto ask Conm ttee Menber,
our token geosci enti st, George Hornberger, totakethe
| ead on these next presentations. GCeorge.

MR. HORNBERGER: Thanks, John. So we're
going to proceed, and as Raj introduced, we're going
to nove in nowto tal k about sonme engi neered barrier
per f or mance aspects. And, Goodl uck, | think you're up
first; is that right?

DR OFCE@BU:  Yes.

MR. HORNBERGER: Pl ease proceed.

DR. OFOEGBU:. M nane i s Goodl uck O oegbu.
I'm here to talk about the evolution of rockfall
effects for input to performance and assessnent
cal cul ati ons. The approach that |I' mgoing to present
t oday has been i npl enented in the MECHFAI L nodul e of
the TPA 5.0 code that will be described later in the
af t er noon. I['"m not going to talk about MECHFAIL
because there's a second presentation that will deal

with that, only to point out that rockfall I oading of
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the engineered barrier conponents is one of the
guantities evaluated in the MECHFAIL code, and the
objectiveinthis presentation will be to explainthe
basis for the wevaluation of rockfall that 1is
docunented inthe -- | neanthat is inplenentedinthe
MECHFAI L code and docunented i n their Conpany report.

The first thing |l want to dois to explain
that there are two aspects of rockfall evaluation.
The pre-cl osure aspect focuses onthe stability of the
enpl acenent drifts. We'll look at information
avai | abl e for engi neering design of the openings, a
conbi nati on of sone ki nd of inspection-- to deterni ne
if the openings will be sufficiently stable to support
t he pre-cl osure operations. Andthisinformationwl|l
be used as the input in pre-closure safety anal ysis.
And that aspect -- this aspect -- the rockfall aspect
of pre-closure safety analysis is not going to be
di scussed in this presentation. Qur focus in this
presentationis tol ook at the eval uation of rock fall
to provide input to post-closure.

The difference, an inportant difference
bet ween post -cl osure and pre-closureis that, one. the
repository is closed. The openi ngs woul d no | onger be
avai l abl e for any kind of engineering intervention.

And any ground support provided duringthe pre-closure
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period would degrade with time and would ultinmately
lose its effectiveness and suspect that a part of the
rock mass surrounding the opening would thereafter
i kely break into bl ocks. Sone of these bl ocks woul d
fall into the openings and sl owy accumnul ate as rock
rubble. Individual blocks falling into the opening
stri ke the engi neer by their conponents, which are the
drip shield, and may deliver sonme dynam c | oading to
t he component. The components have to be eval uated
against their ability to withstand what they will do
when subjected to that kind of | oading.

The dead wei ght of the accunul at ed rock - -
t he dead wei ght of any accunul ated rock will wear on
the engineered by their conponents, and their
capability to support such dead wei ght al so needs to
be evaluated. As the rocks break up from the roof
area, they change the geonetry of the roof, and as
t hey accunul ate in the opening, they al so change the
geonetry. So, ultimately, what's the data say?
Opening with an enpty space wi t h conponents nmay evol ve
into a mass of rubble, a mass or rubble, and this
change in the configuration of the enpl acenent drifts
need to be considered inthe cal cul ati on of paraneters
of the near field environment, such as tenperature,

such as the fl ow of noi sture and maybe ot her aspects.
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So nmy intention with this one is to explain how we
cal culate the rock fall inputs into these aspects of
per f ormance assessnent.

And to do that we're going to go through
a nunmber of topics. | don't want to dwell on them
"1l go right straight to the first one, which is
dynam c rock-bl ock inpact on drip shield. Now, the
i nterest ineval uating dynam c rock-bl ock i npact isto
| ook at the potential for rock blocks that are | arge
enough to cause damage to the drip shield, striking
the drip shield. And the -- because of this in the
| ower |ithophysal stratigraphic unit, whichrepresents
the bulk of the rock types that are likely to be
encountered in the repository, it has been determn ned
that the rock blocks that would form -- that are
likely toformare individually too small to cause any
damage as an i ndi vi dual dynam c i npact. So because of
that, dynam c i npact on drip shield is not considered
a concern for the lower I|ithophysal area of the
repository.

But for the m ddl e nonlithophysal area,
there is potential for individual bl ock -- rock bl ocks
t hat can cause danage. An anal ysis of the bl ock size
distribution of the rock based on fractured data

i ndi cates that about 60 percent of the blocks will be
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| ess than one cubic neter. Considering the density of
t he rock, that's about 60 percent less than 2.5 netric
tons. But there is 40 percent that is greater than
that, and these need to be considered. About 35
percent lie in between 2.5 and about five nmetric tons.

MR. HORNBERGER: Goodl uck, the basis of
that is just fracture spacing?

DR. OFOEGBU:. Yes. That is -- well --

MR. HORNBERGER: So i s there any enpiri cal
evidence that blocks of this size actually do fall
from openings |ike this?

DR. OFCEGBU. Yes. There is enpirical
evi dence. There have been observations at the site,
but we haven't -- the openings that have been there
haven't been | ong enough to contri bute the i nformation
that can be used to nmake this a definite nunber. 1In
t he geol ogical engineering field, that's often the
approach that is used to estimate bl ock sizes. You
| ook at the fracture distribution, try to take the two
di mensi onal fracture that are col |l ected fromopeni ngs
fromout crops, generalize theminto three-di nensi onal
nodel s and try to calculate the size of blocks that
woul d come from such nodels. So it is a nodel
information, but it is done in a way consistent with

t he now practi ce.
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CHAI RVAN GARRI CK: | guess the key hereis

t he breakaway frequency -- I'Il call it breakaway, |
don't know what the proper termis. But is there the
ki nd of the evidence that would all owyou to even with
uncertainty to cone up with sone sort of a breakaway
frequency of rocks as a function of size or size
ranges?

DR OFCEGBU. At Yucca Mountain that
hasn't been done in practice other than |ooking at
fracture nodel, but | thought of size before | | ooked
at maybe a pl ace where rock is blasted or sonet hing,
nmeasure sizes and cone up with size distributions.

CHAI RMAN GARRI CK:  Ckay. Thank you.

DR OFCEGBU. Ckay. But there are two
important mtigating factors for dynam c rock- bl ock
i mpact in the mddl e nonlithophysal area. One of them
is the percentage of repository that needs to be in
this rock pi pe, about 15 to 25 percent at this point,
but the infornmation indicates it's going to be |ess
t han about 30 percent of the repository that woul d be
-- 30 percent of the enplacenment drifts that would
encounter this kind of rock.

The second one is that the rock blocks
woul d accunul ate in the opening, and once the drip

shield is buried under the rock rubble, then any of
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t he rock blocks falling will be falling on top of the
rubbl e and woul d not be able to transfer significant
inmpact to the drip shield. So because of these
mtigating factors, we believe that dynam c rock- bl ock
i mpact needs to be studied but it does not deserve as
much enphasis as the next assessnent of the part of
accunul ated rock which we'll go into next.

And in looking at all the information
avail able, the drifts -- our observation is that the
drifts woul d be expected to experience rock formand
eventual ly rubble will accurmulate inthe drifts. And
thisinformationis -- this observationis based on an
anal ysis of enpirical information from engi neering
experi ence and a conput ati on of anal ysi s that has been
conduct ed based on these avail abl e designs fromthe
repository.

Qur engi neering experience is that on the
ground fractured rock needs ground support systemand
mai nt enance of the ground support systemto keep t hem
stabl e and prevent or reduce the appearance of rock
fall. And when openings can no |onger be provided
with the ground support, with the maintai ned ground
support system such as abandoned m ne openi ngs, the
experience is that after a certain anount of tine such

openi ngs col | apse. So this forms one of the
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contributing basis for the expectation that the
enpl acenent drifts after they are abandoned are | i kely
to collapse and fill with rubble. There have been
anal ysis conducted that al so supports the view that
ground support systens will be needed to maintain the
enpl acenent drifts in astable condition, but that can
only be done during the pre-closure period. So after
post-cl osure, the expectationis that after an anmount
of tinme the openings will go through this experience.
There is al so DCE i nformation that supports a simlar
concl usion, a simlar observation.

MR.  HORNBERCER: So these enpirical
observations, say, in abandoned m nes, can you gi ve ne
an indication of what the enpirical data show with
respect to, let's say, what fraction of a drift --
woul d nearly 100 percent of the drift be expected to
coll apse or just in sections?

DR. OFCEGBU: Well, the percentage is
difficult to estinmate based on that experience. And
the problem with this is that on the ground rock
engi neering has primarily been concerned with stable
openings. We try to prevent col | apse of openi ngs, and
once the operation is finished, like in the case of
m ni ng, the opening is abandoned. And the only reason

peopl e have gone back i s where col | apse of the openi ng
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has produced a surface expression, such as si nkhol e or
sonet hing or where the opening did not collapse, in
whi ch case peopl e canlocationit |ike ancient tenples
in sone countries that can locationally go in. But
thisisonly afraction of the openings that have been
constructed, and they don't give information that can
be translated in terns of probability.

MR. HORNBERGER: Okay. And the second
qguestion that occurred to ne is, again, in terns of
t he enpirical evidence, isthere enpirical evidence as
to the rates of degradation of the supports, whatever
they may be, rock faults in this kind of fractured
rock?

DR. OFCEGBU. Thereis enpirical evidence,
and let's tal k about that when we -- | have naybe one

or two slides on rates of degradati on.

MR. PATRI CK: If | could interject,
Goodl uck.

DR OFCEGBU.  Yes.

MR. PATRICK: This is Wes Patrick, Center
Staff. | amprobably anong t he nost rank of the rank
enpiricists, Dr. Hornberger, so | appreciate the

comments that you're bringing in on the inportance of
| ooking at the enpirical evidence. But one of the

things -- while encouraging our staff to | ook at the
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enpirical evidence and analogs to the proposed
repository, one of the problens that we confront
i medi ately is that none of the exanples we can find
have had t he type of thermal cycle that is of interest
here. And that is driving this nore and nore in the
di recti on of whil e not ignoringthe enpirical evidence
t hat m ght be avail able, for instance, even evidence
fromthe Nevada test site that m ght be applicabl e,
we're al so putting a very strong caution on the use of
enpirical information because uniquely in the case of
Yucca Mountain there will be a cycle where stresses
are increased due to a thermal pul se, and then those
stresses will decrease over tine. And we're going to
have to rely nore heavily on calculations there |
t hi nk than we m ght otherw se |ike to do, those of us
who do tend to take a nore enpirical approach

DR, OFCE@BU: Gkay. Having said that, we
have to also take a | ook at the avail able enpirica
evidence and what they tell us about behavior of
underground openings in fractured rock, and one of
themis being presented here. This was conpil ed by
Barton and a group before this, and what it | ooks |like
t hese openings that are stable, that are known to be
stable. The dark circles -- the man- made openi ngs and

some of the squares where a few natural openings that
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were observed in the study. And this information is
plotted against a rating of the rock mass quality.
The |owest nunbers indicates rock that are badly
fractured, and the highest nunbers indicates rocks
that are less fractured. And what this led to was a
kind of line that says that, okay, let me explain
this. This one, this panel, the openingis really any
di mensi on of the opening. 1In the case of a tunnel,
for instance, there will be two spans. There will be
t he di ameter of the tunnel and then the I ength of the
tunnel. And considering all those, the information
will be issued here and say that the stabl e openings
tendtofall belowa certainrelationshipline between
span and rock mass quality.

The DCE peopl e have i ndi cated t hat they're
going to use a -- they're likely to use a different
approach for evaluating the nechanical quality of
Yucca Mountain rock. So because of that, we don't
expect that this will be directly applicable, but
based on information we have up to the site
reconmendat i on anal ysi s, nost of that coming fromthe
ESF paper, the rock -- the queue value for the Yucca
Mount ai n rock woul d fal |l approxi matel y bet ween one and
15, and this is based on taking fractures along the

ESF and |ooking at conditions at every five neter
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average or sonething like that, which woul d suggest
t hat the maxi mumspan of unsupported openi ng t hat one
woul d expect based on this chart would be | ess t han 20
nmet ers.

The sane ki nd of information, this one, |
t hi nk, was conpiled by Biezenoski based on South
African experience and experience fromother parts of
the worl d and eventually this matured into a cog t hat
was used for design of underground openi ngs basically
to determne at what point do you have to stop
construction, go back and install support and then
conti nue, becauseit's |ooking at the maxi numstandard
time given acertainspan, acertain unsupported span.
And this, again, is plotted in terms of rock nass
quality. Thequality inthis is Biezenoski rock nmass,
which the relationship can be related to the queue
val ues that we showed in the previous chart. But the
| ower values represent rocks that are highly
fractured, and the high values represent rocks that
are less fractured. And here the standard tine
decreases as the span increases. |t decreases al ong
the i nes such as those board | i nes. Again, the Yucca
Mount ain rock woul d have fallen in the poor rock to
fair rock region, maybe alittle bit in the good rock.

And based on that, the standard tinme for an
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unsupported span of, let's say, twototen neters, the
standard ti nme woul d be on the order of -- anticipated
standard tinme would be on the order of nonths and
years.

This information here, as | said, is often
consi dered conservative, that a nunmber of openings
have survived beyond that, but if you were using and
constructing a tunnel, for instance, and your concern
is providing support so that the rock doesn't fall to
hurt people, if you don't have any of that
information, it will be consi dered very sonewhat bol d
totry to go beyond what this chart reconmends. But
of course the nore information you have about vyour
site, then the nore able you m ght betotry to extend
beyond what is provided in this design chart.

Now, there is an exanple froma col |l apse
of abandoned m ne openings. This study was conduct ed
| think in Bulgaria, was done by a master's degree
student, and what they did was look at |I think there
were 79 occurrences of sinkholes in that area. And
how t he si nkhol e devel ops this shows schematically on
the figure onthe right. The figure shows a coal seam
and t he nunber of rock | ayers above and bel owt he coal
seam And, typically, in mning they will cut a

section of the coal seamand extract it for economc
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pur poses, and so when the mning is conpleted that's
what the opening would look like. Then eventually
when the mining is done they abandoned the openings
and go. The material above the opening will begin to
coll apse into the opening, and the gradual coll apse
may at times work its way depending on certain
property breaki ng characteristics of this rock, as we
will talk about later. This may work its way to
vari ous hei ghts.

Inthis particular case, thereis aloose
fragment of material above the coal area. And the
fragmented material falls into the opening created by
the collapse of the abandoned m ne opening and
eventual |y produces a surface expression that is
call ed a sinkhole, andit's a problemfor hi ghways and
bui l dings and others. So thisis why this was -- this
phenonenon is of interest and was studi ed. If it
wasn't for the occurrence of the sinkhole, nost |ikely
there would be no information about the collapse of
t he m ne.

But judgi ng fromthe ti ne of occurrence of
t he sinkhole relative to the tine that the mne was
known t o be abandoned, this individual found that the
maj ority of the sinkhol es occurred -- about 70 percent

of the sinkholes occurred about 60 years after the
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m ne was abandoned, and about ten percent of the
si nkhol es occurred about 70 years after the m ne was
abandoned. So just in this case the occurrence of the
si nkhol es happened between 60 and 70 years after the
m ne was abandoned. Now, the occurrence of sinkhole
may have been nmuch -- may have been |l ater, | shoul dn't
say much later. 1t's possible it occurred at the sane
time as the collapse of the opening, but it's also
possible that it took alongtine after that. So what
this figure -- this is enpirical evidence that
suggests to us that the coll apse of openings in this
kind of rock will take a few tens of years at nost.
We have to acknow edge that these are not tunnels,
t hese are mne openings. They have a geonetry that
i ncreases space concentration and nakes a geonetry
that is less stable than the -- geonmetry, but nore
i mportant they are al so quite |l arge conpared to the --
the openings are quite large conpared to the mne
area. So there are factors about these that will nake
t hemnore suscepti ble to col |l apse than ot her ki nds of
openi ngs. They haven't said that this is a piece of
enpirical evidence to go by and if one wants to go
beyond t hese, then the person needs to cone up with
addi ti onal anal ysis or additional evidence to support

extending the time of collapse beyond what is
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suggested by this kind of information.

MR.  HORNBERCGER: Goodl uck, just so |
understand this stuff, the study by Dyne, the 79 cases
-- this frequency that you have here refers to 79
observed sinkholes; is that correct?

DR OFOEGBU. That is correct.

MR. HORNBERGER: So we don't know anyt hi ng
about the popul ati on of openings that didn't exhibit
si nkhol es.

DR. OFOE@BU. wel |, actually, the
popul ati on of openings in this area has received a | ot
of study. We're just showing a sanmple from a study
t hat was avail abl e to us. Unfortunately, this kind of
study i s not often nade avail able, but thereis -- the
experience with these ki nds of openings and this kind
of rock is that they collapse. They are expected to
col | apse. There may be one or two that survive
Maybe instead of one or two let's say a snall
per cent age t hat survive, but those are departures from
t he expected behavior. The expected behavior is that
when t hi s openi ng i s abandoned they will coll apse and
they do -- they may progress to the surface and
devel op a surface expression. |In fact, put the other
way, it's only those that devel op a surface expression

that we are going to see.
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MR. HORNBERGER: That's correct.

DR. OFCEGBU. The mmjority of them wl|
probably end up here and maybe have a stiff materi al
her e.

MR HORNBERGER  Ri ght.

DR. OFCEGBU. So the surface expression
doesn't devel op.

MR. HORNBERGER: Right. But in this case
aml right in assum ng that these are sort of pothole
si nkhol es and not |inear features? That is, that the
whol e drift here that col | apses a very | ong segnment or
is just a surface expression of a part of a drift?

DR. OFOEGBU. This is a surface -- well,
now, let's learn something. The figure to the right
is also schematic explaining how this type of thing
devel ops. The actual study is on the left, and that
study doesn't really explain. Wat happened in this
case is that alarge mne or alarge area over a |l arge
m ne and these sinkholes usually occur as isol ated
hol es within that area.

Ckay. Now, going into analytical work,
this is an anal ysis that we conducted a few years ago
on pre-closure to try to estimate pre-closure
stability. The information used for the anal ysis was

taken frominformati on that DOE -- was derived from
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information that DOE wused to support its site
recommendati on. The design is the EDA design, EDAII
design, which the drifts are 85 neters center to
center from each other, and the diameter is 5.5
neters. The drifts are |located at a depth of about
250 neters bel owthe ground surface. So this analysis
was extended to a time of 150 years. The only
significance of thetine hereis the rate of decay of
heat produced by nucl ear waste.

W al so | ooked at the ef fect of decreasing
-- the rock mass strength here has two conponents:
The cohesive conponent and the frictional conponent.
W | ooked at the effect of decreasing the cohesive
conmponent al ong a hypot heti cal time decay occurs, from
100 percent of its value at tinme zero to about 50
percent of its value at tinme in 150 years. The tine
scale here really is not significant. It is the
anount of decay that we were interested in.

Now, what this shows is that -- now, |et
me explain. This analysis is a continuing type of
analysis and it was done using a continuum nodel of
t he rock mass. And conti nui ng nodel s such as this are
enough to identify the onset of failure but they are
not really known for calculating the extent of

failure. Typically, these kind of anal yses are used
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to determne the need for ground support systens,
because the experience is that if you support that
rock that is shown to have -- to be likely to fall
thenif you can prevent failure of that, thenit would
attend the rest of the rock mass. On the ot her hand,
the failure of that rock is not prevented, then the
failure is likely to progress |ayer by |layer and eat
its way into the rock mass. That progressive growth
is not shown here. The nodel used for this analysis
is not capable of calculating that.

Wherever we see an inelastic strain it
indicates where fracture in rock, and that's an
interpretation, fracture inrock is likely to occur.
And the common interpretation that usually cones out
of this kind of analysis is to say, okay, we need
ground support extending into the rock in certain
circunstance in order to prevent failure of the
fracture zone that was observed in the nodel. And
because of that, the conclusion we can drawfromthis
analysis is that ground support will be needed to
mai ntai n stabl e openings for this particul ar design
and set of properties that we |ooked at. And the
ot her conclusion, of course, is that when it is no
| onger possi bl eto provide and mai ntai n ground support

system then we should expect the openings to
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experience rock fall and the accunulation of rock
i nsi ght.

There is another exanple from DOE
analysis. This is a different kind of nodeling. It
tries to represent the rock mass using a set of
pol ygons, and the contacts of the different pol ygons
i s assigned a strength and stiffness, andthis is sort
of tuned such that the overall behavior of the rock
nodel is simlar to the expected overall behavior of
the rock nmass. And a neasure -- one inportant
advantage of this kind of approach is that it's able
to nodel failure, it's able to | ook at progressive
failure and you're able to see the extent of failure
and extent of failure calculated fromthe nodel and
al so the accunul ation of rock wi thin the opening.

In this particular case, what DOE was
| ooki ng at again is the effect of decreasi ng cohesi on
to look at potential rock degradation. The rock
strength i s again represented -- the rock strength has
two conponents -- The cohesive conmponent, the
frictional component. And they decrease the cohesive
conponent fromeach -- one represent of each value in
stats of 20 percent. By that it's 80 percent, 60
percent, 40 percent, 20 percent and zero percent

cohesion. And they | ooked at t he accumul ati on of rock
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in the opening. The one conclusion that we can draw
fromthis study is that as the rock degrades we shoul d
expect the openings to experience rock fall and expect
rock to accumnul ate inside the openings.

Now, having going through all these
cal cul ati ons, we've reached an expectation that the
openi ngs over time will collapse. But what we really
need is a way to cal cul ate the anount of rock that can
accumul ate in the openings and the rate at which this
accunul ati on woul d occur. Each of -- | show several
nodels -- well, exanples from different node
cal cul ations. Here are several of the exanples. And
each of them is able to calculate sonething that
others are not able to calculate. So it's -- taking
the information directly from a single nodel, it's
often not a way to do this. You need to draw sone
conclusions and try to represent those conclusions in
an abstracted nodel that is then used to cal cul ate the
gquantities that are needed.

Doi ng geonechanics nodeling is |ike
| ooking into a big house through a wi ndow. Each view
-- each wi ndow gives a view of the house, and stil
the challenge is putting several views together to
devel op an inmage of what interior of the house wll

| ook 1ike. If one relies on one view, it's quite
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possible to come up with a cal culation that nay be in
error. So we've nade the observation that openings
are likely to coll apse. W need to cal cul ate rate of
col I apse and the amount of material accunul ated as an
i mportant property of broken rubble that can be used,
t hat when a piece of rocks breaks fromthe roof and
falls, that it's likely -- not one piece of rock but
a col l ection of rock pieces, they are likely to occupy
nore vol unme than they occupied within the rock mass.
And this -- so as the material falls, nore space is
created, but the anpbunt of space that the fallen rock
occupi es increases faster than the new space -- the
anount of new space being created. So, ultimtely,
this increase in volune behavi or or bul ki ng behavi or
of rock has a property of arresting the progressive
failure. Because when there is no space for rock to
go into, the failure process has been stopped. So by
using that, we are able to develop a mass bal ance
approach that sinply says that the mass of rock in the
rock mass is equal to the mass of rubble that has
fallen and apply this volunetric relationship and we
are able to cal cul ate the vol une of material that can
develop if this failure process were to progress to
conpl eti on.

Anot her i mpor t ant i nput to t hat
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calculation is the shape of the failure zone. There
are several types of shapes that can occur. The
elliptical shape -- hello? Did sonebody say
sonet hing? GCkay. Not to us.

MR. HORNBERGER: One of your coll eagues.

PARTI Cl PANT: | nadvertently.

DR OFOEGBU. Ckay. Yes. The elliptical
shape is used often in rock engi neering because the
stress condition that develops at the apex of the
equi | i bri um conprehensi ve stress date. So that once
t he openi ng has progressed to that shape, they tend to
equilibrate and stop the gromth. So there are other
shapes, as we'll see later on, but wusing the
elliptical shape and using the bul king behavior of
rock and | ooki ng at t he ranges of bul king factors from
1.1to 1.5 we calculate a distribution of potenti al
highs of the failure zone, which means potenti al
amounts of loading transmtted to the engineered
barrier system | need to point out that the --

MR. HORNBERGER: Wbul dn't a bul ki ng f act or
of 1.1 al nost require a stone mason to go in there and
organi ze those?

DR OFOEGBU:. Yes. It's quite | ow but --
| ower values. There is a paper we | ooked at recently

that in fact did | ower val ues, a val ue of 1.05, for --
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VMR. HORNBERGER: In broken rock? I n

broken rock? In rock like this?

DR OFCEGBU. Yes. Yes. This was for a
coal mne, and what we speculated is that maybe
because of the stratified nature of the rock, maybe
they were looking at plug failure in nost of the
cases. But the | owval ues can occur. But, generally,
we think this field of engineering the values are
expected tolieinthe 1.25to 1.35 range. So when we
chose 1.1to 1.5, it istotry totarget an average in
t hat range. But | need to point out that the
i thophysal nature of the | ower |ithophysal rock may
actual ly, again, this is speculating, but it my | ead
to lower values for bulking factor than the
nonl i t hophysal area.

Okay. DOCE has | ooked at several ways of
doing this. They've done sonething simlar to what we
did here. They said the shapes -- they | ooked at two
types of shapes. W think that shapes should really
progress tothe elliptical geonetry, both of them but
t hey do represent two range -- a range of shapes that
one could call permissible in this kind of anal ysis.
They al so plotted nunbers from the nunerical nodel
cal cul ati ons, the volunme nodel that | shared earlier.

We think that the nunbers taken directly
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fromthe nunerical nodel are smaller than the nunbers
fromthe anal ytical nodel because of action. Action
is a process that devel oped because of the sheer
strength of rock particles. If you have a large
nunber of particles falling at the same time, they
tend to -- they can at tinmes develop particle
arrangenents that is nuch nore open than events from
what you woul d expect fromparticles that have been --
that are deposited in thin layers or that have
experienced a |l ong history.

But the thing is that action is an
attestable state. It's an equilibrium state that
depends on transi ent vari abl es, one of thembeing the
stress on the contact of the particles, and al so the
strength of the -- the potential for particles to
share agai nst each other. So that over tine because
of creep of particle contacts and because of ground
vi bration, the action woul d di sappear and eventual ly
the look at any point in the granular mass would
approach the steady state val ue which is a product of
the unit wi dth and hei ght of the -- the col unm hei ght
of the material.

Now, having said that, one has to
acknowl edge that action can occur, but you have to

look at it -- it needs to be |ooked at as the
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rel ati onship between the steady state value, the
constant load, and slowy decreasing -- slow ng
i ncreasi ng val ue because of decreasing action. So if
sonmebody wants to take advantage of action to reduce
the load in a granular mass, it becomes necessary to
describe -- to characterize the transient nature of
the action so that ultimtely the | oadi ng approaches
the steady state value. We think it's easier to just
use the steady state value, but if one can cone up
with afunctionthat describes the transi ent nature of
action, consider the effects of creep on particles,
effect of seism c potential and ground vi bration from
seismcity, then such a transient cover would
definitely be one of the things that can be | ooked at.

The changi ng geonetry of openings is an
area we have a lot of interest because of potential
ef fect on performance assessnment. The effect on the
| oadi ng, mechani cal | oadi ng of the engi neered barriers
will be discussed in the next staff but we noticed
t hat the peopl e that cal cul ate heat fl ow and noi sture
flow in the repository environnment tend to use only
this geonetry that we believe will only occur during
t he pre-closure period. During the post-closure, the
openings are goingtotransition. They're expectedto

transition fromthis geonmetry to that geonetry, and we
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believe that that transition will take relatively
short tinme. | will get a slide onthat. So that the
peopl e that do performance assessnent cal cul ations
need to ensure that the nodels they use take into
consideration this <change in geonetry of the
enpl acenent drifts.

It i s expectedthat the changi ng geonetry,
t hat the accunul ati on of rock will occur within a few
hundred years after the openi ngs have been abandoned,
that's after cessation of drift mai ntenance. Andthis
is an order of nmy estimate. It's not built on nodel
calculation, it'sbuilt oninterpretation of avail abl e

enpirical data. It's believedthat the ground support

that is -- any ground support left in the openings
will degrade and within a fewtens of years will |ose
its effectiveness and will no |longer be able to

prevent fall of blocks fromthe roof area. And the
i nformati on we presented earlier suggests that there
will be additional tens of years for the openings to
transition from the initial geonetry to the
anticipated |ong-term geonetry. And in order of
magni t ude cal cul ati on such as this, we consider two
stacks of tens of years that will lead you to a
coll apse tine of approximately a few hundred years.

There is effort being nmade at DOE to
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i nprove this calcul ati on approach and that effort is
sort of described briefly here. And what DCE i nt ends
todoistodoastatic fatigue testing on rocks, rock
sanples from Yucca Muntain and try to use that
information to sonmehow calculate the rate of drift
degradation. Static fatigue has been -- rocks have
been subjected to this kind of testing for a |long
time. What it is is you take -- in the standard
conmpression testing of rocks, arock is taken and the
load is applied rapidly, and within a matter of a few
seconds to a fewm nutes the rock fails. The standard
of strength val ue obt ai ned.

The val ue of rock strength obtai ned under
this rapid | oading conditionis often not appropriate
for calculating the behavior of rock underground
openi ngs instituted. A very good exanple of this was
t he At om ¢ Ener gy of Canada m ned by experiment. They
conpl eted an openi ng, | think, about 420 neters bel ow
the plant surface in the underground research
| aboratory, and we did a few nonths notch at the
opening, at the roof, roof failure. And several
attenpts were made to try to rebuke this notch using
the continuum base nodels and the rock strengths
derived fromthe conventional | aboratory test where a

rock is |loaded and failed within a few seconds or
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m nutes. And the experience was that we coul d not; in
fact, that was nmy first exposure to static fatigue
test.

We found that there was this work done by
a group of people at the University of Wnnipeg that
indicated that if the rock is | oaded slowy over an
order of this kind of time scale, ranging fromnmaybe
one day to about ten days, that the strength of them
woul d be between 60 and 70 percent of the strength
t hat was obtained in the rapid | oading condition. And
by using this reduced strength, we could get results
t hat somewhat resenbl ed t he observed notch. And | ater
on a group of people at ITOSCA did analysis with a
m cronmechanics nodel and this is the sinmulated
behavior, static behavior is this here. And using
t hat they were abl e to predict the notch that occurred
inafewnonths. Infact, it was devel oped within two
nont hs of the construction of the opening.

Now, what we need to see here is that the
order of seconds information was found i nappropriate
for calculating an order of one's behavior. And we
needed an order of this information to predict a
mat t er of nont hs behavi or accurately enough. So this
rai ses a concern about using the static fatigue test,

whi ch i s order of days information, totry to predict
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behavi or that may be devel oped within an order of
maybe hundreds of years or even thousands of years.
The question we asked in there is whether the tine
scale of the test is applicable to the tinme scal e of
the calculation, and this question needs to be
addressed in order to apply the static fatigue test in
order torely ondrift degradati on estimates that were
cal cul ated based on the static fatigue nodel.

And there are several ways that this can
be approached. Maybe use -- apply the sane nodel to
existing critical cases where openings are known to
have hi stories extendi ng over tens of years |ike the
exanple |I showed in the coal mnes. There are also
openi ngs at the Nevada test site that probably have
the sane tine scale type of history. So sonehow t hat
conmbines this enpirical information and naybe
conbi ning the nodeling it m ght be possibl e to devel op
the informati on that can be used to address the scal e
effect, the time scale difference between the static
fatigue test and the calculation tine scale.

Well, to conclude, | need to point out
that there are areas where NRC staff views are very
simlar tothe DCOE views in dynam c rock-bl ock i npact
on drip shield. | think there seenms to be a conmon

understanding that this is not a concernin the | ower
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i thophysal area. It is a concern in the mddle
nonlith area but the concern has a nunber of inportant
mtigations. W believe that there is a conmon
understanding that drifts will be expected to degrade
and rubble will accumulate within the drifts within
t he 10, 000-year period of regulatory concern.

Wiere there are differences is, first of
all, regarding the anount of the static load from
accurmul ated rubble. Really, the difference here is
that the DOE hasn't said what it intends to do. They
presented a range of different ways of | ooking at the
problem and, as | described earlier, we're kind of
saying don't use -- we don't believe that using the
i nformation fromthe -- numerical informationfromthe
vol unme nodel woul d be an appropriate way t o go because
t hose have one big drawback is the action, unless
sonmehow the characterization of the action -- tine
effects of actionis included in the analysis and the
appropriate technical basis provided for such
characterization.

Now, on tinme of degradation |I've already
di scussed. DCE intends to use a static fatigue test,
and we believe that's a step in the right direction,
but there are concerns that need to be addressed in

using that approach. Then representation of drift
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degradation in the performance assessnment, good. The
site recommendation analysis did not include drift
degradation. W' ve | ooked at DOE's nom nal scenario
in the TSPA-LA Met hods and Approach docunent and the
suggestion there again is that drift degradation is
not i ncluded, but we are still discussingthis. Thank
you very nuch.

MR. HORNBERGER: Thank you, Goodl uck.
Questions fromthe Commttee? M ke? John?

CHAI RMVAN GARRI CK: Has there been any
back- of -t he-envel ope calculations or any type of
anal ysis done that would indicate the effect on
overal |l performance of increased drift degradation?

DR. OFCEGBU. Back of the envel ope, no.
Peopl e have specul ated on things. There are a nunber
of effects. One is on nechanical behavior of the
engi neered barrier system Howwould the drip shield
and waste package respond to that |oading, and our
group is going to discuss that in the next
presentation. There is also a calculation on heat
flowthat shows with the accunul at ed rubbl e account ed
for the tenperature of the waste package w Il be
hi gher than predicted. And this is fromcal cul ati ons
done at the Center as well as an interpretation of

backfill case calculations that DCE did a few years

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

97

ago. So that has been done, but that increase in
tenperature, the inplication of that on behavior of
t he engi neered barri er systemand behavi or of the near
-- space of near field has not been eval uat ed.

Then another area is seepage. In the
seepage calculation, there is this assunption of
cal cul at ed around t he openi ng and t hat' s predi cat ed on
t he exi stence of an openi ng that we believe woul d not
be there within a short time after closure of the
repository. So we think that that needs to be
nodified and its effect on the cal cul ati on exam ned.
Back of the envelope, it's not easy to do for this
ki nd of thing.

CHAI RVAN GARRI CK:  Bi g envel ope.

(Laughter.)

DR. OFOEGBU. Yes. (kay.

CHAl RVAN GARRI CK:  The ot her question is
when you survey existing unsupported openi ngs, what
does the survey consist of? |Is there nonitoring
equi pnent, degradati on transducers of sone sort or is
it just an observation?

DR OFOCEGBU:. Well, for openings that are
currently used, thereis usually nonitoring equi pnent,
but t hose openi ngs al so are usual |y supported. | nean

t hey have ground support on them so they are not
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exactly applicable, but the information there can be
used. But for openings that have been abandoned, no.
In rare cases there m ght be, but usually there is not
nonitoring equipnent. It's just going into observe.

CHAI RVAN GARRI CK: Is it possible to
noni tor sonething like this in ternms of howcl ose you
are to really having a rock falling situation?

DR. OFCEGBU: It is possible, and we
believe that this is one of the approaches that DCE
may use for the pre-cl osure period. For post-closure,
because the time is so long, | don't knowif --

CHAI RVAN GARRI CK:  Yes. GCkay. Thank you.

DR OFCEGBU. Thank you.

MR. HORNBERGER: Rut h?

M5. VEI NER: This is a question asked out
of conplete ignorance of this entire process. Wen
the rocks -- when the drifts degrade and the rocks
fall, how nmuch dust do you get? What percentage or
what by some neasure do you get dust, very fine
particles accunmulating in the interstices?

DR. OFCEGBU. There is dust. There is
usually dust. | can't say how much. | don't know
what the particle distribution would be, but there
will be a certain anpunt of dust.

MR. HORNBERGER: O her questions? Staff?
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Nei | ?

MR. COLEMAN: Neil Col eman, ACNW staff.
|'ve had a chance to see or to enter tunnels at the
site that have been i solated for a period of tine, for
many nonths, six to nine nonths, and sonething |
noticed going in you do see debris that has fallen
down, and what | saw ranged fromsand size particles
up to nmaybe a fewcentineters. Over say 100 neters of
tunnel it mght add up to a kilo or two of material.
But | don't knowif thisis arate that's continuous,
but | guess it tends to support the idea of -- this
area is very well supported by steel sets and rock
bolts. This is the ERCB east-west drift.

DR.  OFOEGBU. Yes. For supported
openi ngs, the behavior wll be different. For
unsupported openi ngs, you may see a sim |l ar behavior
but what we need to point out is that these openings
have a very short history so far, and often peopl e see
sonet hi ng and say, "Oh, that's a mi nor rock fall," but
that is the beginning of rock fall. If it stops
there, yes, it's mnor, but if it progresses, asit's
expected to be, thenit's really the begi nning of what
may be nmuch nore inportant.

MR. HORNBERGER: Ckay. Thanks very nuch,

Goodluck, and | guess we'll go on to our next
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presentation on MECHFAI L. And, Doug, you going to do
t hat ?

DR. GUTE: GCkay. Can you hear ne? Ckay.
And I'll do nmy best to stick to the 30 m nutes as best

| can. As Goodluck just presented, he spent a | ot of

ti me going over the basis for the rockfall | oads that
we're assessing within the MECHFAIL nodul e. Her e
we're going to get a little better of an -- better

i dea of the overview of what MECHFAI L does because we
do assess ot her nechani cal types of |oads other than
rock fall, in particular seismcity and sonme other
i ssues that come into play when we want to assess the
potential effects of nmechanical damage on the
engi neered barrier system

The presentation, I'mgoing totry to go
qui ckly over the objective of MECHFAI L nodul e, and
overvi ew of the EBS conponents that we're concerned
about, sone risk insights that have been done, and
this kind of goes to your back-of-the-envel ope
cal cul ation question earlier about how bad can it
potentially be, then an overvi ew of how we i npl enent
t he MECHFAI L nodul e, a characteri zation of nmechani cal
| oads, and Dr. O oegbu al ready di scussed t he stack and
dynami c rockfal |l characterization aspects of thetalk,

so I'mjust going to focus on seisnmicity in a very
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short way. Drip shield response to the nechanica
loads. | want to point out and enphasize that the
drip shield we have evaluated, or that has been
eval uated, was released by the DOE in 1999. Since
that time, we have had several discussions and
t echni cal exchanges in Appendix 70 and were able to
convey that there were certain things that were
overl ooked in their original design analysis and
assessnment. They' ve gone back and | ooked at it, and
they are in the process of reeval uating, reinforcing
their designs or trying to take appropri ate neasures
to i nprove the performance of the engi neered barrier
system conponents. We'll also |look quickly at the
wast e package response to nechanical | oads. W don't
have a whole | ot of detailed information here. |It's
nore of where we're going in our analysis process at
this tine. And we'll have sone cl osi ng observati ons.

The objective of the MECHFAIL nodul e,
t hough, is to approximate the tenporal and spatia
variations of the nechanical l|oads, in particular
seismc and rockfall | oading conditions. W want to
assess accumnul at ed damage because up to this point,
hi storically, people have only focused on those one-
ti me scenarios, what coul d potentially breachthedrip

shi el d and/ or wast e package as a one-ti nme event? \Wat
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happens when | have nmuch hi gher frequency events that
contribute alittle bit of damage to t he EBS syst emas
you go along and as tine progresses has enough of
t hese hi gher probability events occurred to the point
where | do ultimately still end up reaching the drip
shi el d and/ or wast e package? So it has to dowth the
aspect of assessing the effect of accunul at ed damage
on the system and then try to identify the risk
significant failure mechani snms that we shoul d focus
our review on.

The engi neered barrier systemconponents
are the waste package, the drip shield, invert to the
wast e package pallet support. Sone people say that
t he nucl ear fuel cladding is not being taken credit
for as an engineered barrier. It depends on which
particul ar docunment you mi ght be readi ng and how ol d
it mght be, but I've included in the list anyway
because it does have an effect on the release of
radi onuclides, ultimtely. And sonme people would
argue because of the capillary diversion credit given
to the drift, that the drift itself is also an
engi neered barrier.

Froma risk insight perspective, we want
to get kind of a sense of how bad it can be, your

back- of -t he- envel ope cal cul ation that you nentioned
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earlier. What they found is that if we take the drip
shield or if the drip shield is taken out of the
system that the expected dose is only increased by
roughly 75 percent. It doesn't seem to have a
significant effect on overall repository performance,
and that's taking the drip shield out of the systemat
the tinme of closure.

Ckay. But the TPA code currently does not
have the ability to assess t he wast e package response
to direct rockfall |oads at the present tinme, and we
al so don't consider the increased tenperatures and
potential seepage that may enter the drift as aresult
of the drift degradation processes. So what was
| ooked at next was to take out both the drip shield
and t he wast e package cl osure and see what effect it
woul d have on the overall dose, and it was shown t hat
the dose increases by approximately two orders of
magni tude relative to the nom nal scenario. But in
both cases, the potential seepage and increased
t enmperatures was not considered in the TPA anal ysis.

To assess mechanical failure in the TPA
code, several things need to be assessed: The nunber
of seism c events that coul d occur over the regul atory
period, the tenmporal and spatial distributions of

rockfall |oads, both static and dynamc, 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

104

nmechani cal effects of these |oads on the engi neered
barrier system including potential interactions
between them and the applicable failure nmechani sns
and their respective failure criteria. Analyses have
shown that the drip shield is prone to buckling, or
the older design of the drip shield is prone to
buckl i ng. Also, do we need to look at fracture
nmechani cs fail ure approach as opposed to t he standard
conti nuum nmechanics failure criteria or nethodol ogy?

That oftentines is |oad- and materi al -dependent.

And al so creep. It turns out that creep
at el evated tenperatures -- even though the indirect
temperatures | think with in place backfill the

maxi mum expected is around 350 degrees C, which may
not seemto be that high of a tenperature when you
consider netals in typical applications, especially
boil er pressure vessel type of applications. Turns
out that titaniumis highly susceptible to creep at
relatively low tenperatures, and for the titanium
alloys that are being used in the construction of a
drip shield the nmechanical strength is al so degraded
quite significantly even at tenperatures of 100
degrees C, |l et al one 330 degrees C, and I'|l | expand on
that here in alittle bit.

What has been al ready screened out from
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t he MECHFAI L nodul e has been faulting as a potenti al
signi ficant nechani cal | oadi ng conditi on or scenari o.
A lot of work's been done in this area. It's not
expected to cause significant drip shield and waste
package danage. The DCE is already commtted to the
faul t-setback distance. If there are faults that they
encounter during the boring of the drifts and so on
and so forth and they know where faults are at, they
will make sure that the drip shields and waste
packages are a certain amount of distance away from
there so as not to be directly affected by those
faults. And when you go through and do a detail ed
analysis, you find that a very small percentage of
drip shields and waste packages could potentially be
affected by thi s type of mechani cal | oadi ng mechani sm

| gneous i ntrusion, whichis al sounder the
nmechani cal disruption of engineered barriers 1Sl,
whichis really what we're trying to enconpass wi thin
the MECHFAIL nodule, igneous intrusion also falls
under that unbrella, but we have left that to the
vol canol ogi sts to deal with in their own code nodul es
and we're not going to go there.

One of the things | need to point out in
the abstractions that have been devel oped for the

MECHFAI L nodul e we have not considered any of the
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mat eri al degradation or corrosion processes that coul d
affect, ultimately affect, the structural performance
capabi lities of the engi neered conmponent system For
exanpl e, stress corrosion cracking can cone i nto pl ay,
fabrication flaws and so on and so forth. 1've got
themlisted here. W' re working closely with the CLST
people to try to incorporate these effects into the
MECHFAI L modul e if we find that they are in fact risk
significant. There's a lot of wuncertainty still
associ at ed with whet her there's appropriate
environment to support stress corrosion cracking of
the Alloy-22 material. W don't expect general or
uni form corrosion to be an issue with regard to the
wast e package Alloy-22 outer barrier. However, a
| ocalized corrosion is still a concern, particularly
in the areas of the weld seans in fabricating the
wast e package.

Going on fromthere, strain rate effects
have al so not been consi dered. Typically, high strain
rates whi ch could occur when | have a dynam c i npact
froma rock block that's falling fromthe ceiling or
during a seismc event where things are bei ng shaken
quite rapidly, those high strain rates that the
materials may experience typically illustrate or

causes the material to have a nuch higher yield

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

107

stress, but then againit reduces the ductility of the
material. In other words, youcan't stretchit as far
out as you would like to or what it would under very
slow applied loads until it fails.

To accommpdat e t he accunul ati on of damage
wi t hi n t he MECHFAI L nodul e we found t he nost expedi ent
way of doing that was to sumup the plastic strains
associated with the event that m ght occur from one
time step to the next. Typically, plastic strains
dom nate in magnitude the total strains that a
material wll incur. The elastic recovery or the
el astic part of the strainis relatively small, even
for very large stress fluctuations. And we found
this, like |l said, to be the nost expedient way to try
t o accommodat e t he accunul ati on of danage or assessi ng
t he accunul ati on of damage fromone di sruptive event
to the next.

Tenperature effects. What |'ve got
plotted here is sonme recent information devel oped by
our TEF folks. The waste package tenperature with
enpl aced backfill, as you can see, can be quite high
right after closure, approximtely 350 degrees C.
That enpl aced backfill is going in and taking crushed
tuft or sone ot her aggregate and placing it aroundthe

drip shield and waste package and filling it up as
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hi gh as you possibly can to the top of the drift. An
added benefit of doing that is that you end up
decreasi ng the voi d space that the rock can fall into,
and you end up building extra support for the drift
ceiling and you don't devel op these |l arge, relatively
| arge static rockfall |oads or you don't have dynam c
rockfall any longer. It supports the drift. But they
have to deal with the el evated tenperatures that go
with it for several hundred years. But, ultimtely,
within the first thousand years you get down to
t enperat ures that you woul d expect if you had just had
an open drift anyway.

Now, wi th natural drift degradation using
t he degradati on rates used wi t hi n t he MECHFAI L nodul e,
t he wast e package surface tenperatures were esti mat ed,
and that's identified by the green curve here. The
tenperatures aren't nearly as high as they woul d be
for the enpl aced backfill case but still rather high,
nmuch hi gher than the 150 degree C range that has been
typically considered to be a maxi num value, if you
will. Andit turns out to be still quite significant
froma nechani cal property standpoint, and |'l| show
you that on the next slide. For all of our analyses
this pl ot was generated after we had done a great deal

of our work, and we were using the ultimte drip
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temperatures for our mechani cal properties, and that
was assunmed to be 150 degrees C.

VWhat | wanted to qui ckly showhere is that
a | ot of people don't recognize or realize that these
temperatures can have a significant effect on the
nmechani cal properties of the EBS conponents,
particularly withregardto titaniumgrade 7, whichis
the plating material for the drip shield. These are
normal i zed yield strength values on the left. Yield
strength is at the point when the material no | onger
behaves in a linear fashion. Once you exceed that
stress it plastically deformand it won't spring back
toits original shape. And these are normalized with
respect to their roomtenperature values, all right?
At approxi mately 150 degrees C, the titaniumgrade 7
plate its yield strength has been reduced by 30 to 35
percent relative to roomtenperature. This was not
considered in the original deal reassessnent of their
drip shield design, and thisis, in my opinion, one of
the maj or oversights in that initial design process.

After we get up to the natural backfil
condi tion, the maxi num tenperature being around 250
degrees C, it's reduced by roughly 60 to 65 percent,
but once again the rockfall | oads haven't necessarily

fully mani fested thenselves at that point either
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Then we have sim | ar behavior for the other materi al s.
Also, | want to point out that the ultimte tensile
strength is also significantly reduced. The ultimate
tensile strength is the point at which it can no
| onger carry any nore stress and for all intents and
purposes it's been breached at that point.

One of the things | want to point out,
t hough, is that this can be overused i n the sense t hat
j ust because you get to that stress | evel or you nake
some approximations that you' re approaching the
ultimite stress, you don't want to necessarily say
t hat you've breached the system It turns out that
Al'l oy-22 is very, very ductile material, and you have
to get roughly 60 percent strained before you get to
failure. So when we start approaching stresses of
t hi s magni tude, we recogni ze we're going to undergo a
| ot of plastic deformation, the contact between maybe
the drip shield and the waste package in the contact
area may increase significantly.

By the contact area increasing, we're
reduci ng the overal | average stress, and therefore you
may not ultimately end up breaching material. You
want to take advantage of the ductility of that
mat eri al . That's why we're trying to base the

accumul ation of damage on plastic strains, the
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accunul ation of plastic strains, because you want to
t ake advant age of what the material gives you, and it
woul d be premature just to do an easy stress anal ysis

and say, "l've breached it," because that's not the
case, because you've got all this plastic deformation
or ductility available in the material.

Characterization of seismc l|loads, |'ll
just go over this very quickly. It's based upon --
the TPA code uses the seismc hazard curve data
devel oped for a rock outcrop on the surface. It's
characterized in terns of the nean peak horizonta
ground accel eration within the TPA code. That's the
only paraneter at the present time we have to work
with in assessing what ki nd of damage may be i ncurred
by the EBS system under seismic conditions. There
isn'"t enough data at this point to determ ne whet her
that's sufficient to make a fair assessnent of the EBS
under seismic conditions. That work is still
underway, so |I'm not sure if this is going to be
ultimately sufficient or if we're going to need nore
information in the long run or not.

And |'m sure you guys have heard about
this before and are well famliar with the |ow
frequency or low probability of occurrence

eart hquakes, what their magni tude shoul d be or won't

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

112

be, whether they should be capped or not, so there's
a lot of variation and potential variation of what
coul d happen here. Whet her those are ri sk-significant
| oads or not 1'Il leave to the PAfolks to explainin
the future. Apparently, if | assune that atento the
m nus six event fails all the drip shields and waste
packages and the releases are sinply through the
ground surface, when you conbi ne that dose with that
probability it's not really risk significant. But
what we're concerned about here from a seismc
standpoint is can | accunul ate damage fromthe nuch
hi gher frequency earthquakes such that at the end of
a couple thousand years have there been enough of
t hese events toultimately end up causi ng breachingto
occur anyway? | don't want to focus just on one event
causes failure and if it doesn't, then| forget about
it. 1 need to know what the hi ghest seisn c | oad can
be -- or, actually, let me turn that around, what the
| owest seismic load is that would cause potenti al
damage to the waste package. W need to start
accunul ating that damage. 1Is it a ten to the m nus
three earthquake, is it a ten to the mnus four, ten
to the mnus five earthquake before | start seeing
appr eci abl e danmage on the systenf

Ri ght now we feel |ike the TPA sanpling
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nmet hodol ogy is a good way or a good approach for
dealing with the high frequency -- high probability
seismc events, but if we get into the |[|ower
probability events, we probably have to | ook at it as
scenari 0s, uni que scenari o0s.

For the response to the drip shield of
seismc |oads, we haven't perfornmed any detailed
seism c ground notion tinme history anal ysis as of yet.
We're in the process of doing that. Before we devel op
t he nodel s for this type of anal ysis, we're perform ng
Ei genval ue analyses to get a sense of where the
natural frequencies of the system are. Nat ur al
frequencies are a strong part of how systens behave
under seismc loads. WII the natural frequencies of
the system be excited or not? |s the potential for
dynam c anplification of the response there? One of
t he other questions that has yet to be answered is
what effect will these accunul at ed nasses or rockfall
| oads on the systemhave? WII| the rock mass nove in
phase with the drip shield? WII it respond as one?
WIl they counteract each other, and we wl]l
ultimtely have kind of a mass vanping scenario?
There's a |l ot of uncertainty here.

The anal ysi s that have been done to date

indicate that the drip shield has several natural
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frequencies below this 33 hertz threshold. The 33
hertz threshold is inportant because that's where the
vast mpjority of the energy associated with the
seismc event lies wthinthat frequency spectrum It
depends on whether it's a freestanding drip shield,
whet her they bolt it tothe invert floor or weldit to
the invert floor. All these things can have an effect
on how the system wll behave under seismc
condi tions.

Moving onto static rockfall | oads, here's
our process | evel nodel. 1t was recognized very early
that when | had drift degradation the rubble
accunul ating on the sides of the drip shield wll
provi de sonme structural support, and we felt it was
very i nappropriate not to take sone consi deration for
that structure support in assessing the capabilities
of the drip shield and howit will respond under these
static |low conditions. W've nodeled it as a
conti nuum Now, hownuch stiffness is associated with
that rock rubble is a very difficult thing to get a
handl e on. There's a lot of variability potentially
there, so what we did was a sensitivity analysis
varyi ng the Young's nodul us of that rock mass on the
side of the drip shield to get a sense of howit could

affect the overall response of the static |oads.
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MR. HORNBERGER: \What's the basis for the

depth distribution there on the previous slide?
DR GUTE: You nean as far as --

HORNBERGER:  Yes.

QUTE: -- fromthe depth?

HORNBERCER:  Your bl ue curve.

QUTE: ©Ch, the blue here?

3 3 3 %

HORNBERGER:  Yes.

DR. GQUTE: This is the boundary of the
drift, of the drift wall. And it goes up in the --

MR. HORNBERGER: So that's not a pressure
di stribution on the curve.

DR, CGUTE: No, no. Actually, this is
di spl acement constraint. This is an interface where
we're allowingthistoslidealongthedrift wall, the
original drift wall. And everything above this point
is degraded above it. And then we've got the
over burden pressure assigned on the top surface here
and al so the appropriate pressure over the crown of
the drip shield as well.

MR. HORNBERGER: (kay.

DR GUTE: The results indicated that the
buckling | oad of the drip shieldis really sensitive
to the Young' s nodul us that was assigned to the rock

mass on the side. Based on this information, along
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wi th some i nsight intothe deficiencies of our process
| evel nodel, we've taken advantage of symmetry,
boundary conditi ons, | oading conditions, not
necessarily the elevated the tenperature to the 250
degree C that we saw earlier. There's a nunber of
things that cone into play. Putting all the
information together, |ike Goodluck talked earlier,
you just can't | ook at one piece of the analysis and
cone to a conclusion. Putting all of our know edge
together we developed a distribution for the
appropriate buckling load of the drip shields that
woul d be assigned t hroughout fromw thin the MECHFAI L
nmodul e.

| neglected to point out earlier and |
need to resolve that now is we account for spati al
di stributions or variations within the MECHFAIL code
by breaking each of the TPA code subareas into two
spatial grids. One spatial grid represents the | ower
ithophysal rock, the other spatial grid represents
the m ddl e nonlithophysal, because there are unique
properties associated with both. The inportant ones
are the bulking factor. For exanple, the bul king
factor for the | ower |ithophysal coul d be potentially
much smal | er than for the m ddl e nonlit hophysal, so we

have different ranges there. Am | running out of
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time? Ckay.

What el se? There's a fewother paraneters
that we do vary spatially, sothat is accounted for in
t he MECHFAI L nodul e. So we're accounting for both the
spatial and tenporal variations in the nunber of our
key paraneters.

Okay. One last note here: During a
seism c event, the effective | oads of the accunul at ed
rockfall is alsoincreased to account for the seismc
conditions. Right nowwe have no idea if there's any
potential dynamc anplification within the rock
itself, how does it respond to seismc |oads, those
types of things? But right nowwe're just treatingit
as dead weight, rigid body that is increased by
what ever the PGA of that particular seismc event
m ght be.

Drip shield response to dynam c rockfal
| oads, here's a quick overview of the nodel. One of
the inportant things to note here is that our rock
bl ock has an infinite strength and a response and a
purely el astic matter. Now, everybody recogni zes t hat
when the rock block inpacts the drip shield it's
likely to fracture in places. It's hard to say
whether it will be highly | ocalized or whether it wl|l

be a general fracturing of the rock bl ock, but there
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was ki nd of an understandi ng bet ween us and DOE wher e
we di d not want to spend all of our resources and tine
trying to figure out hownuch of the energy associ at ed
with the rock block is taken up by the rock block
fracturing, becausereally what istheinportant thing
on our mind is howwell is the drip shield going to
perform under these conditions? So we've taken the
approach that the rock bl ock should be nodel ed as --
well, 1 shouldn't say should but it's acceptable to
nodel it as a purely elastic body and not get too hung
up on its fracturing and how nmuch energy is being
di ssi pated. Because as it ultimtely was shown to be
that this is not a highly risk-significant nmechani cal
| oadi ng scenari o.

And Goodl uck nentioned this earlier, a
coupl e of the assunptions in the MECHFAIL nodule is
t hat once a half neter of rubble is built above of the
drip shield crow, the effect of that dynam c rock
bl ock com ng down and hitting the drip shield is
pretty nuch mitigated, and so we don't worry about its
effect onthe drip shield per se, hittingit directly.
W do, though, consider the accunulation of that
rockfall into the static rockfall | oads. That is
accounted for. Also, dynam c rock bl ock | oads have

been assuned to only occur during seisnm c events. The
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accunul ated rockfall | oads are characterizedinterns
of the tine degradation rate that's been assigned to
that particular spatial grid elenent, and it's
controlled by its bulking factor and sone other
paraneters. But dynam c rockfall only occurs during
a seismc event.

Here's an exanple of the analyses that
wer e conducted at the Center illustratingthe response
of the drip shield to a two-ton per neter rock bl ock.
The stresses turn out to be exceptionally high herein
the transition area between the side and the crown, in
this area here, and also up in the reinforcing
bul khead and the transition between the plate and the
supporting bul khead here. Another itemto point is
because it has been assuned that the dynam c rock
bl ocks only occur during seismc events, that the
invert is also noving upward at a constant one neter
per second over the duration of the analysis.

Fromthis information, we ran a nunber of
t hese, we were able to abstract or characterize drip
shield displacenent, velocity, equivalent plastic
strains, Von Mses Stress and a nunber of things in
terns of rock block mass and its fall height.

Wast e package response to seismc and

rockfall loads, not a whole lot of work has been
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conpleted in this area. W' ve been working on this
qui te vigorously for the | ast year or so. Once again,
t he response to seism c ground notion tinme histories
has not been assessed. W're currently in the mddle
of an Eigenvalue analysis to determne what the
natural frequencies of the individual conponents in
the overall system are. W have not conducted any
anal yses to assess the response of the waste package
to direct rockfall | oads. DOE is comitted to
protecting the wast e package fromt hose rockfal |l | oads
by way of the drip shield.

One of the things that could potentially
be an issue here, and et me see if |1've got this on
the next slide, has to do with drip shield and waste
package interactions. What happens when the drip
shield buckles is that it transfers that |oad to the
wast e package, and the design that we're eval uating
has these roughly four centinmeter thick bul kheads
underneat h t he crown of the drip shield and based upon
our estimates of the rockfall | oads, whichis anywhere
fromd40 to 160 tons per nmeter length of drift, that
load is all being focused on a per neter |ength
because t hese bul kheads ar e separ at ed by appr oxi matel y
one nmeter. All that load is being transmtted to the

wast e package through that bul khead that's only four
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centimeters wide. There's no guarantee al so that that
bul khead will be resting flat on the waste package.
Chances are it's going to be skewed a little bit and
t he edge of that particul ar beam could be eating or
digging into the waste package.

And we' re conducti ng anal ysis nowto find
out how much plastic deformati on nust be incurred by
t he waste package before it can reach equilibriumto
support those |oads above it that are being
transferredtoit. Utimately, the drip shield may be
shown to not buckle at all once they cone in wth
t heir revi sed desi gn, but that designis not avail abl e
to us now for reevaluation and consideration in the
current abstractions we have in the MECHFAI L nodul e.

That' s under static conditions. Theissue
al so becones exacerbated under seismic conditions.
Let's say |I've got this large static rockfall | oad,
t he bul khead' s di ggi ng i nto t he wast e package surface,
| " ve reached sone equi li briumpoint, |'mokay, but now
a seismc event comes along. What's it going to take
now to cause nore plastic straining of the waste
package to get nme to failure? And those are all
guestions that have yet to be answered, and hopeful |y
we'll be getting those answers here in the next six

nmont hs or so.
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Let's see, MECHFAI L nodul e out puts are t he
nodul es. W provide the percentage of drip shield
failures. And by failure there's two aspects of
failure when we' re tal ki ng about the drip shield here.
One is continuing to protect the waste package from
rockfall | oads, and the other is has it been breached?
Now, right nowif it does buckle, there are | ocalized
plastic strains that occur as a result of the |large
di spl acenments associ ated with the buckling that al so
causes | ocal breaching to occur. The size and extent
of those breaches is very difficult to quantify, but
we do have a pretty good idea of where the general
area of those are, but quantifying the sizes is a
difficult thing to do.

Percent age of waste package failure on
subarea tinme step basis, and here's another area |
need t o enphasi ze. Ri ght nowt he MECHFAI L nodul e does
not predict any performance paraneters of the waste
package at all. W don't have the abstractions in
pl ace. Al t hough we have the place holders in the
MECHFAI L nodul e code to insert the abstracti ons and
the logic and everything is there, the specific
abstracti ons necessary to assess what potenti al waste
package failure has yet to be inplenented within the

MECHFAI L nmodule. Al we can predict right nowis we
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have a pretty good handle on -- and | shouldn't say
predict -- but estimate the potential drip shield
response to these nechanical |oads. GCkay?
Prelimnary results indicate that on
average 75 percent of the drip shields buckle under
static rockfall | oads within 500 years after cl osure.
Degradation of the invert may increase drip shield
interactions with the waste package. Up to now many
of these nodels have sinply assuned that the invert
remains intact. However, theinvert i s made of carbon
steel structural franmework. That carbon steel is
going to corrode very qui ckly after closure, if not --
actually, this is kind of an issue during the pre-
closure tineframe as well because carbon steel
apparently corrodes very quickly in the presence of
nitrate, and fromwhat | understand, the nitrates are
bei ng taken credit for as being a corrosion inhibitor
for the Alloy-22. So it's either one or the other.
But, anyway, the carbon steel is expected to corrode
rat her quickly. The aggregate, which may be highly
conpacted or whatever, that exists between the
structural franmework of the invert could have a very
hi gh conpressive strength but then again it probably
doesn't have nuch of a tensile or sheer strength

unl ess they provide sonme type of cenent material to
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enhance its nechani cal properties or behavior. But
that invert coul d degrade quite quickly, and how good
is that -- of a support does it provide the engi neered
barrier system and do we end up with -- the drip
shield Il egs or feet is a very small surface area, and
with the rockfall accumulating above it, it could
settle into the drift in very odd orientations. And
the same with the waste package.

Let's see, it's not clear to us that when
DCE does come out with the update design that we were
going to have to go back and redo all this analysis
again. Conceptually, once we're all done with this
stuff, we may find that based on the information we
have t hat the current perfornmance characteristics are
enough to say that, "Hey, this really isn't risk

significant.” That i nformation doesn't exi st yet, but
ultimately we prove to oursel ves, and DOE nay provi de
the information to support this, that it's not a major
problem But on the other hand, if it's ultimately
shown t hat this drip shi el d-wast e package i nteractions
does | ead to a significant nunber of or percentage of
wast e package failures or concerns, it's goingto have
to be taken into consideration and eval uated, taken

the tine to evaluate the new drip shield design in

nore detail when it is ultimately rel eased.
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And that's the end of ny talk. Any

guesti ons?

MR. HORNBERGER: Yes. Thanks, Doug. Am
| -- let's seeif | have a mai n nessage here fromwhat
|'ve heard in the past two talks. |s one of the main
points that froma risk insights perspectiveit isthe
static loading and hence the calculation or
assunptions of rock fall and the extent of rock fall
and the | oads produced by rock fall is probably the
nost i nmportant thing?

DR, GUTE: It's what's driving the system
really froma nmechanical failure point of view, from
nmy perspective. Those are the design basis | oads or
the expected loads that need to be considered in
assessing how the EBS will behave or respond under
seismc conditions as well as just the static |oads
t hensel ves.

MR, HORNBERCGER: kay. Thanks. M ke?
John?

CHAl RVAN  GARRI CK: | just wanted to
comment and nmake it a question, and that is that in
your risk insight statement you said that the renoval
of the drip shield will increase the dose sone 75
percent. That strikes ne as maybe this is a "no never

m nd" issue given the fact that the dose cal cul ati on
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itself, | suspect, has an uncertainty associated with
it by a factor of at l|least ten and probably nore
between the fifth and 95 percentile. So why are we
fussing around with this?

DR QUTE: Wll, if you take the drip
shield out of the system you no |onger have a rock
shield for the waste package.

CHAI RMVAN GARRI CK: | know.

DR, GQUTE: kay.

CHAI RVAN GARRI CK:  But |' mt hi nki ng about
the end result here. So what?

DR GUTE: Well, as | said, we're --

CHAI RVAN GARRI CK: I f you renpve the drip
shield and you only get an i ncrease of 75 percent in
t he dose, why do |I care?

DR GUTE: Well, the TPA code does not
consi der the potential failure of the waste package
fromthose direct rockfall | oads.

CHAI RVAN GARRI CK: | ' mnot communi cati ng.
|"msaying that | don't care if the rocks cone in if
it doesn't affect the performance substantially, and
your risk insights information is telling nme it
doesn't affect the perfornmance.

DR. GUTE: No, it affects -- well, if you

just take out the drip shields and assume nothing
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happens to the waste package, your interpretation is
correct. However, the TPA code does not take into
consi deration the potential failure nodes of the waste
package that occur because the drip shield is not

there. We're taking credit for the drip shield being

CHAl RVAN GARRI CK:  Has that cal cul ation
been done?

DR GQUTE: Well, that's why the second
part of the cal cul ati on was done to take out both the
drip shields and the waste packages to see as --

CHAI RVAN GARRI CK:  Yes, but how much of
t he wast e package was taken out?

DR GUTE: One hundred percent.

CHAI RVAN GARRI CK:  Well, see, that's an
irrelevant -- that's a nonsensical assunption.

DR GUTE: Yes, it is -- well, it's a
back- of -t he-envel ope cal culation is what it is.

CHAl RVAN GARRI CK:  Yes, right.

(Laughter.)

DR QUTE: Because it's convenient,
because we don't have enough i nformation to make any
nore detailed assessnent at this point.

CHAI RMVAN GARRI CK:  Yes. Well, | always

like to | ook at the so what question.
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DR QUTE: Wll, | appreciate that.

That's fine.

CHAI RMAN GARRI CK:  What i s t he consequence
here of rocks falling in on the waste package? Does
it really mke that nmuch matter given the
uncertainties that are involved? Gven that you're
two orders of magni tude bel owthe standard, given that
there's probably a factor of ten to 100 uncertainty
associ ated with the dose cal cul ation, what Kkind of
i npact does this really have?

DR GUTE: Well, as | nentioned earlier,
when you take away both the drip shield and the waste
package, you end up increasing the dose by two orders
of magni tude and not --

CHAI RVAN GARRI CK:  Yes, but that isn't --
' mtal ki ng about physical reality --

DR GJTE: Yes.

CHAI RVAN GARRI CK:  -- and in ternms of our
know edge of the analysis. And our know edge of the
analysis -- we should be able to calculate within a
certain uncertainty what the dose is as a result of
what we expect to actually happen, and if we're now
saying that what we expect to happen is that we're
going to fill these tunnels up with rocks in a few

hundred years rather than a few tens of thousands of
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years, that ought to be sonething that's very

cal cul able. That's all |'m saying.
DR. GUTE: Well, | appreciate what you're
sayi ng, but -- yes?

PARTI Cl PANT: Timwants to say sonet hi ng.

DR. QGUTE: Oh, okay. Go ahead, Tim
Thanks.

MR. McCARTIN: | think we agree with you,
Dr. Garrick. | guess one thing I would like to
suppl emrent sonme of the things that Doug' s saying.
Al t hough | abel the risk insight, there is a part of
that calculation we will take out the drip shield.
But as he was saying, the only thing accounted for
there is the fact that now we have nore water com ng
in. And so that increase in dose was really due to
fill-up time for our bathtub nodel primarily, and so
the dose occurred a little earlier and becones a
little larger. Part of the risk insight, though, is
al so that what isn't accounted for, and that's the
expl anati on of we didn't account -- that cal cul ation
doesn't account for the ability of the -- the
capability of the drip shield --

CHAl RVAN GARRI CK: | guess --

MR. MCARTIN: --tolimt the deleterious

chem stries getting on the waste package. And that
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needs to be | ooked at, and so that part that, gee,
wi t hout the drip shield, maybe corrosion of the waste
package coul d occur sooner and there could be other
effects that the TPA code isn't accounting for

CHAl RMVAN GARRI CK:  Ri ght.

MR McCARTIN: So there are sone other
aspects that go beyond just that nunber.

CHAl RVAN GARRI CK:  Yes. | under st and.
kay.

MR. HORNBERGER: O course, when we tal k
about taking out the drip shield, the understandingin
terms of the risk insight doesn't nean that we
necessarily have to consider that the drip shield has
been physically renoved.

CHAl RVAN GARRI CK: No.

MR. HORNBERGER: W just nean t hat sone of
it, aportionof its capability has been conprom sed,
and | think that's the thrust of the question.

CHAI RVAN GARRI CK:  Yes. Right, right. It

MR. HORNBERGER: Rut h?

M5. VEI NER: | have two ki nd of unrel ated
questions. \Wen you tal k about perfornmance of the
drip shield, something interfering with performance,

are you tal king about sonething in addition to just

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

131

protecting the waste package fromdrips?

DR GUTE: Fromthe water from --

M5. VEINER  Yes, from water.

DR GUTE: We l ook at it froma mechani cal
standpoint. | viewit as nore of a rock shield than
a drip shield, because it is taking credit by the DOE
to protect the waste package fromall rockfall | oads.

M5. VEI NER: Ckay. That was one questi on.
The other thing is you have a code that cal cul ates al
this stuff, you know, deform ties and so on. Have you
ever | ooked at how your MECHFAI L code woul d cal cul ate
falls and stresses in the waste i sol ation pil ot plant,
for exanple? | nean here is a place where you've
real ly had rockfalls and you real | y do have i npacts on
stuff, barrels that are sitting there. Wuld that
make a good calibration benchmark, whatever?

DR. GUTE: Well, what you're saying is
have we val i dated our finite el enent and conput ati onal
nodel s.

M5. VEI NER:  Yes.

DR GUTE: W have significant experience,
several decades of experience doing this type of
nodeling effort. NRC has accepted over | don't know
how many years now these conputational nodels for

assessing transportati on casks, accident scenari os,
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the behavior of the materials are fairly well
understood under these types of conditions, the
appropriate assunptions are pretty well understood.
So validating these nodel s agai nst actual enpirica
situations has really been done quite a bit way back
in the '60s and '70s at Sandia Labs, NASA and any
ot her applications, and we have a | ot of confidence
that these are pretty good approxinmtions of the
behavi or of the system

M5. VEEI NER: So you used a finite el enent
nodel |ike the kinds we used at Sandia to --

DR GJUTE: O any other --

M5. WEINER -- |ook at the deformation
casks.

DR GUTE: Absolutely. Absolutely.

M5. VEI NER:  Thank you.

MR.  HORNBERGER: Questions from staff?
Any ot her questions? Neil?

MR COLEMAN: Neil Col eman, ACNW staff.
Doug, howinportant is seismcity in your drip shield
cal cul ati ons?

DR. GQUTE: Actually, little to none. What
happens i s that the -- based on the current design and
t he abstractions as they were devel oped, it turns out

that, as | pointed out, 75 percent of the drip
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shi el ds, on average, fail or buckle within the first
500 years, sothere's very little seismc activity in
that first 500 years. At the end of 1,000 years, and
| just tal ked to sonebody the ot her day about this to
get a handl e on where the code stands and what type of
behavi or they're getting out of the MECHFAIL nodul e,
because all we really did was devel op the individua
abstractions and then we put it all together, and what
the ultimate result was we had no i dea. So we wanted
to get -- see what the results were as to what's
dom nating failures, what can happen.

Fromwhat | understand, the current out put
fromthe MECHFAIL nodul e indicates that buckling in
roughly 80, 85 percent of the drip shields within the
first 1,000 years, and the remai ning 15 to 20 percent
experience creepfailuresinthetitaniumplate. But,
once again, that's under nean conditions. That's a
single realization under nmean i nput val ue, so there's
not a lot of different variations as far as playing
around with the distributions and everything as you
woul d get from naybe doing 500 realizations. But
that's the information | have now, but it's not
dependent on seismic | oads to cause that buckling to
occur.

What | saw early on when we were first
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devel oping this was after that first 1,000 years
because the code assunmes that the -- | shouldn't say
assumes, but our abstractions indicatethat the static
rockfall |oads will have fully mani fested t hensel ves
withinthe first 1,000 years, at that point we' ve got
all these drip shields that buckled and within the
next 9,000 years you see maybe a smal| percentage of
addi ti onal buckling occurring because of the seismc
activity beyond that point, but it's not significant.

MR. HORNBERGER: Good. Thanks very much,
Doug. We have at | east one --

CHAl RVAN GARRI CK: W have two.

MR, HORNBERGER: Two.

CHAI RVAN GARRI CK: Raj wants to nake a
conment, and then we'll hear from Mark.

MR. NATARAJA: This is Raj Nataraja, NRC
staff. 1'd like to nake a coupl e of closing remarks,
basically. First, | would like to thank you for this
opportunity to brief you on these two topics which we
think arerisk significant based on the informati on we
know. And it may so happen that you will be hearing
a |l ot about these things within a short tinme when you
go to Nevada. Hearing presentations m ght cover sone
of these simlar topics. So we thought it was

appropriate for you to listen to the staff views
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before you went for this nmeeting with DOE there.

And | don't want to say too nuch about the

PCSA. | think we are on the right track. W all
agree that it is son of PRA, if you want to call it.
But we'll have a lot nore work that we'll do in the
comng --

CHAl RVAN GARRI CK:  SPRA, a pseudo- PRA.

MR. NATARAJA: Okay. And we will work
with nore exanpl es and nore kinds of designs as the
i nformati on becones avail abl e.

As far as the drift degradation issue is
concerned, as you know, it's a very conpl ex topic and
we don't have any sinple techniques to use to conme up
with predictions. And DCE and NRC staff have been
di scussing this issue for along tinme, and whatever we
have said here is not -- no surprises here. DOCE has
heard t hese before, and I'msure Mark Board i s going
to nmake sone final remarks, and his observati ons nay
not agree with our observations, but we also know
that. W have had these discussions. W wll have
nore di scussions on this topic.

And the reason why we have done what we
have done is because of the fact that there were
assunpti ons made whi ch we t hought were not technically

supportable. Wiy we expect the -- there is a |ot of
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lateral radiability within the repository horizon.
There m ght be some sections which will remain stable
for a long tinme relatively. There m ght be other
sections which m ght col |l apserelatively shortly after
the post-closure starts. So there's going to be a
whol e range of conditions, and in reality things are
sonewhere in between. They may not be totally
elliptic with 160 feet of rock sitting ontop of -- it
may not be a cl ean opening, but all these have to be
factored i nto the performance assessnent, and al r eady
it is just a fear of KITI. W don't do the
consequences. So we are sort of forcing this issue on
the PA so that they |look at the inpacts and it's the
goal of DOE to showit's a "no, never mnd." It may
be "no, never mnd," but | don't think that we have
the information to nake that concl usion and deci de.
So that's what | wanted to just say, and hopefully
wi th this background when you go and visit the DCE you
will have the entire picture before you. Thank you
once again, and I would like to thank all the staff
fromthe Center who spent a |l ot of tinme preparing for
this, and we had a nunber of rehearsals. It's |ook
like it paid off. We are well within our tine.

CHAI RVAN GARRI CK: Wl |, we would like to

t hank them too. The presentations were very
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interesting, and we realize the prelimnary nature of
t hem

MR. NATARAJA: Thank you.

CHAIl RMVAN GARRICK:  Al'l right. Mark?

MR. BOARD: My nane is Mark Board, and |
am the Subsurface Project Engineer for BSC at the
Yucca Mountain site, and | just wanted -- well, first
of all, | just wanted to state a coupl e of things that
| thought were probably necessary to be stated in
regard to the cal cul ati ons that you saw, because we do
see things a little bit differently. And | know
you' re com ng out in another month and we'll show you
our cal cul ati ons and t ake you underground and | ook at
t he rock, and per haps we coul d have nore di scussi on at
that point intine. So l'mnot going to go into any
of that but | just wanted to overvi ew per haps where we
have a little bit of differences.

First of all, I want to thank Raj. | just
wanted to point out that |I think we have a very good
wor ki ng rel ati onshi p and i nformati on exchange with the
people fromthe Center and fromNRC. | think we've
had sone very frank technical exchanges and
di scussions with them and | feel that they've been
very open in sharing information, so | want to thank

them for that.
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And | al so want to agree with Ws Patri ck.
He said in his opening statement that we need to be
very careful with using enpirical mning studies to
make extrapol ations for this particular problem And
| want to second that point. Mst of what you saw
today is based on enpirical calculations that are
extrapol ati ons fromm ni ng studi es, and you need to be
very careful with those studies, because they're
typi cally based on situations where the rock has been
subj ected to very high stress | evel s, high extraction
rati os because people want to make noney. |It's an
econom ¢ situation. So they m ne as nuch as possible
right to the level where the rock is going to give
t hem probl ens and col | apse.

For exanpl e, the coal m ning exanpl e that
you showed, the extraction ratios are typically very
high with high pillar stresses in a laterally or
hori zontally bedded deposit which is what pronotes
vertical piping and collapse. And in our case we've
got tunnels that are very wdely spaced apart.
They're five and a half neters spaced on 85-neter
centers, and | don't recall that's an extractionratio
certainly of less than ten percent, which neans that
t he excavations act as isolated headings that don't

interact with one another froma stress standpoint.
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And we feel that you can't sinply take enpirical
studies and extrapolate those things wth our
situation because it just doesn't necessarily apply.

| f you look at the current ESF and ECRB
excavations there that we have right now, which have
been open for about seven years, five to seven years
time, we have excavations as large as 25 feet in
di anet er that have been mined i n probably our poorest
quality lower |ithophysal unit that don't have any
recorded ground falls or rockfalls at all in that
five- to seven-year span of time, and they're
noni tored very cl osely. Plus we neasure deformations
and those excavations have been stable from a
def or mati on st andpoi nt since they were excavated. So
just keep in mnd that although it's not 1, 000-year
ti mefrane, we do have some exanpl es there.

Just to point out that NRC s approach has
been on an enpirical approach where they calcul ate
depth of failure and time to failure based on
enpirical methods, and they ultimtely havetoleadto
very conservative results or on the very high end of
the scale. The reason being that all these things
i ke stand-up tine are things that were devel oped for
the m ning or tunneling industry to keep peopl e safe,

alnost like OSHA requirenents that state that you
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can't send peopl e into work under an unsupported roof
after it's been open for so many hours.

Very clearly, if you |l ook at things |like
stand-up tinme curves, you see tinmes in hours or days
there that even good quality rock stands up for.
Well, we know that that's froma col | apse standpoi nt
is ludicrous. W have many, nmany excavations around
the world that are unsupported that have very |arge
spans that have been open for hundreds of years. |
coul d take you to Sweden down in the Stora copperni ne
where every kind of Sweden dating back to Gustavus
Adol phus has signed the wall of a main entry chanber
that's unsupported since the 1500s, and tour groups
are taken down there. So it's very clear that this
doesn't necessarily apply to all rocks. It's really
a tunneling contracting type of a situation.

We feel, fromour standpoint, it's nuch
nore i nportant to try and understand t he nmechani cs of
how t he rock behaves and use extrapol ati ons based on
an understanding of nechanics as opposed to the
enpirical route, although we try to use that -- we've
been trying to use it to calibrate our nodels. And
what we' ve beentrying to dois use paranetric studies
to see just how sensitive the response is to

variations in rock properties, stress conditions and
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things Ilike that. So we are wusing different
appr oaches.

| think the bottomline is | certainly
think we agree with the comments that Goodl uck and
Doug made, and that's that the static weight of the
broken rock i s the i mportant issue. It's probably not
so much the seism c issue, but it's that static weight
of the rock that's inportant. We differ with themon
the depth that the rock fails and the load that's
applied to the static -- to the drip shield and the
timng over which that happens. W think it's going
to occur over a nuch | onger period of time than what
they do. Now, maybe inthe end result that's going to
be splitting hairs dependi ng on what the TSPA node
says. | really don't know right now. We're just
trying to take it from the cal cul ati ons standpoi nt
that we're at to try and show what those |oads and
things are. | really can't tell you, | don't really
know what the ultimte inpact is going to be. Wat |
can tell you is is that we are taking into account
these different effects in the TSPA nodel. | know
originally that, and they are correct, that the
statement was that tunnels will be soon be circular
for all time. W are now taking into account drift

degradation in our calculations, soit's part of the
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cal cul ati on.

CHAl RVAN GARRI CK:  Ckay. Thank you.

MR. BQOARD: Thanks.

CHAI RVAN GARRI CK: There's no comments
fromanybody? Ckay. Any other questions? Conmrents?
Heari ng none, we will adjourn for lunch. Get back at
1:15 -- 1:30.

(Wher eupon, the foregoing matter went off

the record at 12:13 p. m and went back on

the record at 1:32 p.m)

CHAI RVAN GARRI CK:  Qur neeting will cone
to order.

This afternoon we're going to have a
presentation on the response to the external peer
revi ewof the total systemperformance assessnent, and
we' re going to have a presentation on the total system
per f ormance assessnent Version 5.0 code. And | guess
we're going to do the peer review first. I s that
correct? And to do that we have John Peckenpaugh, and
why don't you proceed.

MR. CAMPBELL: John, I'm going to do a
brief introduction. 1'mAndy Canpbell. 1'mChief of
t he Performance Assessnent Section. And | just wanted
to make sure that peopl e are going to understand t hat

we have two presentations today.
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One, John i s going to be tal ki ng about the
peer review and sone of the outcones of the peer
review that was done on TPA 3.2, and he'll talk
briefly about sone of the changes that were nmade in
TPA 4.0 and 4. 1.

And then, he'll be followed by Chris
G ossman, who will talk in sone | evel of detail about
TPA 5.0, which is the code -- TPA code we're going to
run -- roll into licensing for reviewof issues while
we're doing a review of the |license application.

And | just wanted to nmke sure that
everybody is aware that the purpose of our code is to
be a fl exi bl e and i ndependent tool for review ng both
prelicensing issues with DOE as well as licensing
i ssues that may conme up in the course of a review of
the |icense application.

We believe that the enhancenents to that
code, which are based on a variety of sources,
increase our capability and flexibility to evaluate
what the key issues are, and we al so have i ncreased
confidence in the code that it's an appropriate tool
for LA review.

So with those brief remarks, I'll turnit
over to John.

CHAI RMAN  GARRI CK: Ckay. Thank you.
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Thank you.

Go ahead, John.

MR. PECKENPAUGH. Ckay. M presentation
today will cover the response to the external peer

review of the total system performance assessnent
Version 3.2 code. This presentationis based upon the
response to the external peer review which was
publ i shed in February of 2003.

Several staff nenbers contributedtothis
presentation. The main contributors were Lane Howar d
from the Center for Nuclear Waste and Regul atory
Anal yses, and Janes Firth fromthe NRC

An overviewof this presentation includes
t he purpose and goals of the external peer review,
external peer reviewcoments, staff responses to the
conments, TPA code changes, and a sunmary.

The rational e for perform ng the external
peer review of TPA 3.2 includes the following. In
Oct ober 1997, the ACNW reconmended an external peer
revi ew of the TPA code be conducted. The review was
conduct ed during the summer of 1999 to document both
the capabilities and the limtations of the TPA 3.2
code, and to evaluate the suitability for use in
reviewi ng the DCE |icense application.

NRC staff and others believed that an
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external peer review should help the NRC staff plan
enhancenents to the TPA code in preparation for the
potential |icensing review

The external peer review conpl enented
other steps used to provide confidence in the TPA
code. Several years ago, the NRC staff decided that
it woul d benefit fromindependently devel opingits own
total systens performance assessnment code, TPA.

This TPA tool has two prinmary purposes.
First, it is one of several tools usedin prelicensing
reviews, and it's anticipated that it will be used in
the DOE |icense application. Second, it plays an
inmportant role in helping the staff develop risk
insights to guide NRC reviews and ot her independent
i nvesti gations.

Because of the inportance of the code in
review and risk insight activities, several neasures
are used to provide confidence inthe code results, in
addition to the external peer review The code is
devel oped under a former quality assurance program
Specific software control s are used to ensure that the
proper version is being used. Sof tware validation
testing has been conducted. Appropriate use is made
of conparison with DOE results, benchmarking, checks

agai nst analytic solutions, and the use of analog
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i nf ormati on.

The external peer review group, ERG
consi sted of eight nenbers with expertise in rock
mechanics and mning engineering, volcanol ogy,
hydr ol ogy, mat eri al sci ence, and corrosion
engi neering, geochem stry, performance assessnent,
future events and processes analysis, and health
physi cs.

The |l ast slide in your handout lists the
actual nenbers of the ERG Menbers of the ERG were
selected either by peer acclamation or by staff
reconmendati ons. Selections were limted by conflict
of interest and availability of the potential group
nmenber s.

Purpose and goals of the external peer
revi ew group were the foll ow ng. The ERGwas asked to
performthe followingitens pertainingtothe TPA code
-- exam ne the nethods and assunptions, reconmend
i mprovenents for future versions of the TPA code,
evaluate interpretations of conceptual nodels,
i ncl udi ng paraneter sel ecti ons, determ ne whet her the
NRC approach to TPA is sufficient to review the DOE
i cense application for the proposed Yucca Muntain
repository.

Each menber of the ERG subnmitted an
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i ndependent review. A consensus report was not
devel oped. However, the NRC di d encourage the ERGto
communi cate with each other. The NRC also held a
group ki ckoff meeting for the ERGw th several days of
briefing and di scussi ons.

The maj or external peer review coments
were the follow ng. The code was well devel oped and
captured the i nportant physical processes associ ated
with the repository. The code would be sufficient in
technical quality and flexibility to be used in the
review of the |license application. However
i mprovenents woul d enhance the code.

Revi ewer s provi ded several suggestions for
i mpl ementation in the code, including coments on
nodel i ng coupl ed processes, inproving t he nodel i ng of
chem cal conposition of the water, data used in
nodel i ng the saturated zone, basis for selecting the
radi onucl i des tracked, and code docunentation

ERG felt that the TPA docunentation did
not explain the technical bases for the node
extractions, input data, paranmeter values, and
probabilistic approaches adequately. They al so
believe that the overall transparency of the code
woul d be enhanced by prepari ng docunents that expl ain

how features, events, and processes were included or
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excl uded from the code.

Response to the external peer review
conments. Processing and tracking. A spreadsheet is
bei ng used to track the resolution of the 233 uni que
conments by the ERG Comments were grouped accordi ng
to issue areas, assigned to appropriate NRC CNARA
staff. Responses were devel oped and docunented i n the
final report. Al'l coments were addressed. The
spreadsheet is periodically updated.

Staff responses to the coments. Most
responses to the conments did not require enhancenent
to the TPA code. For exanple, sone of the comrents
pertained to project design changes by the DOE while
ot her comments pertain to other DCE issues.

Responses to comments that did result in
enhancenent to the TPA code, responses -- or response
was addressed as TPA code changes in Version 4.0 or
4.1, or response would be considered in a future
version of the TPA code. And the current version is
TPA 5. 0.

Currently, approxi mately 17 percent of the
conments have resulted in nodification to the TPA
code. Responses to comments that were addressed
t hr ough i nprovenents i n t he TPA code docunentation - -

justification was provided in User's Cuide 4.0, or
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justification will be provided in User's Guide 5.0
when it is conpleted. Currently, approximtely
12 percent of the coments require additional
docunentation to the user's guide.

Al'l conment s wer e addressed i n response - -
in the response to the external peer review report.
The maj or responses to conments that have not been
previously nmentioned are the following -- a citation
in the report of the docunented sensitivity analysis
or other report that indicated that the issue or
conment does not affect the cal cul ation.

And, finally, in response -- and the
report indicatedthat assunpti ons made i n t he nodel i ng
or selection of paraneters are reasonable. In sone
cases, this required additional docunmentati on.

TPA code enhancenents, both external peer
review and staff generated. Based upon the
reconmendat i ons by the ERGand t he staff, changes were
made in Versions 4.0 and 4.1 of the TPAcode. | wll
briefly discuss sone of these changes. However,
changes in Version 5.0 of the TPA code will be covered
in a follow ng presentation by Chris G ossnan.

Changes in TPA 4.0 or 4.1 code. A nunber
of the recomrendations for the TPA code nodification

by t he ERG wer e al ready bei ng consi dered by the staff.
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Sone changes in the TPA code were based upon ERG
conments. One exanple is a nodification in the code
to provide the ability to specify different waste
package failure nodels -- bathtub or flowthrough
nodels -- or different failure types.

Some changes in the code were based upon
staff reconmendati ons. An exanple is when the code
was changed to nodify the anpbunt of water that can
enter the waste package by addi ng ti me- dependent fl ow
rate factors

In summary, the external peer review
identified some areas of the TPA code that could be
i mpr oved. Several of the comments were addressed
within versions 4.0, 4.1, and 5.0 of the TPA code.
The external peer review of TPA 3.2 code provided
addi ti onal confidence that the code reasonably nodel s
the repository systemand is appropriate for use in
review of the DCE |icense application.

I f you would I'i ke additional informtion
on the response to the external peer review of
TPA 3.2, 1'd recommend that you exam ne the second
reference on this slide.

And this concludes ny presentation. Are
t here any questions?

CHAl RVAN GARRI CK:  Any questions?
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MEMBER VEEI NER:  You had a slide early on

-- I"mdesperately tryingtofindit here -- that said
t hat the peer revi ewpanel decided that -- let ne find
it. It said that the code was well devel oped and
captured the i nportant physical processes associ ated
with the repository and would be sufficient in
technical quality and flexibility, and so on.

How did they -- can you say briefly how
t hey reached that conclusion? O nmaybe the reverse.
What woul d t hey have needed to have found i n order not
to reach that conclusion? That m ght be easier.

MR PECKENPAUGH: Well, as | nentioned,
there were eight nenbers on the panel, and each
devel oped their own responses. It wasn't -- they
didn't do it jointly.

And the staff then went through each
conment, and all of the comments of the different
panel nenbers are presented as appendices in the
report that | referenced. And staff determ ned that
overal |, based on the comments of the different eight
panel nenbers, that they really -- they didn't have
severe objections to the way the code has been
devel oped to represent the physical system

But they did have a number of comments,

which the staff has attenpted to address either
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through changes in the code or additional
docunmentation in the wuser's guide or additional
expl anati on t hrough siti ng of peer revi ewjournal s and
addi ti onal docunentation that were included in the
report.

l"m not sure if | really answered your
guesti on.

MEMBER VEI NER  You did answer it. The
other question is, during the course of the peer
review, were theresults that you obtai ned, the out put
of this code, conpared with any other performance
assessment codes using the sane or very simlar
i nputs?

MR. PECKENPAUGH: Well, I'"Il just briefly
di scuss the process in which the peer review is
conduct ed, and maybe ot her peopl e -- staff nenbers can
then cone in at the end to maybe add sone additiona
clarification.

But the peer reviewitself was conducted
over a fairly short period of tine during the sunmer
of 1999 over less than three nonths. And the way it
was initially set up, the staff was given -- not the
staff, but the panel nenbers were given TPA 3. 2 code,
and the user's guide for TPA 3.2, and then a NUREG

t hat has sonme i nformati on on sensitivity anal ysis and
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uncertainty that was run on the previous version of
the code. | think it was 3. 1.

And t hey | ooked t hese docunents over over
a period of about six weeks or so, and then they net
in San Antonio for a nunber of days to have this --
what they call a kickoff neeting, and then they were
briefed by the staff and they had a chance to have
guesti ons back and forth.

And then, they went back and | think it
was over -- | thinkit was a two- to three-week period
after -- excuse ne, a three- to four-week period they
had to finalize the review and submt their witten
reports.

MEMBER WEI NER: So the answer to the
guestion, did they conpare the outputs to any other
performance assessnent code, the answer i s essentially
no.

MR, PECKENPAUGH: Well, they did ask, and
they had the opportunity to ask for additional
information fromthe NRC, and we did provide that.
But | don't know if we actually provided any other
codes to themto | ook at or not.

MEMBER WVEI NER:  Ckay.

MR, PECKENPAUGH: | don't believe so,

but --
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MR WTTMEYER: John and nmenbers of the

ACNW thisis Gordon Wttneyer, staff at the Center in
San Antonio. W didn't do the explicit conparison of
the results of our TPA code, then Version 3.2, to the
DOE results. | think, though, that a nunber of the
i ndi vidual reviewers consulted DOE reports.

| don't think they |ooked at the
performance assessnent results, but they certainly
| ooked at the DOE nodel extractions or saturated zone
flowfor geochem stry. 1 think also for waste package
nodel s.

MEMBER WEI NER:  Thank you.

CHAl RVAN GARRI CK:  Geor ge?

MEMBER HORNBERGER: Yes. It's been a
little while since | read the external peer review,
and I will admt that although |'ve gotten the second
vol ume that you have on the screen up there | haven't

had a chance to ook at it yet. So forgiveneif I'm
not totally up to date on everyt hing.

You gave just a coupl e of quick exanpl es,
John. And in particular, you said, "WelIl, okay.
Based upon ERG comrents, the ability to specify
different waste package failure npdes, etcetera,

bat ht ub, " that that was a change. Did you pick that

exanpl e because that was the nost -- thought to be the
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nost inmportant coment that you got from the peer
review? O if it isn't, could you tell me what you
think are the three top comrents you got that led to

changes in the code?

MR. PECKENPAUGH: 1'Il answer your second
question first. |I'mnot sure | can answer which were
the top three. But there is a little bit of

uncertainty withinthe -- based on the coments, which
ones were entirely fromthe -- we know what comrents
came fromthe ERG But in many cases, the staff felt
a -- and in sonme cases they were already working on
maki ng sonme of these changes in the code anyway.

MEMBER HORNBERGER: Ri ght .

MR. PECKENPAUGH: So | tried to pick one
exanpl e that we felt was definitely a comrent that the
staff wasn't anticipating doing any work on, and
that's why | selected that one.

Now, other staff nenbers m ght have a
better feel for your second question.

MEMBER HORNBERGER: Yes. Gordon, aren't
you going to weigh in on that one?

MR WTTMEYER.  The other conment that
cones to mind that -- where the one nenber had extrene
concerns was about saturated zone fl owand transport.

And that was based on, at least at that time, the
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rel ati ve absence of data in the alluvium

| think that since that time we've
certainly - the DCE and Nye County have gat hered nore
data, and the Center staff i n hydrol ogy have devel oped
much nore refined process-|evel nodels, and we still
use the same basic extraction. You know, devel opnent
of a manifold -- fromthe repository location to the
receptor | ocation.

But we have addressed that, and that has
really been, you know, largely due to time and nore
data being gathered. |I'mtryingtothinkif there are
others that cone to mnd. | think the usual concerns
about coupl ed processes and how they are linked in
something that -- like the TPA code, which really
functions in a serial fashion. W've only been able
to address that by doing a better job of establishing
end states for various coupled thermal hydrol ogic
chem cal processes.

|"d ask other people here and at the NRC
if they recoll ect anything el se that was, you know, a
big ticket itemfromthe ERG

MR- MCARTIN:. Yes. Tim MCartin, NRC
staff. One comment, not so nmuch towards the code
itself but towards the docunentation that | renmenber,

t he way t he peer review-- as John descri bed, they had
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t he docunmentati on, and then we had the neeting. And
they came to the neeting with a |l ot of questions, and
actually at least two or three of the nmenbers, maybe
nore, felt we had done a very superficial job based on
t he docunentati on.

Havi ng heard us expl ai n everyt hi ng t hat we
had thought through in getting to the extracted
nodel s, etcetera, they said, "Youreally sold yourself
short with your docunentation. You actually have
considered a lot nore than what you' ve put down
there." And, of course, they wanted us -- you need to
do a | ot nore docunentation of this now.

Part of that is, well, the Departnent of
Energy will, in their application as a reviewtool --
we felt we didn't have to do quite as much. But it
was an i nteresting perspective that in devel opi ng t he
user's manual we certainly weren't as conprehensi ve as
when we expl ai ned things. And that was an interesting
part of the -- some of their perspective on what they
read. And | think Dave has some --

MR. ESH. This is Dave Esh with the NRC
staff. | can add to your first question about where
t he changes conme frombasically. TPA 4.0 and 4.1 were
at | east under discussion, and | woul d even say under

devel opnent whenever the TPA 3.2 peer review was
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ongoi ng.

Soit'sreally hard to put your finger on
-- it's a chicken/egg type of thing, who cane up with
it first. Well, that really isn't inportant to us as
| ong as the inportant changes got nade.

One change that | can think of when you
asked about top three, | think we had a nunber of
conments from our geochem stry representative. And
some of our nodel s were pretty crude, and a geochemi st
m ght say they are still crude, but that's an area
that | think we inproved a |ot. And maybe Chris
G ossman m ght say sonething about that during his
presentation.

VI CE CHAI RVAN RYAN: Dave just answered ny
guesti on.

CHAI RVAN GARRI CK:  Ch, good.

| wanted to comment on one thing. You
indicated that you didn't have an integrated report
fromthe peer revi ews, but you had i ndi vi dual reports.
But as | recall, there was a |l ot of interacti on anong
t he peer reviewers, were there not?

MR, PECKENPAUGH: Yes. And it was
encouraged to, as | nentioned -- that the externa
peer review group were encouraged to talk back and

forth or call back and forth to discuss things with
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each other. | nean, that was not prohibited. W
actual Iy actively encouraged themto do that, and t hey
wer e encouraged al so to ask for additional docunents
if they felt it would be useful to them too.

CHAI RMVAN GARRI CK:  Yes. One ot her t hought
here. | notice in the issues that you' ve identified
that none of them were -- had to do wth the
probabilistic issues, and | woul d have expected sone
of those. Is that because everybody was satisfied
with the way you handl ed probabilistic issues? O is
it because it was a |ack of expertise on the peer
review in that area?

VR, PECKENPAUGH: I"m going to have to
defer that to sonme of the other staff nmenbers that are
nore famliar with that area.

MR, WTTMEYER: This is Gordon Wttneyer
at the Center in San Antonio. Bri an Thonpson was
probably our forenpst expert in probabilistic methods
who was on the external review group. He did nake
sone comment s not about the -- it's not about the code
in general, but he had some comments about the use of
unbounded di stri butions, which woul d be sonet hi ng we
need to check with in building our input data.

He also had sone coments about our

sanmpling procedures, about whether we needed to
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consider switching from Latin hypercube to perhaps
sonething that -- you know, an inportant sanpling
nmethod to do a better job of giving the extrenes of
t he output distribution well defined.

Those are things | don't think we -- the
| atter we haven't done anything in detail recently.
We certainly are goi ng back as we do versions of the
code and trying to devel op nore technical basis for
the input di stribution, the input par anet er
di stributions, nake sure that the tails don't stretch
off into a region that's not physically possible or
pl ausi bl e, comments in that general area.

CHAI RMAN GARRI CK:  Wer e t here any comment s
regardi ng having built-inalgorithnms for updati ng data
using, for exanple, inferential methods such as
Bayesi an updat es?

MR WTTMEYER. | do not recall.

CHAl RVAN GARRI CK:  Ckay.

MR. WTTMEYER: There nay have been, but
| certainly don't recall that.

CHAI RMVAN  GARRI CK: Ckay. Any ot her
guesti ons?

MEMBER WEI NER: | have --

CHAI RVAN GARRI CK:  Thank you. GCkay, Ruth.

VMEMBER WVEI NER: -- one nore to whoever
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wants to answer it. Did the reviewers -- were the
reviewers able to structure their own distributions
fromthe input data, or is this sonething that the
code did? And did you get any comments on that
guesti on?

MR. WTTMEYER: This is Gordon Wttneyer
at the Center again. W did not ask themto conduct
any sort of a -- you know, well, we didn't conduct an
expert elicitation to try and get newdata fromthem
And | don't recall -- 1 frankly don't recall if any of
them reanalyzed any of the information that was
provi ded in the docunments on process-level nodels to
see whether or not they would have a different take
on, you know, the distributions we abstracted for
i nput paraneters.

MEMBER VEI NER: My question was not, did
t hey provide new data, but for the waste isolation
pilot plant, we put out a little volume that said
essentially, "If your data |looks like this, this is
the kind of distribution we recomend." And |
wondered if they could -- taking whatever data they
had, if they structured their own distribution or if
you gave them gui dance.

MR WTTMEYER W didn't really address

that topic. We didn't discuss things |ike whether or
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not we should always use naxinmum entropy type
di stributions or anything like that in this external
revi ew

MEMBER WEI NER:  Thank you.

CHAI RVAN GARRI CK:  Just as a kind of a
followon to that. There are a nunber of PRA codes
around the country that have excell ent data packages
in them that have full updating capability and
processing capability that, you know, you may want to
|l ook at in ternms of possible nodifications for your
own code.

And | don't know what data packages you
have in your code, but | do know that in a nunber of
PRA code packages the distinguishing feature between
the real |y good ones and the not so good ones has been
the capability in the code to process data. And as |
say, | don't know how far you've pushed the TPA in
that arena, but it is something you nmay want to
consider. It's certainly sonmething you don't need to
start fromscratch on.

Anything -- any other questions? Yes,
M ke.

MR. LEE: Just one question. On slides 3
and 12, you nake reference to confidence-building

neasures that kind of developed as a result of peer
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review. In some parlances, confidence-building has
al so been referred to nodel validation, which gets
everyone's Irishupif youwll, because it means nmany
t hi ngs to many peopl e.

But are there plans to do additional
confidence-buildinginrelationtothe -- howthe code
nodel s the system the repository system at Yucca
Mount ai n, especially in light of the fact that both
NRC and DOE take different views on the behavi or of
t he vadose zone, unsaturated zone hydrol ogy?

MR. PECKENPAUGH: Well, | nentioned that
we di d do -- we have done software validation testing.

MR LEE: But that's --

MR. PECKENPAUGH. That's --

MR LEE: That's kind of getting into
eval uating the nunerical capability of the code --

MR. PECKENPAUGH: Right.

MR. LEE: -- which is -- sone people call
verification, but, I nmean --

MR. PECKENPAUGH: Right.

MR LEE: -- aside fromthat, is there --

MR PECKENPAUGH: You'd have to address
that to other staff nenbers.

MR. LEE You alluded to work on

al gorithms. Are you conparing Cwell test results
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with how the -- what cones out of the stream tube
anal ysis that Gordon referred to a little bit?

MR. McCARTIN:  Tim MCartin, NRC staff.
Wl |, certainly, fromthe NRC staff standpoint, there
is the key technical issue people, the discipline
peopl e, that are | ooking at the DOE i nformati on. W
certainly look at it in PA but as both Center and NRC
scientists are |ooking at the DOE information.

In terms of our particular code, | nean,
it's nore of areviewtool. And we have an ability to
| ook at a variety of different ways. It depends on
what the Departnment cones in wth.

MR LEE: Ckay. Thank you.

MR. ESH Yes, this is Dave Esh. | would
add to that, Mke, you know, that we -- take, for
exanmple, the spent fuel dissolution. W have

basically four different data sets, or you could call
it conceptual nodels that we can i npl enent to | ook at
effects of that change.

But to answer your questionvery directly,
we haven't done a validation exercise per se to say
which one of those applies. W just have the
flexibility to use any one of those as we may, SO --

MR, LEE: Okay. | wasn't inplying that

the sanme | evel of validation was necessary in the NRC
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code as in DOE' s code, because the burden falls on
DCE. | was just curious as to what |evel of --

MR. ESH: John nentioned the software
validation testing, and you're correct that that's
di fferent than conceptual nodel validation.

MR. LEE: Right.

MR ESH But even that software
val i dati on testing has el enents of nodel validationin
it. There were sone elenents in that test plan of
conpari ng code nodel s to experinental results, seeing
how t hey conpare that sort of thing.

MR. LEE: Sure. ay. Thank you.

CHAI RVAN GARRI CK:  Any ot her questions or
conment s? Thanks, John.

Chri s?

MR. CGROSSMAN: Just one second, pl ease,
while | get the slides set up.

(Pause.)

Ckay. | want to thank you for inviting us
to talk about the external peer review and the
nodi fications that we've nade to the TPA code. And
before | go too nuch further, can you hear nme through
t he m crophone systenf? Ckay. Sorry.

My name is Chris Grossman, and | am a

menber of the performnce assessnent staff hereinthe
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Di vi si on of Waste Managenment. And |'ve been kind of
t he point person for the TPA code, but | wanted to
make it clear that the TPAcode is a big effort of the
per f ormance assessnent group and t he staff i n general
and it enconpasses a | ot of people, both here and at
the Center. A lot of people put a lot of tinme and
effort into this code to make it what it is.

So as the poi nt person, | get the honor of
com ng before you to present the information. |[|f you
recall, last March this cormittee held a workshop or
a working group on performance assessnment in which
menbers of the staff came and presented on the TPA
code. And at that neeting we had the opportunity to
present -- to give staff's envision of what the role
of the code is in the process for Yucca Muntain.

We provi ded an overvi ew of the concept ual
nodels within the code, as well as some specific
details regarding the source termnodeling, and then
al so a brief understanding of the results that have
cone out of the code.

And so | would refer sonme of the newer
menbers of the conmttee back to that presentation or
those sets of presentations in March for a fuller
overview of the entire code. The presentation ||

talk about here today deals nore with just the
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nodi fi cations that have been nade bet ween 4.1 and 5. 0.

l"d like to start off providing just a
brief overview, and first | want to reiterate what our
vision is for the code -- the review of a potenti al
i cense application for Yucca Muntain.

Next, |I'd Iike to step through briefly
j ust the devel opnent process. | don't want to bog you
down in the details of the process, but to give you an
i dea of howthis occurs here and at the Center, follow
that upwith the role that the external peer review--
tying this in with John's presentation of how the
external peer review played a role in TPA 5.0
nodi fications, and then get to the neat of this talk,
whi ch are the -- sone of the significant nodifications
or what I'll call major nodifications that were nade
for 5.0, and then conclude with the path forward and

a vision for how we intend to use the code going

f orward.

So starting off with our vision of what
TPA -- of how TPA fits into the program it is a
review tool. And unlike the Departnment of Energy's

TSPA nodel , which will be a conpliance denonstrati on,
t he TPA code was devel oped specifically with this task
in mnd of being a review tool and not a conpliance

denonstrati on.
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It does allow us to have an independent
capability to test and probe DOE's nodel. And where
possi bl e, as we devel op that independent capability,
we base it of f of fundanental principles and avail abl e
dat a.

W al so -- two ot her considerations that
we take into account when devel oping the code are
flexibility, so that we can evaluate a |lot of
di fferent scenarios soto speak, or different cases in
DCE' s case, whatever that mi ght be, because that's an
evolving -- I'Il refrain fromusing the term | was
t hi nking, but it's an evol ving docunent.

And, finally, we al so consi der
comput ati onal efficiency. The codeis really no good
to the staff if we can't use it quickly to get the
results we need. W can't be burdened with -- it
woul d be troublesonme to be burdened by |I|engthy
al gorithnms and cal cul ati ons.

A brief overview of the devel opnent
process. Basically, the planning for TPA 5.0 began
back in 2001, which is actually shortly before |
started. But at that time, staff identified
nodifications that we felt wuld enhance the
capability. And we based these nodifications or these

proposed nodifications off of criteria, which |']
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explain a little bit later, that we used to decide
what got in and what didn't at this point.

The nodifications are described in the
sof t war e requi rement s descri ption, whichl believe was
provided to the commttee in advance of the neeting.
And t he speci fic inplementation of these nodi fications
are docunmented in a seri es of software change requests
at the Center, which is kind of a QA tool as we
devel op the code.

The devel opnent activities then continued
t hrough this past summer. In July 2003 is when they
wr apped up. And then, the end of the devel opnent |
shoul d note coincided with sone confirmatory testing
activities which was another confidence-building
activity.

In the planning process we used several
sources to arrive at proposed nodi fications. Notably,
the external peer review was considered, and the
responses we had from the peer reviewers. W also
relied on our revi ewof DCE docunents, the TSPA SR and
t he suppl enmental sci ence and performance anal yses, as
wel | as using the TPA code, past versions of the code,
and the experience we've gained fromthat.

And then, finally, a discussion anong the

KTls and what processes would be desired to be
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considered within the code. And, finally, the
nodi fications that were identified were neant to
enhance our capability to review a potential DCE
i cense application.

Somre of the specificcriteriathat we used
when determ ning potential nodifications are |isted
here on the slide. Mbst notably, we had to be ready
-- we had to prepare our capability to review
potential |icense application from DOE for Yucca
Mountain. So that's kind of the chief criteria.

Secondl y, woul d the nodification inprove
staff understanding of the repository systen? And
thisrelates to other areas in terns of devel opi ng our
i ndependent understanding and determning -- not
determ ning but having an idea of what's inportant
wWithin the system

The final two criteria, as | nentioned
earlier -- I'll reiterate those -- is we'd like to
enhance the flexibility in our nodels, and the input
and out put, so that we can handle a | ot of different
cases, i f possi bl e, and then also mintain
comput ati onal efficiency.

|"d like to note at the end that many of
the nodifications that nmet these criteria were al so

recommendati ons fromthe external peer review
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Okay. So kind of the heart of the matter
here, what nodi ficati ons were made, and t he concept ual
nodel nodifications -- and |'m going to break these
into two categories, which are kind of my own doi ng.
"1l call themmjor and m nor. And this term nol ogy
doesn't really relate to significance or risk
significance or anything. It's just sonme were nore
conmpl ex or bigger tasks than others, so l'mgoing to
dwell on those -- on the mjor nodifications as
opposed to the mnor enhancenents to the existing
concept ual nodel s.

The m nor enhancenents are included in
suppl enentary materi al at the back of t he
presentation, so that you can get a sense of some of
those. And then there are al so nodifications to the
executive driver of the code, whichwerereally nostly
to acconmodate flexibility and new data that
characterize the system

And, again, | just want toreiterate that
-- and the following slides are not going to talk to
the entire code, but just sone of the nmgjor
nodi fi cati ons.

So the first one, and what | consi der ki nd
of a big one, is near-field chem stry. W added a new

conceptual nodel to describe the chemistry that is
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consi dered i nportant for corrosion nodeling. Andj ust
to note that this was al so one of the external peer
review recomendations dealing wth near-field
chem stry.

But essentially here, if you consider
their three periods for the repository system-- you
have before a thermal dryout period, you have during
a thermal dryout period, and then foll ow ng a thernal
dryout period -- and this conceptual nodel deals
largely with during the dryout period.

And what we haveis -- it's consideredthe
critical period for corrosion, because what you have
is evaporation processes going on, and you are
concentrating brines onthe surfaces of the engi neered
barriers. And if we were to attain a high relative
hum dity during this tine, it could | ead to delicate
guestions of the salts in which a thin filmof water
forms on the salts -- on the surfaces.

This conmbination of the high relative
hum dity with the i ncreased concentrati on of species
such as chl oride, which are inportant tothe corrosion
chem stry, could lead to an increased chance of
| ocal i zed corrosion.

So the Center did sonme extensive process-

| evel nodeling using equilibriumsoftware to devel op
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a range of chemistry that is sanpled in the code.
That range of chemstry covers the concentrated
brines. And what we find, then, fromthis nodel is
that it leads to an increased chance of I|ocalized
corrosion. And when we do see -- whereas in the past
we saw little to none, we're now seeing sonme in a few
nore realizations.

The other two areas | tal ked about were
before dryout and after dryout. The nodel -- the way
t he nodel abstracts those two periods is that before
and after they' re done simlarly, and right now they
are based on anmbi ent poor water, the J-13 water.

The code also has the flexibility to
specify chemstry as a function of tenperature,
al though that data is not currently in the code.

The second area, as we kind of nove
t hrough serially, of the code -- the drip shield, and
"1l talk a little bit about the nodel here for the
drip shield lifetine. There are actually two
i nprovenments to the drip shield which was in a
previous version in a different form

The first one which |'mgoing to deal with
deals with corrosion of the drip shield, and nore
speci fically general corrosion. The second one, which

is the drift degradation effects on the drip shield,
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were tal ked about this nmorning. So I'mnot going to
go into those in too nmuch detail. You may have had
nore than your fill for the day for that topic.

CHAI RVAN GARRI CK:  You may be right.

(Laughter.)

MR. GROSSMAN: This upgrade to the drip
shi el d nodel was done to i nprove sonme of the realism
in the code, and we use -- what we do is we use data
for titanium7 to devel op a range of corrosion rates.
And this data is simlar to what was used before to
devel op the distribution failure tines.

And t hat range of corrosionrates are then
sanpl ed, and we calculate a drip shield thickness
versus tinme, based on degradation to general
corrosi on.

Here the failure time affects -- thedrip
shiel d, again, affects the water contacting the waste
package, and the code offers the flexibility to
specify di fferent chlori de concentrati ons onthe waste
package. Sone of the output fromthis change doesn't
really result in any nmmjor change from previous
versions, largely because it's built on the sane data
that was -- or simlar data to what was used before.

And then, as | nentioned, there was al so

the MECHFAIL edition, but I'll |eave that.
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Movi ng on to the waste package, then, we
added a new nodel to describe weld corrosion, andthis
was done largely to enhance our review capability.
Based on a review of the site reconmendation, it was
found that DOE was attributing nost of the doses
during the conpliance period to diffusion through
stress corrosion cracks. So this nodel was kind of
devel oped to hel p our capability to review that.

Essential |y what happens here is that you
have smal|l failures in the weld areas, and what this
graph shows -- 1'Il usethis. OCkay. Keepin mndfor
their corrosion abstraction -- is that if the
corrosion potential goes above the repassivation
potential, then we see an increased chance for
| ocal i zed corrosion.

So on this graph we have sone data that
t he Cent er devel oped for thernal | y-aged speci nens, and
these were aged five mnutes at 870 degrees Cel si us.
And this is alloy-22, and the solid |ine represents
the mll-annealed, which would be essentially the
al l oy-22 on the waste package itself. And the dashed
line represents the aged all oy-22.

And what we see is that the repassivation
potential is |lower for the thermally-aged than it is

for the mll-anneal ed, which suggests that it could
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possi bly experience an increased potential for
| ocalized corrosion. So we use this data, then, to
bound areas for parts of the waste package such as the
wel d, which woul d be in sonme sense thernmal | y-aged due
to the wel ding process.

The abstraction, then, is simlar to our
wast e package corrosion nodeling, with the exception
that we use paraneters tailored to the weld areas.
What this does is when weld failure occurs, then it
affects the anobunt of water entering the waste
package, which is a function of the geonetry of the
wel d area.

It turns out to be kind of a m nor effect,
and that's largely due to the fact that in practice
t he paraneters used for the weld areadidn't result in
much change fromthe actual waste package. And what
you see is that though you have some weld failures
earlier, that the waste package actually coincides
fairly closely tothe weld area. So it doesn't result
in alarge difference in the new code.

Moving on to the source term then, we
added a new nodel to eval uate hi gh-|evel waste gl ass,
whi ch was not previously in the code. And this was
added |l argely to eval uate DCE, which does take -- or

does account for high-level waste gl ass.
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The nodel is analogous to the spent
nucl ear fuel nodel, and the data -- there were many
experinments conpleted to determ ne the dissolution
rates, and so there's lots of estimated rates.
However, those rates are dependent on many vari abl es,
which I've listed some here -- the glass formul ation
net hods, testing nmethods, test conditions thensel ves.

For our nodel we chose a path simlar to
DOE's, and what we have are a forward dissol ution
rate, which slows as the silica builds up in the
system And then, we also -- the intrinsic
di ssolution rate, which -- excuse ne -- which is --
this K goes here, and that's a function, then, of
t enperature and pH.

And it's inportant to renenber that
t enper at ure dependence -- because what we've seen is
that in sone cases, particularly during the
temperature spike, the glass can in fact exceed
rel eases of the spent nuclear fuel. But over |onger
terms, the spent nuclear fuel conmes back because of
the larger inventory and --

CHAl RVAN GARRI CK:  Chris, does the code
allow you to consider a mx of different water
compositions? In other words, if the evidence

indicates there is -- X is going to be this
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conposition, and Y percent chance that it's going to
be sone ot her conposition, and Z sone other, can you
accommodat e t hat ?

MR. GROSSMAN: For this particul ar nodel
or --

CHAI RVAN GARRI CK: Wl |, for this one, and
for the spent fuel nodel.

MR. ESH: This is Dave Esh with the NRC
staff. Yes, | think you could. It would be alittle
tricky, but we have user-defined distributions, that
you coul d basically make a user-defined distribution
to define the intrinsic dissolution rate, for
i nstance, that would be representative of, say, and
acidic condition or a basic condition.

You coul d do the sane thing with the spent
nucl ear fuel nodel. You could define a wuser
di stribution that would represent thelikelihood of --

(Approxi mately 45 seconds of proceedings
| ost due to house audio systemfailure.)

MR. MOHANTY: This is Sitakanta Mhanty,
staff. For any conservative approach w thout taking
into account any trend for reverse reaction. So we
only inplenented the forward reaction in the nodel

MR. GROSSMAN:  Thank you.

MEMBER WEI NER:  Thank you.
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MR. GROSSMAN: Ckay. The other areas, as

| mentioned earlier, based on review of the DOE' s new
docunents, we have had diffusive rel ease in previous
versions of the code. It was renoved | argely because
it was found not to be too risk aversive for our code.

But based on what we've seen, and sone of
the results that we reviewed in our SR docunents, we
deci ded t hat addi ng back into the code to enhance our
review capabilities DOE m ght be a good a idea. And
so the nodification was nade.

Essentially, the abstraction for the
di ffusive release involves transport through filns
both inside and outside of the waste package. And
here t he user defines the | ength of the transport path
as wel |l as the thickness of the cross-sectional areas.

What we find is that the thickness tends
tobealimting paraneter, but it's so small -- it's
on the order of -- the assumed thickness we use i s on
the order of 10°® square neters. That it's shattered
by vector release, still, so it hasn't changed nuch
bet ween di fferent versions, but it's in there for our
review capability.

And the last piece for the source term
woul d be col |l oidal rel ease, and this was added to --

as well to enhance our review capability of the DOE
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nodel . DCE has a rat her conpl ex col | oi dal nodel, and
our nodel is based off theirs, but | would
characterize it as sonmewhat nore sinplified.

This, by the way, was al so an external
peer revi ewrecomendati on. The col | oi dal rel ease and
transport was simlar to DOE s, and the way we
abstracted it is a fraction of the release is
specified as irreversi bly absorbed to coll oids. These
col l oids then becone distinct species with their own
transport properties, which can transport out of the
engi neered barrier, through the unsaturated zone,
saturated zone, to the biosphere.

Inthe UZ, the radionuclides irreversibly
absorbed to colloids -- can be filtered out in the
matri x. However, we don't account for any retardation
within fractures. And that filtration -- | should
mention the UZ is a permanent filtration. They are
conpl etely renoved, then.

In the saturated zone, we nodel it with
retardation in the fracture top in the alluvium and
that's -- some of the distributions that we use inthe
code are here on the left. For the fracture tuft,
this was abstracted from data on the Cwells
m crosphere test. And for the alluvium it was

devel oped from theoretical calculations for the
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retardation.

In ternms of radionuclides reversibly
absorb to colloids, we don't explicitly treat that,
but one way we deal with that is if we can nodify the
transport paraneters for the dissolved species to
account for that reverse absorption.

In terms of the inpact of this change on
the code, we're still evaluating that at this point.

Okay. The unsaturated and saturated zone
fl owand transport. The big change for these parts of
t he code was tinme -- radionuclide transport paraneters
to the geochemistry that's encountered on the
transport paths. And we thought this would be a good
i mprovenent to the realismin the code, and it was
al so a recommendation of the external peer review

Essential ly, what was abstracted here is
t hat we used process-level nodeling to calibrate our
response surface to experinmental data, and sone of
that data was devel oped at the Center and sone was
taken fromliterature sources.

This occurs for the actinide elenents
only. The other elenents are still nodeled as they
were in the past. And essentially, what we have is
you can see a typical response curve. | thinkthisis

for neptunium This was, in fact, devel oped at 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

182

Cent er. W sanpled the partial pressure carbon
di oxi de and pH, whi ch are sanpl ed over ranges that are
representative of Yucca Mountain waters. And then, a
retardation factor is cal cul ated based on those two
sanpl e paraneters for that el enent.

We found that this inproved sone of the
efficiency over the old nethod, which they had to be
sanpl ed with the Lati n hyper cube sanpl er, whi ch tended
to be slower than the current nethod. And it also
results in a narrower range of retardation factors
t han we had previously.

CHAI RVAN GARRI CK:  Di d you say a narrower

range?
MR, GROSSMAN:  Narrower range, yes.
Ckay. And then, the -- | believe thisis
the final -- yes, this is -- the final nodification

I"d like to talk about deals with the disruptive
scenari os, and particularly igneous activity. And we
added an ash redistribution nodel to allow sone
flexibility to | ook at renobilization paranmeters and
t he i mportance of those paraneters.

In the past, we had nodeled |ong-term
remobi | i zati on. This new nodel, which is kind of
represented here by this box di agram i nproves on t hat

by addi ng sonme qui ckly renobilized contani nated ash.
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Essentially what we have in this nodel is you have
three inputs. You have waterborne erosion of
contam nated ash, airborne erosion of contam nated
ash, and then kind of a dilution factor, the
uncont am nat ed ai r borne erosion.

And then, as | nentioned, under this
wat er bor ne erosi on you have three cl asses. You have
t he qui ckly nobilized, noderately nobilized, and then
| ong-term nobilized.

The par anet ers wer e based on process-| evel
nodeling in some cases, and then existing data -- |
beli eve some of the data came from USGS for the
uncont am nat ed ai r borne erosi on.

VWhat we see with this nodel -- and we're
still evaluating this, but what we've seen so far is
that inthe ol d version of the code with the | ong-term
i mobi lization you had this rapid spike followed by
decay off. In this version, what we've seen so far is
ki nd of a rapid spi ke foll owed by a slight increaseto
that i mmobilized fraction, and then a tailing off due
to the decay and renpoval fromthe RVEI

So to concl ude, | hope | have provided an
i ndi cation here of how some of the nodifications that
we included in the TPA code enhance our review

capability. W feel they inprove the realismof the
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code and also the flexibility that we have with the
code. | think staff is confident that the code wl|
be an ef fective revi ewtool based on the past versions
and the current nodifications that we'veincludedthis
go-round.

We pl an to conti nue to eval uat e paraneters
and conplete confirmatory testing to increase our
confidence in the code and its output. And we also
plan to continue to use the TPA code to assist our
reviews and inprove our understanding as we o
f orward.

And with that, I'll end the tal k and open
the floor to questions.

CHAI RVAN  GARRI CK: Okay. Questi ons?
Rut h.

MEMBER VEI NER: You nentioned that you
i nclude an equilibriumcode. Wich one?

MR. GROSSMAN: The equi li briumnodel -- it
was done offline, and then the data was -- it was
brought in.

MEMBER WEI NER:  Yes. \Wat --

MR, GROSSMAN: It was EQB6 | believe is
what it was.

MEMBER VEI NER:  That's what | -- that was

what | i magi ned you had used.
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On your colloid slide, you nentioned t hat
the actinides are bound to coll oids. What's the
colloid? And did you consider that plutonium4 is
itself -- forns colloids? It al nost doesn't dissol ve;
it forms colloidal --

MR. CGROSSMAN:  Yes. |'mgoingto actually
turn that question -- is David Pickett avail able at
the Center? He is kind of the expert there.

MEMBER VEINER: OCh, here's your colloid
expert.

MR. PICKETT: Yes. This is David Pickett
at the Center. There is nothing explicit about how
t he col |l oi ds are assuned to be irreversi bly bound. It
will be taken into account that DOE data suggesting
per manent attachment to waste formcol |l oids, but al so
data that suggests that attachment of plutonium and
per haps anericiumto, for instance, iron oxyhydroxide
colloids is very slowy reversible, so that it could
be consi der ed irreversible for transport
consi der ati ons.

MEMBER WEI NER: Did you consider the --

MR. PICKETT: What was the other part of
t he question?

MEMBER WEI NER: Did you consider the

formati on of colloids fromthe actini des thensel ves?
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Pl utonium 4, oxidationstate 4, formsacolloid. It's
not -- it's not a true solution.

MR. PICKETT: Right. Not explicitly. And
| guess the consideration being that you' re unlikely
to maintainthe -- presunably, you nean because you're
reaching the saturation state of the plutonium so
you're form ng coll oids.

MEMBER VWEINER: No. It forms a colloid.
It exists as a colloid, and we have a |l ot of data to
back that up. The reason |I'masking the question is
that the nobility of colloids is something about which
there is a great deal of uncertainty, and it depends
very critically on what assunptions you are naking
about what the colloidal substance itself is, what
size it is, what the surface of it is.

MR. PI CKETT: Yes. And our nodel can
accommodat e those types of considerations. You can
adjust how much you think is being transported
colloidally and al so the si ze characteristics of that,
and so forth. But that is done offline, and then you
alter your input data to try to sinulate those types
of consi derati ons.

MEMBER WEI NER: Yes, that is what's
i mportant. What pH range did you use for your

colloidal nmobility? What pH range do you put into
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your nodel ?

MR. PICKETT: Part of the sinplification
that we've wused here is we're not explicitly
consi dering the pHrange. But offline, as we consider
t he concentrations that are possible, we wi || consider

the pH -- the solution. But that's not in the node

explicitly.

MEMBER WEI NER: Ckay. Thanks.

| have anot her question for you, Chris.
Can you give ne sone -- an exanple of where your TPA
is -- where a TPA designed for reviewdiffers froma

TPA desi gned to assess performance? Just an exanple
of what the difference is.

MR,  GROSSMAN: Yes, | can give you a
generalized version. | nean, one thing that we | ook
at is you've heard the word "flexibility" nmentioned a
| ot, and maybe t he col | oi dal nodel m ght be the one to
go with, since we're tal king about that.

You can't explicitly -- or we don't
explicitly nodel true plutonium colloid with this
extraction, but it can be done through the
flexibility. And 1 think that that nay be one area as
wWith-- with our tool we are abl e to anal yze different
situations by kind of finagling code, so to speak.

Whereas | think for DOE and a |icensing type of code
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there would be a nuch larger burden of proof to
provide a technical basis and validation of the
conceptual nodels, and so forth, than m ght be needed
for the review tool.

CHAl RVAN GARRI CK:  Geor ge.

MEMBER HORNBERGER: Yes. Just -- | had
sonewhat the sanme -- one of the sane comments as Rut h,
and I'd just |ike to enphasize or suggest to you that
in part it should be semantics. | understand that
when you treat colloids you are doing this offline,
and | understand how you're doing it in a TPA code.

But when you -- our fornmer nenber Ray
Wner always went crazy because to him there were
col |l oi ds and pseudo-col |l oids, with plutonium4 being
a colloid and the iron oxyhydroxi des being pseudo-
col | oi ds. And you only talk about them being
irreversibly bound, and that's what raises the
question in the mnds of people who think about
col | oi ds.

So | think you should just be a little
nore circunspect in how you do your description. It
doesn't meke any difference to how you do your TPA.

| have a general question, Chris. So,
let's see, when was the first version of TPA?

MR. CGROSSMAN:  Probably about the tine
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was born.

(Laughter.)

MR. LEE: '88 or '89. It was published as
| PA Phase 1.

Tim do you have a better --

MEMBER HORNBERGER: The exact date
doesn't --

MR. LEE: In that general range, yes.

MEMBER HORNBERGER: kay. And so ny
guestion -- you talk about -- throughout your talk

it's that you want to meke this conputationally
efficient. Okay. Now, over 15 years conputati onal
ef fici ency changes sort of, right, because of conputer
capabilities.

MR, CGROSSMAN:  Yes.

VMEMBER HORNBERCGER: Ckay. So how does
that get factored in? | nean, | assume that it gets
factored in, that you are now able to do nore
conmplicated things and still be efficient. |Is that
roughly what we're tal ki ng about?

MR. ESH. We work for the governnment, so
we still have 15-year-old conmputers.

(Laughter.)

| think your question is a good one, and

[l answer it.
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MEMBER HORNBERGER:  Ckay.

MR. ESH. W basically expand to mat ch our
computing needs is the answer. W do as nmuch as we
can with the new resources, the conputationa
resources that we have.

MEMBER HORNBERGER: Yes. | guess, really,
t here are probably two ways that one coul d | ook at it,
Dave, and | just don't know how you balance it. |
nmean, on one hand you m ght say, well, we would |ike
to use at |east part of our increased conputational
capability to be able to do nore realizations, in
whi ch case you really are maintaining conputationa
efficiency in the old sense, just so you can do nore
cal cul ati ons.

On the ot her hand, you coul d expand your
cal cul ati on to do t he same nunber of realizations, but
have a nore conplex code. And | was just curious
about what your bal ance is there.

MR. McCARTIN. Well, | nmean, | can go back
to when we first developed it, and basically what we
wanted to do is have a code that we felt we woul d be
runni ng sonewhere on the order of 400 realizations.
And we wanted that -- to be able to run that overni ght
on a Cray and have the results the next day. And so

we backed out sort of --
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MEMBER HORNBERGER: Now you can run t hem

on a Mac and have themthe next hour.

(Laughter.)

MR. MCARTIN. Well, as it has turned out,
we're not too different than that now, in that we
still have a code that we can run in approxi mtely a
day, except we're running it on a PC rather than a
Cray. And | think we always would want to keep in
that ballpark frame that -- we don't want to add a
nodul e that now, gee, it's going to take us two weeks
to get results out. But | think the desire was to
have sonet hi ng t hat got you -- you coul d run over ni ght
and have results with 400 realizations. But it's on
our -- even our |aptops now.

CHAl RMAN GARRI CK: M ke?

VI CE CHAI RVAN RYAN: Yes, a couple of
questions. First of all, I think theinprovenents are
real interestingtotrack through. |'mcurious -- for
your maj or and your m nor inprovenents, have you done
any sensitivity studies on howa particul ar change --
are you cal cul ati ng hi gher doses, | ower doses, better
dose numbers? | mean, how does it inpact your answers
or your ability to interpret the answers?

MR, GROSSMAN: Intermnms of | think digging

down to find out specific causes of changes, some of
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t hat went on as devel opnent testing occurred. But a
ot of that will be coming up in the next year with
our performance anal yses as we use the code and start
to exercise it.

VI CE CHAI RVAN RYAN: So that's yet to
come. And | guess on your other nodification slide,
19, which I know you t hought were m nor, |I'mcurious
t hat the cl addi ng correction factor -- howthat works
and why that's m nor.

MR. GROSSMAN: For the cladding
correction --

VI CE CHAI RMVAN RYAN: Because, | nean, |
woul d assume that has a big inpact on potential
rel ease fraction -- release from inventory or
somet hing of that sort.

MR. ESH. This is Dave Esh. 1t can have
the potential. But as in TPA 4.1, our CLST staff --
container life and source term staff -- basically
advocated the position of no credit for the cladding.
So, but we realize that DOE may take credit for it.
In addition, their cladding credit is not one where
it's static tenporally. So it's not one where you
have a certain fraction failed at time zero, and t hen
it stays that way for the whole sinulation.

VI CE CHAI RVAN RYAN: Oh. So you can
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handl e a tenporal difference. ©Ch, okay. G eat.

MR. ESH. We have the ability to receive
a tenporal ly-changing rate of the cladding failure in
case we needed to.

VI CE CHAI RVAN RYAN: Ckay, great. Thanks.

CHAI RVAN GARRI CK:  \What is your position
on that? Does it continue to be something you're not
going to consider, or you are going to consider
cl addi ng?

MR. ESH. | think you have to talk to our
container |ife and source term people about it.

CHAl RVAN GARRI CK: | see.

MEMBER HORNBERGER: Do you mean you j ust
do what you're told, Dave?

(Laughter.)

CHAI RMAN GARRI CK:  This is a performance
assessment . It's supposed to be realistically

representing what can happen.

MR. MCARTI N: Vell, | nmean, we wll
review what the DOE provides in their |license
appl i cation. They' Il have to defend any cladding

credit, and that's --
CHAI RMVAN GARRI CK:  Right. Right.
MR. ESH: From a performance assessnent

standpoi nt, the cladding gets a |lot of discussion.
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But some things that are lost in the discussion is
t hat regardl ess of the cladding that you have in the
conmer ci al spent nucl ear fuel you still have stainless
steel clad fuel, which the stainless steel claddingis
not expected to last |like the zircalloy cladding.
That represents a certain fraction.

You have a certain fraction in the
commercial spent nuclear fuel that has failed
cl adding. That's an additional failure that goes in.
And then, you do have the glass source term which
represents a waste formthat's in the repository.

So the ultimte effect of the cladding is
not as |arge as may be expected whenever you do |ike
an on/ of f type of anal ysis where you add t he cl addi ng
in and then you take it back out, because it's not
conmplete protection for all of the fuel.

CHAl RVAN GARRICK: Yes, but it's -- the
zircalloy cladded fuel <certainly domnates the
i nventory.

Any ot her questions? o ahead, Ruth.

MEMBER VWEI NER.  On your slide 16, the one
with the RVElI, you indicate that radioactive decay is
the only elimnation nmethod fromthe RVEI. Is that a
surrogate for physiol ogical -- | mean, there are ot her

ways to elimnate radi onuclides fromthe body other
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than just by allowi ng themto decay.

MR GROSSMAN: The RMEI is eroding --

MEMBER WEI NER:  Ch, he's eroding.

(Laughter.)

See, | figured that wasn't it. That came
out the side.

(Laughter.)

MR. GROSSMAN:  There are other renoval
mechani sns.

MEMBER WEI NER: | woul d encourage you to
be a little clearer about that.

MR. GROSSMAN: Okay. Point taken. Thank
you.

CHAI RVAN GARRI CK:  Questions fromstaff?
Yes, Neil.

MR. COLEMAN: Neil Col eman, ACNW staff.
In the aftermath of the Mrch working group on
TSPA TPA, the conmittee wote aletter, and one of the
conments was the comm ttee questions the extent to
which diffusive transport is the basis for
radi onuclides to exit a waste package.

And if | heard you right, earlier in your
talk you nentioned that advective transport still
overwhel ms the di ffusive transport. So that beingthe

case, why spend t he resources to put a diffusion nodel
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back in the TPA code?

MR. GROSSMAN. Well, at this point, as |
di scussed, it was thought that since DOE does draw
doses in a 10, 000-year tinme period, at | east based on
t he | RSR nodel fromdiffusive rel eases that this would
be a way that we coul d probe that.

MR COLEMAN: But do you think this
approach is reasonable? Realistic?

MR,  GROSSMVAN: For that -- 1'd have to
defer to someone on that.

MEMBER HORNBERGER: Chris, wouldn't this
be a good exanple of an answer to Ruth's question --

MEMBER VEI NER  Yes.

MEMBER HORNBERGER: -- the difference
between a code for analyzing what DOE does versus
conpl i ance.

MR. GROSSMAN: Yes, that's true. That's
true. It would be.

MR. CAVPBELL: This is Andy Campbell. If
t he Departnment conmes in with a nodel for LA in which
di ffusi ve rel ease dom nates the source termw thinthe
10, 000-year period, we need to have the ability to
evaluate that and say, "Do we feel that's a
conservative nodel? Do we feel that's a realistic

nodel ? You know, how conservative, howrealistic 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

197
it?"

So evenif at this point intine advective
fl ow woul d domi nate the releases in the TPA code, it
really depends on what DCE cones in with, you know.
And you're exactly right, this is an exanple of a
regul atory choi ce of including sonmething that froma
purely risk perspective m ght not have been i ncl uded
normal | y.

CHAI RVAN  GARRI CK: So this suggested
constraint on your code that is a little different
than if you were just building a code to do
performance assessnment. And it is a good exanpl e of
Ruth's question about what is in your code that is
explicitly there for the purpose of being a review
t ool as opposed to an assessnent tool, because if you
were going to do a risk assessnent based on what you
know you probably wouldn't do it that way.

MR CAMPBELL: You probably would have
el i m nated t hat somewhere earlier inthe process. But
given that --

CHAl RVAN GARRI CK:  Yes.

MR. CAVPBELL: -- we've seen at least in
the past this being part of their, you know,
presentations of TSPASR, it was felt it was i nportant

to include that.
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CHAI RVAN GARRI CK:  Ri ght.

MR GROSSMAN:  And I'd wal k back to the
pl anning criteria. The first bullet there is
really --

CHAl RVAN GARRI CK:  Yes.

MR. GROSSMAN: -- to steal one of your
terms, Dr. Garrick, is the 800-pound gorill a.

CHAI RMVAN GARRI CK:  Ri ght.

MR. GROSSMAN: That will be our jobis to
review that |icense application.

CHAl RMAN GARRI CK:  Right. Good. Yes.

Al'l right. Any other questions? Conments
fromstaff or anybody?

MR, MOHANTY: Just a couple of conments.

CHAI RMVAN GARRI CK:  Yes. San Antonio, go
ahead.

MR. MOHANTY: This is Sitakanta Mhanty
fromthe Center. Dr. Garrick, | would |Iike to address
one coment you had nmade earlier on data updating --
updating of the distributions.

Ei t her we can use t he Bayesi an appr oach or
we can use alternative approaches. Wat we have done
so far -- and that work has not been made publicly
available yet -- is what we call distributional

sensitivity anal ysis. What Bayesi an updating i s going
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totell usis whether the distributionfunctionwe are
using is appropriate or not. It can give us an
uncertainty in the distribution function itself.

And because the TPA code is used in the
Monte Carlo framework, if we bring a PDF uncertainty
it isgoingtosignificantly increase the nunber of --
per haps you can render it alnost inpractical to do it
that way. So that is the reason why so far we have
taken the approach of conducting distributional
sensitivity analysis to find out if that has
significant influence on the proponents.

CHAI RMAN GARRI CK:  Thank you. Thank you
very much.

MEMBER HORNBERGER: See, now | didn't
think fromny coll eague here to nmy right that there
was an alternative to --

CHAl RMAN GARRI CK: No, there isn't.

VMEMBER HORNBERGER: -- the Bayesian
appr oach.

(Laughter.)

CHAI RVAN GARRI CK:  But we won't get into
t hat .

(Laughter.)
Any ot her questions? Andy, go ahead.

MR. CAMPBELL: | was just going to add to
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sonmething Chris had said earlier is that we're inthe
process right now working with the Center to devel op
a -- essentially what we're calling quantitative
anal ysis to address risk issues.

And they wll consist of sensitivity
studi es and a variety of other analyses that help us
better understand sone of the questions that have been
raised with respect to risk insights and to eval uate
sonme aspects of the agreenents that we're working
t hrough that are being submtted by the Departnent,
and that we feel that will lead us into a capability
of using the code in an efficient way in the |icense
revi ew.

And even t hough Dave says we have 15-year -
old conputers, we actually have a slug of brand-new
ones in, so --

CHAI RVAN GARRI CK:  No. Wiat he nmeant is
t hose are 15 years ol d.

(Laughter.)

| was going to ask you, Andy, that very
guestion of whether or not this very interesting work
that you all are doing to inplement the risk
initiative--riskinsightsinitiative, isthat having
any i nfluence on the basi c TPA code? O are you doing

alot of that offline?
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VMR. CAMPBELL: Well, a lot of the risk

i nsights come fromrunning the TPA code.

CHAl RMVAN GARRI CK:  Ri ght.

MR. CAMPBELL: Primarily running the 4.1
and earlier versions of the code. There is an
extensive report that's either out or about to cone
out on the sensitivity analyses using 4.1. So what we
plan to do is address sone specific issues that have
cone up in the context of developing the final risk
i nsights report.

A lot of interaction we've had with the
i ndi vidual KTI staff. Peopl e have raised issues
about, well, what's the basis for this? What's the
basis for that? And t hrough that process, we're going
to try and identify some specific analyses that can
hel p nail down sone of the issues and questi ons.

And we're also using risk insights in a
vari ety of other areas, trying to evaluate different
anal ysis nodel reports that DOE has, which of those
are the nore inportant ones to | ook at.

CHAl RVAN GARRI CK:  Yes.

MR. CAMPBELL: Wi ch of the agreenents are
nore important to focus our resources on, and so on.
So, and even in ternms of devel oping eval uati ons of

DOE, what are the i nportant areas to look at? Soit's
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-- if youwll, it's working its way into the system
inavariety of areas. The TPA code provi des at | east
one tool to help us in that process.

MEMBER VEEI NER:  Are you using the results
fromthe TPA code to gi ve you sone i dea of when you're
going to stop? Wen, you know, TPA -- N equal s what
is the last TPA that you need. Is that driven by risk
insights, or what is going to drive that?

MR. CAMPBELL: | think realistically that
5.0, with some nodifications, is goingto be the too
we're goingtouseinthelicense review, just because
of the amount of time for any mmjor changes to be
made. And | think -- and correct me if |
m scharacterize it -- | think we've incorporated nost
of the input that we needed to have in the code for
t hat .

MR. McCARTIN: Sure. | nean, that's the
hope. | mean, obviously we're always subject to, if
something new is learned that is dramatically

different, we certainly would revise the code if

necessary.

The only other thing 1'd supplenent,
t hough, it's a two-way street. | nmean, having | ooked
at the risk insights, as people sonetines -- often

note that depending on what you don't have in the
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code, you can't see sensitivity toit. And so there
is nodifications being done to the code as a result
of, well, yes, you saw that. But if you added this
feature, maybe you' d have a different insight. And so
it truly is a pretty dynam c process in terns of the
iterative cycle. So --

CHAI RVAN  GARRI CK: Ckay. Very good.

Thank you.

W' re a little ahead of schedule, and
we're going to go into -- unless there was sone nore
on that topic -- there were no nore presentations,

were there, Andy?

MR, CAMPBELL: No.

CHAI RVAN GARRI CK: No. | think what we'll
do is take a 15-m nute recess and reconvene and go to
t he next topic.

(Wher eupon, at 2:55 p. m, the proceedi ngs

in the foregoing matter went off the

record.)
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