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P-ROCEEDI-NGS
8:34 A M

CHAI RVAN WALLIS: The neeting will now
come to order. This is the first day of the 534th
neeting of the Advisory Conmttee on Reactor
Saf eguards. During today's neeting the Conmttee wll
consider the following: final review of the |icense
renewal application for the Nine MI|e Point Nuclear
Station; results of the study to determ ne the need
for est abl i shi ng [imts for phosphat e ion
concentration; integrating risk and safety margins; a
subconmittee report on PWR sunp performance and the
preparati on of ACRS Reports.

This neeting is being conducted in
accordance with the provisions of the Federal Advisory
Committee Act. Dr. John T. Larkins is the Designated
Federal Oficial for the initial portion of the
neeti ng.

We have received no witten conments or
requests for tine to nake oral statenents fromnenbers
of the public regarding today's sessions.

Atranscript of portions of the neetingis
being kept and it is requested that the speakers use
one of the m crophones, identify thensel ves and speak

with sufficient clarity and vol ume so that they can be
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readily heard.

There are a fewitens of current interest.
In the handout on Itenms of Interest, you'll notice
sonme speeches by Conmi ssioners and you'll notice that
there's an SRMon the pressurized thermal shock
rul emaki ng place. So those who were here yesterday
will note that there is progress, perhaps, in that
ar ea.

Sanj oy Banerjee, you will note, is here
today. He's joined us as an official nmenber of the
ACRS. It's a personal pleasure for me to welcome him
Pl ease join ne.

(Appl ause.)

| note that this is the last neeting for

Ri chard Denning. On behalf of the Committee, I'd |ike

to thank you, Rich, for your outstanding contributions
to the Conmmittee in reviewing several conplex
technical issues. W w sh you good luck in your
future endeavors. | would note that you have been an
exenpl ary menber, offeringinsightful corments in many
different areas and at tinmes helping the Conmttee to
converge to consensus when that initially appeared to
be difficult. Thank you very much, Rich.

(Appl ause.)

MR. DENNING Thank you and if | could
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just say a word, it's been a privil ege being a nenber.
It's often been a challenge. 1'd like to conmend the
staff who do just a terrific job in supporting us and
it really has been very enjoyable, just working with
this Conmttee. And so |I'mjust going to pretend that
this isn't the last day until | walk out that door
today. Thank you.

CHAI RMAN WALLIS: This is a place where
assunptions are nmade. Maybe we shoul d assune that
you're still here.

(Laughter.)

On a sadder note, |I'msure you know t hat
G aham Leach, forner nenber and consultant of the
ACRS, died on June 22nd after a short illness. W
shall really mss himand his wi se advi ce and pl easant
conpany. So we send out sincere condol ences to his
famly.

|"d like to begin the neeting. The first
itemon the agenda is the license renewal application
for NNne MIle Point. Jack Sieber, ny coll eague on ny
right, is the expert on this nmatter and I'l|l pass the
gavel over to you, Jack, to lead us through this one.

MEMBER S| EBER: Thank you, M. Chairman.
| would point out that P.T. Quo is usually here. He's

off on nedical | eave at this tine. |'ve heard that he
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7

much preferred to be here than where he is right now.

The Nine M1 e Point Nuclear Stationis the
subj ect of today's, this norning's session. W had a
subconmittee nmeeting in April, actually on April 5th
of this year where we went through the application and
the safety evaluation, both of which are quite thick
docunent s and each of us, | think, got a copy of them
So we' ve had t he pl easure of carrying themaround and
trying to read themall for sone tine now.

W did not wite an interimletter in
April and because things were sufficiently in good
shape at that tinme that we felt that the staff or the
i censee did not need any speci al advice fromus as to
how t o proceed.

So what | would like to do nowis to
i ntroduce Jake Zi mmerman of the staff who will guide
us through the li cense renewal application process and
the staff's response to that.

Jake?

MR. ZI MVERMAN:  Thank you. Good nor ni ng.
Again, |'mJake Zimrerman. |'mthe Chief of License
Renewal Branch B in the Division of License Renewal,
O fice of Nuclear Reactor Regul ation.

Wth me today is M. Tomy Le. M. Le is

t he seni or project manager responsi bl e for | eadi ng t he
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staff's review of the NNne Ml e Point |icense renewal
application. M. Le will discuss the staff's final
safety eval uation report after the Applicant has made
their presentation.

Also with me today is M. Robert Hsu.
He's the assistant team |eader for the Aging
Managenent Program and Review Audit Activities. M.
Hsu i s here to answer any of your questions related to
the audits that were conduct at Nine Mle.

Al so, joining us later during the staff's
presentation will be M. M chael Mdus who is the team
| eader for the Region 1 inspections. He'll be joining
us via phone.

Finally, I"dliketo acknow edge t he staff
that's here with us today in the audience that
provided us outstanding support throughout this
review. They're also here to answer any additional
guestions that you may have.

This was a chall enging review for us and
the Applicant is going to discuss their recovery
project that they went through. But the staff did
conduct a detail ed and t horough review of this |icense
renewal application which was submtted in My of
2004.

During that review of the origina
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application, the staff dididentify i ssues associ at ed
with quality of information provided and Applicant's
resources to support our review activities. As a
result, in March of 2005, the Applicant requested a
90-day grace period to address these issues and they
will address that during their presentation of the
recovery project.

W believe the Applicant appropriately
responded to these issues and in July 2005, submtted
t heir amended |icense renewal application. The staff
resunmed its review and as Dr. Sieber pointed out, we
did issue the draft SERwith open itenms and di scussed
that with the subconmttee in April of 2006

So the staff is here today to present the
results of the final safety evaluation report and with
that, I'Il turn it over to the Applicant, M. Tim
O Connor, who is going to lead us through the
Applicant's presentation.

MR. O CONNOR: Thank you. M nanme is Tim
O Connor. |I'mSite Vice President of Nine MIe Point
for Constellation Energy. What 1'd like to do is
introduce the teamthat | have and staff that again
can answer any questions that you nay have.

John Carlin is here. He's our Assistant

Vice President of Technical Services. He's in the
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back. David Dellariois to ny left here. He's

Director of the Calvert Ciffs Reactor Head Project.
That's his current title. He was prior to that the
Director of Projects for us onthis particular effort.
Ray Dean is in the background over there. Ray is our
Qual ity Assurance Director for NNne Mle Point. Bob
Randal |l is here in the back with G nna Licensing. He
al so was part of our project efforts at Nine Mle.
Pete Mazzaferro was the Project Manager. He's to the
| eft of David Dellario. George Inch is one of our --
| call him one of our smartest fellows in the
technical area. He's here to answer any particul ar
guestions you my have. He's in our Design
Engi neering G oup. Mke Fallin is the Corporate
Engi neeri ng Techni cal Consultant. And Jeff Poehler is
Cor por at e Engi neering Seni or Engi neer.

So that's our staff. Wth that, what |
pl an on doi ng i s providing an oversi ght on ny slide 3,
is to describe a little bit Nine MIle Point, the
current Nine Mle Point performance. W'IIl talk, as
nmenti oned earlier about our |icense recovery project,
the operating history, our planned inprovenent
initiatives, license renewal conmtnments and then
we'll sunmmarizing with closings.

Sowith that, slide 4. Nine Mle Point is
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owned by Constellation Energy, but Unit 2 -- Unit 11is
100 percent owned by Constellation Energy. Unit 2 is
owned partially, 18 percent, by the Long Island Power
Aut hority. Constellation Energy acquired ownership of
Nine Mle Point in Novenmber of 2001. It is the
owner/operator of both plants. [It's located in
Lycom ng, New York. The ultimte heat sink is Lake
Ontario and GE is the NSSS turbine supplier.

Slide 5. Nne Mle Unit 1is a Mark 1
containnment. |It's rated at 1850 nmegawatts ther nal
Rated el ectrical 615 negawatts electric. Comrerci al
operation 12/1 1969. In its current license
operational expiration date is 8/22/09.

Unit 2 is a Mark 2 containment. It's
rated thermal capacity is 3467. |It's electrica
output is 1144 negawatts electric and commercially
operated 3/11/88. Unit 2 was granted a 10 CFR 54. 17
exenpti on.

Current performance of Nine Mle, Unit 1
and Unit 2 are in the reactor oversight process
performance indicators as green. There are no open
i nspection findings with status greater than green.
Nine Mle, both Unit 1 and 2, are in colum 1 |icense
response of the ROP Action Matrix.

Unit 1 and Unit 2 are running very solid
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and on a performance index against the industry, |
would tell you that we are a solid industry average,
nmoving towards top quartile in many functions, many
ar eas.

Wth that, I'lIl turn it over to David
Dellario to tal k about our beginning of our license
recovery project.

MR. DELLARI G Thank you, Tim Yes, ny
name is Dave Dellario. | was responsible for the
project during the recovery period. | submtted the
application back in May of '04, but unfortunately in
March of ' 05, both Constellation and the NRC nutual |y
concl uded that there were sone quality concerns of the
application. At that point, both parties agreed that
we would defer and allow a grace period for
Constell ation Energy to i nprove the overall quality of
t he application which would help facilitate the NRC s
review.

But the first thing we did is we went
ahead and did a root cause analysis to figure out what
went wong. W spent a nonth | ooking at the industry,
talking to other applicants, bringing in nore
resources, identifying what we had to change. For
exanple, we re-did the entire MSR scoping effort with

the application. W went back and answered all the
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open RAIls.

What it really came down to is we found
there was a couple of fundanmental problens with the
project itself and that is isolationism W didn't
have enough engagenent fromthe site. Managenent
engagenent, their lack of it from both site and
corporate. And then |ack of resources. Wen | talk
about | ack of resources, the pure nunber of people on
the project only went down to two or three people and
at that tinme nornmally you' d have about 18 people in
the project, which then creates a dom no effect when
you're talking about answering RAIS. The project
really struggled fromthe time we submtted it unti
the tine we put the project on hold.

From corporate changes, they noved the
project under fleet licensing and created extensive
checks and bal ances. W' re tal king about i ndependent
assessments were done through recovery period,
i nternal assessnments. QPA was doi ng assessnments on
the project. W established key performance
i ndi cates. Chall enge boards were established.

Every section of the application went in
front of Nine M| e Point managenent to nmake sure that
it met the quality level of our expectations for our

managenment. There was al so periodic neetings and
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briefings to the chief nuclear officer.

CHAI RMAN WALLI S:  Sounds |i ke a case study
i n busi ness managenent to ne.

MR. DELLARIO W certainly nmade sone
m st akes.

MEMBER KRESS: Would you tell us alittle
nore about these key perfornmance indicators were. |
wasn't at the subcomm ttee neeting.

VR. DELLARI O An exanpl e of key
performance indicator, we wanted to devel op program
basi s docunents. That was one area that we were weak
in. So we had it was about 40 or 50 -- 43 of those.
So we just nmade a burn-down curve to track for those
things we wanted to change in the project, we wanted
to track that we stayed on schedul e. Because again we
only had 90 days to do all this work, so it w as very
important that we didn't get behind in anything
because it was a very aggressive schedul e.

MR. O CONNOR: Those netrics that they're
tal king about also had quality pieces with it, not
only just the volunme and assuring that we're neeting
commtrment dates, but also had quality elenents
associated with it and then had various types of
chal l enge boards to validate that the information

that's being provided was accurate and | would say



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

15

conpl ete. That was done through i ndependents as part
as part of our | essons | earned to ensure that we woul d
del i ver on what we had sai d.

MEMBER PONERS: Could | understand better
t he 90 days?

MR. DELLARIO Well, we say we went on
hold for 90 days. It was actually overall four
months. It was nore than that. W spent a nonth just
doi ng benchmarking. But the overall direction from
the NRC was you have one shot at delivering this
application, so we took a little longer than the 90
days. If you |ook at the dates fromthe tine we put
the project on hold to the tinme that we subnmtted the
anmended applicati on.

MEMBER PONERS: |'mstill struggling with
why 90 days. Wiy one nonth, why not six nonths?

MR. DELLARIG That's just the tine it
took us to turn it around. | nean --

MEMBER POWERS: Well, you conpl ai ned
earlier that you were tine constrained here. |'mjust
trying to understand why 90 days.

MR DELLARI O Because what we did was we
did a root cause analysis, figured out where all our
weak areas were and then the NRC had asked us how | ong

it woul d take before we resubmt the application. And
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that's what we told them W thought -- we were very
confident that we could get this back to themin July.
So that ended up being about a 90-day turnaround.
Still, I"l'l be honest with you, at this point it was
nore work than we had thought. There aren't a | ot of
resources to do this work. So when | say we were
constrai ned, perhaps that's not the right word. W
laid out a plan and it was just a chall engi ng pl an.

MR. O CONNOR:  The 90 days | don't think
was anything nore was our original estinate based on
what we believed the problens were. As we did the
root cause and started | ooking into the specifics, we
did find that it was a little nore extensive than the
original estinmates. W applied the appropriate
resources, did the various reviews and commtnents,
and when it was ready to the quality that we thought
was satisfactory, resubmtted.

CHAI RMVAN WALLIS: W're not really
reviewi ng your history. W're review ng your product,

| think. So maybe we should nove onto that, should

we?

MEMBER POWNERS: Yes, |I'mjust trying to
understand the decision-making process here. |I'm
perpl exed. But you're right, | don't need to

understand it.
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MR. DELLARIO As | nmentioned, we had
added resources to the project. And what was key here
was we brought in at |east a dozen contractors. But
what was nore inportant was to get the site engaged.
So we wanted to programowners, as a Nine M| e Point
as the program owner be involved with the project.
They were the ones that devel oped the program basis
docurents. They understood |icense renewal. They
were expected to review and understand the goal and
when the NRC canme to the site during the audit and t he
i nspection, they were the individuals they spoke to.

This is very inportant because, you know,
as the project winds dowmn we didn't want to hand this
product over to the site. W wanted to be sure they
were engaged along the way. So they were the ones
that own the commtments and we'll inplenment themand
that's what they're doing at this tine.

Next slide.

MR O CONNOR: | think the major |essons
| earned that Dave is describing is that the decision
maki ng the conpany had made originally was to call
this a project and ran it sonewhat isolated fromthe
site. That doesn't nean that the site wasn't
invol ved. The site didn't what | would call own it to

t he degree that was required. But our |essons |earned
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inthe root cause was that all projects, whether it is
i cense renewal or anything, belongs andis controlled
through the site VP. That's through nme. | am
responsi bl e for all projects associatedwith Nine Mle
Poi nt .

It doesn't matter who takes on the
responsi bility of doing the activities, but ownership,
the quality, the conmtnents, and the assurance that
it's done to the degree required belongs to the site
VP.

I n our project review, we determ ned t hat
someti mes you t ake acti ons, but don't necessarily know
what are the results that you're | ooking for. And so
we had to go back and revi ew how we pre-establish and
determine results, interim mlestones, and netrics
associated with it to assure that the activities that
we' re going after, that the outcones are achi eved t hat
we expect.

Nine Mle Point staff was assigned to the
teamto projects. Each one of the functional areas
inside the facility, mai nt enance, engi neeri ng,
operations, and the different support groups, all had
I i ne managenent personnel associ ated and assigned to
the project under Dave and Pete Mazzaferro. W

believe that was part of the problemis that we did
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not fully understand how sonme of these things were
expected to take place and we didn't recognize our
i nvol venent in the degree that it was necessary.

One of the Constellationfleet initiatives
is that validating progress requires results
verifications through challenge boards. W have
series of chall enge boards that are put during various
m | estones to validate that the expectations are being
nmet and it goes through a rigorous review by
i ndependent parties, as | said, to assure that the
product quality, the commtnents, and the quality is
neeti ng what's expect ed.

W used an awful Ilot of intentioned
oversight through quality assurance and through
i ndependent subject matter experts again to assure
that we're bringing in the right industry experience
and the right subject natter expertise to support the
activities that we're going after.

And probably the other thing that we
| earned on projects that's critical is engagenent of
the site. And engagenent cones through comruni cati on.
| think a project of this size, as it is with anyone
that has this type of nagnitude, is wthout
i nvol venent from the whole station, it's very

difficult to be able to make t hings happen. So one of
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the keys is to nake sure that people are educated and
under st and what the expectations are and how t hey are
required to involve thenselves in order to support
success.

W did quite a few conmunication efforts
through first |ine supervisor alignment neetings,
education sessions, training sessions, comrunication
t hrough written versions of project perfornmances. All
as ways to try to get people to understand that
license renewal is for their success and |l ongevity in
the jobs. That was very successful in getting greater
engagenent. Those are sone of the larger |essons
| earned that we cane fromthis particul ar project that
we've applied in all projects associated with N ne
M1l e Point.

VEMVBER MAYNARD: During your
i ntroductions, there were a couple of key nenbers of
your teamthat |ooked |ike they have new assi gnnents
now. |'mjust curious what you' re doing to ensure
that toward the end of this project and during the
transition here that you don't |ose sone of the
nmonment um and sone of the know edge that you have.

MR. DELLARIG That's the reason why we
really during the recovery period brought the site

into the project and that is the programowners. So
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we thought long term you know, who is going to have
to inplenent these conmtnents and it is the program
owners. So we have not |ost any nomentum at this
point. Pete is now the project manager and a Nine

M | e Poi nt enpl oyee and driving these conmtnents. So
again as | nmentioned earlier is we didn't want to hand
this off and | ose that nonentum W needed to get the
site engaged upfront.

MEMBER SI EBER: | think your point is well
taken. Qur experience is the bulk of the work |ies
ahead of you at this point. You' ve made a | ot of
conmmitments to have things, but you don't have them
yet. Al that has to be generated and you have a
[imted anbunt of time to do that work. It takes
manpower to do it. It has to be done right.

MR. DELLARIO Right, and that's another
reason is the decision was nmade to continue to run
this part of the I'l|l say project as a project. Pete
is going to stay involved as a project nmanager,
driving the site to inplenent these conmtnents. So
the project is not going to go away and just count on
a program owner to make this happen. So there is
going to be the continued oversight, the continued
nmetrics are going to be in place, and the track and

trend is that we're noving in the right direction.
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MR. O CONNOCR: The key is transitioning
into the nornmal way business is being done at the
site, that people and enpl oyees understand how to do
day-to-day business. So commitnents are in a tracking
systemthat is the same tracking systemwe use for al
ot her types of conmitnents and business activities.
W have system notebooks that these things are
incorporated into, that the system engi neers as part
of their normal business nmaintain and watch through
vari ous types of plant health comrttees validate that
the commtnents that we have in front of us are being
tracked and, in fact, being foll owed and i npl ement ed
t hrough our work managenent system W rk managenent
system through the online process as well as the
out age process.

And finally, one of the things that N ne
Mle | think has learned is that we have to have a
solid business plan. The business plan that we have
goi ng forward over the next five years has a specific
section for license renewal that has tracking
expectations, netrics for ensuring that the various
itens are getting done as well as having a line of
sight for the financial commtnents necessary to get
that done. And | can assure you that the conpany has

supported all of the financial requirenents necessary
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to make those comm tnents get conpl eted over the next
coupl e of years, clearly in 2007 and 2009 being the
two years we have outages that have to get done for
t hese conm t nents.

MEMBER SI EBER:  Constel |l ati on Energy owns
and oper ates ot her nuclear plants |li ke Calvert diffs.
I's that correct?

MR O CONNOR  Yes, sir

MEMBER SIEBER:  And it seens to me Cal vert
Ciffs has as renewed |icense?

MR O CONNOR: | believe so.

MEMBER SIEBER Is the Calvert diffs
I icense renewal application, didthat serve as a nodel
for Nine M| e?

MR. DELLARIO No, because |icense renewal
has really evolved since the tine we submtted that
application. So the application thenselves were
totally different. | mean when that application was
submtted, there was no GALL, there was no 95-10
These docunents did not exist. So we couldn't use
that as a nodel for Nine Mle.

MEMBER SI EBER: So | can sl eep peacefully
tonight this close to Calvert Ciffs?

MR O CONNOR  Yes, you can

(Laughter.)
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MR O CONNOR: Let's go to the next slide

MR. DELLARIO Al right, so then the
results of the project. W resubmtted the anmended
application in July. W addressed the NRC s
identified quality concerns and we accelerated the
transfer of |icense renewal knowl edge to Nine Mle
Point and that's when | was talking earlier about
bringing the program owners in earlier. And the
neasure really of success for this project is having
successful audits and i nspections. And they were very
successful throughout the fall of 2005.

Next, Pete Mazzaferro is going to discuss
the Nine Mle Point operating history and |icense
renewal commtnents.

MR. MAZZAFERRO  Good norning. |'m Pete
Mazzaferro, and |'m the project nanager for the
license renewal currently and in the future for
i npl enentation. Wat | want to discuss with you today
is the operating history of itens we have done in the
past. | do address aging effects that have occurred,
tal k about sonme of the nore recent plan inprovenent
initiatives, and then al so tal k about i npl enmenti ng our
commtments before we get into the period of extended
oper ati on.

On this slide you see a nunber of itens
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that we've inplenented over the years that have
resol ved aging issues at the station. One item!| do
want to bring to your attention, the second item on
the Nine Mle core shroud repairs. W have both tie
rods and clanps at Unit 1 that are installed. Just
recently we were the subject of a Part 21 on the tie
rod and 1'Il tell you, we're aggressively working with
the other licensees and GE to cone up with a permanent
fix for that and we'll be taking actions in the
upcom ng outage, which is in March of 2007 to resol ve
t hat issue.

In the next slide, talking particularly
about the Nine Mle 1 containment. There's a current
interest in the industry on the Mark 1 contai nnents,
in particular on the exterior surface of the shell,
because that is nornmally inaccessible. There was a
generic letter issued in the late '80s because of an
issue at one of the other BWR Mark 1 contai nnments.
There were a nunber of actions that were taken at that
point and when we took those actions, what we
di scovered is that we did not have any | eakage that
was in contact with the exterior surface of the
containnment. W confirned that through renote visual
i nspections.

W actually went in with renote devices
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and physically | ooked at both the top part, the upper
el evations as well as at the bottomor what is called
t he sand cushion area. W actually have 10 four-inch
drain lines that go fromthe sand cushion area into

what we call a torus room which is an open area that

i s accessi bl e.

Agai n, using renote devices we | ooked up
the drain |ines, sawthat there was not any i ndication
of ever having water flow ng through there. W were
able to look at the top of the sand cushion area and
that was also dry and no indications of any |eakage
ever occurring.

Since that tinme, every two years we go in
and we do take a | ook at the sand at the exit point of
those drain Ilines and have not discovered any
i ndi cations of water at all.

Shoul d that have occurred or if it occurs
in the future, because this is an activity that we
will continue to do, we would put that indication or
that situation in our corrective action program go
t hrough a root cause eval uati on, an extended condition
review, and take the appropriate actions to one, stop
wherever the leak is comng from and two, evaluate
what is the effect on the outside surface of our

cont ai nnent shel | .
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CHAI RVAN WALLI'S: Could you just clarify
an itemon the slide for ne? The fourth [ittle item
under first bullet, renote visual observation of
water. That doesn't mean that you observe water, does
it? That means that you | ooked for water and didn't
see any? The way it's witten it looks as if you
actual ly observed water |eaking.

MR MAZZAFERRO As it turned out, in 1987
we did actually observe water --

CHAI RVAN WALLI'S: Did observe water.

MR. MAZZAFERRO  That was | eaking onto --
there's a shelf drain, which is designed to collect
water and there was water there. Wat it turned out
to be is we actually had a puncture froma nai nt enance
activity in the cavity liner, which is nornmally not
filled with water.

CHAI RVAN WALLI S:  Sonebody drilled a hol e.

MR, MAZZAFERRO O hit it with sonething,
yes. So we discovered that and we fixed that and
t here's been no water there ever since. But even that
wat er, though, was collected on a shelf drain and
drai ned away. That did not conme in contact with the
netal surfaces of the shell.

MEMBER SIEBER: Typically, if you get

noi sture there in other plants it would cone through
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the refueling. 1Is that true?

MR MAZZAFERRO  That's one source of
| eakage. Yes.

MEMBER SIEBER: A fix is to put it through
the refuelant seal. 1s that true?

MR MAZZAFERRO. Qur refuel ant seal has
al ways been in scope. W did that right fromthe
begi nni ng.

MEMBER SI EBER:  So you al ready i npl enent ed
the fix without having had the probl en?

MR MAZZAFERRO  Correct. Yes. The next
slide, | talk about the core shroud cracking at Unit
1. As | nmentioned earlier, we have installed tie rods
back in 1995 to repl ace the horizontal welds. W also
had sonme vertical weld cracking in two of the welds,
and we installed the vertical clanps in 1999.

Fol | owi ng t hat, we' ve had our nobl e netal s
application in 2000 and instituted hydrogen water
chemi stry. And we continue to do our inspections of
both the repairs and the shroud. So that's sonething
we continue to do. W've been honoring that and as
part of the inspection, we do the eval uati on obvi ously
to make sure that we're structurally sound and
continue to neet our design requirenents.

VI CE CHAI RVAN SHACK: What will be your
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end of life fluence on the shroud or any internal peak
at the end of the 60 years?

MR O CONNOR:  George?

MR INCH | guess Unit 1 and Unit 2.
Unit 1, on the shroud. M nane is George Inch. |I'm
with the Nine MIle Point engineering. The peak
fl uence on the unit shroud will be Iess than 10**
through the end of the license renewal term It's
getting close to the 10%. Unit 2 will be less than
three 10°*. W' ve exceeded the 3F threshold for both
shrouds. So we're accounting for reduced fracture
t oughness on the Unit 2 shroud whi ch doesn't currently
have tie rods.

VI CE CHAI RMAN SHACK: What are the top
grids going to get to?

MR. INCH: The top guide grid?

VI CE CHAI RVAN SHACK:  Top gui de.

MR INCH Those fluences are in --
depending, it's a high gradient. At the bottom of the
grid, the fluence levels are in the 10* range.
That's neutrons per centineter squared. And then
there's a factor of five to ten shift, they' re about
a foot high in the fluence.

MEMBER ARM JO. | have a question on your

noble netals. That was first applied in 2000 and |
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think the concept was to reapply noble netals
periodically.

Has Nine MIle done that at both plants.
Bot h of your plants?

MR. O CONNOR. Both plants are noble netal
plants. W do have a reapplication conmng up on Unit
1 in Decenber of 2006 here.

MR MAZZAFERRO. The next slide I'd Iike
to talk about is the control rod drive stub tubes at
Unit 1. W've had | eakage experienced in the past.
W applied for and received approval to institute a
role repair through a safety eval uati on back in 1987.

Since that tine, and in the nore recent
past, there was actually a code case that's been
subnmitted to the ASME code. That's undergone revi ew.
It's been approved through the Section 11 portion of
the Commttee. |It's nowat the full Commttee for
final review and approval. W would expect to get
those results here in the next nmonth or so.

During the period of extended operation,
if a stub 2 that has been previously rolled |eaks
again, we'll institute one of three options here
We'll do a weld repair consistent with the BWRVI P- 58A
docurnent, whi ch has been endorsed by the NRC

A variation of that weld repair shoul d one
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becone avail abl e, and that obviously would have to go
t hrough staff approval as well. O because we're not

sure exactly what will happen in the future, there

coul d be anot her type of nechanical or weld and repair

nmet hod, but that woul d al so obvi ously have to go under

staff review and approval .

But in any case, if the stub tube that had
been rolled | eaks again, we will effect a nechani cal
repair.

CHAI RMVAN WALLI'S: How do you detect a
| eakage?

MR MAZZAFERRO It's a visual indication
that during our pressure tester in an outage, we can
see water |eaking fromthe bottom

CHAI RVAN WALLI'S: So you have to see water
| eaki ng?

MR MAZZAFERRO Yes, that's how we
di scovered all of themin the past.

CHAI RVAN WALLIS: What if it presumably
| eaked very slightly and evaporated and you woul dn't
see it. So it has to be sonmething which is enough to
see it flow ng?

MR. MAZZAFERRO. W conduct ed under hydro-
pressure, which is 900 pounds pressure but the

tenperature is on the order of about 200 degrees.
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CHAI RVAN WALLI'S: Not |ike to evaporate.

MR. O CONNCR:.  Not likely to evaporate.
And obviously the inspectors are VI-2 qualified so
we're not tal king about personal activity.

CHAI RVAN WALLI S:  Thi nki ng nore of | eaky
faucets. If they drip once an hour, | don't bother
with themat all. [If they drip continuously, then
maybe fix them There is sone threshold where you do
sonmet hing presumably. One drip an hour is that a
| eak?

MR. O CONNCR:  Yes.

CHAI RVAN WALLIS: It is. GCkay. |If a guy
stands there for an hour and watches to see if there
is a drip?

MEMBER SIEBER  You have to do it -- |
presune you do that inspection? It's very difficult
to see that joint.

MR. MAZZAFERRO  You're right.

MEMBER SI EBER: Al these wires and things
com ng down.

CHAI RMAN WALLIS: So it's not so easy to
see the | eak then?

MEMBER S| EBER:  No.

CHAI RVAN WALLI S:  Ckay.

MEMBER SI EBER: The repairs either because
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the surface has to be machi ne-wel ded, | presune.

MR. MAZZAFERRO Right. This would be.

MEMBER SI EBER: That | atitudinal position
has a different curvature to it. You have to set up
for that particular |ocation because it's different
fromevery ot her | ocation except those inthat circle.
The whole thing is not an easy thing.

MR. O CONNOR: No, as part of our license
renewal fundi ng, we're beginning the, | woul d say, the
research and devel opnent process now to begin the
vari ous types of nechani cal techni ques and testing of
t hose techni ques well before we would reach the 2009
point in tinme where zero | eakage is the expectation.
But we'll be going through iterations of sort in order
to prove that we can performthe activity and test the
activity to the satisfaction and expectations
required.

MEMBER SIEBER | just don't want ny
col l eagues to think that this is a sinple thing.

MR. O CONNOR:  No.

MEMBER SI EBER: Not a sinple thing.

MR. O CONNOR:  No.

MR. MAZZAFERRO  kay, thank you. Moving
onto the planned i nprovenent initiatives. And this is

j ust sone exanpl es of how Constellation is comrtted
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to an ongoing program of station inmprovenent and
especially in the area of agi ng managenent. As we've
nmenti oned earlier, we have i npl enent ed hydrogen wat er
chemi stry and noble netals, and noble netal s does
require a reapplication and that's in our business
pl an to do.

CHAI RMAN WALLI'S: What does this mean?
Does it nean that now everything is nmuch better or
somet hing? Wat's the inplication?

MR. MAZZAFERRO  The vessel internals are
in much better shape froman agi ng standpoi nt because
of the noble netals application, hydrogen water
chem stry froma cracked grill standpoint.

MR. O CONNOR:  George, do you want to add
anyt hing on noble netal, its inpacts?

MR. INCH W' ve got some excellent data
on the effectiveness of noble netals on the subtuse.
Pete or Mke, | have a slide that shows how effective
nobl e nmetal s appears to be.

As you noted in our presentation, noble
netals was applied in 2000. Prior to 2000, we would
see a new | eaki ng stub tube once every refuel outage.
W'd get one or two new |leakers. And that's our
hi story plot.

We did noble netals. It's marked there
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with a black line. That one event in the refue
outage was actually only six nonths after the noble
netal was applied. In the past outages, we' ve had
zero new | eakers.

It's been inpressive to ne that noble
netals is an effective mtigation on new | eaki ng stub
tubes and we have aggressive plans to reapply. W're
| ooking at all the new technologies for on-line and
wi |l be applied over the next two years at both units.

CHAI RMAN WALLIS: Is this something NRC
expects to see in all of these Mark 1s and maybe the
others that are up for |license renewal ? They nust
have no nmetal chemistry?

It's not required.

MR. INCH: | think hydrogen --

MEMBER ARM JO. Ceorge, is it in the
BWRVIP program or is it plant specific, plant
managenent decides to do this or not do this,
dependi ng on their assessnents?

MR. INCH  The BWRVI P program strongly
recommends plants use mitigation techniques, hydrogen
wat er chemi stry or noble netals. There's a strong
recommendation in the industry. And plants work out
whi ch technol ogy works best for that plant. So nobl e

metals -- like the best solution for Nine M| e.
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MR. O CONNOR: Noble netals, if you have

a choice between the noble netal or increasing your
hydr ogen i nj ecti on, hydrogen i njection makes it al nost
very difficult to operate the plant with personne
because of the sources or the dose rates. So when you
| ook at the balance, it's clearly the right decision
to nove towards noble nmetal and reduce your hydrogen
i nj ection.

MEMBER S| EBER:  On the other hand, there
are plants, BWRs who don't use noble nmetal right now.

MR. O CONNOR:  Right.

MEMBER SIEBER: So it's not a requirenent.
It's a reconmendati on.

MR. DENNING Ceorge, | don't think you
identified yourself.

MR INCH M name is George Inch. |'m
with Nine MIle Point Design Engi neer, BWRVIP program

MR MAZZAFERRO  Sone of the other
activities that we have on-going for Nine MIle Point
Unit 1in the spent-fuel pool, we're replacing all the
boraflex racks with borelle racks. Again, that's
because the borafl ex racks are aging and losing their
capabilities. W're replacing those.

MEMBER SI EBER:  You're going to have a | ot

of radioactive waste in the replacenent process, |
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presune.

MR, MAZZAFERRO  Yes.

CHAI RVAN WALLI'S: How is your spent-fuel
pool capacity for future? What does it |ook like?

MR. MAZZAFERRO The capacity at both
units is will run out in the near future. W do have
plans to go to dry storage on site that will handle
that. That will carry us through the period of
ext ended operation.

MR. O CONNCR.  Those projects of both the
rerack is funded and i s started, those activities, and
so has dry-cask storage. Both those efforts are
conpletely funded to support inplenmentation in the
times --

CHAI RVAN WALLIS: The re-rack is not
i ncreasing the capacity of the pool.

MR O CONNOR  It's not.

CHAI RMAN WALLIS: It's just changing the
nmet hod of avoiding criticality, that's all.

MR O CONNOR It's to address the aging
i ssue, but it does not increase capacity allowances
for the pool.

MEMBER SIEBER  You're just overconi ng
agi ng?

MR, O CONNOR: Yes.
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MR. MAZZAFERRO For both units in our

cl osed cycl e systens we wi || be i npl ementing corrosion
inhibitors in the near future. That is sonething that
came out of our review for aging managenent and we
have al ready repl aced the reserve station transformers
and the disconnect switches for Nine MIle Point Unit
1. Again, | bring that up because those are
conmponents that we take credit for recovery from a
station bl ackout event.

Goi ng forward and addr essi ng our
conmitnents, as nentioned earlier, the commtnents we
made in our application, we've put in our official
tracki ng systemwhich is call ed the Nucl ear Comi t ment
Tracking System W have 56 related to |license
renewal ; 43 of those are for Unit 1 and we wll
i npl enent those over the next two years and then
there's 41 that we have for Unit 2 and we'll take the
| essons | earned fromourselves, as well as the
i ndustry on those conmmtnents and we'll inplenent
those for Unit 2 right afterwards.

There's full support from both the site
and the corporate rmanagenent to neeting the
conmitnents. As Timnmentioned earlier, we have ful
funding, full project support, full site support to

i npl enent those, all those commtnents and one of the
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issues that we did foresee is this to make sure we
have consi stency in the transfer of know edge fromthe
project that submtted the application and work with
the staff on that review to go forward to now

i npl enent that into our normal day-to-day process.

And that's, quite frankly, while |I'm
continuing to be the project manager. |'mthe person
that's going to make that transition happen and nmake
t hat successful. W have a regional inspection that
will occur in the sumrer of '08 and obviously, we'll
be ready for that.

W conti nue to have oversi ght and support
frompl ant managenent and cor por at e managenent t hr ough
performance indicators' schedul es because we want to
make sure we're on track and that we're producing a
qgual ity product.

MR. O CONNOR: We want to nake sure that
it's clear. These conmtnents aren't off by
t hensel ves. These conmitnents are fully integrated
i nto our nornal business processes so that there's no
confusion about if an itemcones up, it's in the work
managenment system It's expected to get done. It has
commitments with it. It has expectations to do it.
W do it. That's the way we do busi ness.

And for an exanple, in our refueling
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out ages, since we do have a short anmount of tine, that
you nmentioned with Unit 1, we've actually nmade many of
these itens as node restraints for start-up which
forces us to nmake sure that we have addressed the
i ssue and conpleted it before we can nake the node
switch change for start-up. That's the rigor that we
are applying to assure that we don't want to mss a
commitnent or two, find it easier to defer or nove out
to the future.

MEMBER ARM JO  Does these particul ar
commi t ments have any special tag on themthat they are
i cense renewal conmtnents?

MR. O CONNOR:  Yes, sir, they do.

MEMBER ARM JO  \Wen budget squeezes
happen, you have a little bit extra information about
that particular comm tnent?

MR. O CONNOR: That's correct.

MEMBER ARMJO Guve it a high priority?

MR, O CONNOR:  Yes.

MR MAZZAFERRO  We've done that down to
t he i ndi vidual work order as well, to put the |icense
renewal tag on it, we call it.

MR O CONNOR And it's part of our
process for restart is to give us the assurance that

the commtnents that were expected. And again, it's
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part of a normal requirenent we do for any start-up
for outages, had we conpleted all of the regulatory or
| NPO conmitnents that we nade prior to naking the
start-up. And so that's a rigorous process for us to
val i dat e.

MEMBER SI EBER: Let ne clarify sonething.
You're not actually commtting to using noble netal
chemi stry as part of your |icense renewal comrtnents
are you?

MR O CONNOR: W're going to do it
regar dl ess.

MEMBER SI EBER  No, but | nean --

MR O CONNOR It's a mtigating strategy.

MEMBER SIEBER: W used to followthe
wat er chem stry gui del i nes.

MR. O CONNOR:  Yes, that's the conmtnent.
That's the commtnment. The conmtnent is to follow
t he BWR owner's recommendations. That's correct. W
believe at NNne MIle that the nost prudent approach to
mtigating strategy is the noble nmetal side of the
equati on.

We are conmitted to that as our form of
i mpl enent ati on.

So froma sunmmary perspective, although we

may have had a little bit of a shaky start, we
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certainly had a great deal of |essons |earned. W

believe we've appropriately recovered from that and
applied those |essons learned. Qur conmtnents are

tracked. They're funded. W do have a line of sight
for those to assure that they get done i n the business
pl an.

Qur prograns are in place for effectively
managi ng agi ng i ssues. W do have the correct netrics
and oversight expectations to assure that we follow
through on the itens that we've conmtted. And | can
tell you that the ownership rests with ne. | amthe
one responsi bl e for assuring that these activities and
t hese processes that we're presenting in front of you
are part of the normal business that Nine Mle
operates to and our only commtnent is that we operate
at a standard of excellence and nothing |less than
that. That's the way we'll continue to nove forward.

That concl udes our presentation. Thank
you.

MEMBER POAERS: Can | just ask about the
downcorer bellows? On your downconers comng in, do
your torus on your Mark 1 containnment, are they in the
scope of the license renewal ?

MR. MAZZAFERRG |'mnot sure -- please

repeat your question. | think |I'd say yes, but go
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ahead.

MEMBER POAERS: | can't imagi ne them not
bei ng. The bell ow connections, we have a big tube
com ng in through another tube in the torus and what
not ?

MR, MAZZAFERRO  Yes.

MEMBER POWNERS: Do they show any
corrosi on?

MR MAZZAFERRO. | don't believe --

MR. O CONNOR: Ceorge, do you have
anyt hing specific on the ISI or other inspections on

MR INCH M nane is George Inch. Could
| try and repeat back your question to make sure |
understand it?

W had the vent system in the Mark 1
system and it goes through sone vent spheres with a
header and then there are individual downconers on a
centipede, if you will.

MEMBER POVNERS: Those downconers cone out
of the dry well into the torus, you'll have a bell ows
connection on then®

MR. INCH They're flat.

MR. O CONNOCR  Ckay.

MEMBER PONERS: So the question is do they
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corrode or fatigue?

MR O CONNOR | believe that's in our
program but | would need to check to nake sure that

MEMBER PONERS: | f you happen to find out,
|'d be curious.

CHAI RVAN WALLI'S: They mght fatigue if
t hey' re used.

MEMBER POWNERS: They flex all the tine.
Every tine the plant cones up or warns up and cool s
down, they have to flex all the time and when | | ooked
at themyears ago at Brown's Ferry 1, they corrode and

they're different for every plant. There are no two

the same. And Nine MIle Point has particularly unique

ones.

CHAI RVAN WALLIS: They've been there a
long tine.

MEMBER POWERS: It's a different power
plant fromBrown's Ferry and built by different guys,
built at a different tine. 1It's just always
different, so | was just curious.

It has sone inportance in risk anal yses
because if they blow out, then you bypass the torus
wat er .

MEMBER S| EBER: Any ot her questions? |If
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not, thank you very nuch.

(Tel ephone ringing.)

MR. MODUS: Good norni ng.

MEMBER SIEBER. M ke, this is your phone
call for the presentation for Nine Ml e.

MR. MODUS: Wat do you nean this is ny
phone cal | ?

MEMBER S| EBER: Tonmmy Le told nme you were
going to participate in this.

MR. MODUS: No, | amnot participating.
| am standing by in case ACRS has questions.

MR, ZI MVERMAN.  Hey, Mke, this is Jake
Zi mrer man.

MR MODUS: Hi, Jake.

MR ZI MVERVAN. W tied you in via phone
to the ACRS room Tommy's conming up to the mc nowto
give the presentation and so yes, we do have you
avai l able to answer any questions relative to the
Regi on 1 i nspections that were conducted at Nine M| e.

CHAI RVAN WALLIS: Wio is it that we have
on t he phone?

MR ZI MVERVAN: W& have M chael Mdus who
is the Region 1 Team Leader for the inspections that
were conducted at Nine Mle.

But yes, Mchael, Tommy w Il be | eading
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the entire discussion. OCkay?

Wth that, I'll turnit over to Tommy Le,
our Senior Project Mnager for the Nine MIle Point
I icense renewal application review and also with him
again is M. Robert Hsu, who is the assistant team
| eader for our Aging Managenent Program audit
activities.

MR. LE: Thank you, Jake. M nane is

Tomry Le. | amthe NRR Project Manager for the staff
review of the Nne Mle Point license renewal
application. | have the honor to represent the staff

this norning to be before you to discuss and brief you
the result of the staff review of the license
application for NNne M| e Point Nucl ear Power Station
Unit 1 and Unit 2.

As Chairman Sieber said, the final SERis
bulky and this is a result of the great effort from
the NRR staff who are with ne here today to support ne
to answer all your questions. And their dedication
and continued review despite the up and down of the
application are hereby appreciated. | also want to
extend fromthe staff to the Applicant and managenent
and their staff who have responded to the staff during
the reviewperiod and their cordiality and cooperati on

during our visit and our questioning.
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Wth that, 1'd like to go to the next
slide, please.

| al so, by the way, have M chael Mdus on
the line to answer any question as well.

| would |ike to wal k through the four
areas, the overview of the staff, the process and the
hi ghlights of the review and al so the TLAA and then
the final conclusion of the entire staff.

Again, | ama project manager and | rely
on ny staff and all the work they do and | count on
their effort. | thank you again.

The Appl i cant submitted the applicationon
May 26, '04 and as you are aware, Unit 1 is Mark 1 GE
2 and Unit 2 is Mark 2 GE 5. | believe that at the
time that the application was submitted, this is the
first tine it had been submitted to the staff.

Agai n, the reason for the bul ki ness of the
reviewis because the two units had different designs.
They have different BOP and so this is two reviews in
one. And | think the Applicant got a good price for
it.

MEMBER SI EBER: In spite of the fact that
the units are quite different, you' re applying the
same agi ng nanagenent prograns. And that's for the

sinplicity that evol ves fromthat fromthe standpoi nt
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of the licensee's admnistration of the program

MR. LE Yes. Sone of the aging
managenent are different for different units.

| forgot to note that nost of the
Applicant's personnel here have been pronoted since
the review of Nine Mle.

(Laughter.)

Again, the Unit 1 operating license is
going to expire on August 22 of 2009 and Unit 2
operating license will expire in October 31 of 2026.
And Unit 2 did cone in with an exenption request to
allow themto renew the |icense before the operating
license expires in 20 years as required by regul ati on.

The staff review has provided an SER with
open itens that were issued on March 5, 2006 and we
went to Chairman Sieber's subcommittee in April. The
overal |l status of the SER is that we have 56
commtments fromthe Applicant of which Unit 1 has 16;
Unit 2 has 14 plant-specific and conmon, 26 for both
units.

The i npl enentation, M. Ti mO Connor said
will be inplenented two years prior to the period of
standard operation for each unit.

Currently, at this tine, there are no open

itenms, no confirmatory itens and three |icense
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conditions. The three license conditions are -- next
page, please -- standard license condition that you
all have seen in the previous |license review.

In the next slide, | would like to walk
t hrough the way that the staff has spent tine on this
application. You noted that in Septenber of '04 we
did the scoping and screening audit and then for the
AMP and AMR audit, we perforned a total of six audits
which normally requires about two audits for the
plant. And the reason for this led to the 90-day
st and-down t hat the Applicant has requested to fix the
gual ity and conpl et eness.

Again, the regional inspection also in
ef fect performed four inspections; three prior to the
anended application after that. So both the region
and NRR staff have spent nore effort on the review

In the next slide, the reason for the
st and-down of 90 days is because during the scoping
the NRR staff felt that the 54.482 revi ew has sone
| oopholes init. For instance, the staff did not see
any plant insulation included and then during the
audit, as the Applicant pointed out, the Applicant had
a | ack of technical support in respondingto the staff
audit and sonetimes the question lingering on and the

suppl emental reply, sonetinme is inconsistent with the
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response we receive, not because of any changes but
t he way the docunent.

So we as a staff, we convey this to the
Constellation Nine MIle Point managenent and to the
staff concern the managenent has voluntarily cone in
and requested a 90-day to revanp the quality and

resubmt the anendnent on July 14 of '05.

In this new application, we call -- the
OGC asked ne to call it an anmended application, but
it's alnmost -- had a lot of new information. They

have 40 new systens were added and about three
previously included in the systemwere renoved and not
because of any safety significance, but the way the
scopi ng previously.

And the staff identified that the |icense
renewal drawing submitted regionally were not well
prepared and so in the resubmttal the set of draw ngs
were up to date and very clearly identified of the SSC
within the scope of license renewal and al so a ful
detail on AWMR and that has helped the staff to
expedite the reviewin a tinely manner.

Even t hough we have a 90-day or equi val ent
of five-nmonth calendar year, the staff are still
within the [imt of the review of 22 nonths.

Next slide, please.
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MEMBER SI EBER: | woul d point out that all

these problems did cause the staff to do an
extraordi nary armount of work to finish their review.

MR. LE: Thank you for staff. They told
nme they had a tough project manager.

(Laughter.)

MEMBER S| EBER: | believe that.

MR. LE: Thank you. Dr. Denning and
graduated from University of Tennessee, so |I'm glad
you're here to protect ne.

(Laughter.)

In the highlight of the review, | would
like to say that in the new submittal there are six
new itenms added and the staff also counted 24 new
commitments in addition to the original comtnent
that came in with the previous application.

For i nstance, the staff has brought in, in
the scope of the CO2 and the Halon system the
firewap insulation that we do in fire protection
The staff formally requests that the Applicant would
i npl enent a zero | eak permanent repair for the Unit 1
control rot dry stub tube penetration

CHAI RVAN WALLI'S: Can you say a bit nore
about that? These were |eaking, two penetrations

which they had to fix?
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MR LE: Yes.

CHAI RVAN WALLI S: How many penetrations
wer e | eaki ng?

MR. LE: O fhand, George, do you have any

-- 38.
CHAI RMAN  WALLIS: Thirty-eight were
| eaki ng?
MR. LE: Yes, 38. Thirty-eight total
right? 1'mnot sure how many -- George, can you --
MR INCH: This is stub tube |ocations.
Thirty-three | ocations, 33 or 34 locations. [|'ll have

to check that.

CHAI RMAN WALLIS: They weren't |eaking
very much?

MR INCH Well, the | eakage has been over
time. When it was first discovered in 1984, there was
like 11 locations. The | eakage rates varied from 10
or 20 jobs per mnute to sonewhere several hundred
jobs per mnute. Most of the |eaking penetrations
have been nmeasured in drops per m nute.

CHAI RVAN WALLI S:  Just like maple syrup,
mapl e sap. | understand that.

Vell, that's quite a lot, 100 drops a
m nut e.

MR. INCH. The |ast |eaking |ocation was
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repaired in our last outage. It was |ocation 5019
which was a repeat |leaking location and it was
identified at approximately 20 drops per m nute.

CHAI RMAN WALLIS: It required license
renewal to inplenent what should be done anyway.

MR. INCH: W have inplenented the repair
at all these | ocations.

CHAI RVAN WALLI'S:  Yes, but it seened as if
it was instigated by license renewal .

MR I NCH:  No.

CHAI RVAN WALLIS: It seens like the staff
claimed to have required it as a result of --

MR LE: W talked about it a |ot during
the audit and we had in the Applicant's presentation
they had come up with three different ways to nake
sure that there was zero |eakage. So that's why |
used the word, but then --

MEMBER MAYNARD: As | understand fromthe
Applicant's presentation, they haven't seen any | eaks
for several years now. This comritnent to do the zero
leak repair is if they do identify that leak in the
future.

MR LE: If the |eak reappears, yes, sir.

MEMBER MAYNARD: But there's not a

commtment to go back --
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CHAI RVAN WALLI S: They have had these 30

somewhat | eaks that were in the past. | got the

i mpression fromyour statenent here that these | eakers
were actually leaking and you required them to fix
them as a condition of license renewal. That's not

t he case.

MR LE: It's one of the commtnents. The
Applicant has commtted to the staff.

MR DAVIS: |I'mJimDavis fromthe staff.
These were all repairs that were done under a relief
request and the Rul e 5055a says you cannot rely on a
relief request for the period of extended operation.

So that's why they have to make this
conmi t ment .

MR. LE: Thank you, George.

MEMBER S| EBER: The rerolling on these
stub tubes, when it leaks, it's probably cutting.
Rerollingit, you'retryingto put plastic deformation
inthereto fill that gap. The question is will it be
successful or not. That's why the weld repair is a
better deal for getting to it.

CHAI RVAN WALLIS: I'mnot really worried
about it. |'mjust concerned about the nunber of
these and the timng. This was way back in the past,

t hey had these many | eakers and they were fixed.
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MR. CHANG The sane is true of SER in

1987. They used the sane request for the whole
peri od.

CHAI RMVAN  WALLIS: So the problem
essentially has been solved, is that really your view?

MR. CHANG The problemhas not really
been solved. They just keep using the sane relief
request and to do their repair.

MEMBER ARM JO. Let me make sure. |
t hought | Understood this, but now | don't. They've
been repaired by this rolling program And if that
rolling continues to be effective and they don't | eak,
does this commtnent require themto wel d t hemanyway?
| f they do | eak, they can't be just rerolled over and
over again. Then they have to go to a different --
okay.

MR. CHANG Because a regional SER at the
noment they don't have the technology to do that with
arepair. So we give themthe relief.

MEMBER ARM JO  But the relief, as long as
it's working, that relief is still valid. They don't
have to t hen say okay, the relief runs out of tinme and
now you have to go to the new technol ogy.

MR DAVIS: This is JimDavis again from

the staff. A relief request cannot extend past the
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current interval, soif we approve this for the period
of extended operation, we're free of approving a
relief.

So they have to commit to do a code repair
and t hen when they get into the next interval they can
cone in and either the code N730, can be used if it's
endorsed by the NRCin Reg. Guide 1.47, 1.147 or they
can cone in for relief again, but we can't pre-approve
relief.

MEMBER SI EBER:  On the other hand, if it
doesn't | eak, you don't have to repair it.

MR. DAVIS: They have to either get relief
or they have to follow a code. This is not a code
repair at this tine. Code N730 allows themto -- they
do a 4 percent roll the first time. And if that stops
t he | eakage, then they don't have to do anything. |If
t hey see | eakage again, they're allowed to reroll to
six percent. |If that stops the | eakage, then they're
okay. If that doesn't work, then they have to do the
code repair.

MEMBER SIEBER: On the other hand, the
ori ginal manufacturing was rolling.

MR DAVIS: No. These are stress
corrosion cracks.

And instead of doing a code repair, they
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did a 4 percent roll. They did some experinmental work
to see what they need to stop the | eakage. 1In the
original relief request, they were allowed a certain
anount of | eakage and then when they did the reroll,
they were allowed 10 tines the anount of | eakage and
t he ASME code that | was a nmenber of when we worked on
this code case, we refused to allow the -- we only
al l oned zero | eakage.

MEMBER S| EBER. Thank you.

MR LE: To go on with this slide, the
other itemthat the staff has brought in to the scope
of Unit 1, non-EQ inaccessible nmedi um vol tage cabl e,
for sone reason it was left out and -- but the nost
important thing is the staff requires visua
exam nation of Unit 1 drywell shell as a data point to
collect and for turning prior to entering the PO
operation, to go along with a newy added AMto
nmonitor the corrosion in the drywell shell that we'll
be di scussing the openitemthat we will conme up next.

In the next slide, I will not -- | wll
provide sone exanples of the staff enhancenent
requi renent and for the sake of time, | will go down
to the next slide to tal k about open item 3.03217-1.

During the original staff SER, we had two

open itens and during the staff discussion with
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Chai rman Sieber, the subcommittee chairman, we said
that the -- I'"'msorry, Dr. Sieber

MEMBER SIEBER: That's all right.

(Laughter.)

MR LE: | just want to see if he's awake.
Anyway, | apol ogize for that.

The dry shell after the audit was done,
the staff also re-reviewed the information and
di scovered that the Applicant had reported that in
2003 there were six corrosion spots that were found
during the refueling outage and so the staff opened
this as an itemuntil we know what the Applicant are
going to do with that to prevent future corrosion

On March 27, '06, they cane in and had a
very good conversation with the staff about what

they're going to do and that the corrosi on was not as

prof ound as was reported. It was just a deep rusty
spot. And so this will be discussed in detail at the
| ast slide.

In the next one, our next slide, | did

want to put on here that during the agi ng managenent
of the i n-scope i naccessi bl e concrete the staff revi ew
noted the followi ng value that we do on npbst of the
license renewal with the PA the chloride and the

sul f ate.
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W have a note there that no phosphate or
phosphoric acid tests have been perfornmed because this
i s bel owgrade environnent is very nonagressive.

That ends the highlights of the review
Now | would like to come inin the next slide on TLLA.
This is that there are seven areas of TLLA. The first
four, the staff had reviewed them and anong them are
netal fatigue that the Applicant committed to
i npl enenting the FatiguePro nonitoring software to
make sure that it would stay that way.

For the containnent liner and -- next
slide -- penetration fatigue analysis, the Applicant
had projected and the staff concurred and confirned
that the fati gue uses would remain in acceptable [imt
wi thin the period of standard operation and the
Applicant will nonitor the critical Nine Mle 1 and
Nine Mle 2 location using the fatigue nonitoring
programto provide additional assurance.

Next slide. In the 4.7, this is the other
pl ant -specific TLLA. During the staff discussion with
Subcomm ttee Chairman Sieber we had closed out this
open itemand nanely this is the calculation for TLLA
was dependent on a non- NRC approved nmethod and so we
identified that an open item and the Applicant went

back and did the recal cul ati on and resubnit the data
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on January and March '06 and the report was at the
val ue was |ess than one, 10' neutron per centimeter
squar e.

CHAI RMAN WALLI S:  That's at the end of the
new |icensing period or what's that? Wat tinme is
that at?

MR. MEDOFF: This is Jim Medoff with the
staff. | was the reviewer for the bioshell TLLA
Basically, they had found a nunber of flaws in the
bi oshield. Sone of themthey repaired, but there were
afewflaws in the bioshield that they | eft in service
under fracture mechanics eval uation

Fract ure mechani cs eval uati on was based on
fluence, so that was a tinme-limted paranmeter in the
eval uation and they -- it's a carbon steel material,
so for enbrittlement, the threshold for irradiation
and britleness it 1 tines 10 neutrons per square
centineters and square energies greater than 1 MEV.
When t hey reeval uated the fl uence to see whet her they
had to redo their fracture nechani cs evaluation. They
used an unapproved mnet hodol ogy.

So we had Dr. Lanbrose Lois, our fluence
expert, request in an open itemthat they submt a
fl uence net hodol ogy for the bio-shield in accordance

with 1l thinkit's Reg. Guide 1.160. W concl uded that
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if they can denonstrate that the fluence for the bio-
shield at 60 years was | ess than the threshold, we
woul d agree that it was no longer a TLLA and they
could renove it fromthe application.

And they submitted a fluence met hodol ogy
in accordance with the Reg. Guide and we had Dr.
Lanbrose Lois | ook at it and he approved their fluence
nmet hodol ogy and the value is | ess than the threshold,
so we agreed that there wouldn't have to be a tai
i ne anynore.

MR. LE: Just to conplete the picture of
TLLA during the briefing with Chairman Sieber, the
Applicant -- since then the Applicant has subnitted
anot her TLLA on a reactor water cleanup system LLA

CHAI RVAN WALLI S: What i s Chairman Sieber
doing all this time? He seenms to be participating in
the license reviews. The subconmttee neeting. Ckay,
all right.

MEMBER S| EBER: | work hard, too.

CHAI RVAN  WALLIS: The subconm ttee
neeting. Right.

MR LE: He is here to protect nme like Dr.
Denning. As we discussed before on the reactor
vessel, neutron enbrittlenment the staff independently

verified the upper share energy value for both Unit 1
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and Unit 2. And the staff are so independent that so
Ni ne M| e Point 61 EFPY additional probability for the
reactor vessel circunferential well abounded by the
NRC anal ysi s.

And the staff al so i ndependently verified
that an analysis of the conditional failure
probability of Unit 1 and Unit 2 reactor vessel actual
wel d. He also bound it by the NRC analysis in the
staff March 7 of 2000 suppl enment SER

Wth that | would like to conclude that
the TLLA provi ded by the Applicant adequately net the
regulation 54.3 and also 54.21(c)(1)(i), (ii), and
(ti1) and will be valid for the period of the standard
operation and projected through the end of period of
operation and aging effect will also be managed.

Al so 54.21(b), sufficient supplenent of
the SERw Il be done and 54.21(c)(2), there will be no
pl ant specific exenption.

And with that and with the concurrent --
with the staff in front of you, the Nine MIle Point
Unit 1 and Unit 2 anmended application had nmet the
requi renent of the regulation CFR part 54 in the
scopi ng and screeni hg and agi ng nanagemnent revi ew and
program and also in TLAA Wth that the staff

finishes the presentation.
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MEMBER S| EBER: Thank you. Are there any

guestions from ACRS nenbers? |If there are no
guestions, | would again |ike to thank the Applicant
and the staff. A lot of work has been done on this
particul ar application. The work was well done and |
appreciate that very nuch

Wth that, M. Chairman, | turn the
neeti ng back to you

CHAI RVAN WALLIS: It just occurs to ne
that you should say that these are all the
requi renents of the 10 CFR Part 54. Is that right?

MR LE: Yes.

CHAI RVAN WALLI'S:  You listed three and |
think to make it clear for the record that you have
concl uded that the application neets all of the
requi renents for |icense renewal ?

MR LE: That's true.

CHAI RVAN WALLI S:  Thank you.

MR LE: Dr. Sieber had that concl usion
back in the subcommittee.

CHAI RVAN WALLI S:  Thank you very much and
you have done a good job. Finished on tine.

MR. LE: Thank you.

CHAI RVAN WALLI'S: W having finished this

itemwe will take a break until 10:15.
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(O f the record.)

CHAI RVMAN WALLI'S: The next itemon the
agenda is "Results of the Study to Determ ne the Need
for Est abl i shi ng Limts for Phosphat e | on
Concentration.” M colleague Dana Powers is going to
| ead us through this item

MEMBER POWAERS: The nenbers will recal
that when we were first venturing into the area of
i cense extension and renewal that the issue of what
to do about concrete structures cane up, and the staff
posed to us sone considerations they had.

Anmong t hose consi derati ons was what is the
nature of the groundwater that cane around these
plants because we know sone groundwaters are
aggressive toward structural concrete. Things like
sulfate certainly has a reputation for decrepitating
concrete, and chlorides got Peter Fordbury agitated
because they will attack on mld steel, carbon steel
structural reinforcing naterial.

And staff had limts on those particul ar
ions in solution. The limts were cast in the form of
when you get above these things, then go | ook at the
concrete. |If you're below that, you're probably okay.

Vel |, the question that pronptly cones up

is is that all there is. | mean there are a | ot of
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ions in normal groundwater, and so | posed the
guestion, well, what about phosphate ions. Had we had
nore nuclear power plants in the western United
States, | would have asked about arsenate ions, but
since we don't have a lot of themin the West where we
have lots of arsenic in the water, | asked about
phosphat e because in the East there are places where
you can get a substantial amount of phosphate ion in
the water both naturally and fromagricultural.

It's interesting where peopl e have | ooked
up till now. | don't think any of the |icense renewal
plants have detected any significant anmount of
phosphat e, but nost of themdon't |ook very hard.

The question cane wup: what about
phosphate ion? And | naively assumed that sonebody
probably | ooked at this and saw what concrete did in
a phosphate ion solution, but apparently not. So
staff undertook an i nvestigation on that, and I guess,
Herman, you're going to discuss the results on this
for us.

Sol'll turnit toyou and let you go with

MR. GRAVES: kay. Thank you, Dr. Powers.
My name is Herman Graves. |'mwth the

O fice of Research, as you can see fromthis slide,
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the Division of Fuels, Engi neeri ng, Radi ol ogy
Resear ch.

Sowith ne | have Dr. Dan Naus to ny right
fromQak Ri dge National Lab and al so Dr. Les Dol e, who
is sitting to the left at the platformover there.

We al so have nenbers from Nucl ear React or
Regul ati ons. Rebecca Karas in the Division of
Engi neering, David Jane and Sujit Sumanda on staff.
We also have Dr. JimDavis fromthe Li cense Renewal
staff.

So as Dr. Powers stated, we're here to
brief the Comrmittee on research that was done to
determ ne the effective phosphate ion on concrete,
and that's phosphate ion concentrations that may be
necessary to cause t hese conversations to
hydr oxyapati te.

Qur objective for the briefing is to
characterize the significant factors that may lead to
the staff establishing phosphate limts for
groundwat er and soil conditions.

The research recei ved user need neno from
NRR Decenber 12th, 2003. In that user need neno, we
were requested to conduct sone research to deternine
what conditions phosphate concentrations nmay call

degradation in the concrete, and to come up with somne
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data and a basis docunment for establishing limts for
the staff.

The background for that user need nenp was
June 24th, 2003 letter fromthe ACRS to the Chairnan,
former Chairman Diaz, where the staff was asked to
consider whether simlar limts that we had in the
generic aging | essons | earned docunent, Gui dance for
Phosphat e Concentrati ons. The next slide shows those
limts that we apparently have in the GALL

We have what we termas i naccessi bl e areas
where we cannot performthe i nspecti ons, where we have
i mbedded parts of the containnent structure or other
structures, concrete structures that are bel ow grade,
are not really accessible.

VWhat |icensees nornally dois they nonitor
t he ground wat er for concentrations of pHthat may be
guite acidic because we know that acids have very
harnful effects on the concrete.

The staff established sonme severe
environnmental |imts by |ooking at chlorides greater
than 500 parts per mllion and sul fates greater than
1,500 parts per mllion.

MEMBER KRESS: Excuse ne. |Is there a
basis for the sulfates in the sense that they' ve seen

concrete degradation in those kinds of |evels of
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sul fates?

MR. CGRAVES. Yes. The basis, | have two
references listed at the bottomof the slide. The
staff foll ows the Ameri can Concrete I nstitute Building
Code 318, which is the general building code for
conmer ci al structures.

We have a Code 349 and 359, which are the
nucl ear structures, where they're pretty nuch based on
the ACI-318 code. In the 318 code, they have limts
for sulfates and also for chlorides because research
has shown over time that chlorides can corrode the
reinforcenent in the concrete, and also if you have
sulfates at certain concentrations, that they can
cause concrete degradati on.

MEMBER KRESS: Is it enpirical evidence or
supposition? They've actually seen concrete
degradati on?

MR. GRAVES:. Actually, this results in a
| ot of concrete structures over time. It alsois
based on | aboratory tests. ACH also has ACI-201. 2(r)
which is a guide to durable concrete where these
limts appear. They tal k about other things besides
the limts that we have here, but primarily what we
try to do is to nake the concrete inperneable. W

|l ook at the water submt ratios and that kind of
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t hi ng.

But in addition to establishing a durable
concrete, we look at limts for chlorides, sulfates
and the pH

MR. BANERJEE: \What happens to the
concrete if it's exposed to this water?

MR. GRAVES. Wat happens to the concrete?
It could | ead to expansi ons of the concrete el enents,
very small, mnute cracking. Once you get the
cracki ng, you may have sone wat er egress, and you get
popouts of the concrete. So when you get cracking, it
could lead to sone kind of structural degradation.

MR. BANERJEE: So does this depend on the
t hi ckness of the concrete or it's i ndependent of that?

MR GRAVES: For chlorides, the thickness
isinportant. W recomend certain cover distances or
t hi cknesses for reinforcement to help protect that
from degradation. So thickness is part of the
equation al so.

MR. BANERJEE: Do you feel a very thick
pi ece of concrete then, it's just the surface | ayers
t hat crack?

MR. GRAVES:. Possibly, yes. Those that
are exposed to the acids or sulfates.

MEMBER BONACA: So in the construction, do
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t hey use different cement m xes or different kinds of
cenents in order to deal with these conditions?

MR. GRAVES: Yes, that's correct. |If they
know that the structure is going to be in a harsh
envi ronnment, then they specify certain cenent mx, a
different type of Portland cenent. There are various
types of Portland cenment, and for exanple, if you're
going to use it in a marine environnent, you may be
exposed to salt water conditions. You may specify a
certain type of concrete m x, but al so you may put add
m xtures, what we determne, add mxtures in the
concrete mix to help protect it fromsalts and that
sort of thing.

MEMBER BONACA:  So in the license renewal,
we should |l ook not only at how aggressive the water
is, but also whether or not these precautions were
t aken during construction.

| nean, |'mnot sure that early plants --

MR. GRAVES:. Yes. During construction
put the reference there for 318, but in 318 and i n 349
we have qual ity assurance guidelines for determ ning
the quality of the concrete during the construction of
the structure. So that --

MEMBER BONACA: Has this guideline been in

pl ace fromeven i ncluding the early plants where there



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

71

was no quality assurance?

MR. GRAVES:. Yes, pretty nmuch. Before we
had a nuclear structure code, the early plants
foll owed ACI-318.

MEMBER BONACA: Ckay, fine.

MR. JENG Dr. Bonaca, this is David Jeng
of the Division of Engi neering.

In regard to the guidance decides this
limt, we do require involved. For instance, water
ratio .45 and the strength, they are about 3,500
pounds for these and other considerations which
enforces part of the requirenments in the ball park

MEMBER PONERS: Dr. Kress, com ng back to
your question on why, I'll remnd you that if you
assume the precipitation of gypsumis the cause of the
sul fate probl emof concrete and you do a cal cul ati on,
where you would get that precipitation of sulfate,
it"sinthis range, 750 to 1,500 parts per mllion and
the water would be sufficient to precipitate gypsum

There are sul fates t hat coul d preci pitate,
but gypsumis just as good a one, and the problemis
gypsumis just bigger than what it was nade from So
it expands and it creates this cracking M. G aves
spoke of, and it progresses. As you crack and spal

the concrete, then you expose nore, and that cracks
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and spalls and just wal ks right through the structure
when you' re tal ki ng about tinme scal es of decades. And
we are for license renewal.

MEMBER KRESS: |Is that a process that's
controlled by the kinetics of this reaction?

MEMBER POWERS: It nust surely have a
kinetic conponent in it. Cearly, there's a nass
transport conponent in it. \Wether there is a
crystallization conponent to it or not --

MEMBER KRESS: So the reaction takes pl ace
in the solid concrete itself.

MEMBER PONERS: Well, it probably takes
pl ace in the pour |iquid.

MEMBER KRESS: Pour |iquid?

MEMBER POWERS: \WWere you're getting a
l[ittle bit of dissolution of the calciumsalt.

MEMBER KRESS: So it comes out of the
concrete.

MEMBER PONERS: And the sulfate reacts and
then it goes back on the surface, and whether it self-
passivates or not, we've got experts here from that
famous i nstitution of higher | earning and outstandi ng
science near you, | think, isn't it?

MEMBER KRESS: Somewhere close by. | was

assum ng that if cracking and decrepitation took pl ace
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that the reaction was in the solid phase.

MEMBER POVWERS: You're basically taking
one solid and replacing it with another solid. How it
exactly progresses | guess |'l|l defer to the experts.

MR. GRAVES: Ckay. | think Dan may talk
alittle bit nore about that as we get to the second
part of the presentation.

The attendant regulatory use of this
information is to help the staff in their assessnents
of license renewal appl i cati ons, particularly
conditions that may be exposed to the phosphate ion
concentrations that cause degradati on.

Qur status right now, we have perfornmed
testing for 12 nonths on sone concrete sanpl es exposed
to phosphate ions that Dan Naus is going to talk
about. Anal ysis has been conpl et ed.

Now, we do have some sanples renaining
that we plan to test at 18 nonths also. Dr. Power
has asked to prepare a primer report. W have a draft
report available that we're going to | eave with the
Commttee at the conclusion of this neeting. And we
hope to publish a final NUREG report by fall of 2006.

That conpl etes ny remarks, and --

CHAI RVAN WALLIS:  Could | go back to your

page 3, your objectives? One of your objectives is to
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get through 50 slides in an hour and a half, and al so

t he background you said was the staff shoul d consi der
whether simlar limts are needed. | think all we're
goi ng to hear about today is contractor reports on the
sci ence, but there's no eval uation of what this neans
fromthe staff? W' re not going to hear anything from
the staff about what this nmeans to then®

MR CRAVES: Well, we were asked to do
research, and we think it's inportant that we present
the results of that research

CHAI RVAN WALLIS: Is it useful for making
a deci sion?

MR. GRAVES: W think it will be, yes.

CHAI RVAN WALLIS:  You think it will be?

MR CRAVES: Yes. |I'mecertain that it
will be.

CHAl RVAN WALLI S:  Hope.

MR GRAVES: No, I'mcertain that it wll
be. Before we can establish [imts, we need data, and
what we have, we have test data from concrete data.
W also performed a literature survey, a very
extensive survey. W talked to the experts, concrete
experts, in the U S.

CHAI RVAN WALLI S:  Maybe if we have tine at

t he end soneone fromthe staff can give an eval uation
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of whether this is adequate for their needs.

MR. GRAVES: Ckay.

CHAI RVAN WALLI S:  Thank you.

MR. BANERJEE: Is this sort of to
suppl ement the ACI gui dance? Because you've cited to
ACl docunents, right?

MR. GRAVES:. Yes, the staff guidance in
the GALL is based primarily on the ACI gui dance.

MR. BANERJEE: So this is to inprove on
t he ACI gui dance.

MEMBER POAERS: | think it's fair to say
one of the things that the Conmittee was concerned
about when we renewed this, that the staff was in a
position of taking the ACI gui dance and sayi ng, "Wl I,
here's the nunber. | don't know where it cane from
Here's the nunber."

And of course, that poses a problem
because in each application, you know, that's not al
that's in the water, and having sonme technol ogica
under st andi ng of why that nunber is inportant seened
to nme, seened to the Conmittee to exist, and that's
what we wrote in our letter.

But you need to understand why those
nunbers are there and how you apply them rather than

j ust using a nunber because sonebody said to use that
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nunber.

MR. BANERJEE: It's to inprove the science

basis for a decision.

MR. GRAVES. Yes, yes. W investigated
numerous reports. W |ooked for reports where
phosphate was cited to be a problem W tried to
determne that, and based on a lack of that
i nformati on we desi gned an experinent to come up with
sonme test data so as to enhance the guidance in AC
and to establish staff criteria.

MEMBER ARM JO.  One possi bl e concl usion
out of all of this work from the staff could be
there's no need for limts for regulation in this
area. | mean, it could be, yes, there is sonething
needed and here is a proposed, and there's possibly

none.

MR. GRAVES. Certainly, yes, that could be

possi bl e.

Ckay. Let's nove to the next
presentati on.

DR. NAUS: GCkay. Thanks, Herman.

What |'d like to dois provide you with an
overview of what we've done to date to try to
establish the background on whether we need to set

limts for phosphate ions in concrete such as you have
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for chlorides and sulfates.

And al so, I'd I|ike to acknow edge
Cat heri ne Maddis, who is a very inportant part of our
investigation. She is the one doing the experinental
st udi es.

Basically what | try to get through here
this morning is nine topics here. | won't go through
them n ow. Sonme of them | can skip over in the
beginning fairly quickly because Hernman has already
addressed them

First of all, we knowthat, as you' ve been
di scussing, Portland cenment concrete as located in
soils can be susceptible to chem cal attack. A good
exanple of this is the sulfate attack we've talked
about where the sulfate ions basically attack the
trical ciumalum nates that expand. They can di srupt
the concrete. An exanple of this is shown in a 30
year old bridge substructure. This happened to be
fromthe U K

O her forms of attack that concrete can
see, acid attack. The pH gets bel ow about four and a
half. |It's very severe to the concrete. There's
several salts which can attack concrete. The
i mportance of the chloride ions, of course, is it can

depassi vate the steel and cause corrosi on of the steel
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rei nforcenents and get iron oxide which can increase
in volume up to about six times or so, and this can
crack and spall your concrete.

Al so, there are organi c conpounds t hat can
react with the cal ci umhydroxi de and al so you can have
aggressi ve wat ers.

Just a coupl e of exanples, pictures here
of what can happen to concrete under the action of
chl orides. You get corrosion of steel reinforcenent.
You can see what happens in the effect of sulfates.
You get expansion that can | ead to cracking and just
general disruption of the concrete materials.

And as Herman said, ACI-318 and others
have set limts for chloride contents dependi ng on the
type of menmber. Also there are a series of sulfate
exposures whi ch have been identified, and the way t hey
address this, as was noted, you utilize a maxinum
wat er-cenent ratio. There are specific sulfate
resistant Type 5 cenents that are utilized. You
incorporate mineral add mxtures, fly ash, silica
fume, and so forth.

Les has done some t her nodynani ¢
cal cul ations here, and basically Dr. Powers in his
white paper found that phosphate concentration as

necessary for apatite formation is relatively |ow.
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Les has run through sonme cal cul ati ons using the

dat abase shown at the bottom of the viewgraph here on
the I eft, and basically found that under the action of
phosphat es you can get vol ume changes in the ordinary
Portland cenentitious materials, and these volumne
changes are on the order of about 3.87 percent, |
believe is what he cal cul ated. Wereas if you | ook at
an ordinary Portland cenment, not in the presence of
phosphates, it's on the order of four percent. So
expansion is a little less than what is experienced
normal ly, but it does support that phosphate can
replace the calcium hydroxide in the cenentitious
materi al s.

Al so, he | ooked at the equilibriumphases
for an ordinary Portland cenent concrete that is
i nundated with phosphate ions. The various phases
here that can develop are shown, are color coded
there. The phosphate phases are shown. |[It's a dark
brown or probably |ooks al nost black there, and the
cal ci um hydr oxi de phases are shown in red.

But basically, the bottom line here is
that in the ordinary Portland cenent system the
formati on of cal cium hydroxyapatite is capable of
repl aci ng the 3-cal ci umand successfully conpetes for

calciumin the alum nosilicate neasures.
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MR. BANERJEE: |Is that purely equilibrium

t her nodynani cs you' re doing at sone tenperature?

DR DOLE: Yes, yes.

MR. BANERJEE: What tenperature? Room
t enper at ure?

DR. DOLE: | think that's approximately
roomtenperature, yes.

DR. NAUS: Herman went over the objective
here. Basically we're trying to understand the
factors that nay |l ead to establishnent of limts, and
then if limts need to be established, we want to
provi de recomrendations that can be utilized to help
establish neani ngf ul limts for phosphate ion
cont ent s.

So t he basi c approach we fol | owed here was
to review the literature and available industry
standards. W contacted a nunber of cogni zant
concrete research personnel and organi zati ons both in
the U.S. and Europe. W conducted a sonmewhat |imted
| aboratory study. W hope to obtain and eval uate sone
concrete sanples froma structure located in Florida
that's in a high phosphate environnent.

And as Herman noted, we prepared a report
on factors that affect the durability of nucl ear power

pI ant concrete structures.
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So basic deliverables under this program
were an interimreport on the assessnment of potential
phosphat e i on-concrete i nteractions that was provi ded
| ast August. The 12-nonth results of the |aboratory
i nvestigation was provided this April. The report on
durability and nucl ear power pl ant concrete structures
was provided to NRC | ast nonth, and the final report
for this programis due later in this cal endar year.

W conducted aliteraturereviewtryingto
identify instances where phosphate ion and concrete
interactions were studied. There is a Navy report
that identified phosphate conpounds contained as an
antioxidant in engine oil as a source of the concrete
par ki ng apron spalling. The cause here was attributed
t o phosphoric acid being in the fluid.

Phosphat e conpounds have been used as set
retarders in concrete mxes. They've al so been used
as inhibitors for corrosion of steel reinforcement,
and phosphate has been shown to reduce the expansion
that results from al kali aggregate reactions.

Al so, there's several nagnesi umphosphate
nortar type materials that have been utilized in the
repair of degraded concrete structures, and they are
utilized because they have rapid strength gain. So

you can get your structure back in service fairly
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qui ckly.

Al so phosphogypsum which is a main
product of the fertilizer industry, has been eval uat ed
as a road based material, and they al so | ooked at its
feasibility as a set retarder in Portland cenent.

And we know that phosphoric acid wll
cause a slow disintegration of the Portland cenent
based materials and al so we | ook at several articles
addressi ng appetite and dental type applications.

MR. BANERJEE: Can you just rem nd nme what
Portl and cenent, the chem cal conposition is?

MEMBER POWNERS: Do that quickly and
easily, right?

(Laughter.)

DR. NAUS: There are four basic
constituents of cenent.

MR. BANERJEE: All of these thernodynam cs
have been done. W should know what it's being done
on.

DR. NAUS: It's in the report. Does that
hel p? There are basically four conpounds.

MR. BANERJEE: All right.

DR. NAUS: You conbi ne the conpounds, and
that determ nes the type of cenent you get, whether

it's Type 1, 2, 3, 4 and 5. It's like tricalcium
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alum nate, dicalcium silicate, C4AF, and what's the
fourth one? | can't renenber.

MR. BANERJEE: What is AF?

DR NAUS: Alumnumferrite.

DR. DOLE: The salient point is that when
t he cenent reactions happen, one of the byproducts of
the cenment reaction is calcium hydroxide that
precipitates into di screte crystals cal l ed
Portlandite, and that is the nost labile, the nost
sol ubl e conponent of the cenent matrix, and it's the
one that reacts with the phosphate nost intensely.

MR. BANERJEE: Al of the sulfates,
whatever, right? |Is it the cal ci um hydroxi de?

DR DOLE: O with the sulfate as well,
yes, but it's usually this. The biggest inpact of
sulfate is the calciumalumnus silicate Ettringite
(phonetic) that causes the nbst expansion. So it's a
little nore conplex in the case of sulfite, but in
this case cal cium hydroxide is replaced with cal ci um
hydr oxyapatite thernmodynam cally, and it's about ten
to 15 percent of the cenent pace matrix based on the
type of Portland cenent you choose.

CHAI RMAN  WALLIS: This apatite is
presunmably a phosphat e.

DR. DOLE: Yes, it is.
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CHAI RVAN WALLI S:  Hopefully not appetite.

DR. DOLE: Not that appetite. It's
cal ci um hydroxy apatite.

DR. NAUS: GCkay. So | guess the bottom
line on our literature review is we didn't really
identify any pertinent information relative to
interactions of phosphate ions and cenentitious
materi al s.

In parallel, we conducted a nunber of
contacts with researchers that | know both in the U S.
and in Europe. A partial listing of themis provided
here. W talked to Andrew Boyd, University of
Florida. Florida is an area of high phosphate soils,
and he basically wasn't aware of any probl ens.

He had a research program | ooki ng at the
pot enti al interactions of phosphate and waste
materials. Al so he was very instrunmental in hel ping
us contact the Florida Departnent of Transportation,
and when we visited them we had hopefully cone up
with an arrangenment where they would identify a
structure in a high phosphate environment for us and
then take sone core sanples and we could take them
back to OGak Ri dge and evaluate them for phosphates
phosphate mnerals in the sanples if it has affected

the integrity of the sanples.
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W're working on that right now.
Unfortunately they nmay be rethinking this and don't
really want to cut sone holes in their structure to
pursue that..

(Laughter.)

DR. NAUS: But they did identify a site
for us.

Paul Brown at Penn State noted that if
phosphates got in the cenmentitious materials it could
react with the cal ci umhydroxi de or cal ci umcar bonat e,
but he didn't really see any problens with expansive
reactions.

At Buil di ng Research Establishnment inthe
U K, they conducted a literature search for us and
| ooked and i dentified basically there's no probl ens or
no research going on addressing phosphates and

cenentitious materi al s.

Al so contacted George Hoff who was at the

Corps of Engineers for nmany years, the forner
President of the American Concrete Institute, and he
basically told us that phosphate naterials are used
for repair of concrete structures and phosphoric acid
can disintegrate concrete. Nothing new there.

| already noted we tal ked to a couple or

at | east one person at the Florida DOI. They didn't
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have any problens. Charles Ishee is devel oping the
m x desi gns for many of the structures in Florida, and
he said as far as he knew -- and he should -- there
are no special requirenents or standards that they
follow when they design a structure for a high
phosphat e envi ronmnent.

Neil M| estone of Sheffield, he notedthat
we nmi ght get sonme products that devel op on the surface
of the specinens. He didn't see any problenms with
expansi on.

George Sommerville at British Cenent
Associ ation wasn't aware of any work that was going
on.

Peter Tayl or at Construction Technol ogy
Laborat ori es i n Skokee noted t hat phosphoric acid wi ||
di si ntegrate concrete.

And finally, Mchael Thonmas did not see
any problens with phosphates and cenentitious
materials interactions.

Part of this m ght have been that they
haven't considered it, too. W have to keep that in
m nd.

Al so, there's a Phosphate Institute for
Research whi ch has been established by the phosphate

i ndustry, and basically they refused to talk to us.
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| guess they | ooked as us as a regul atory organi zati on
or sonet hi ng.

(Laughter.)

DR. NAUS: Also | contacted I MC
Phosphat es, and they' re the | argest gl obal supplier of
phosphat es, and they didn't even respond. So | don't
know whet her there's a problemor they just don't want
to get involved. It's hard to say.

Okay. So based on the literature review
and the contacts with the research personnel revealing
very little information, we designed a |aboratory
study which started wth sonme thernodynanic
calculations and then proceeded to design and
i npl enentati on of an experinental program

Rel ative to the cal cul ati ons, we did sone
studies 1looking at phosphate concentrations as
controlled by soil mnerals, and depending on the
soil, the dom nant cations nmay be calciumwth
magnesi um or sodium and this wll determ ne the
phosphate solubilities in the soil pore waters.

Then Les calculates sone relative
phosphate solubilities as it would be controlled by
the respective phosphate conpounds, and the
application of this was to assist in the design of the

| aborat ory experi ment, as wel | as aid in
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interpretation of any field observations if we would
be abl e to obtain sone sanples fromstructures in high
phosphat e envi ronments.

An exanple of one of his thernodynanic
cal cul ations, the sodium magnesium calcium rich
system saturate, a phosphate aqueous system The
basi ¢ procedure, he took one nole of solids, placed it
on one liter of water, and cal cul ated the equilibrium
concentrations, and it shows that the calciumrich
cenments and | i mestone dol onite aggregates will extract
phosphates from nearly all groundwater. So it wll
put the phosphates in solution.

And al so an inportant thing here is that
t he phosphate concentrations can be maintained with
sodi um or nagnesi um phosphate, and that's inportant
for our experinental study.

MR. BANERJEE: What package was used for
t hese thernodynam cs?

DR. DOLE: U tra conpo, HSC, Version 5. 1.

MR. BANERJEE: |Is that referenced here?

DR. DOLE: Yes, in one of the first
sli des.

DR. NAUS: Al so |ooked at the cement
dol om t e aggregate systemexposed to CO, in either the

air or groundwater confirms that calciumin cenent
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agosystem will extract phosphate from solution and
t hat cal ci um hydroxyapatite forns i n sodi umnagnesi um
cal ciumsystens in the presence of CQO, also, either in
air or groundwater.

Al'so found a reference in the literature
that addresses the precipitation sequences of
phosphat e conpounds and very inportant here is the
ratio of the calciumto phosphate, and that there are
a nunber of precursors to the formation of the cal ci um
hydr oxyapati te.

Do you want to add anything to this, Les?

DR. DOLE: Not really.

DR. NAUS: Ckay. Simlarly |Iooked at the
solubility products of sone of the key phosphate
conmpounds and used the idea of the solubility of the
cal cium hydroxyapatite. |It's quite high, | guess,
guite insoluble, | nean, inside.

The | ast of these shows --

MEMBER POWNERS: Well, you have to
understand those are the products of the ion
concentrations, the makeup of material. You can't
conpare themone to the other. You have to | ook at
t he formul a.

DR. NAUS: Also this points out the

relative effect of pH and tenperature and the
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sequencing and sonme general corments on the
seqguenci ng.

Ckay. Wth that as background, we
devel oped an experinental program and what we tried
to do as nuch as possible is sort of nodel it after
prograns that | ooked at the effect of sulfate ions on
cenentitious materials. So we utilized cube and
prismatic test specinens. The prisnmatic speci nens we
| ooked at to find the effect of duration of exposure
on | engt hs change or expansion of the naterial.

The cubes were | ooked at to | ook at wei ght
changes and also to determ ne effect on conpressive
strength of the nmaterial.

Okay. In setting up the experinment, we
utilized a cenent paste, which is nerely water plus
cenentitious materials, and the ratio of water to
cement we chose by wei ght was .4, and this was done to
provi de a porosity sonewhat simlar to what you m ght
see i n sone of the higher strength concrete nmateri al s.

And t hen we cast 54 cube speci nens and 20
prismatic speci nens for exposure in the solutions. W
| ooked at three different solutions, a calcium
hydroxi de solution. This was our reference, our
baseline solution. |It's generally used as a

conpari son when you're trying to | ook at the effect of
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i ons or whatever on cenentitious naterials. Also, by
bei ng a cal ci umhydroxi de sol ution, we're not goingto
| each or renove cal cium hydroxide from the cenent
based cubes.

W also |ooked at two solubility
phosphates, a Jlow solubility salt and a high
solubility salt.

Then we | ooked at test intervals of one,
three, six, and 12 nonths, and then we have sone
speci nens renmai ni ng where we can extend the tine
period out to 18 or two years, depending.

And the basic tests we perforned were
conpressive strength, length, and wei ght change, and
then we also did sonme X-ray diffraction and SEM
studi es.

MEMBER POWNERS:. You didn't put the
speci nens that you had exposed through a freeze-thaw
site?

DR. NAUS: No. That's adding another
degr ee.

MEMBER PONERS: Yes, it's just persona
experience that | find when sulfate is going to tear
up ny concrete it's after a freeze-thaw cycl e.

DR NAUS: You know, we could have | ooked

at wetting-drying, you know. That's just other things



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

92

to add. First of all, we want to try to | ook at very
severe conditions and see if there's a problem and
t hen sone of that m ght be involved in setting limts.

MEMBER POWNERS: You face them here, but
you ran with a saturated cal ci umhydroxi de sol ution to
prevent | eachi ng.

DR NAUS: That's our baseline.

MEMBER PONERS: And yet in the structures
we're interested in, we won't have that.

DR. NAUS: Right, right. But we try to
normal i ze everything so that we have knowns before we
go off into other areas.

MEMBER POWNERS: On the other hand, you
didn't carry a sulfate known through this.

DR. NAUS: No. Sulfate is fairly well
known, and we didn't see the point in doing that right
now.

MEMBER POAERS: You need to calibrate your
own testing procedure.

DR. KRESS: Yeah, if you had done this
same thing with the sulfate and got the same results,
that would give you pause for thinking about your
test, | think.

DR. NAUS: Right, but it's different

solutions, right? So we know sul fate attacks --
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DR. KRESS: Yeah. You know, it does, but

if you do the test and it doesn't, you've got to think
about it.

MEMBER ARM JO. Then you woul d have really
resisting concrete if the sulfate didn't. You nay
have di scovered a good concrete.

DR. KRESS: O your test intervals may not
be | ong enough.

DR. NAUS: GCkay. You're saying --

DR KRESS: O sone other.

DR. NAUS: -- it would have been good to
use sulfates to denonstrate it does destroy the
particular material we're using.

DR. KRESS: Yeah, or just --

DR. NAUS: Well, we're pretty certain of
that | would say based on past research. You know
there's been years and years of research

MEMBER POWERS: But not on your test
nmet hod.

DR KRESS: Not on your test apparatus
t hough.

DR. NAUS: Well, we're basically using the
same test nmethods they used. The difference is the
sol utions.

DR. KRESS: And the concrete.
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DR. NAUS: Well, and the concrete, but you

know. It's a general issue, ordinary Portland cenent
paste, and there's fairly tight chem cal restraints
on, you know, classifying the concrete, the type of
cement and so forth. So it's not really conparing
appl es and oranges.

DR. KRESS: Well, let nme ask you the other
guestion then. O these previous tests in the
literature on sul fates, has one year been | ong enough
to do the damage?

DR. NAUS: Not always. That's a concern,
yeah, yeah. Because basically everything
t her nodynani cal | y says sonet hi ng can happen

DR. KRESS: Yeah, but that's equilibrium
and you're not factoring kinetics anyway.

DR. NAUS: So far we're not seeing it.

Ckay. W have 12-nonth results on the
length and weight change, conpressive strength,
diffraction, and SEM This is sone pictures of the
speci nens in the curing solution.

Basically what we did is as we said. W
had saturated solutions. W placed the specinmens on
some PVC strips so that each surface of the specinens
had exposure to the solutions, and then we

periodically renmoved them and did our wei ght change,
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| engt h change, and crushed sone of the cubes to see
what the effect was on conpressive strength.

And these are pictures after 12 nonths'
exposure for the cal ci um hydroxi de.

CHAI RVAN WALLIS: These were buried
underneath the sol ution?

DR NAUS: There was a saturated water
sol ution and they were submerged.

CHAI RVAN WALLIS: Were there any effects
of wetting and drying on this?

DR NAUS: Well, that's one of the other
t hi ngs we coul d have | ooked at, yeah.

CHAI RVAN WALLIS:  Well, is there an effect
known of wetting and drying? | think there m ght be.

DR. NAUS: There is, yes. It could be,
yeah.

CHAI RVAN WALLI'S: But you didn't | ook at
t hat ?

DR NAUS: W didn't look at that. W
tried to keep it fairly sinple to see. W thought
this woul d show sonet hi ng happeni ng.

DR. KRESS: But did you look in the
solution to see if you got the expected product of the
reaction?

DR. NAUS: Well, it's saturated. W know
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that, and we did neasure the pH

DR KRESS: No, no, | neant the cal cium
product that you end up wth.

DR. NAUS: Well, we | ooked at the products
i nthe specinens thenselves with X-ray di ffracti on and
SEM |Is that what you --

DR. KRESS: If this is a decrepitation
process, it mght end up in the water.

DR. NAUS: WwWell, we did not analyze the
wat er, no, no.

Basically after 12 nonths, we got sone
cal cium carbonate crystals on the cal ci um hydroxide
solution. W got some crystals also growh on the
surfaces of the sodi umand phosphat es or the magnesi um
solutions. The nmagnesiumcrystals were a little
heavier or alittle larger and nore frequent. And we
recently checked the pH of the solutions. 1In the
first two solutions the pHwas around nine, and in the
third solution it was 7.8.

Results for |length change --

CHAI RVAN WALLIS: Were all stress free
speci nens, right?

DR. NAUS: Stress free, yes.

Lengt h change results. Qur baseline is

shown in the red here, and you can see that the
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magnesi um phosphate had simlar |ength change to our
reference solution. The sodiumwas a little |ess.

MEMBER ARM JO. Do you have an expl anati on
for that, what's going on there? Wy is the length
changing, and why would it be different in one
sol ution than in another?

DR. NAUS: Well, what we had anti ci pated
is we'd get a much larger length change in the
phosphat e sol uti ons because of the formation.

MEMBER ARMJO |If sonething was
happeni ng.

DR. NAUS: Happening, right, and we're not
seeing this.

Wth respect tothe sodi umphosphate, it's
possi bl e some shri nkage m ght have been going on. |'m
not sure what's going on there.

CHAIl RVAN  WALLIS: Well, this board
vari ati on neans change, percent change?

DR. NAUS: Percent change in length from
the reference. Let nme step back a little.

What we did is we cast the specinens and
we de-nol ded themafter 24 hours. W put theminto a
100 percent hum dity environnment for 28 days, and t hen

we placed theminto the sol ution.

And before that the reference length
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change in all of the prisns was determ ned.

CHAl RMVAN  WALLI'S: Fourteen percent?
That' s big.

MEMBER ARM JO  Yeah, it seens like a |lot.
| f you had just put themin pure water w thout cal ci um
hydroxide or any of these others, is that the
characteristic? Wuld these things grow on their own
j ust exposed in water?

DR. NAUS: The carbonate probably does due
to environnent, right, Les?

DR. DOLE: Yes, but the point was we
didn't want to put themin water because the water
woul d | each the cal ciumout of the system and there
woul d probably be sone shrinkage as you changed the
calciumratio in the hydrogels.

But the point was to conpare the reactions
of the phosphates. So, therefore, we chose the
baseline to be the calcium hydroxide saturated
solution. Therefore, that prevented any exchange of
calciumfromthe system and then that would create a
baseline with no cal ciumchange in the matri x.

MEMBER ARM JO | understand, but sonehow,
you know, |I'm certainly not a concrete person, but
sormehow this thing is growing and chem cal ly not hing

shoul d be happening. You know, the calciumis versus
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the calciumin the cenent.

DR. NAUS: You have migration of the
cenment continually happening. One of the things that
makes - -

MEMBER ARM JO  Ch, this is water being
absorbed by the cenent and causing --

DR. NAUS: Yeah, and chenical conpounds

are forming. It's a very difficult material because
it's a living material really. 1It's continually
changi ng.

DR DOLE: The .4 water-to-cement ratio is
a stoichionmetric excess of water in the formula. So
even if there was no external water, these chem ca
changes woul d be going on in the mass of the concrete
with no external agency.

MEMBER POAERS: We | ooked at one concrete
specinen that was 35 years old, and it still had
unhydrated cores in the cenmentitious materials.

CHAI RMVAN WALLIS: A thick piece of
concrete. Then presumably the skin was exposed to
this stuff. It would be trying to grow to 14 percent
and the stuff in the mddle would still be trying to
stay the way it was. So there are a |ot of stresses
set up.

DR. NAUS: Yes. Wll, this is an extrene



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

100

condition here. This is very high cenent content
real ly.

CHAI RVAN WALLIS: But uses a long tine and
the diffusionis such that the thing is uniformacross
its cross-section or is it different on the surface
fromthe --

DR NAUS: Loss of noisture fromconcrete
is a very slow process.

CHAI RMAN WALLI'S: So you think that the
outside may be trying to growto nore than 14 percent.
It's constrai ned by the m ddl e.

DR. NAUS: GCkay. |If you're thinking of
concrete though renenber that about 75 percent or nore
of it is aggregate filler material.

CHAI RVAN WALLI S:  Yeah.

DR NAUS: So that varies.

CHAI RVAN WALLI S:  That stops this, but I'm
just tal ki ng about your experinment here. You' ve got
this Toblerone bar. Al right? You put it in, and
then it grows, but presunably the outside is different
fromthe inside, right? Because the inside doesn't
have this reaction. Mybe; | don't know.

DR. NAUS: Well, you know, one inch.
wouldn't think it would be --

CHAI RMAN WALLI'S: No, this isn't saying
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that a thin sliver of it would grow by this
percentage. It's the Tobl erone bar did.

DR. NAUS: |It's just what we're seeing
under these --

CHAl RMAN WALLI'S: But you've got to
interpret it somehow.

DR. NAUS: |I'msure there's a geonetric
effect.

CHAl RVAN WALLI'S:  There's al so the fact of
diffusion in there, isn't it? The outside isn't the
same as the inside, or it's presumably stressed in
some way.

PARTI Cl PANT: Yes, cracks can form

DR. NAUS: But that's part of the point of
t he cal cium - -

CHAl RVAN WALLIS: Did it crack?

DR NAUS: | don't believe that Catherine
has seen any cracks yet.

DR DOLE: There are no cracks, and that
goes to the point of why we use the cal ci umhydroxi de,
because you bal ance the diffusion inside and outsi de.
They're both saturated with cal ciuminside the nass
and outside the nmass. So that elim nates that
vari abl e.

So all you're seeing nowis the continued
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reaction of the cenment conponents, the CS3H, C3S, and
C3AF reacting with water that's already within the
mass. There's very little exchange within the nass.
CHAI RVAN WALLIS: Diffusion is not an
i ssue here.
DR DOLE: It's a normal behavior. We're
seeing a nornmal behavior of all cenent base.
MEMBER PONERS: Let ne give you anot her --
MEMBER ARM JO Let ne just ask that
guestion a different way to nake sure | understand
what's going on. |If you just left it out sitting on
a tabletop at the same tenperature, would this thing
have grown 12, 14 percent, this colum?
DR NAUS: | doubt it, no.
MEMBER ARM JO  From i nternal processes?
DR. NAUS: See, you have shrinkage.
You' re going to get shrinkage due to | oss of npisture
and so forth. No, it wouldn't grow 14 percent.
MEMBER POVNERS: G aham let me introduce
anot her conplexity in your life here. The hydration
reactions are exotherm c enough so that it's not
i sothermal either.
MR. BANERJEE: Does the material have
m cropores or is it --

DR. NAUS: Ch, yeah, yeah.
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MR. BANERJEE: So actually the diffusional

process that Gcahamis referring to is not diffusion
into a solid matrix. |It's through a m croporous
material. So you could deliver things. It's a
conplex problem It's nore like a catalyst.

CHAI RVAN WALLI' S: Anyway, this is what you
obser ved.

DR. NAUS: Right, right.

MR. BANERJEE: Did you take microstructure
of these materials with tine?

DR. NAUS: Well, we have SEM and X-ray
diffraction results. That's -- you know.

MR. BANERJEE: Does that give you the sane
sort of --

DR. NAUS: Well, we're basically | ooking
for reaction products.

MR. BANERJEE: Right, but what about the
porosity? Wat's happening to that?

DR. NAUS: The porosity is going to
decrease with tinme because of mgration.

MR. BANERJEE: Right, but do we know t hat
in some concrete way.

(Laughter.)

DR. NAUS: Wwell, from experience and, you

know, nunerous research, yes. You know, | can't
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say --

MR. BANERJEE: But how do they determ ne
that normally?

DR. NAUS: What, the pore?

MR. BANERJEE: The pore structures.

DR. NAUS: There's porosity, nercury
nmet hods of neasuring porosity.

MR. BANERJEE: Oh, so that's how they do

it?

DR NAUS: Yeah.

MR. BANERJEE: Using mercury?

DR NAUS: That's one nethod.

MR. BANERJEE: Peopl e have done that on
concrete?

DR NAUS: Yeah.

MEMBER POAERS: And if you want to see a
debate that's been going on since probably when
Portl and cenment was first invented is howto interpret

the porosity neasurenents because the pores aren't

enpties. They're filled with water and gel and things

like that, but if you dry them out, then you change
them So now how do you do a porosity neasurenment on
that? It's --

MR. BANERJEE: The same with oil bearing

rock.
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MEMBER POWERS: Yeah, it's exactly the

same problem except this one is continuing to react
whereas your rock is at |east fixed.

MR. BANERJEE: W hope.

DR. NAUS: GCkay. The wei ght change, the
speci nens experienced for the two phosphat e sol utions
were a little less than what we got in our control
solution. So, no, no significant -- what 1'd cal
significant differences here. A little bit of this
effect in the cal ci umhydroxi de may have been sone of
t hese crystals, cal ciumcarbonate on the surface that
devel oped.

CHAI RVAN WALLIS: So would this study
enabl e you to predi ct what happens in the foundations
of a nucl ear reactor?

DR. NAUS: Well, you know, our objective
is to see if there is a potential problemfirst, and
then come up with limts if need be. You know, that
may be down the road a little ways, and that's where
you woul d get into these maybe freeze-thaw and
conparing it to sulfate solutions and things |ike that
totry to help establish conparable [imts.

Conpressive strength over the 12-nonth

period, simlar trends for each of the three.

CHAl RMAN WALLI'S:  You don't have a sim | ar
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experiment as my colleague Tom Kress said with the
sul fates. So you --

DR. NAUS: That's right.

CHAI RVAN WALLI'S: How do you interpret a
compari son?

DR. NAUS: That's right. That will be
somet hi ng addi ti onal or down the road.

Simlar trends, simlar strengths.

VI CE CHAI RMAN SHACK: Don't you have
literature data? | nmean, | don't see how you do
anyt hi ng wi t hout at | east sone notion whether fromthe
literature or a baseline experinment. Wat does the
literature tell you happens to the strength of
concrete after 12 nonths of soaking?

DR NAUS: That's hard to answer because
it depends on when you get your cenentitious
materials. You know, the ol der cenents -- part of the
problemis they used to gain strength over, you know,
a year, two years and so forth because they had
different forrmulations. They were larger in particle
si ze.

The newer cenents are very fine, and t hey
have changed the fornul ati on somewhat. So you get al
of your strength in 28 days. But you have an idea of

trendi ng, you know, what the strength is going to do.
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You know, | can cone up with a curve for
you and so forth, but we have results to go one,
three, nine, 12 nonths, you know, on here.

CHAI RMVAN WALLIS: Wwell, after soaking,
it's stronger than it was before.

DR. NAUS: Right. It continues to hydrate
and so forth.

MEMBER ARM JO. | found sonething funny in
your data there. | don't understand why there's a
discontinuity in the strength fromthe six nonth to
nine nonth, and it happened on all three sets of data.
| s that an experinental --

DR. NAUS: Ch, the size of the gain?

MEMBER ARM JO Yeah. There's a step
change between six nonths and nine nonths. [|f you
just draw a line, your average line for the nine and
12 nmonth versus the first three nonths.

CHAl RVAN WALLI'S:  That's when the second
shift cane on.

MEMBER ARM JO  Yeah, and it's repeatable.
Unl ess there's sonething funny going on in concrete
bet ween si x nonths and ni ne nonths, sone sort of --

DR NAUS: | really don't know. These
were all done at a lab, TVA lab, | believe, ex-TVA

| ab, by the same people, right? The conpressive



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

108

strengths? | think Catherine --

MR. BANERJEE: Gestation peri od.

(Laughter.)

MEMBER ARM JO.  Cone on, guys. |t doubles
the strength between six nonths and nine nonths. It
doesn't nmke any difference whether it's magnesium
phosphat e, sodi um phosphate or cal ci umhydroxi de, but
you know, there's sonething funny about the
experimental set-up or technique.

MEMBER DENNI NG When you tal k about the
range, you show those ranges there, how nany sanpl es
are they and what --

DR. NAUS: GCenerally there's probably
three per data set | would guess. It's alimted
nunber of speci nens.

MEMBER DENNING If we | ook at the bar
that's shown on that first one there, that shows quite
a variation. Does that represent three sanpl es?

DR NAUS: It's the range that was
obtained, and it's not what | would call real good.
There m ght have been sone air voids in there for sone
reason.

Les?

DR. DOLE: Ckay. | guess I'mtrying to

figure out howto answer his question. After |ooking
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at these systens for over 30 years, |'mnot surprised
by that. I'mtrying to figure out how to extrapol ate
my |ack of surprise to your surprise.

Bottomlineis if youlook at the physical
propertiesrelativetothe mcrofabric, you re | ooking
at alnost a step function. As the density reaches
some critical value, then you get a big change in
properties. It's |like a tangent function.

And so at the lower levels the strength
woul d be indicative of certain phases, but at sone
poi nt when you get the growh of a dense phase, the
strength suddenly then takes on the characteristic of
t hat dense phase, and that transition between the | ess
dense to the higher dense phase as it is appreciated
by sone external physical result |ike strength can be
very abrupt.

DR NAUS: Can be.

DR. DOLE: It can be because you go from
a systemthat's dom nated by a weak phase to a system
that's dom nated by a strong phase, and that can tip
very rapidly.

MEMBER ARM JO.  That's in the framework of
six to nine nonths that's typical ?

DR. DOLE: It changes with the type of

cenment, but yes. The cenent reactions continue. You
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know, the standard is 28 days, but as you can see, one
nmonth is just the beginning of the strength of the
concrete.

CHAI RVAN WALLI'S: It would be useful to
have zero nonths, too, or a starting point.

MEMBER DENNI NG So you think there is a
real effect.

DR. DOLE: At zero nonths you can't get
out of the mold in a solid. It's Jello at zero
nont hs.

MEMBER ARM JO  It's very reproducible

MEMBER DENNI NG  But it still isn't clear
to me. Wiat's the neaning of the bar?

DR. NAUS: That's the range. That's the
range.

MEMBER DENNI NG That's a range for three
speci nens?

DR. NAUS: Over three specinens.

MEMBER DENNING Then | wouldn't be
surprised if the variability of that is huge then. |
nmean if that's truly the range --

CHAI RVAN WALLI'S:  You can't concl ude very
much. It junps.

MEMBER DENNING -- you can't concl ude

much.
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MR BANERJEE: Well, it would be nice to
have each specinen plotted so that we saw what
happened to that rather than averages.

CHAI RVAN WALLI'S: Doesn't it get broken?

DR. NAUS: Wwell, you know, | have every
speci nen. We have that. W could do that. That
woul dn't be a probl em

MR. BANERJEE: Because with these error
bars, it's not clear what's happening.

DR. DOLE: The specinen is destroyed in

this test. You crush it. You take it to crush it and

that deternines the conpressive strength.

MR. BANERJEE: Oh, you're actually crush

DR. DOLE: Yes, and so when you work with
a small, two inch cube, you expect to see these kind

of error bars. There's inperfections.

DR. NAUS: You have a snall speci nmen which

would provide nore variability and plus a paste
probably woul d provide nore viability than sonething
like a nortar or a concrete.

MR. BANERJEE: Well, this is conpressive
strength to failure.

DR NAUS: Yes.

MR. BANERJEE: | see.
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DR. NAUS: But we do have each i ndi vi dual

test result obviously.

DR. DOLE: And flaws in the geonetry of
the specinmen. You know, when you work with smal
specinens, it makes it nmuch nore sensitive, but the
trend is clear. W were | ooking at no variation, no
significant variation.

MR. BANERJEE: What is the high strength
phase and what is a | ow strength phase?

DR DOLE: Onh, different densities of CSH
The calciumsilica hydrates densify with tine, and
then the matrix --

MR. BANERJEE: Expected that it would go
t hrough sone sort of transition in strength?

DR. DOLE: Yes, yes. It is somewhat
anplified because we're |ooking at just the paste.
You know, when you have a nore conplex matrix, it has
sand and aggregate in it. The paste is still doing
this, but the strength is nodified by the aggregates.
So you don't see this kind of abrupt change perhaps,
but it's what you expect to be in the fabric of the
past e.

DR. NAUS: Go on?

Here are sone X-ray diffraction spectra

for each of the solutions. Results are quite sinlar.
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Hydr at ed phases identified are Portland dyed cal ci um
silicate hydrate, possibly Ettringite, and there were
no mnerals identified that had phosphates.

Also did some SEM testing, and these
results basically confirm what we found by X-ray
diffraction: no phosphate nminerals were found either
near the surface or interior to the specinmens.

MEMBER ARMJO Did you take any X-ray
i mge phot ographs while you were doing the SEM using
t he phosphorus finds?

You know, trying to get X-ray diffraction
data, it's tough when you have very little, but you
have this high magnification surface and you can get
an X-ray inage picture and it will tell you the
chem stry of all the phases on the surface. Do you
have any of that?

DR NAUS: 1'Il have to defer to Les
because that's not ny area at all.

DR. DOLE: W did identify some sodi um
phosphates formng on the surface of the sodi um
phosphate, but if you turn and | ook at the next one --
that slide hasn't come up. And so we did identify
some phosphate mnerals, but none of themwere
apatite. That's the omi ssion that bothered us nost

until we | ooked at the sequence of precipitation. 1In
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ot her words, hydroxyapatites did not fall directly out
of solution. So you al nbst never see hydroxyapatite
formed directly. It's a nodification

And on the next slide we al so saw that the
cenment paste had no surprises. It looks |ike norna
cement paste. So we didn't see hydroxyapatite form on
the surface. W did see sone precipitation because
we' re wor ki ng with saturated sol utions, and t he cenent
matri x showed the usual suspects of Ettringite and
cal cium sul foal um nates, but there was no apparent
m croscopic difference --

MEMBER ARM JO  No enrichment with
phosphor us?

DR. DOLE: -- in the cenent paste than you
would find in any normal cenment paste.

CHAI RVAN WALLI'S:  You're not simulating
the plant conditions. You're putting in a nuch nore
concentrated sol ution?

DR. NAUS: Yes. |It's considered to be
very severe

CHAI RMAN WALLIS: So we have to wonder
what this -- how we extrapolate this to a plant in
some way. Can you explain that to us?

DR. NAUS: Well, we would go backwards to

do that. First of all, we're trying to identify if
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there's a problem

CHAI RVAN WALLIS: That's right, to see if
t here's anything happening in the extrene case.

DR. NAUS: Right, and then we would start
trying to identify limts as such or sonebody would
try to identify the appropriate limts.

MR. BANERJEE: | guess what we're saying
is the kinetics of whatever happened is relatively
slow, right?

DR. DOLE: Very sl ow.

MR. BANERJEE: So that's why you don't see

DR DOLE: Yes.

MR. BANERJEE: At |east at room
t enper at ur e.

DR DOLE: Wich is consistent with the
other work on the precipitation, the precipitation
formati on of cal ci um hydroxyapatite.

MR. BANERJEE: But it is a very
control | ed.

MEMBER ARM JO.  But | think that's what's
so i nportant to have had sanples in a sul fate sol ution
to see that this experinment woul d even show an effect
in sonething that's known to be aggressive, and that

woul d have put our mnd at ease. Yeah, you see
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sulfate damage in the tine frane in this test. So,
therefore, if there was going to be equival ent damage
with these others, with phosphates, we shoul d have
seen sonet hi ng.

MR. BANERJEE: Al so the kinetic effects
woul d be very nonlinear here.

MEMBER ARM JO. | understand, but if you
can't detect it in sulfates, it's not conclusive that
you didn't detect anything in the phosphates.

DR. KRESS: A negative result --

VR. BANERJEE: Necessary but not
sufficient.

DR. DOLE: | nean, certainly from
experience we woul d expect a reasonabl e anount of
certainty that if we had placed these bars in
saturated sulfate solution, they would have fallen
apart by now.

MR. BANERJEE: Now, you have experinents
t hat you' ve done previously with simlar size bars and
cubes with sulfate, right?

DR. DOLE: Yes.

MR. BANERIJEE: | mean, could these results

whi ch were done in other studies naybe be part of the
sort of valuations so that at | east we have sone

evi dence that within this one-year period, that there
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are effects of the sulfate, where there is no effects
that you see on the phosphates even though the
t hernodynanics indicates the kinetics is relatively
slow in sone way.

DR. NAUS: W could definitely go back in
the literature and | ook at sulfate testing. | believe
there's a standard.

MR. BANERJEE: In a simlar period of tine
and simlar sort of situations, in the absence of
actual data would claimthey're the sane, you know.

DR. NAUS: Right. Yeah, we certainly

could do that.

DR. DOLE: | nean, this was a norma
Portland cenent, nothing chosen for sul fate
resi st ance, no special additives for sulfate

resi stance, and you would expect that under the
conditions of the sulfate test they woul d decrepitate
very rapidly.

DR. NAUS: So our prelimnary concl usions
based on what we've seen to date are that there
doesn't appear to be any harnful interactions of
phosphates and cenentitious materials unless the
phosphat es are present in the formof phosphoric acid.

As | not ed, phosphates have been

incorporated 1into <concrete as set retarders.
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Magnesi um phosphate cenent is wused for repair,
occluded to retard set, provide inproved alkaloid
aggregate reaction.

W did not identify --

CHAI RMAN WALLI'S: But the no confl uent
direction is based on the conpressive strength test.
Is that what it's based on?

DR. NAUS: Al kal oid aggregate reaction?
Agai n, that's an expansive reaction that the al kalide
is in the cenent and certain aggregate material s.
That's not part of this.

CHAI RVAN WALLI S: But your concl usion of
no harnful interactions is based on the conpressive
strength tests, not based on the grow ng of the stuff.

DR NAUS: Wll, it's based on our
results, you know, our Iliterature search, our
experimental results, and so forth.

DR. DOLE: Also there was no change in the
surface.

CHAl RMAN WALLI'S: In fact, the conpression
strength went up rather than decreasing. |s that what
it's based on?

DR. NAUS: It's part of it. It's in line
wi th the cal ci um hydroxi de sol ution.

DR. DOLE: And also there's no surface
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spalling. The surfaces are conpletely clean.

CHAI RVAN WALLI'S:  Your conclusion is that
phosphates are |ike sodium hydroxide solution. So
you're then saying there's no harnful reaction with
one because there isn't with the other. Is that
the -- I"'mtrying to follow the logic that | eads you
to say there's no harnful interaction.

DR. NAUS: We're not seeing anything out
of the normin this time period.

CHAI RVAN WALLI' S: No unusual interactions.

MR BANERJEE: Well, with reference to
your cal ci umhydroxi de sol ution, that's your reference
case, right?

DR NAUS: Yeah, and that's a basic
optimum curing situation for concrete.

MR. BANERJEE: So not hing over this period
of tine.

DR. NAUS: Over this period of time. Now,
that doesn't mnean sonething mght not happen, you
know.

MR. BANERJEE: Thirty years and it m ght
be quite different.

DR. NAUS: Yes. Thernodynam cally, you
know, something apparently wll happen, but

genetically --
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| s tenperature an inportant

DR. NAUS: It could be an accelerator, |'d

MR. BANERJEE

accel erat ed experiments

tenperature, | nean, to | ook at

nmean, many peopl

e do

si mply by changi ng

the effect of tenperature is well understood.

tests for
mai ntai ning the pH at a certain |evel

could | ook into sonething |ike that,

DR NAUS: Well,

sul fate exposure,

there are accel

and part of

to i npose nore severe conditions.

MR. BANERJEE:

Vel I,

long termeffects if

erated

that is

You know, we

you know, to try

I"mjust saying is it

don't know the concrete literature at all, but

i mgine you wanted to do an experinment wh

wanted to let a 30 year effect, but you only

ere you

had one

year to do it in. So one variable that one can | ook

at is to keep everything el se constant and just raise

the tenperature by a factor of five degrees or ten

degrees or sonmething and see if you see an effect or

not .

what

DR. NAUS: W could do that.

it would nean.

MR. BANERJEE:

don't know what

"' mnot sure

it means
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either. So I'mjust asking if this sort of thing has
been done in concrete with, say, sulfates or things
whi ch are known to affect things.

DR. NAUS: Well, there is an accel erated
sul fate test, you know, that | nentioned.

MR. BANERJEE: And there is a strong
tenperature or is it --

DR. NAUS: | can't recall. To be honest,
| can't recall whether they increased the tenperature
or not. | k nowthey maintained a pH at a certain
| evel

MEMBER PONERS:. A way to accelerate
concrete curing is to steamcure it, in steamrather
t han wat er.

DR. DOLE: Yes, with the follow ng
provi so. When you | ook at these systens of al um num
silicates, very snmall displacenments in tenperature
change the reaction path of the system So
accelerating it wth using a sinple Arenius
(phonetic) equation, you can accel erate diffusion and
some other things, but you can nodify significantly
the reaction path of the system

MR. BANERJEE: You change the equilibrium

DR. DCOLE: You change the mineral. You

know, you look at the free energies of the mnerals
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that formin this conposition range |ike aufolite
(phonetic) and tobernorite. They are very close. So
a small tenperature, 25 degrees C displacenent in
tenperature conpletely changes what direction the
systemis evol ving thernodynam cally.

Now, kinetically it's still diffusion
control and you get sone accel eration of diffusion,
but on the other hand, think about this. Carbonates
and the phosphates have retrograde solubilities.

DR KRESS: If it's diffusion control, can
you increase the concentrations well above what you
expect ?

DR. DOLE: Wwell, that's what we have. W
gone to the maxi num possi bl e concentrati ons.

DR. KRESS. Wll, you can change the
saturation |level. That changes the tenperature, at
| east the concentrations. |It's saturated with those
particular conpounds. You can use different
compounds.

CHAl RVAN WALLIS: What we're saying is
there's no harnful interactions conclusion. |It's
based on the range of variabl es that you investigate.

DR. NAUS: The range of variables you
i nvestigated, contacts.

CHAI RMVAN WALLI'S:  So |' m wonderi ng whet her
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it's possible to extend this in sone way.

MEMBER MAYNARD: Personally | woul d put
nore into the literature research and the
communi cation with people who have had concrete
structures in high phosphorus areas for an extended
period of time. | find this interesting, but | don't
see how in a one year or a short termtest you would
ever really duplicate what would go on in 30, 40 or 50
years.

So | think their research and di scussion
with other long-term things probably has nore
useful ness at this point.

DR. KRESS: There's a |lot of phosphates
down in Florida.

MR. BANERJEE: Thi ngs whi ch have been
stocked in Florida soil.

MEMBER MAYNARD: Are still there.

MEMBER POVERS: Let ne ask you a question
about your set retarding. Interesting, but in fact,
sul fates are used for set retarding, too. So, | nean,
t hat doesn't get you out of the woods there.

DR. NAUS: True, true. It's just an
i ndi cation that phosphates have purposefully been
i ncl uded.

MEMBER PONERS: Yes, but so have sul f ates.
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DR. NAUS: Right, right. To get back to

the point that the previous speaker nade -- Dana?
Qto, Oto.

MEMBER MAYNARD: Oto.

DR. NAUS: Yeah, this is ultimtely somne
of the weaknesses of the current ASTMtesting. In
ot her words, you're | ooki ng at a process that nodifies
on a microscopic scale the skin of a specinen that's
inches in dianeter, inches in dinmension, and you're
| ooking then for some inpact on a gross physical
change |i ke dinension or strength.

That's why we back these up with carefu
exam nation, because | think that the SEM exam nation
woul d give us an earlier indication than the actual
physi cal properties of the bar.

But we do get the sense that when these
phosphates do precipitate on the surface that they
essentially pretty much make a diffusion barrier
because when you conpare the reaction of the bar with
no di ffusion by virtue of the calciumsaturation with
the phosphate addition, there's very little
di fference, which seens to show that the phosphate
slows down the exchange of calciumwth the
environment, and so there's al nost an indication that

kinetically there's a protective shell forned by the
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phosphate at | east over short periods of tine.

DR. KRESS: Wll, wouldn't you have seen
that with your SEM?

DR. NAUS: Well, we saw phosphates on the
surface, but we did not see hydroxyapatite. W saw
some phosphates that precipitated out sol ution, which
is consistent with the previous discussion of the
sequences of phosphates, but we certainly expected --

DR. KRESS: Do those | ook like things that
woul d passivate the surface and slow down the
di f f usi on?

DR. NAUS: Again, please.

DR. KRESS: Those phosphates you saw, do
they | ook I'i ke they'd do what you think in passivating
t he surface and sl owi ng down the process?

DR. NAUS: Insonuch that you're plugging
the surface pores, yes. You don't have to forma
continuous surface to --

MR. BANERJEE: It |ooked like crystalline
materials. Al right? So why would they clog the
surface pores?

DR. NAUS: Well, if they were nucl eated by
the pores or in the pores, then they would bl ock the
por es.

MEMBER ARM JO. | don't think the crystals
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that we were shown are phosphate crystals there.

DR, NAUS: No.

MR. BANERJEE: What were they?

MEMBER ARM JO. | don't think we saw any
pi ctures of phosphate crystals. | haven't seen any in
t he report.

MR. BANERJEE: What were those crystals
that you were showi ng us then?

MEMBER ARM JO  There's crystals, but
those aren't the phosphate ones.

DR NAUS: These?

CHAI RMVAN WALLI' S: Those things there?

DR.  NAUS: Now, those pictures are
phosphate crystals and calcium hydroxide crystals
because we' re worki ng wi th saturated sol utions, and so
the surface tends to nucleate them

MEMBER ARMJO Well, you know, that
magni fication is so low |l can't tell anything there.

MEMBER POVERS: Yeah, we should nove on

DR. NAUS: Okay. As | noted, we're trying
towrk with FDOT to obtain concrete core sanples from
a bridge substructure in Bartow County. They've gone
as far as done a soil analysis adjacent to this
structure, and then we need to keep pursuing trying to

see if they will take a core sanple or at |east |ook
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at the structure down there so that we can get an idea
i f sonething is happeni ng.

| think this would be of as nuch benefit
as anything we've done so far.

CHAI RVAN  WALLIS: These are the
conmposition of what here?

DR NAUS: That's the soil.

CHAl RVAN WALLIS: O the soil.

DR. NAUS: Adjacent to the structure.

CHAI RVAN WALLIS: Ch, two, eight percent
ur ani um

MEMBER POWNERS: As is typical of nost
phosphat e soil s.

MEMBER SI EBER: CGo criti cal

DR. NAUS: Yeah, that brings us to the
report on durability of reinforced concrete. | think
it probably addresses nuch of the early discussion we
had here.

Basically it was set up into five
chapters, also included three appendices, one
addressing the safety related concrete structure, a
description of it, a little bit about design and so
forth, an appendix on operating experience of the
nucl ear power plant concrete structures, and there's

sort of a controversy on cracking and corrosion, the
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effects of corrosion on cracking or the effects of
cracki ng on corrosion.

So | looked in the literature, and |
provi ded a section on that.

Basically in the introductory material
concrete ages. Changes in the properties occur as a
result of continuing mcrostructural changes. Wth
respect to degradation processes, in probably al nost
all cases, if not all cases, you have to have water
present for the concrete to degrade, and woul d expect
t he incidence of degradation to increase with age,
particularly the environnental related factors.

In the second chapter, | provided sort of
a historical perspective on concrete and |ongevity.
Types of cenent have been around for 12 m|lion years.
The ol dest concrete is 7,600 years. The Conmmi ssion of
Eur opean Comruni ti es has done a study. | think it was
related to waste applications of concrete nmaterial s,
where they | ooked at nunber of old, antique or very
old type structures, obtained sanples from these
structures, and tried to evaluate them And their
basi ¢ concl usion --

VI CE CHAI RVAN SHACK: They get a sanple
fromthe Pant heon and you can't get one froma bridge

in Barl ow County, Florida?
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DR NAUS: Yep.

(Laughter.)

DR. NAUS: | guess they weren't associ ated

with a regul atory organi zation or sonmething. | don't
know, or they just snuck in there and took it. |
don't know.

But in any event, the key to why these
structures survived had to do with careful selection
of materials and construction. |In general, the
climatic conditions were fairly mld, and the key
poi nt here, they did not have steel reinforcenent to
corrode in the structure.

CHAl RVAN WALLIS: Didn't burn sul furous
coal .

MEMBER ARM JO  That's true, too

DR NAUS: And Portland cement as we know
it originated in about 1824 with Joseph Aspdi n.

MEMBER POWERS: Interesting, both the
Coliseum and the Pantheon are subject to sulfur
degradation from fuel oil

MEMBER ARM JO. That woul d be recently.

VI CE CHAI RVAN SHACK: Not for the first
t housand years, right?

MEMBER POVERS: You don't think?

MEMBER S| EBER:  Not until UVA
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CHAl RMAN WALLIS: WwWell, for a while oxide

was di sappeari ng.

MEMBER POVERS: Yep

DR. NAUS: GCkay. In Chapter 3, we talk
about the basic materials of construction, nuclear
power plant construction, the concrete naterials, the
different types of cenment chemical formnulations,
standards, evolution of cement. W talk about the
conventional mnmld steel reinforcenent, generally
40,000 or 60,000 psi yield strength materials,
perti nent ASTM st andards.

The steel, of course, is added to resist
tensile forces in the nmenbers and control cracking.
Some of the plants also have prestressing steel to
increase the rigidity. It also gives you additional
margin for cracking and basically this is either a
bar, strand or wire type material .

And finally, the liner plate, which is
utilized to provide a leak type barrier in the
containment. It's a mld carbon steel.

Chapter 4, which is the | ongest chapter of
the report, addresses aging and durability of the
mat erial systens. |If you're |ooking at the concrete
mat eri al s, the degradati on factors, we general |y group

them into either physical processes or chenical
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processes.

In the report there's a fairly detailed
description of the nechanisnms and wherever possible
tried toinclude a picture of these different types of
degradation processes, and also talked about the
mani festation of these factors, and in |arge neasure
the primary nmani festation of degradation is cracking
of the concrete.

Simlarly for the netallic materials.
Primary degradation factor here, of course, is
corrosion of the material, and there i s sone extensive
di scussion with respect to the corrosion of the mld
steel reinforcenment, in particular, here.

Chapter 5 is sunmary and commentary, sone
gener al observations that reinforced concrete
structures deteriorate due to exposure in the
environnment. In one way or another this probably
starts shortly after construction. Properties of
concrete change with age. As | noted, water is a npst
important factor controlling concrete degradation,
with the prevalent nanifestation degradation being
cracki ng.

And the nost pr udent approach to
mai nt ai ni ng your margi ns of these structures, as well

as extending the usable life is through an aging
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managenment program

Okay. Appendi x A provi des background on
t he codes whi ch were used to design the structures, as
wel | as sonme suppl enentary gui delines fromthe NRC, a
description of the various Category 1 or what are
called safety related concrete structures.

Appendi x B provides a summary of quite a
few of the incidents of degradation that have been
identified. Early on nost of the instances of
degradati on were due to constructi on or design errors.
However, as the structures get older, we'd expect to
see nore degradation resulting from environmental
effects.

CHAI RMAN WALLIS: So this is part of your
wor k product fromthis research?

DR NAUS: Yes.

CHAI RVAN WALLIS: So when do we get to
what do we do about phosphates? Your concl usion seens
to be there's no problemw th phosphates. Is that it?

DR NAUS: From what we've seen so far
right.

CHAI RMVAN WALLI'S: Is that sonething we can
hang our hat on? |Is that really what you want to
conclude fromthis work, that there's no problemwth

phosphat es? There should be any Iimt in groundwater?
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That's what it's all leadingupto, isit? That's the
bottomline, isn't it?

MR CGRAVES: Yes, it is. To answer Dr.
Vallis' question, vyes, the staff, based on its
l[iterature review, the tests, | ab work that we' ve done
to date, the bottom line is that we don't see any
effect fromthe phosphate --

CHAI RMAN WALLI S: The real question should
be what's the sufficiency of the work done to date and
what's the sufficiency of the evidence. |Is there sone
sort of range where it's dangerous to extrapol ate or
somet hi ng?

Isn't that what you should focus on?

MEMBER DENNING Well, is research now
saying we don't see any effect now but we think we
have to continue testing for another year and draw a
judgnent, or are you ready to say, "Ckay. There's no
evi dence. Let's cut the research now'?

MR. GRAVES: No, at this point we're not
ready to cut the research.

MEMBER DENNI NG  Why not ?

MR GRAVES: As | nmentioned, we do have
remai ning sanples. W would |like to get the data at
18 nont hs.

MEMBER DENNI NG  Okay. At 18 nonths you
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t hink --

MR. GRAVES: Close to 18 nonths. W get
the data at 18 nonths.

MEMBER DENNING | can't tell whether
you're just afraid that if you say we're going to cut
the research now that Dana is going to conme up and
say, you know, "What's the basis for that?" You know,
" mjust kind of curious as to where do you say enough
i s enough.

MR. GRAVES. Right. W canme in to report
at this tinme because, as | nentioned, we received a
user need neno Decenber 2003, and |I've run into Tanny
Sant os and Sam Duraswani and say, "Hey, when are you
guys going to cone in and talk to us about
phosphat es?" They talked to ne six nonths ago.

| said, "We're comng. W're going to
come and talk to you."

So we're here with what we have at this
point. W' ve al nost conpleted the research. W want
to take your comments back and give you, give the
staff, NRR-- they sent us a user need -- respond with
what we think is a conprehensive answer with |ab
reports, literature survey, and also we want to
recommend to Oak Ridge to include sulfate attacks.

There is a report by the Portland Cenent
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Associ ation where they performed tests on sulfate
attacks on concrete for 16 years. They had tests in
the field, but also they had prisnms that Dan had in
the | aboratory, and they did a conparison of that
continuous wet and dry like a fill beings that were
cast to the | aboratory sanpl es.

So we can summarize that work and we al so
can make that report available to the ACRstaff if you
find that woul d be necessary.

So at this point, the bottomline, we
haven't seen the effect of phosphates to make us want
to put limts as we have for sulfates, chlorides and
havi ng pH

MR. BANERJEE: Wat are the chances of
getting sanples fromthis Florida bridge?

DR. NAUS: | don't know. 1'Il try again.

MR. BANERJEE: It's not sonething that can

assure that you'll get up to them |Is it a sanpling
probl enf

DR. NAUS: Well, it's a problemin that
you take probably a three inch by six inch core. It

depends on the aggregate size. Let ne clarify that.
Probably three by six inch core out of their
structure, and they probably do not want that to

happen. It mght tend to expose the rebar to
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corrosion or sonmething like that. You |ose your cover
we tal ked about earlier.

VI CE CHAI RVAN SHACK: W' Il repair it with
a magnesi um phosphat e cenent.

MEMBER S| EBER. There you go.

MR. BANERJEE: And if the bridge coll apses
because of that, then we know that there's a problem

DR. NAUS: No, that's not going to happen.

MEMBER SIEBER: You could go to
Pennsyl vania. They have a |lot of bridges that are
ready to coll apse.

MEMBER DENNI NG No, in your report, you
did have in your summary and commentary, you did have
a specific recommendation that says, "The prudent
approach for maintaining adequate structural margins
i s through an agi ng nanagenent program"”

Now, what are the inplications of that to
underground structures? | nean, when you said that,
what ki nd of programare you suggesting i s appropriate
for assuring oursel ves that underground structures are
not in an unseen manner degradi ng around us? Wat do
you suggest? Wiat does that nean?

DR NAUS: Well, | think this all gets
back to ASME Section 11, GALL report, and so forth.

They have specific sections that address underground
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structures, you know, by indirect sanpling of the soi
or groundwat er adj acent to the structures. If they're
bel ow the levels in chlorides and sul fates, you have
reasonabl e assurance that nothing is happening.

MEMBER DENNI NG  Ckay. So that woul d be
adequate in your viewpoint. |It's just nonitoring and
seeing that they're below these |limts. You' re not
inmply here actually look at the concrete. You're
sayi ng just | ook and nake sure that you're bel owthese
wat er | evel s?

DR NAUS: No, no. This has all been
addr essed under the structural aging programand your
ASME and things like that, as far as an agi ng nmanagi ng
program as such. It just neans don't negl ect
structures is what |'mtrying to say, you know, which
in alot of cases has been done.

MEMBER DENNING | think | understand

DR. NAUS: Not anynore, but --

CHAl RVAN WALLIS: But the question is
phosphates, isn't it?

DR NAUS: Pardon?

CHAI RVAN WALLIS: Is there a problemwth
phosphat es? Should there be sone rul e about what's
tolerable in the groundwater?

DR. NAUS: Right.
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CHAI RVAN WALLIS: W seemto be noving to

the point where the NRC is going to say, "No, there
shoul dn't be anyt hing."

MEMBER DENNING  And in six nonths they're
going to say --

CHAI RVAN WALLI'S:  |I'm just wondering what
are we supposed to contribute to that. Are we
supposed to contribute or say that the agency has
enough evi dence to nake this decision? Do you want us
totry to reach that kind of conclusion or what do you
want us to do about phosphates or do you want us j ust
to say we have had a prelimnary result from you,
"Thank you very nmuch. Go away and finish the job"?

What woul d you expect us to say?

MR. GRAVES: At this point let nme ask Tony
Shaw, who is nmy Branch Chief, if he --

MR SHAW Dr. Wallis, yes. |'m Tony Shaw
from Resear ch.

Based on the research results we have so
far, we believe -- | agree with what Hernman said
earlier -- we believe there's no need to set limts on
phosphate at this tine.

As far as user need, we will certainly
take all of the comments from the Conmmittee today

incorporating into our final NUREG CR report. You
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will certainly get a copy and also furnish you with
the primary reports. Now you have a draft.

As far as the user need, we have been
interacting with our colleagues at NRR W'l
continue to do so, but at this nonent, | believe they

have al so been satisfied with what we have provi ded so

far, but we wll continue to nmake sure when the
reports are finished that we'll satisfy all of their
needs.

W will like to hear fromthe Committee

endor senent of what we're supposed --

CHAI RMAN WALLIS: -- final report, have
you? So you're asking us to give sone assessnent now?

MEMBER DENNI NG Vel l, the comment that
could be made is you haven't tested |ong enough. |
nmean, |'mnot suggesting that because as | -- | nean,
that would be the comment, if there was a technica
basis that said you haven't tested |ong enough or
maybe there's sonething --

MR. SHAW O maybe tested in the right
way. But also, Dr. Maynard you said earlier, Qto?
MEMBER MAYNARD: Oto, yes.

MR. SHAW Yes, you said earlier that
anot her inportant factor we have included but we nmay

need to stress a little bit nmore is based on the
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literature survey and di scussions with the peopl e who
have had experience for 20, 30 years with concrete,
what ki nd of inpact phosphate may have. That's an

i mportant factor we certainly will stress.

MEMBER BONACA: The trouble is that even
if you get a sanple fromthat bridge, | nean, how do
you i sol ate the effect of phosphate fromthe effect of
chlorides. | nean, you still have to have the
reactions from different |ocations, and you could
possi bly infer something.

MEMBER ARMJO | tend to think you' ve
done very good experinents, except that you left out
the clincher which would have been to put the sane
thing into sulfate even though you know t he answer.
W don't, and if this stuff was readily detectable
that you got damage with the sul fates and you got no
damage with the phosphates, |'d be happy.

MR. BANERJEE: Well, maybe with phosphoric
acid as well .

MEMBER ARM JO Wl |, phosphoric acid they
know. Yeah, whatever. Al the bad stuff works bad;
all of the good stuff works good. You know, it's
done.

MEMBER DENNI NG But |I'mnot sure that

that -- | think it would have been interesting to see
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that. |'mnot suggesting that they ought to do that
at this point, but I'm not sure that that's the
clincher either because it could be that it happens
qgui ckly for the one and it doesn't happen quickly for
the other. |It's still a |ong ways between one year
and 60 years.

MEMBER ARM JO  You'd have to have a
mechani sm

MEMBER DENNI NG You'd have to have a
mechani sm

MR. BANERJEE: Under two ruins in Florida?
| mean, why does it have to be a bridge? It could be
any damed thing, right?

MEMBER SIEBER It could be a part of
cont ai nnent .

MR. BANERJEE: In the ground.

VI CE CHAI RVAN SHACK: Wl I, | think there
is experience. | nean, it's |ike an epidem ol ogi st.
| nmean, you know, if sonebody has got a record of
bridge repairs in counties with high phosphate versus
bridge repairs in | ow phosphate, you know, that --

MEMBER MAYNARD: Well, 1'd like to make a
suggestion because | think information has been
presented, but there hasn't been any real concl usion

or reconmendation. There is still some going on. [|I'd
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al nrost reconmend that maybe in six nonths or a year
when they've wapped up whatever additional testing
they're going to do, | think the staff should cone
back and nmake a recomendation, whatever that
recommendation is, and we can either endorse that
recommendat i on.

Ri ght nowwe don't really have anything to
endorse or to reject. W can just make comments, but
| think they need to cone to us with a recomrendati on
that either this be dropped or be continued and that
we either agree or disagree with that.

| don't see any imredi ate problem
think fromwhat they' ve done, they haven't identified
anyt hi ng that says action needs to be taken ri ght now.

MEMBER SI EBER  Ri ght.

MEMBER MAYNARD: So that would be ny
recommendat i on.

DR NAUS: Wsat woul d have been ideal is
if we could have tal ked to t he phosphat e producers and
tal ked to sonme of their designers or their facilities
and see if they do any special precautions and then to
observe sone of their structures. But | don't knowif
we can swing that or not. W mnmight try that.

CHAI RVAN WALLIS: Wen you tal k about

Florida, aren't there sonme Ronman renai ns i n phosphate
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rich areas of Europe somewhere?

MR. BANERJEE: They aren't Portl and
cenent .

MEMBER MAYNARD: | think the ACRS shoul d
go | ook at some of those nyself.

(Laughter.)

MR. BANERJEE: Possibly there nust be
stuff that's underground built after 1824 with
Portl and cenent that are in phosphate rich areas.

CHAI RVAN WALLIS: Ruins after the First
Wrld War. There are lots of things.

MR. BANERJEE: W don't have to go to
bri dges to get sanples of that.

MEMBER POWERS: Your testing program
Coul d you tell ne again on your sol utions, your sodi um
bi phosphate solution was on the order of what
concentration?

DR DOLE: Ten to the m nus one nol ar
phosphat e.

MEMBER POWNERS: And your magnesi um
bi phosphat e?

DR DOLE: Ten to the minus three.

MEMBER POVERS: Ckay.

DR. DOLE: If you | ook at a natural water

system as phosphate percol ates through the soil its



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

144

solubility is going to be controlled by the cal cium
magnesi um dominate ions in the soil until it's
overwhel ned, and so what we tried to do is emul ate
what woul d happen in a soil that was saturated with
phosphat e.

MEMBER POWERS: What | know about
phosphat e, aqueous phosphate chenmi stry i s that you get
concat enation of the anions. Wnder if you had been
too concentrated that in running the saturated
sol ution you' ve guar ant eed t hat you' ve got
concat enated ions instead of the bare phosphate or
bi phosphat e i on.

DR. DOLE: | nean, it's possible. That's
why we chose two concentrations.

MEMBER POVNERS: Yeah, | understand. Ten
tothe minus third you' d ordinarily think is not, but
| " mnot sufficiently famliar with phosphate chem stry
| can do the analysis in ny head. But | just toss
t hat question out.

Clearly, at tenth nolar you should have
relatively fewsingle ions out there. | nean, there's
now water in tenth nolar solution. |It's all tied up
and coordinated. But | wonder if it's too
concentr at ed.

DR. DOLE: Well, that was why we chose it.
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You know, there are obviously corrosion effects that
happen at 80 percent saturation rather than 100
percent saturation.

MEMBER POWERS: (kay. Just as a final
thing. You have listened to our comments. You're not
| ooking for us to wite a letter on this?

MR SHAW No, not at this monent, but |
followwhat Gtto said earlier. | think for our final
report next year, we should nmake a recommendati on.

MEMBER POVNERS: And | would say from ny
perspective the best thing that's com ng out of this
research is, in fact, your prinmer on concrete and your
col | ection of exanples where you can use phot ographs
to tell people this is the kind of stuff to | ook for.
| think phosphate ion was an excuse to raise this
i ssue: do we know what we're |looking for in this?
And it seens to ne that this primer may be the rea
tangi bl e benefit, the really nobst singular benefit
that's coming out of this research

Are there additional comments?

CHAI RMAN WALLI'S: One has to respond to
t he objective we had at the begi nning here, which was
could there be a limt on phosphate concentration.

MEMBER PONERS: Well, | think you see that

they're driving toward saying no, that in fact,



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

146

there's no and whatnot. They've got a coupl e of
things to think about here on what their experinmental
basi s and their experiential basis are for naking t hat
concl usion, but you see where they're driving to.

| nean, we've given you our conmrents.
Those are the questions we'll rai se when you come back
wi th your recommendati on

CHAI RVAN WALLIS: And we're not going to
wite a letter, it seens to ne.

MEMBER POVNERS: | nean, | don't see any
benefit of witing a letter beyond to conti nue.

CHAI RVAN WALLI'S: | think it was on the
schedul e.

MEMBER S| EBER: They never answered the
fundanmental question. So you can't wite a letter.

CHAI RVAN WALLIS: It's a very interesting
presentati on.

MEMBER S| EBER  Yes.

DR. NAUS: Thank you.

MEMBER S| EBER:  \What containment is that
t hat del am nated?

DR NAUS: There's two containnments in
Fl orida that del am nat ed.

MEMBER S| EBER:  Ch.

DR. NAUS: One was a conbination materials
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probl em and reinforcing problem but there was no
radial reinforcenment, and the other they said was
unbal anced prestressing forces. The aggregate
materials in Florida are fairly poor. So they're weak
in tension, and they didn't have reinforcenent.

PARTI Cl PANT: Full of phosphates.

(Laughter.)

MEMBER POWERS: One question on your
prinmer real quickly. Are you going to deal with Hack
Hol I i man (phonetic) cenent?

DR NAUS: | think I nmention it in there
as not using it.

MEMBER POWERS:. There's one plant that
actually does use it in their base, and they worry
about | eachi ng.

DR NAUS: Right. | think that's
nmentioned in there, if | renmenber.

MEMBER POAERS: Any ot her conments?

MR. SHAW Dr. Powers, just one question.
When we finalize those NUREG report and the prinmer
report, do you want us to come back to give another
briefing or just make sure you have the reports? That
will be sufficient?

MEMBER POWNERS: Well, let's start by

| ooking at the report, and if it looks like it is
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sufficiently interesting to discuss. | mean, you gave
us a pretty good outline of what it's contact here,
and if menbers have additional interest, which |l
bet we woul d do just fromthe pictures, we can di scuss
that, what the timng, and things |ike that.

MR, SHAW Ckay. We'll await your
deci si on.

MEMBER PONERS: Yeah. Let's start with
t he report.

PARTI Cl PANTS: Thank you.

CHAI RVAN WALLI S:  Fini shed then?

MEMBER PONERS: |'Ill turn it back to you,

CHAI RVAN WALLIS: Ckay. So we've reached
the tinme when we're going to take a break. Based on
wel I known bi ochem stry, appetite increases with tine
and | think it's tine to take a break until one
o' clock. So we'll do that.

(Wher eupon, at 11:56 a. m, the neeting was
recessed for lunch, to reconvene at 1:00 p.m, the
same day.)

CHAI RVAN WALLIS: Let's come back into
session. W w Il hear presentation on integrating
risk and safety margins. | will ask ny coll eague Bil

Shack to introduce it. Please go ahead.
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4) | NTEGRATI NG RI SK AND SAFETY MARG NS

4.1) REMARKS BY THE SUBCOWM TTEE CHAI RVAN

VI CE CHAI RVAN SHACK: W are going to be
di scussing some work that RES has been doing on a
framework for integrating risk and safety margins,
safety margins i s sonething that has been of interest
to us as we look at things |ike upgrades and that and
we discuss the notion of whether margins are being
mai nt ai ned.

In Reg Guide 1.174, we eval uate changes in
ri sk, but we're also asked to determ ne whether there
are adequate safety margi ns being retained. And so in
some sense, | have al ways t hought of safety margins as
a measure of defense-in-depth.

Safety nmargins are a concept that cones
out of our determ nistic anal yses, by and | arge. And,
yet, risk we know is in a probablistic world that
| ooks at, instead of a design basis accident world
that | ooks at a nmuch nore realistic set of scenarios
for a plant. And the RES work is a project here that
tries to have a framework to nmerge this determnistic
wor |l d of the design basis accidents and safety nmargin
with risk.

And Ms. Gavrilas will present her work and

show us how she proposes to integrate the two.
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M5. GAVRI LAS: Thank you

4.2) BRIEFING BY AND DI SCUSSI ONS W TH

REPRESENTATI VES OF THE NRC STAFF

REGARDI NG A PROPOSED FRAVEWORK FOR | NTEGRATI NG

Rl SK_AND SAFETY MARG NS

M5. GAVRILAS: | found this quote rather
recently, "The natural consequence of uncertainty is
risk.” And | found it to be a good | eadi ng quote
because our way of dealing with uncertainty i s having
safety margins. Therefore, there nust be a natural
nexus between the two.

As Dr. Shack just mentioned, the purpose
of this presentation is to discuss the RES project,
whi ch produced a franework. |It's a proposed franework
to nerge determnistic, probablistic, and engi neering
data, including uncertainties, into figures of nerit
t hat can be used to assess a plant nodification. That
was, | believe, the first itemnentioned by Dr. Shack.
And the conparison of this risk netric should be
achi evabl e agai nst, should be done against existing
acceptance of risk guidelines.

The topics | will cover are the notivation
for this work. | will provide a very brief background
because t he background has been extensively wittenin

ot her pl aces.
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| will talk about the objective. The
objective is, as you have seen on the first slide, to
guantify the changing plant safety nmargin caused by
any concei vabl e physical nodification.

And | want to nention up front the
constrai nts under which this work has proceeded. The
constraint was use existing tools and techni ques and
denonstrate the methodology to a current regulatory
i ssue.

The net hod. The nethod is devel oped with
two nain areas in mnd. One is, what is safety
mar gi n? And the second one is, how can safety margin
be integrated into risk, if it can be integrated in
ri sk?

| will briefly discuss the results of what
this proposed franework actually acconplishes. And
|"m going to show a proof of concept application.
There's a sinplified application in the draft NUREG
report that you have been reviewing. And | will end
with a discussion on when safety nmargin ought to be
integrated with risk.

The background is several sort  of
hi ghl i ghts of background information. One is that in
our current regul atory structure, PRA  and

determ ni stic cal cul ations are used i n a conpl enentary
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fashion, but they remain separate and distinct.

Another point of information is that
mai nt ai ni ng margi n neans di fferent things to different
people. And | will try to illustrate that in a short
whi | e.

And, finally, phrases like "Sufficient
margin exists" and "This increases the available
margi n" are often used in a highly qualitative nmanner
wi t hout the burden of quantification. | hope this
framewor k can quantify such statenents to sonme extent.

And then the final point is that there is
indeed a wealth of tools and techniques that have
evol ved that can be used to acconplish this
i ntegration.

| have a little diagram of a couple of
m | estones that basically go into the nethodol ogy t hat
you're going to see today, which starts in the '30s
with exercising Mnte Carlo algorithms and the
tolerance intervals of the '40s. Basically the
fundanmental s of what you are going to see had been
established by '67, when the 1D stress-strength
i nterference was published by Freudenthal .

And, as you see in the 1985 and | ater, you
can start seeing how these fundanental tools and

techni ques start to appear in our industry with
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guantifications of uncertainty and severe accidents,
t he best estimate pl us uncertai nty net hods, NUREG 1150
and so on.

And the | ast two that | have nentioned are
highly relevant tothis work. They're the reliability
of passive thermal hydraulic systens, which are quite
simlar to what you are going to see. And that was in
around 1997 as part of an OECD effort and the
pressuri zed thernmal shock that has sone connection to
the work that you will see.

Now, as you see, the effort sort of
culmnates in conbining all of those tools and
techniques in relatively recent years. And | believe
that there is a reason for that. | believe that the
fact that our computational power has i ncreased to t he
point to which we can effectively conbine themhas a
ot to do with it.

And | nmentioned that you see on this
graph, it shows when the PC was i ntroduced. And then
you see NUREG 1150 a few years afterwards. And Mary
Jo told nme yes, the PC existed, but that doesn't mean
that we didn't use the nainfrane conputers during it.
So we're getting to a point at which these techni ques
can be nmerged and refined in a manner that is

appl i cabl e and useful.
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Now, Dr. Shack nentioned the plant
nodi fications, power uprates. And if you take a
cursory look at the type of plant nodifications that
have been proposed, you can | ook at the sort of first
order inplication of these plant nodifications on
somet hi ng we care about and sonet hing we track as part
of ensuring safety. And if you | ook at power uprates,
the effect is on safety margins, on probabilities of
occurrence of certain events and event sequences, and
on the consequences of accidents.

And then you see |'ve color coded the
others and flagged material burnup and M3, fuel would
i npact safety margin. Aging and grid reliability
woul d inpact certainly probability of occurrence of
certain accidents. And the ones that | left black
woul d be inpacted in all of these areas. That's just
a very cursory superficial look at the Ilist of
nodi fi cati ons.

So fromlooking at that list, if you're
trying to think, "I need to keep track of all of these
nodi fications at one time. Somehow | need a risk
matri x that puts together all of these effects,” you
can cone up with the el enents that conprise, that form
t he foundation of this risk nmetric.

And you will see that the first element is
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the probability that a certain acci dent sequence wil |
occur. And you are very superficially -- | amjust
going to say that it is provided by our existing
nmet hods and probablistic risk anal yses.

The probability that | oss of function w ||
occur given that particul ar accident sequence.

CHAI RMAN WALLIS: This is a key part of
your thesis is this |loss of function. Mst PRAs have
a kind of loss of function because they have a yes/no
pull, where you go this way or you go that way.

But in nmany, say, thernmal hydraulic
sequences, you don't have a loss of function. You
have a partial |oss of perfornance.

MEMBER S| EBER: Degr adat i on.

CHAI RVAN WALLI'S:  And then there are other
partial |osses of performance. And the consequences
are sort of a continuum They're not a yes/no
response to a loss of function. That conplicates
t hi ngs because obviously yes/no event tree is easier
to foll owthan one which has nore of these continuous
responses.

MS. GAVRILAS: Let ne see if | understand
your question because | believe that there are two
guestions there.

CHAI RVAN WALLI'S: A statenent, really, as
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wel |, yes.

M5. GAVRILAS: Is there a question for ne

CHAI RVAN WALLIS: Well, I'mjust saying
that | oss of function may not capture the reality.

VI CE CHAI RVAN SHACK: It's a probability
of a loss of function.

CHAI RVAN WALLI'S:  Yes, but the | oss of
function is, does it fail or does it not?

VI CE CHAI RMAN SHACK: Ri ght.

CHAI RVAN WALLIS: |'m saying --

M5. GAVRI LAS: The probability.

CHAl RMAN WALLIS: -- lots of things
partially don't work.

M5. GAVRILAS: That's --

MEMBER SI EBER: Yes. That's where nargin
cones in.

M5. GAVRILAS: | will tell you ny thoughts
to the statenent you just made. My thoughts are that
you are actual ly tal ki ng about two things. One is the
success criteria, and one is the end state.

The success criteria and the reality are
not you have failed or you haven't. You m ght inject
some fluid but not enough to achi eve the function that

you wanted to achieve.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

157

And the second part | think of your
statenment is, how would that be reflected in the end
state? Wuld it be because now your end state is not
a one or a zero, but now your end state is sonewhere
i n between.

| believe that this framework does address
that with the proper anplification of event trees to
capture the subtleties that you just nentioned and
with allowing at the end of the event tree a
probability basically, rather than a one or a zero,
whi ch woul d be, for exanple, the core damage or okay
state. So yes, this will be a portion of ny talk to
fol |l ow

And, finally, the third elenment that you
saw in that list of itens to be considered when
devel oping this franework is that the consequences of
a given event sequence will also differ.

And t hen an exanple of that is if you have
a rather skewed power profile and you perturb it,
you're probably going to ruin a couple of fuel
bundles. But if you flatten the power profile and now
you perturb that, you can danage a | arger fraction of
t he core.

| think the first one, the peaking factor,

basically, the two have simlar peaking factors. So
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t he peaking factor woul d be under the probability of
| osing function. But, again, in terns of risk, that's
not a sufficient measure.

CHAI RVAN WALLI'S:  What function is |ost
when you have lost integrity of the fuel, but the
guestion is by how rmuch, really, which goes back to ny
original question? All core danages are not equal .
W tal k about core damage frequency. Really, all core
darmages are not equal

It's very much of a sinplificationto have
to say a CDF. One rod slightly danaged is very
different from 60 rods danaged.

M5. GAVRILAS: That's right. So if your
risk metric includes both --

CHAI RVAN WALLIS: It's a continuum of
consequences t hen.

M5. CGAVRILAS: It's a continuum of
consequences. | think I know where you're going.
Unfortunately, this is not going to give you the
answer .

CHAI RVMAN WALLIS: GCkay. No. It's --

M5. GAVRILAS:. |It's going to be on the
| ast slide under "Future Work."

VI CE CHAI RVAN SHACK: Let ne cone back to

a question that when you integrate risk and safety
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margins, howis this different froma PRAwith a full
uncertainty anal ysi s?

I f your only netric of interest is risk
that is a product of a PRA and you seemto be very
concerned with uncertainty, well, | can deal with
uncertainty in the context of a PRA and eval uate that
metric on risk.

| normally think of safety margin as a
def ense-in-depth kind of consequence that, you know,
not only do | want to protect against risk. | want
additional |evels of protection. | want to protect ny
barriers, whether or not they lead to a severe
acci dent.

And so | look at safety margins as a
def ense-in-depth, but you have i ntegrated t he two now.
And is there a difference now with the PRA with
uncertainties and your integrated framework?

M5. GAVRILAS: | think that there is a
difference. And | think that the difference is not as
much in the nethodology. | think that this
nmet hodol ogy is very nmuch consistent with PRA with
full -fl edged uncertai nty propagation.

But the difference is in what | consider
failure at the event of the path. And | think | am

going to get into that in a couple of slides. | nean,
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where do | consider that | failed? When does this
conditional probability of failure occur? So let mne
see if two slides fromnow maybe | have addressed your
guesti on.

So the one thing that | think by this tine
beconmes rather obvious is that integrating safety
mar gi ns and PRA is | aborious and expensive. One of
the first questions that you ask yourself is, when do
you need this? And | think that clearly if you have
sufficient margins, you don't need it. And |'ve made
t he anal ogy of how cl osely you keep your --

CHAI RVAN WALLI'S:  You are now defining a
sufficient margin by the statenent. Sufficient nmargin
is sufficient when knowi ng any nore doesn't benefit
you, having any nore doesn't benefit you --

M5. GAVRI LAS: Definitely true.

CHAl RMVAN WALLIS: -- in terns of the
consequences or the risk or something?

M5. GAVRILAS: In terns of --

CHAI RVAN WALLIS: It doesn't change the
risk.

M5. GAVRILAS: Exactly, in terns of
i nperceptible to risk

CHAI RVAN WALLIS: So the probability of

failure is now negligible. |Is that what happened?
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M5. GAVRI LAS: That's exactly right. So
when you have sufficient margi n, when you' re operating
-- 1'"I'l give you an exanple of what | was thinking.

| was thinking | was | ooki ng at CSAU. And
in the executive sunmary, they have the peak core
tenperature calculated was 1,272. And they had a
pl us/ m nus 300- degree uncertai nty associ ated with t hat
value. So they were at 1,572. That was the
conservative value that they listed for their
anal ysi s.

A few days ago | was | ooki ng at sone ot her
docurent i n which the cal cul at ed peak cl ad tenperature
was 1,950. And it occurred to ne that that is quite
a substantial difference.

CHAI RVAN WALLI'S: In regul atory space, it
makes no difference at all.

M5. GAVRI LAS: Agreed. And, as you will
see in here, it makes no difference whatsoever. But
| nmention that because | was thinking the 2 signa
bound was 1,572. That's sufficient margin. That's a
case where you wouldn't worry about this. But it's
exactly like Dr. Wallis said. It nakes no difference
the 1,950 either.

So when would the process benefit from

exercising this rather expensive framework? It would
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be when you have a case of limted margin. And |'m

gi ving as an exanple the net positive suction head in

GSl - 191.

Furt hernore, that margi n can be reasonabl y
tied to a loss of function. And, by that, | mean,
there is no redundant systemthat will fulfill that

function. And, finally, there is a justification
needed to continue operation. Those would be the

t hree conditions under which | can see sonething |ike
this becom ng usef ul

Under those circunstances, your decision
may be easier if the current decision process is
augnented by an analysis of this type. And this
analysis wll go beyond using determnistic and
probablistic anal ysis as separate principles.

And nowwe' re getting into the question of
what is safety margin. The origin is in conservative.
You have a conservative calculation. And here is a
trend for a peak clad tenperature history done under
conservative appendi x K conditions.

And t hen you have a regi on of damage that
you see in the rectangle at the top of the graph. And
within this region of danage, people identified sone
key points.

| think there's onset of damage, which is
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when a significant nunber of the parts subjected to
that type of load are going to fail. And then what

was often used and historically used was the actual
failure, which we can think of as the mean of that
damage di stri buti on.

There are several definitions of margin
that | have seen at different tines. | am adding here
the safety limt, which is drawn hopefully sonewhere
under where damage becones percepti bl e.

And this is a fewconbi nations. These are
three conbinations, definitions of safety margins
that | have seen: peak value to actual failure; peak
value to safety limt; and, finally, safety limt to
onset of damage.

CHAI RMVAN WALLI'S: The margin is |oosely
determined in ternms of whatever happens to be the axis
on the y axis, which is not really much of a neasure
of anything. |It's just arbitrary. It's the sum of
physi cal and quantitative.

| 1ike the approach where | sawin part of
your paper where you were trying to get a probablistic
definition of margin, which was dinensionless and,
therefore, meaningful to nme. |If | plotted sonething
el se, like the log of the tenperature or tenperature

in sone other kind of unit or something, | mght get



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

164

a different | ooking margin, which is not a very good
thing to have.

M5. GAVRILAS: | amstill in the
background material. And | believe that this audi ence
is highly famliar with these. So maybe | should --

CHAl RVAN WALLI S:  Yes.

M5. GAVRI LAS. -- speed up going over

these slides. Maybe that's what you're sayi ng.

CHAI RMAN WALLIS: No. | think it's
useful. It's useful.

VICE CHAIRMAN SHACK: | am |l earning
sormet hi ng.

MEMBER BONACA: No because, | nean, the
di scussion and all, you were pointing out, Bill, that
the limt is aregulatory limt. |It's arbitrary.

VI CE CHAI RVAN SHACK: Wl |, what you were
calling the safety limt |I would call the regulatory
acceptance limt.

MEMBER BONACA:  Yes.

VI CE CHAI RVMAN SHACK: And that's to ne a
somewhat arbitrary nunber.

MEMBER BONACA: Because it's drawn there
at 2,200, but it could be 2,220 or it could be 2,180.
It's just a point below the actual physical onset of

damage.
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M5. GAVRILAS: | believe | am covering

that in the next slide. And | think that, actually,
| regard that as the nbst controversial part of this
presentation, which is why I'm --

MEMBER DENNING Let ne see if |
under st and, though. Do you differentiate between the
termregulatory limt and safety imt? See, | would
have thought in your case here you m ght have picked
t he onset of damage for your safety limt.

M5. GAVRI LAS. For the purpose, | have a
separate slide that shows exactly what | woul d define
as safety margi ns given our state of know edge t oday.
And that is coming up in a second. This is nore of
hi storical --

CHAI RVAN WALLI' S: Just saying these are
some ways peopl e have tried to define safety margins.
M5. GAVRI LAS: That's right.

MEMBER BONACA: The reason why | think it
is soinportant is that those limts right noware in
the tech specs. They are in the FSARs. They're al
over the place. They're called limts, 2,750 for the
pressure or on a PWR 2,200. So that's why you can't
just forget about them | think any discussion has to
refer to what --

M5. GAVRILAS: | would |like to answer your
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guestion because | nmentioned on the second slide one
of the constraints for the current work. One of the
constraints for the current work was nake it so that
it's applicable to sonething of current regulatory
i nterest.

Therefore, what you' re seeing throughout
the report is an assunption that the safety limts a
t hey exi st on the books for |ightwater reactors, for
currently lightwater reactors are it. That is the
safety Iimt, so the 2,200, for exanple.

Wthout the qualifier on adequacy except
under one point, where | say for future thinking, |
nmention at one point, for exanple, the containnent
pressure design limt is very low relative to the
actual failure point, where vyou start having
non-negligible failure on the probability density
function.

And | haven't qualifiedthe statenent, but
| said in sone cases, it's worth if you have such
di fferences and you can justify changing. It mght be
worth considering what you are going to use as the
safety limt.

But throughout ny talk, the safety limt
is the safety limt that is in the books right now.

MEMBER BONACA: The only other thing
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want to say about it, the reason why it has been so
inportant is that sonething that ensued in the

i ndustry that says anything below the safety limt
bel ongs to the Iicensee and they can claimit through
anal ysis. Anything beyond the safety linmts bel ongs
tothe regulator and it can't be touched. So there is
such a historical foundation in the |icensing basis
that we cannot negl ect the existing definitions. So
|"msaying it has even | egal meaning.

CHAI RMAN WALLIS: It's gets worse than
t hat because we heard with several of those BWRs, you
get this so that this factor for D and B, D and B
rati o, which sonehow gets set by the licensee in
different ways in different plans, then accepted by
t he agency.

MEMBER DENNING | think that's exactly
the point that Mario was making. That's the domain
that's uptothe -- in which they could play. So it's
effectively --

CHAI RMVAN WALLI'S: Once they have chosen
the 1.3 or 1.5 or sonmething, they're stuck with it
until they cone back to the agency again. So they
don't have the margin. They've given it up to the
agency.

MEMBER BONACA: Well, they can cone back
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and claimit.

MEMBER DENNI NG Because they can cone
back and claimit. That's right. R ght.

CHAI RVMAN WALLI'S: Ri ght.

MEMBER BONACA: I n fact, at one of the
nost recent power upr at es, you know, Wi th
West i nghouse, they went all the way to 2,750 notice in
t he PT envel ope And the reason is so that they don't
have to perform any fissile cal cul ati ons bel ow t hat
because they already claimed it. So it's right there
on the docunent.

MEMBER MAYNARD: Wen you go back through
it, thereis asafety limt that is hard and fast. On
t he cases that we were | ooking at, there are two sets
of margins. And the licensee will set where they want
to nake that line, but there's still margin in both of
those areas that belong to the licensee. But to
change the division, they have to cone back to do
t hat .

M5. CGAVRILAS: They changed the limt.
|"m adding. And this I'Il go very quickly. |I'm
adding that with allowi ng best estimate predictions,
with their uncertainty band, of course, the range of
safety margin is increased even further because now

you have another conparison, the range of possible
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definitions of safety margins.

CHAI RMVAN WALLI S: Just say there that
t hese uncertainties include the uncertainties that you
know how to quantify. And uncertainties due to the
fact that you have a | ousy nonentum bal ance at your
nodes isn't in there at all. And that's sonething
extra. That's why you often have an extra safety
margin, to allow for the fact that --

M5. GAVRI LAS: My | ?

CHAI RVAN WALLIS: -- there are things you
didn't know about.

M5. GAVRILAS. W are once again
anticipating the next slide. So here is "I think what
you are saying" is the heading of the slide, whichis
in the nuclear industry, there are two prongs to
safety margins. And the two prongs | eave roomfor the
unknown unknowns that | believe Dr. Wallis was just
nment i oni ng.

There are a few probability density
functions, one the inherent capacity of the barrier,
for exanple. And the second one is the probability
density associated with your core prediction which is
the | oad. Sonewhere above that is the appendi x K
prediction. |In sone cases sonewhere, there's an

assunption that it is above it.
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So the first prong of safety nmargin, as
understand it, is that a safety limt is set such that
as long as you're operating underneath it -- but what
| mean by "operating underneath it" is the substanti al
part of the load probability density function stays
under the safety limt -- your probability of |osing
that barrier, your probability of failing that barrier
is negligible.

And then the second prong i s nowthat you
have the safety limt, stay under the safety limt and
stay under the safety limt for the design basis
accidents, either with the conservative assunptions
i nposed by appendi x K or by doing a best estinate plus
uncertainty at the required confidence |evel.

MR. BANNERJEE: How does this deal with
t he unknown unknowns?

MS. GAVRI LAS: What deals with the unknown
unknowns is setting the safety limt belowthe
capacity.

MR. BANNERJEE: | nagi ne that your results
on that | eft-hand side are dependent on scal e and you
cannot do large-scale testing. ay? So that's an
unknown that | have no estinmate of the uncertainty.

M5. GAVRI LAS: That's right.

MR. BANNERJEE: How does that blue |ine
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and the bl ack |line separation and that red thing have
anything to do with this unknown? It could be that
the blue line will cone right over to the right-hand
side of l|arge scale.

MS. GAVRILAS: It could be, but the intent
of the safety limt is to deal to the best of people's
knowl edge with unknown unknowns. The way | --

MR.  BANNERJEE: This is engineering
j udgnent .

M5. GAVRILAS: That's exactly what it is.
And they're achieved, actually, fromwhat | know.
They' re achi eved by negotiation very often, where the
regul ator is on one side of the table, the industry on
the other. And | think the 2,200 was deci ded exactly
that way, let's split the difference.

So yes. But you're hoping that these
experts, who are sitting around the table, know
sormet hi ng.

MR BANNERJEE: It's like the world trade
agreenent or something, WIO. It's got nothing to do
with reality.

M5. GAVRILAS: It only has as nuch to do
with reality as the experts sitting around the table
can infuse into it. You're absolutely right.

CHAI RVAN WALLI'S: Be careful, Sanjoy,
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because you may be maki ng sonme of these things.

VI CE CHAI RMAN SHACK: The ot her thing that
is unrealistic about this argunment is that if I'm
going to do a best estimate with uncertainty, ny
appendi x K prediction is probably to the right of the
safety limt.

And t he reason |' mdoi ng t he best estimate
with uncertainty analysis --

CHAI RVAN WALLIS: To bring it back.

VI CE CHAI RMAN SHACK: -- is to get bel ow
my safety limt. |'mpushing ny core to get something
here.

CHAI RVAN WALLIS: Well, are you going to
continue and tell us what safety margin is?

MR. BANNERJEE: No, but you haven't
clarified to ne yet how you deal with the unknown
unknowns. | don't think you can, frankly.

CHAI RVAN WALLI'S:  You can't. You can't.

MR. BANNERJEE: You cannot .

MS. GAVRI LAS: You cannot. The answer is
you cannot .

MR. BANNERJEE: |f you give nme an answer
saying | cannot, | nean, | will accept it.

MS. GAVRI LAS: That's the answer.

MR. BANNERJEE: Al right.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

173

M5. GAVRI LAS: The answer is you cannot.

CHAI RVAN WALLIS:  Well, you can, but you

can't do it with very

much confi dence.

MS. GAVRI LAS: Right.

MEMBER BONACA: But in nany cases,

however, even when t
exanpl e, take safety |
pressure, 50 psi. W

t he actual capacity of

here was no know edge. For
imt for the contai nment design
didn't know at that tine that

t he cont ai nnent was maybe t hree

times as high or nore, but we knew that there was

mar gi n above that. And then, of course, there was

testing being done for lick rate. And we knew t hat

functionally it wasn't

licking at the safety limt.

So the unknown was we didn't know where

t he margi n above that was, but we knew that there was

a solid Iimt. Now we discovered |ater on through

research that there was a big margin.

Now, in other paranmeters, it's not as

cl ear because it is not as |arge.

M5. GAVRILAS: | amtalking very little in

this presentation about what is done in terns of

separating the known unknown and t he variabilities and

the epistenmic and dilatatory uncertainties. And to

sone extent, | have tr

the draft NUREG t oo,

ied to pass the buck sort of in

because it is an area of growh
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and an area of devel opnent.

But I will give you an exanple of what is
being done. Wat is being done is there are
techni ques that generate a | ot of these probability
density functions, each of themcorresponding to a set
of epistemic uncertainties, lack of know edge on
certainties. So then, instead of getting one
probability density function, you get a famly of
probability density functions. And those sort of give
you an idea of how nmuch your |ack of know edge is
i npacting any of these distributions.

MR. BANNERJEE: You are saying you will
extrapol ate fromyour experi ence based on doi ng t hi ngs
in the past and say --

MS5. GAVRI LAS: There are sone techni ques
that are going in that direction. And you're
extrapolating. You're saying sort of if you know that
this is what you don't know, then naybe you have the
basis for maki ng a guess on where you should --

CHAI RMAN WALLI' S: That's just guessworKk.
| nmean, |ooking at Sanjoy's scaling question, you do
experiments at a lot of scales, maybe up to half
scale. Maybe you can't do it at full scale. And then
you can sort of see what pattern they form

You can do theoretical anal ysis to devel op



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

175

a code. And if it, mechanistically based, represents
the data at all of these scales, then you get nore
confidence in extrapolating it to full scale. You can
do a lot of things which help you to nore confidently
extrapol ate. You can never extrapolate exactly with
confidence one, but you can get closer to it.

MR. BANNERJEE: |'I| accept that argunent.

CHAI RVAN WALLI'S:  Which is what we do.
Now, | want to see what you define safety margin as.
That is a key point.

M5. GAVRILAS: That's it.

CHAl RMAN WALLIS: Wwell, tell us what it

M5. GAVRILAS: Well, it is the distance.
The actual safety margin --

CHAI RVAN WALLI S:  The di stance.

M5. GAVRILAS: -- is the distance --

CHAl RMVANWALLI S:  Kil ometers or sonet hi ng?

MS. GAVRI LAS: How about the di stance for

MEMBER SIEBER: In relativistic space.

M5. GAVRILAS:. It applies to only one
event scenari o.

CHAI RVAN WALLI S:  Ckay.

M5. GAVRILAS: What you are seeing here is
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one event sequence, one accident, one accident that
has one danage nechanism at the end. There's one
damage nechanism This damage nechanismis
represented by the safety variabl e that you see on the
X-axi s.

CHAI RVAN WALLI S:  Ckay.

M5. GAVRILAS: In that case, the safety
margin i s the distance between where the probability
of the | oad becones basi cal ly substantial to where the
probability of the capacity becomes non-negli gi bl e.

CHAI RMAN WALLIS: So in your definition,
it depends on what you define as negligible because
there could be an overlap, even when you define --

M5. GAVRILAS: |'massuming that there is

CHAI RVAN WALLIS: | had trouble with your
paper because you define safety margin as the di stance
bet ween the bounding prediction of the |oad and the
point at which failure becomes non-negligible. So
that would nean that if you have a safety nargin,
there's negligible probability of failure.

M5. GAVRILAS: O that --

CHAI RVAN WALLI'S: Wiy do you have any
safety margin at all? There's negligible probability

of failure with your definition.
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MS. GAVRI LAS: For the accident for which

-- yes, for that particular accident.

CHAI RVAN WALLI S:  But, then, in another
part of your paper, you see, you say, "The safety
margin, as defined in the glossary, gives the
probability of loss of function.” And it seenmed to ne
you had defined it so there was no probability of |oss
of function. It cannot be one thing and the other.

MS. GAVRILAS: This is for one accident.

CHAl RVAN WALLIS: But | have a | ot of
probl enms there because | thought when you said, "The
safety margin gives the probability of |oss of
function," | said, "Hallelujah. Someone at |ast has
got a proper definition of safety margin."

| 1 ook at the glossary. You have got this
thing, where it depends on what you nean by
negligible. 1t depends upon the scale you use for
your x-axis and --

MR. BANNERJEE: Wy didn't you sinply
non-di nensionalize it with the neans and the standard
devi ati on?

CHAI RVAN WALLIS: O sonet hing.

M5. GAVRILAS: Right nowlet ne go on
because - -

CHAl RMAN WALLI'S: Wit a nminute now. Do
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you nmean it's the separation between these things,
wher e not hing coul d happen, --

M5. GAVRILAS: O a design basis --

CHAI RMAN WALLIS: -- or is it the overlap
which gives you the probability of something
happeni ng? Those are very different things.

M5. GAVRILAS: The overlap is the
probability. The overlap --

CHAI RVAN WALLIS: Is that what you mean by
safety margin, sone neasure of overlap? | thought
that's what you neant in your whol e paper.

M5. CGAVRILAS: Actually, it's not the
probability of overlap between the capacity. It's
worse. It's the exceedance. That's why | keep trying
to interject.

Let ne address your first question.

CHAI RVAN WALLIS: | want to be clear by
what you nmean by safety margin, though. Is it the
separation? |f you separate with a safety margin,
not hi ng can go w ong?

M5. GAVRILAS: O the design basis
acci dents.

CHAI RMVAN WALLIS: O is it the other
definition, where safety margin is a nmeasure of the

probability of something going wong? There are two
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probably different ideas.

MS. GAVRI LAS:. | agree.

CHAI RMAN WALLIS:  Which is it?

M5. GAVRI LAS: What you see over here.
Thi s noves fromacci dent to acci dent, whi ch neans t hat
if you have drawn the safety [imt so that this stays
under it for design basis accident, that doesn't neant
that this probability density function is not goingto
shift to the right such that you will actually start
interfering with the capacity in a non-negligible way

CHAl RVAN WALLIS: That doesn't tell ne
what you nmean by safety margin.

MS. GAVRILAS: -- in other accidents.
mean this by safety nmargin. Sone --

CHAI RMAN WALLIS: If there is a safety
margin like this, you' re sayi ng nothing can happen, an
acci dent cannot happen, danmage cannot happen, because
there is a space between these probability
di stributions?

M5. GAVRI LAS: That's right.

CHAI RVAN WALLI S:  But not hing can happen.
Yet, in your text, you say the safety margin gives the
probability of --

MS. GAVRI LAS: I n sone accidents, these
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two cone together.

CHAI RVAN WALLI'S:  But then your definition
has got to be consistent. That's all |'m asking for.

M5. GAVRI LAS. kay. |I'm--

CHAl RMAN WALLIS: Either it gives a
probability or it gives the condition of zero
probability. It cannot be both.

VI CE CHAI RVAN SHACK: Let me cone back
In the case of dealing with the unknown unknown, the
safety margin is the difference between that onset of
failure and your safety limt.

That best estimate plus uncertainty isn't
the real world. That's only a calculation. |If you're
wrong, that's why you have the safety margin. The
safety limt is set below the safety margi n because,
in fact, even though you're calculating your best
estimate plus uncertainty, it could be wong. And the
uncertainty is not what you think it is.

Your appendi x Kcalculationisintendedto
be conservative, but if it isn't conservative, what
addi tional margin you have is --

CHAl RVAN WALLIS:  You're down froma
boiling, which you didn't put into it.

VI CE CHAI RMAN SHACK: -- safety limts and

the onset of failure.
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CHAI RVAN WALLI S: Right.

VI CE CHAI RMAN SHACK: So | woul d argue
that the portion of this thing that addresses the
unknown unknowns is that delta. The safety margin you
have shown is a fictitious thing because | don't know
where the real distribution of |oads is.

M5. GAVRILAS: But the fact that the
safety margin is defined in this way does not bear on
calculating the risk. Hows that? It does not bear
on cal cul ating the ri sk.

Let ne go on to the next slide.

VI CE CHAI RVAN SHACK: It bears on when |
aml|osing safety margin. If all my calculations are
bel ow the safety Iimt, | haven't |ost any margin, --

MS. GAVRI LAS: Yes.

VI CE CHAI RMAN SHACK: -- even though |I am
sonetimes closer or further fromthe safety --

CHAI RMVAN WALLIS: Even though you are
cl oser, right.

M5. GAVRI LAS: That's right.

VI CE CHAI RMAN SHACK: If ny appendix Kis
really conservative, ny probability of failure just
isn't going up.

CHAI RVAN WALLIS: It's still zero.

VI CE CHAl RMAN SHACK: It's still zero.
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It's only when | go over that safety nmargin --

CHAI RMAN WALLIS:  So how can safety nargin
be nmeasured by the | ength between the arrows, then, if
it doesn't change when you nove that thing around?

M5. GAVRILAS: It does not. It doesn't --

CHAI RVAN WALLIS: It only changes when it
crosses a boundary.

M5. GAVRILAS: The initial work that was
done here -- | think there are several questions now.
| amgoing to try to -- there are several issues.
amgoing to try to take them one by one.

The initial work that | did in this area
actually attenpted to quantify -- and it's in the
appendix. It's a very brief -- attenpted to quantify
the loss of margin incurred when you nove that best
estimate plus uncertainty distribution to the left.
Yet, you still stay under the safety limt.

The problemwith that is it flunked the
test on current -- denonstrate your nethodol ogy to an
i ssue of current regulatory interest because we don't
have acceptance criteria for eval uating any such | oss
of margin.

If | just nove that blue distribution a
bit to the right, yet, it doesn't inpinge on the

safety limt, | don't have an acceptance criterion for
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that. W're saying that it's okay.

But one thing is that the safety margin --
| believe that this is the definition of safety
margin. Yet, to calculate the probability, to
calculate a risk metric, this definition is going to
just stay a definition. |It's just inform ng what
safety margin is.

MEMBER BONACA: The begi nning of the
bracket there is the best estimate cal cul ation plus
uncertainty?

MS. GAVRI LAS: The blue one. This one.
This is the best estimate value. And this is --

MEMBER BONACA: The uncertainty?

MS5. GAVRI LAS. The uncertainty.

CHAI RVAN WALLI'S: Were did you cut off
the tail?

MS. GAVRILAS: |'msorry?

CHAI RVAN WALLIS: Where are you going to
cut off the tail?

M5. GAVRI LAS. Not exactly, didn't even
make an attenpt at putting nunbers to what | nean by
negligi ble or non-negligible. This part is far from
t hat .

CHAI RVAN WALLIS: |'m assum ng you can

calculate this probability distribution. Now, you may
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cal cul ate, you know, '99 values of PCT, which are
1,500, plus 2, which are 2,300. Wat do you do now?

You know, it's a doubl e hunp di stri buti on.
You' re assum ng that something |i ke that changed. It
may not be. It nay be that once you get in across
some bifurcation, you get a disaster. So you have a
probablistic distribution, which has not hing here and
t hen anot her --

M5. GAVRILAS: | amdrawi ng them as nor mal
or conveni ent.

CHAI RVAN WALLI'S: Not necessarily. It's
a whole lot of --

M5. GAVRILAS: |'mnot naking any
assunption about it being normal. As a matter of
fact, there's a bit of formalism the background, that
| think says yes, it's okay to draw that margin the
way | did.

CHAI RVAN WALLIS:  There's a problem It's
a problemI|'mraising, which is how do you establish
this curve that you drew there? And what do you have
to do in order to establish it? You have to do a
nunber of experinents. You have to actually quantify
what it is you nmean by the certainty with which you
can predict that curve.

M5. CGAVRILAS: And you do it by, for
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exanpl e, the best estimate plus uncertainty
nmet hodol ogy that's accepted for |arge break LOCA
cal culations in the design basis.

MEMBER BONACA: But it should be the set
of the bracket there.

M5. GAVRILAS: And you do it to 95, 95
confidence | evel.

CHAI RMVAN WALLI'S: No. That's again the
guestion. If I do 59 runs or say | do lots nore
because | want to get it, you know, nake it nore
evident, so 210 runs. So | can take the top four or
something. And | find that 2 of themare 2, 300.

m ght say, what were the conditions that |led to those
2, 3007

|"mnot going to just accept this thing.
|"mgoing to look at how | got there because there's
somet hi ng odd about the fact that |'ve got a group of
poi nts where, you know, there's a certain conbination
of circunmstances where | leap over them at the
boundary, right?

There is a whole | ot of questions that
come up with these kinds of methods. And when you
draw a curve like that, you're sort of assum ng that
that is the way things are.

MR.  BANNERJEE: And it can happen
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practically in experinents.

CHAI RMAN  WALLIS: It can happen
practically in experinments, right.

MR. BANNERJEE: Because let's say in one
case you drain the steam generators or sonething and
you get enough water inventory to re-wet the system
and in another case you don't.

CHAl RVAN WALLI S:  Li ke the CMIs. The CMIs
and AP600 can drain at different tines.

MR. BANNERJEE: That neans it doesn't
re-wet. So you can get totally different clad
tenperature. So in practice, if you |ook at
experiments, you can get binodal distribution. So
it's not that she's just pulling it out of the hat.

M5. GAVRILAS: | believe it. And | wll
tell you I haven't thought about it, and it doesn't
seemto be a trivial question that | can answer right
now. | have put it down as something to consider and
to think about.

CHAI RMAN  WALLIS: | think if you
concentrate on what | thought was a good definition,
whi ch was the overl ap probability, and how accurately
you can calculate that, | think that is a very good
way to start.

M5. GAVRI LAS: Should | skip these?
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CHAl RMAN WALLI S: It doesn't matter if

it's binodal. It doesn't matter what it is. You
know, as long as you're saying, "That's ny
definition," then | can use that. | can't use
somret hi ng whi ch assunmes normal distribution. It's not
general enough.

M5. GAVRILAS: | hope | have not. And if
| have, | wll go over the report with a fine
t oot hpaste --

(Laughter.)

CHAI RVAN WALLI S:  Toot hed conb.

M5. GAVRILAS: -- to renove it.

MR. BANNERJEE: Wy don't you go back to
t he previous slide?

M5. GAVRILAS: Let nme go to the previous
because - -

MR. BANNERJEE: Show it with a weird
shape. Don't show it nornal

M5. GAVRILAS: | will do that.

MR. BANNERJEE: That will take care of it.

M5. GAVRILAS: | will do that. But, as
said, the previous slide is the definition of safety
mar gi n.

CHAI RVAN WALLIS: That's what | have

trouble with. | don't know what you nmean by safety
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mar gi n yet.

M5. GAVRILAS: It will not have a bearing
on calculating the risk nmetrics. And | think --

CHAI RVAN WALLIS: Is that relevant?

MS. GAVRILAS: | believe so.

CHAI RVAN WALLIS: Get that slide right.
Let's forget it.

M5. GAVRILAS: Not just that slide. From
our discussion right now, if it's a cause for
confusion --

VICE CHAIRVAN SHACK: If it is
nmeani ngl ess, why do we have to integrate it with risk?

M5. GAVRILAS: |'Il leave that one and try

MR. BANNERJEE: Now, does safety nmargin
matter or doesn't it matter?

M5. GAVRILAS: Well, that's a great
guestion. Safety nmargin does not matter unless you
have lost it, unless you have |ost enough of it,
unl ess you have | ost enough of it to exceed the safety
limt. Safety margin only starts mattering when you
have | ost enough to exceed the --

CHAI RVAN WALLI'S:  Your thesis --

MR. BANNERJEE: In other words, if it

beconmes negati ve.
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M5. GAVRILAS: -- as used in this

framewor k here.

CHAI RMAN WALLI'S:  Your thesis, your thesis
-- | think it's right, -- | think I've got it right,
which | like -- is that you're focusing on the
probability of |oss of function.

M5. GAVRI LAS: That's right.

CHAl RMVAN WALLIS: And safety nmargin is
such a qualitative thing that it doesn't really help
you until you have a probablistic definition. 1Is that
right?

M5. GAVRI LAS. | hope so.

CHAI RVAN WALLI S:  That wasn't clear from
your paper. That's what | want to get clear.

VR. BANNERJEE: Neither from your
presentation up to this point, actually.

MS. GAVRI LAS: Because | amstill at this
point. That's why, | hope, if | nmanaged to --

MR. BANNERJEE: In the first slide, you
have to make your point. O herw se everybody is going
to ask you questi ons.

CHAI RVAN WALLIS: See, otherwise it's a
di straction and we get the wwong idea of what you're
doi ng.

MS. GAVRI LAS: Well, | believe that the
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reason is that safety -- I'll leaveit. 1'Il leave it
because I'll just get nyself into nore hot water. So
et me just skip over that.

CHAI RVAN WVALLIS: As |long as the hot water
isn't too hot.

M5. GAVRILAS: Sitting here, it's awful.

CHAI RVAN WALLI S: Less than 2, 200.

MR. BANNERJEE: Exceeded your safety
mar gi n.

M5. GAVRILAS: | have not yet, thank God.
|"mgetting close to the limt, though.

(Wher eupon, the foregoing matter went off

the record briefly at 1:55 p.m)

M5. GAVRILAS: Wll, | amgoing to mention
why | believe -- and | amgoing to skip over this very
-- why | believe that that drawi ng of safety marginis
actual Iy substanti ated, not just by what we under st and
inthe industry with those two prongs, but also if you
| ook at nore formal definitions of safety margin as
the difference between the two nmeans over the square
root of the two standard deviations, you actually
capture the sane inage that | had --

CHAI RMAN WALLIS: Definition of safety
margin mnus the log of the probability of failure.

M5. GAVRI LAS: Again? Sorry?
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CHAl RVAN WALLIS: The probability of

failure is 10°% The safety margin is six. Well,
even with natural log, we -- mnus the log of the
probability of failure.

MS. GAVRI LAS: Haven't seen that one.

CHAI RMAN WALLIS: The bigger it is, the
better it is.

MR. BANNERJEE: Divided by the standard
deviation, multiplied by the --

MEMBER DENNI NG  This stuff -- are you
going to go through this?

M5. GAVRILAS: | would like to skip over
it because | think that this is historical, what we
nmean by safety margin. And, therefore, it justifies
the probability that | am going to calculate for
| osing for | oss of function.

CHAI RVAN WALLIS: Well, let's get there.
Let's get going.

MEMBER DENNI NG | just had a coupl e of
gui ck points on it, though.

MR. BANNERJEE: The definition she's got

VEVBER DENNI NG Now, as a definition, the

definition that's here is not exactly the sane as the

definition you had previously. |It's conparable in
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some ways, this one, but it's not the sane.

And | got alittle confused in the report
as to whet her you were saying that they were the sane
or whether this is just an alternative.

M5. GAVRILAS: It's consistent. 1t's not
the sanme. But it is consistent with that physica
conceptually with the way | -- as opposed to -- |'11I
tell you why that appears there.

| have seen safety nmargin defined as the
di fference between the neans. And | believe nany of
you have seen that. But it is in the open literature.
You see it alot, the difference between the nmeans of

the two distributions. And I've just said that that's

MR. BANNERJEE: This one is
non-di nensional. It's not three mles.

M5. GAVRILAS: It will disappear. This
slide is strictly in response to a question that you
haven't raised, which nmeans there is another
paranmeter. The convol uti on between the two --

CHAI RMAN WALLIS: W said this. W
al ready sai d the shape of the probability distribution
mat t er ed.

M5. GAVRI LAS: No. This says --

CHAI RVAN WALLIS: But you're saying it
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agai n.

M5. GAVRI LAS. Exactly.

CHAI RMAN WALLI'S: Ri ght.

M5. GAVRILAS: This is it's not just
safety margin that's formally defined, but al so these
two have the sane nean and t hey have t he sane standard
devi ations. Yet, one would choose very different
safety factors to --

MEMBER POAERS: What if there were
Laurentz distributions?

MS. GAVRI LAS. Sorry?

MEMBER POAERS: What if there were
Laurentz distributions?

M5. GAVRILAS.: |'msorry?

CHAI RVAN WALLI S:  Laurent z.

MS5. GAVRILAS: | couldn't hear it.

MEMBER PONERS: \What happens if there are
Laurentz distributions? W tend to use Gaussian to
descri be experinmental uncertainties, though, in fact,
uncertainties probably are Laurent z-di stri buted. Now,
what happens in that case?

M5. GAVRILAS: Haven't given it any
t hough.

MEMBER PONERS: There is no definition

The vari ance i s undefi ned.
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M5. CGAVRILAS: Fortunately for ne, the

probability of the |l osing function that then goes into
the risk netric does not depend on the shape of the --
CHAI RVAN WALLI S:  You guys have the sane
standard devi ation. They don't have the same nean, do
they? You have to nove one over in order to do that.
MS. GAVRI LAS: Yes, | have to.
CHAI RVAN WALLIS: | think if you nove the
green on over, you would nake your point better that
t he green one --

M5. GAVRILAS: Right. | have to nake one

CHAI RVAN WALLIS: -- would then overl ap
the safety variable. That's the whole point.

M5. GAVRI LAS: One ought to go like this
and the other one ought to go like this.

CHAl RVAN WALLIS:  Then it would nove it
over. Then it would nove the green one over. Then
you woul d nake your point. You've got the sane nmean
and standard deviation, but the green one has sone
mechani sm for disaster and the purple one does not.

M5. GAVRI LAS. Thank you. Yes. And it
actual ly makes the point better.

CHAI RVAN WALLI'S: This one doesn't make

the point. This one does nake the point.
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MEMBER PONERS: Clearly anything el se wll

be at |east as good.

CHAl RVAN WALLIS: The probability of
maki ng the point with this one is zero.

MEMBER PONERS: Then anything el se will be
at | east as good.

CHAI RVAN WALLIS:  We're being supportive.
So pl ease go on.

M5. GAVRILAS: | can tell. I'm
over whel mned by your support.

(Laughter.)

(Wher eupon, the foregoing matter went off

the record at 2:00 p.m and went back on

the record at 2:01 p.m)

MS. GAVRILAS: Let's nove on because the
ideais -- and we tal k about these distributions. And
maybe we have tal ked to themtoo nuch, but | wanted to
have, what is the safety nmargin? But now how do we
transl ate the concept that's enbedded i n safety margin
into sonething that can be enbedded in risk?

The concept, | said, how about if we use
the safety limt as a surrogate for the capacity for
the entire distribution of the capacity? The reason
for doing that other than its convenience is if you

assume that failure occurs discretely when you reach
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the safety Iimt, of course, your life is nuch easier
conputationally. And it captures the safety margin
What it captures about the safety nmargin --

CHAI RVAN WALLI'S:  Failure could cost the
regulation. Certainly occurs when you exceed sone
limt. So that's a good definition. Operationally in
terms of what you do when you submit an application,
that's exactly what happens.

M5. GAVRI LAS. Yes. The assunption is
exactly that. Now, what it does and what it captures
out of the concept of safety marginis that it |eaves
room for unknown unknowns. And, as | said, how nuch
room that remains to be determ ned. But for current
reactors, that's not an issue, like | said in the
begi nni ng.

CHAI RVAN WALLIS: Wiy does it | eave extra
room for unknown unknowns?

MS. GAVRI LAS. Because you are --

CHAI RVAN WALLI S: Because you're staying
further away --

M5. GAVRI LAS. The safety limts have been
set in a conservative manner. That is a presunption
t hroughout the report --

CHAI RVAN WALLI S:  Ckay.

MS. GAVRILAS: -- that relative to the
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| oad, the safety limt has |left some room That's
why.

MR. BANNERJEE: But you are saying you are
setting a direct delta function for the capacity here.
So what you are --

M5. GAVRILAS: | amusing the direct delta
function at a value of the safety |imt as a surrogate
for the capacity in the interference of capacity and
load. This is the part that --

MR. BANNERJEE: You are using the capacity
at the safety limt, at putting it directly at a
function for --

MS. GAVRI LAS: Yes.

MR. BANNERJEE: That's not clear from
t hat .

CHAl RVAN WALLI S:  Di saster occurs at 2,200
degr ees.

M5. GAVRILAS: That's exactly right. You
have lost function at 2,200 degrees, not at 2,400.
That's exactly right.

CHAI RVAN WALLI'S:  What is the excuse for
having that to be 95, 95, then? Because then five
percent of the time, you're going to have disaster.

M5. GAVRILAS: One needs to cut off,

right, one --
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VI CE CHAI RVAN SHACK: That tenperature is

goi ng to exceed 2, 200.

CHAI RVAN WALLI S:  Yes, but she has defined
it as disaster.

M5. GAVRILAS: One needs to define
negligible. | believe that woul d be the excuse for
that, right? 1t's basically how do you define
negligible? And in that case --

CHAI RVAN WALLIS: | expect ny brakes on ny
car to work nore than 95 percent of the tine. Let's
nove on here.

M5. GAVRILAS: Yes. Finally, | believe
that one of the justifications for doing this is that
wi t hout | eaving room for these unknown unknowns, if
you cal cul ate the risk nunber, even under idea
ci rcunst ances, you' re goi ng to have a non-conservative
ri sk estimate.

MR. BANNERJEE: | amnot sure. What do
you nean by that |ast statenent?

M5. GAVRILAS: What | nean is that let's
assume t hat you have not hi ng but al eatory uncertainty.
And let's assune that that's true and you can get both
the probability of the |oad, the probability density
function of the load, and the probability of the

capacity, density function of the capacity, exactly.
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And you convolute the two. And you get your
probability of failure out of the convolution of the
t wo.

If you haven't included the fact that
unknown event s can happen, your risk is
non-conservative. The risk nunber that you cal cul ate
t hat way woul d be non-conservati ve.

VI CE CHAI RMAN SHACK: The correct delta is
because we don't know what the distribution --

M5. GAVRILAS: That's in the report.
That's right. W have so few data. That's the first
bullet. Let me back off because |I was hopi ng that
that is the first bullet. | don't need to back off.

CHAI RVAN WALLI'S: Anot her argunent is
regul atory consistency and understandability. |If a
speed limt is 65 mles an hour, people understand it.
| f you start tal king about probability distribution,
you know, it's very easy to have a direct delta
function as a limt. |It's very easy to adm nister.
It's a good --

MEMBER KRESS: Yes, but the real world is
a probablistic one. And we need to understand the
real world --

CHAl RVAN WALLIS: There's a lot to be --

MEMBER KRESS: -- and then back off from
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the real world to this. | think we're going about it
backwar ds.

MEMBER POWNERS: You don't ever want to
back off the real world.

MEMBER KRESS: | nean back this out. |'m
sorry. Back this out of the real world. And the rea
wor | d neans you have to have sone estimate of the ful
probability distribution. You can't just say there
are unknown unknowns. You have to have sone sort of
guess at what they are.

CHAI RVAN WALLI S:  That's what science and
research is all about.

MEMBER KRESS: That's right. And | think
you are starting fromthe wong end here. You should
start fromthis whole probability --

VI CE CHAI RVAN SHACK: It's not so easy to
know that your safety limt is, in fact, a safety
limt. That's an acconplishnment in itself.

MEMBER KRESS: That's right, but if you
knew t he probability distribution, you woul d have had
some guess at it. You would know.

CHAI RMAN WALLIS: If it's defined by the
NRC, it is a safety limt.

MR. BANNERJEE: | guess he is proposing an

axi om
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MEMBER KRESS: | am  Yes, yes.

MR. BANNERJEE: And then you have to see
what happens.

MEMBER KRESS: Yes. That's what | was
pr oposi ng, Yyes.

CHAIRVAN  WALLIS: So this is a
sinplification here, right?

M5. GAVRILAS: It's a substantial. So,
t hen, how do you cal cul ate? Under this assunption
how do you cal culate the conditional probability of
| osing function? You have --

CHAI RVAN WALLI'S:  You have to slide it
al ong.

M5. GAVRILAS. You slide it along. And
everything that exceeds the safety limt is your
probability of exceeding --

CHAI RVAN WALLI'S: | understand that.

IVB. GAVRI LAS:  Your conditional

probability of it.

CHAI RVAN WALLI'S:  What is the margin, now?

Does this have anything to do with the margin
di scussi on we had before?

M5. GAVRILAS: | will say it again, that
| will probably after our discussion today renove

chapter 2 in its entirety.
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CHAI RVAN WALLIS: But as you slide it to

the left, you' re gai ning margi n because you have | ess
probability of failure. And it's a very good way of
describing it. Wy don't you stick with that? And
then you' Il --

MEMBER DENNING \Well, wait a second.

What woul d you define as margin here?

CHAI RMVAN WALLIS: It goes along with the
probability of failure. Essentially it's the anount
of overlap, the purple stuff. |If you slide it to the
| eft, you get nore margin.

MEMBER DENNI NG  Non-margin to ne.

MS. GAVRI LAS: One mi nus.

CHAI RVAN WALLIS: Mnus the log. You have
m nus the |og.

M5. GAVRILAS: One minus the log of the
purple stuff.

CHAI RVAN WALLI'S: One minus the |log of the
probability of failure.

M5. GAVRILAS: One minus the |og of purple
stuff.

CHAl RMAN WALLI S: No, no. M nus because

MS. GAVRI LAS: M nus.

CHAI RVAN WALLI'S: Log of 10°is -6. And
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mnus -6 is 6.

M5. GAVRILAS: Ckay. So why am | calling
it conditional? I'mcalling it conditional because,
once again, that probability was cal culated for one
event sequence based on a determnistic cal cul ation.

And I'm giving here an exanple of a
cal cul ation that woul d have a specific break size. It
woul d have sequence of actuation signals. Certain
mtigation systems will conme into play. And, thus,
the calculation wiuld be. Thus, a conputed
probability of losing function is conditioned on the
occurrence of the event.

Now, the question is, when is margin
inmportant? And if you have an event sequence in which
this is a power uprate event sequence, the seventh
path in a large LOCA eventually for Browns Ferry --
and you'll see on this graph the blue is the | ower
bound of two signma and the red is the upper bound,
it's calculated rather crassly with just decay power
and punp flow rate as vari abl es.

So before the power uprate, you have a
probability of |osing margi n of about 33 percent.

CHAI RMAN WALLIS: This is for one
particul ar event?

M5. GAVRI LAS: For one single event, as |
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said, a large LOCA 7.

CHAI RVAN WALLI'S:  You coul d concei vably
just have LOCA as a variable, too, LOCA size. And
then that would give you a spread |ike this, too.

M5. GAVRI LAS: That's right.

CHAI RMAN WALLI'S:  Incorporate it into your
statistics.

M5. GAVRILAS: That's right. That could
be one of the variables that is treated as a
di stribution, sure.

Now, the point of this slide is that you
have -- yes, you have lost margin clearly here. As a
matter of fact, you have |ost enough margin to have
sonme purple, as it's becone known.

But because this event is so infrequent,
it really isn't of concerntorisk. So a well-devised
nmetric that considers loss of margin ought to also
consider the frequency of occurring at the event in
whi ch margin was | ost.

MEMBER KRESS: Yes. That's what | was
saying previously. You have to do the real risk
cal cul ation and get t he real probability's
di stri bution.

CHAI RVAN WALLIS: Al the way through.

MEMBER KRESS: Yes, all the way through.
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You have to really start fromthat end.

CHAI RVMAN WALLI'S: Ri ght.

MR BANNERJEE: But there is an
uncertainty in that probability.

MEMBER KRESS: Ch, yes. And you can't
just have a probability. You have to have a
distribution. And you have to figure out sonme way to
guantify that, even though it's --

CHAI RVAN WALLI'S:  You need a confidence.

MEMBER KRESS: -- got both kinds of
uncertainty init. You have to quantify both kinds of
uncertainty some way.

CHAI RVAN WALLI' S:  You need a confidence in
your probability probably, --

MEMBER KRESS:. Yes, that's right.

CHAI RMAN WALLI'S: -- something |ike that.

MEMBER KRESS: So | think we're starting
fromthe wong end.

CHAI RVAN WALLI'S: | think you have gotten
to somet hing which is val uabl e.

MEMBER KRESS: Yes. | think she's got a
good take on where are we going, but | think this --

CHAI RVAN WALLI'S: | think margin has sort
of di sappeared fromthe di scussi on, though. Now we're

tal ki ng about probablistic risk analysis.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

206
M5. GAVRILAS: | will say it once again,

that I will renove chapter 2.

MEMBER DENNING How did you get the
probability of the occurrence of this event being one
times 10°°%?

M5. GAVRI LAS: SPAR nodel .

MEMBER DENNI NG Well, now, wait a second.
This sequence in PRA the probability of this
sequence, is zero. | mean, this has no risk in PRA
space.

CHAI RVAN WALLIS: Because it uses the
mean?

MEMBER DENNI NG  Because we use criteria
that are associated with success criteria.

CHAI RVAN WALLI S:  Ckay.

MEMBER DENNING  And | think this success
criterion here is that this is successful, that the
ECCS works. So that if we did this analysis in PRA
space, we would get zero risk for this scenario,

t hi nk.

CHAI RVAN WALLI S: Because this PRA has no
way of accounting for uncertainties in thermal
hydraul i cs, does it?

MEMBER DENNI NG  Well, | nean --

VEMBER KRESS: It does.
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VMEVMBER DENNI NG It does, but, | nean,

it's a matter of let's --

CHAI RMAN WALLIS: In this way, though?

MEMBER KRESS: You can deci de on success
criteria by using --

MEMBER DENNI NG Yes, you could, but it's
go or no go.

MEMBER KRESS: Yes, but that --

MEMBER DENNING And it could --

MEMBER KRESS: It's a big difference
bet ween one punp off and the other one. 1It's such a
bi g di fference t hat you' ve cal cul at ed t hat
probability. Probability when you' ve got everything
running is like one of success. Wen you ve got to
| ose one, the probability of success is |ike zero. So
you real ly are counting for that the probability is in
t he success criteria.

CHAI RVAN WALLI'S: The PRA doesn't run the
thermal hydraulic codes or 500 tines to get a
probablistic distribution in order to figure out
whether it goes this way or that way.

MEMBER DENNI NG  Now, it's possible that
one m ght decide over here that this is -- and nmaybe
that is what you were saying, Mrela, is you | ook at

this and say, "Ch. Wll, | say that this is actually
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the failure in PRA space fromny success criteria.”

M5. GAVRI LAS. After the power --

MEMBER DENNI NG And that's probably what
t hat one --

M5. GAVRI LAS: After that power uprate,
you m ght relabel that path as fail ed.

MEMBER DENNI NG  Label that path as a core
damage.

M5. GAVRILAS. But, really, for a nore
likely task --

MEMBER DENNI NG If you look at it
probablistically, you' re doing --

CHAI RVAN WALLIS: If you | ook at the
current regul ations, you can have a power uprate. And
you can have a power uprate whereby the ECCOcriteria
are violated. You' ve got tenperatures of 2,300
degrees or something in some LOCAs.

And, yet, when you |look at the PRA,
there's no change at all in risk. That can happen.
The PRA doesn't do the sane kind of cal cul ations that
go into the realistic thermal hydraulics code.

So | thought that was what you were trying
to do, was to pull together these deternmnistic
regul ations, like the realismand the 95, 95, 2,200,

sonmehow relate that to what happens in the PRA  So
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the PRA could be nore responsive to the thernal
hydraulics and the thermal hydraulics could be nore
responsive to the accident sequence. And that would
be wonderful .

MS. GAVRILAS: That's what | think --

CHAl RMAN WALLI'S: Wonderful .

M5. GAVRILAS: -- this is doing. | nean,
that's --

CHAI RVAN WALLIS: | think the idea is
good, yes.

VB. GAVRI LAS: Now you have the
probability that an event sequence wll occur,

basically calculated fromthe initiating event and t he
sequence of events, and you have the conditional
probability that the core will |ose function, for
exanple, estimated, as | showed earlier, in terns of
exceedance of the safety limts.

CHAI RVAN  WALLIS: Wth a lot of
probablistic uncertainties incorporated.

M5. GAVRILAS:. Wth all the uncertainty
captured --

CHAI RVAN WALLI'S: Because determ nistic
cal cul ations --

M5. GAVRILAS: -- in the |load --

CHAI RVAN WALLI S:  Yes.
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VI CE CHAI RMAN SHACK: This really is an

uncertainty analysis for the PRA

CHAI RVAN WALLIS: That's right. That's
where it is, right. That's what it |ooks liKke.

VI CE CHAI RVAN SHACK: | nean, | don't see
the difference between this and -- | nean, when | do
my thermal hydraulic calculations, if |I'mdoing an
uncertainty analysis, | don't do one thernmal hydraulic
calculation for a sequence. | do a bunch of them

But | get a success or a failure for each
one of those that | do for that. And | add it up. |
get a probability that | am going to exceed about
one-third.

MS. GAVRILAS: And that's that neans of
basically --

VICE CHAIRVAN SHACK: Is this any

different, then, than a PRA with an uncertainty

anal ysi s?

M5. GAVRILAS:. | believe that the safety
[imt, using the safety limt, as opposed to the
capacity, is the difference. It's the difference.

But otherwiseit's the same. But |I'mafter neeting an
obj ective, the objective being capture all of these
di fferent types of changes.

VI CE CHAI RVAN SHACK: GCkay. |If you
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mai nt ai n exceedi ng the safety limt as it -- sooner or
| ater, you end up naking your safety limt into core
damage.

CHAI RMAN WALLIS: | think the safety limt
becomes the PRA success criterion.

M5. GAVRILAS: That's it.

VI CE CHAl RMAN SHACK: No. Well, it
beconmes the probablistic success criterion.

CHAI RMAN WALLI'S: That's the sane thing.
It becones the success criterion.

VI CE CHAI RVAN SHACK: That's right. GCkay.

MR. BANNERJEE: That's the postul ate.

CHAI RMAN WALLIS: It's an operating --

VICE CHAIRMAN SHACK: Well, it's the
conditional probability that the core wll |ose
function nakes it sound a whole lot |like a PRA. If

you want to say the conditional probability that ny
safety limt will be exceeded, then you have sonet hi ng
different. The way you have got the slide, it's a
PRA.

CHAI RVAN WALLIS: But | think she's trying
to say it's the same thing.

VI CE CHAI RVAN SHACK: No, they don't have
to be. You can --

MS. GAVRI LAS: But it isn't the same
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thing. So | should fix it.

VI CE CHAI RMAN SHACK:  Yes.

M5. GAVRILAS: It is not the sane thing.

VI CE CHAI RMAN SHACK: If you want to nake
it the sane thing --

M5. GAVRI LAS: That's right.

VI CE CHAI RVAN SHACK: -- then you will
have a PRAwith uncertainties. If you want to nake it
the safety limt, then you have sonething different.

M5. GAVRILAS: "Il fix it. Okay.
CGeneralizing to nultiple barriers. And this is a
t hought exerci se towards appl yi ng t hi s net hodol ogy f or
advanced reactors, probably in PRA now of setting
safety limts for advanced reactor.

The premise is that any reactor is going
to have fission products that are going to be encl osed
by multiple barriers, one or nore barriers and that
for each of these barriers, you can define, you can
i dentify damage nechani snms, and that you can identify
the safety variables that govern the onset of those
darmage nechani sis.

CHAI RVAN  WALLIS: You can neke a
generalization of CDF and LERF. When CDF is breaking
one barrier, LERF is breaking several barriers.

MS. GAVRI LAS:. Several, right, three.
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CHAI RVAN WALLIS: Isn't it a

generalization of CDF and LERF?

M5. GAVRILAS: It's exactly that. It's
just taking it --

CHAI RVAN WALLIS: | nean, this can be done
for all reactors.

M5. GAVRI LAS: A step further.

CHAI RVAN WALLI S: Because conceptual ly you
can tal k about breaking a barrier for anything, any
ki nd of break.

MS. GAVRI LAS: Yes.

CHAI RVAN WALLIS: | don't know what you do
with salt maybe, but that's all right, too. Anyway,
SO you are saying that --

VB. GAVRI LAS: | thought the
el ectromagnetic field --

CHAI RMAN WALLIS: -- you are working
towards generalizing concepts |like CDF and LERF to
r edesi gn.

MEMBER KRESS: |f you want a real
generalization that incorporates all reactors,
including the salt, you will tal k about the frequency
of release of given magnitudes of radioactivity.

CHAI RVAN WALLI'S: To the environnent?

Vell, it's the whol e thing.
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MEMBER KRESS: Yes. Wll, you can
separate it --

CHAI RMVAN WALLIS: Fromone region to
anot her region.

MEMBER KRESS: -- frequency of rel ease
fromthe fuel, for exanple.

CHAI RMVAN WALLIS: Fromone region to
anot her region.

MEMBER KRESS: Yes.

CHAI RVAN WALLIS: Right. That's okay.

MEMBER KRESS: That's a real
general i zation.

CHAI RMAN WALLIS: That's right. | Iike

that. That's what we had in mnd, wasn't it, with

t hat ?

MEMBER KRESS: That's exactly what we had
in mnd.

CHAl RVAN WALLIS: |Is that what we had in
m nd?

MEMBER KRESS: That's why | renenbered it.

CHAI RVAN WALLI'S:  That's why | was trying
to put my words into her thing --

MS. GAVRILAS: Here's how this would work.

CHAI RMVAN WALLIS: That's right. That's

it. That's what we said that Mrela had so nuch
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trouble wth,.

MEMBER DENNING | don't think that's
really true, but if go ahead.

M5. GAVRILAS.: No. |I|'menjoying this.
You agree, right, with sonething?

(Laughter.)

M5. GAVRILAS. So here the concept is
basically propagating the concentration of fission
products in whichever units you would |ike through
successive barriers. And you can calculate the
consequences - -

CHAI RVAN  WALLI'S: There are no
consequences, presumably, until it goes through the
| ast barrier.

M5. GAVRI LAS: Well, | was thinking the
control room operator, for exanple.

CHAl RVAN WALLIS: Well, there mght be
some. kay. Good thinking.

MEMBER DENNI NG  Go ahead. In principle.
Go ahead because | really don't think, in practice, it
really is of value, but let's continue. W wll get
back and tal k about it.

M5. GAVRI LAS. kay. So the probability
of releasing to the public is just basically the

probability of the initiating event and failing --
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CHAI RMVAN WALLIS: It's not a sequence |ike

t hat .

M5. CGAVRILAS: -- failing subsequent
barriers.

CHAI RMVAN WALLI S:  Dependent on conditi onal
on the other failures, right?

MS. GAVRI LAS: Yes because, actually, when
you sinul ate a CDR acci dent, for exanple, in MELCHOR
you are assuming certain failures to fail the next
barrier.

MEMBER DENNING But it's one. | nean,
for lightwater reactors, you nelt a core and you f ai
every barrier to sone degree, even the contai nment.

MEMBER KRESS: |It's a difference in
tim ng.

MEMBER DENNI NG Yes.

MEMBER KRESS: But he's exactly right.
They' re not independent barriers.

CHAI RVAN WALLIS: The reactor just m ght
be --

MS5. GAVRI LAS: They are not independent.

MEMBER DENNI NG Yes.

M5. GAVRILAS: So the failure of the next
barrier is conditioned on the failure of the --

MEMBER DENNI NG  But it's al nbost when you
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nelt the core, you fail every barrier in the
lightwater reactor. Now, it's arguable in a |arge,
dry contai nment to what extent you fail it, but even
if it's just design | eakage, you fail it. And if it's
a boiling water reactor, then there's a high
probability that it's fairly significant.

So, you know, | don't think that this is
the equivalent. | don't think that in a
generalization, that you gai ned val ue froml ooki ng at
barrier analysis in this way. And | don't think it
| eads, then, to what Tomis trying to do.

MEMBER KRESS: No, it doesn't lead to ny

fission product --

MEMBER DENNING | don't think it leads to
the --

MEMBER KRESS: | don't think it does
ei t her.

MEMBER DENNING -- overall fission

produce rel ease.

MEMBER KRESS:. You have to dispense with
the thought of barriers and tal k about novenent of
radi oactivity.

MEMBER DENNING U timtely that's what
you have to do. You just have to cal culate the anount

of radioactivity.
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CHAI RVAN WALLI' S:  But you coul d design the

reactor in which sonmething like this was nore
realistic, not like the present |ightwater reactors.

MEMBER KRESS: |In fact, the EPR tried to
do sonething like that.

CHAl RVAN WALLI S:  Yes.

MEMBER DENNI NG Well, it already -- and,
| mean, for lightwater reactors, this is a design
concept. But then it doesn't have much val ue when
you're calculating risk, as | see it, because they are
so dependent. The dependence between the barriers is
so great. You know, it's not that mnor accidents get
contained at one barrier and then you go to a next
| evel of accidents.

CHAI RMAN WALLI'S: They're different from
the probability of a paper witten by an RES person
getting to the ACRS success. It has to go through the
peer review and the supervisor and these and
eventually --

MEMBER KRESS: Not the same thing, no.

CHAI RVAN WALLI S:  Ckay.

MEMBER KRESS: Consequences are different.

CHAI RVAN WALLIS: Well, the consequences
are minor in one case versus the other.

VI CE CHAI RMVAN SHACK: Can we take our
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break?

CHAI RVAN WALLI'S: Do you want to take our
break?

MEMBER KRESS: Do you need a rest?

CHAI RVAN WALLIS: Are you getting to the

M5. GAVRILAS: | don't, but it there --

CHAI RVAN WALLIS: Are you getting to the
end? Well, we should probably take a break.

(Wher eupon, the foregoing matter went off

the record briefly at 2:24 p.m)

MR. BANNERJEE: | suppose it's not just
the probability of failure that natters here, but how
much rel ease there is between the barriers.

MEMBER KRESS: That's what | was thinking,
yes.

MEMBER DENNI NG And you have to anal yze
that. There's no question about that. But |'m not
sure that this --

CHAl RVAN WALLI'S: But in terms of the
public, the public really has about the |ast one,
doesn't it? The public doesn't --

MS5. GAVRI LAS: There have been peopl e who
have suggested that transitioning fromthis to the

frequency consequence curve is driven. And | have
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said that it's not.

| mean, | amsitting here having said that
nowit is not. So | believe it can be done, | think,
but | think it has to be | ooked at with a | ot of care,
not -- and | don't think that the | anguage i s obvi ous.

MR. BANNERJEE: But imagi ne that there was
so much release when you produced these fission
products or whatever. Then there is sone probability
of mitigation of this between the barriers, right?

M5. GAVRILAS: But | think this takes it
into consideration.

VR. BANNERJEE: This is just the
probability of failure. You are just using one
criterion.

CHAI RVAN WALLI'S: But the mtigation case
is sort of a barrier, isn't it?

M5. GAVRILAS: But the mitigation is sort
of -- the mitigation is both in the probability of
failure if you mtigate. And the other type of
mtigationis you reduce the consequences, whi ch woul d
be captured here. So there are two things.

MR. BANNERJEE: Where does the probability
of consequences cone up?

M5. GAVRILAS:. Mtigation is going to --

mtigation can act on two things. One is reducing the
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probability of failure. Two is reducing the
consequences. And the risk netric that has both those
init, both the probability of failure --

CHAI RVAN WALLI S:  The contai nnment coul d
fail, but all the radioactivity is already been
captured in the suppression pool. So nothing happens.

M5. GAVRI LAS. So, then, you would have
basically the consequence termgo to zero. So your
risk metric would be zero.

MR. BANNERJEE: Co to the next slide.
Let's have a look. Were is the consequence down
her e?

M5. GAVRILAS: Hold on. Sorry. Here it
is. Here is the consequence.

CHAI RMAN WALLI S: The consequence i s soon
going to be we are going to have a break, isn't it,
Bill?

VI CE CHAI RMAN SHACK: If we ever stop
aski ng questi ons.

CHAl RVAN WALLIS:  Wwell, that is never
going to happen. You are going to have to assert
your sel f.

MEMBER SIEBER  There's not a great
probability of that.

VI CE CHAl RMAN SHACK: W will recess for
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ten mnutes.

CHAI RVAN WALLI S:  Thank you very much

(Wher eupon, the foregoing matter went off

the record at 2:26 p.m and went back on

the record at 2:43 p.m)

CHAI RVAN WALLI'S: Pl ease cone back into
session. Before we continue with this very
interesting presentation, there's amtter I'dliketo
do while we're still on the record today. Theron,
want it to be shown on the record that on July the
12'", 2006, Theron Brown was awarded a certification
for 30 years of governnment service, and it's my great
pl easure, Theron, to give it to you.

(Appl ause.)

CHAI RMAN  WALLI'S: That pl easurable
activity being finished, 1'd |ike to go back to our
agenda. Mrela, would you continue, please.

M5. GAVRI LAS: W were tal king about the
probability of losing function, and this is a
generalization to nultiple barriers, so you have the
failure of Barrier N being conditioned on the failure
of Barrier Nmnus one, and all the previous barriers.
And, naturally, on the occurrence of the initiating
event .

CHAI RMAN  WALLIS: Actually, if the
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initiating event comes from outside, the sequence is
reversed

M5. GAVRI LAS: Can you account for a
probability of having --

CHAI RVAN WALLIS: I'mnot sure | can, but
if it comes from outside, the sequence is reversed.
I f you' ve got a nmeteorite strike, let's say.

M5. GAVRI LAS:. | thought about that, and
| believe that it can be included.

CHAI RVAN WALLIS:  Yes, I'msure it can be
i ncl uded.

M5. GAVRILAS: It's not a deal - breaker
that it can be included.

CHAI RVAN WALLIS: I'msure that it can be
included. It's just that the sequence is reversed.

MS. GAVRILAS: And then the risk for one
event sequence would be the probability of the
occurrence of the event sequence, the probability of
| osing function for the various barriers, nultiplied
by the consequences, where the consequences include
t hese transm ssion factors that account for dilution
and other |osses to the dose as various barriers are
penetr at ed.

CHAI RVAN WALLIS: Let ne interject here.

Consequences, if they're nmeasured in terns of dose to
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the public, the only thing that matters is the final
barri er being breached. M coll eagues keep telling ne
I shoul dn' t keep saying that, because it's
unaccept abl e to have core damage. The public woul d be
terribly shocked if we had a core damage accident;
therefore, we have to make sure we don't have any
significant CDOF. But that's a political consequence,
that is not the physical damage to the public. It's
not a health risk, but again we have this great
enphasis on core damage frequency, and then the
containment failure. Wll, that's only going to be
just ten -- one probability --

MR. BANERJEE: But as long as we're
| ooking at this generically, | nean, consequence can
be whatever it is.

CHAI RVAN WALLI'S:  Whatever it is. Well,
obviously, in the case of core damage it nust be
political, because -- and al so econom c.

MR. BANERJEE: Well, yes. Also, the --

CHAI RVAN WALLIS: Not health to the
public. TM didn't, we are told, kill anybody, or
even danmage anyone's heal th, except psychol ogically.

MEMBER DENNI NG  What's the advant age of
this construct? That's what bothers ne at the nonent.

| mean, certainly, that's effectively what we do in
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calculating the risk of a scenario, but when we | ook
at fission product retention, it depends upon each
scenario as to how much retention you get in the
reactor cool ant system how nmuch do you get in the
containment. It just depends, it's so scenario
dependent that | have to run a conputer calculationto
determine it. So what's the advantage of this
construct that you put there?

MS. GAVRI LAS: It doesn't not nmke | ess

work. | nmean, the neans of sinplifying it, as far as
| can tell, are the neans that have already been
identified. | believe that the only place where it

does make less work is it changes the burden from
getting the capacity, and then being inforned with
that capacity distribution at every step. But | don't
believe that in other places it achieves any savi ngs
interns of expanded effort, if that was the question,
if it was in terns of --

MEMBER DENNI NG Well, are you going to
bring this back then in some way to nmargins? 1|s that
why you're going this pathway, or you were just | ook
at this as --

M5. GAVRILAS: That's it. Basically,
because just as you said, from this point on from

having the risk from one sequence you cal cul ate the
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total risk, which then you conpare with whatever risk
gui delines are available to you. And in this case, |
nmenti oned Conm ssion safety goals, and Reg GCuide
1.174, if you stop at core danage, for exanple, if you
just look at the probability of failing the first
barrier. But that's the final nmetric. It does not
acconplish any other saving. This is, actually, as a
matter of fact, it's the opposite; it's |abor-
intensive. So | have this diagramthat is just the
el enents of the nethodology, and it's the relatively
recent edition. But | think it shows that there's two
parallel paths. One is the plant designs
characteristics, and under those | include initiating
events, the systens that mtigate those initiating
events, operator actions, initial conditions, and
boundary conditions. And then there's another path,
which is, which barrier is challenged by a particul ar
change. And the safety limt is sort of a crucial
point, and we were talking a little bit during the
break about what role the safety Iimt plays. And in
the safety limt |I showthis is the only place where
you can actually account for unknown unknowns.

In other words, this is the only place
where you can build in margin in your risk

calculation. And you can reverse this. | believe, |
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haven't | ooked into it, but |I believe that all these
arrows that you see in blue on the diagram can
actual ly be reversed so that the final objectiveisto
establish, to have a nore educat ed way of establ i shing
the safety limt, as opposed to --

CHAI RVAN WALLIS: | think I mght accept
that, but the risk netric seens to nme to conme fromthe
| eft-hand side. Safety nmargin is something that's
determined by the sort of expert sitting down and
saying well, we don't think we know this; therefore,
we better be nore cautious. That's not sonething
which really gives you a risk nmetric, is it?

M5. GAVRILAS. | agree with you
ot herwi se, being the only opportunity we have to

actually build in margin.

CHAl RMAN WALLI S; But it doesn't feed into

the PRA, does it?

M5. GAVRILAS: |If you calculate the
probability of exceedance, as opposed to the
probability of |osing function.

CHAI RVAN WALLIS: As soon as you put the
safety margin in, you said we sort of push these
things apart so that we're accounting for unknown
unknowns by trying to nake the probability of failure

negligi ble by pushing them apart, knowing that, in
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fact, it's not quite negligible. 1Isn't that what the
whol e i dea was of safety margin? | don't see how you
can put that into arisk nmetric, howit can feed into
calculating a risk metric, since by it's very nature,
it endeavors to push themapart so that nothing can go
wrong, given what you know.

M5. GAVRI LAS: But | believe it endeavors
to push themapart -- |I'Il take that back. | believe
you're right, and | think that until we exercise it to

see how much insight it gives us into it, we won't

know.

CHAI RVAN WALLI S:  Ckay.

MR. BANERJEE: On the right-hand side it's
all determnistic. R ght? | nmean, if you go the

right-hand side of the box going down the
determi nistic nodels there, probabilities don't enter
that side, do they?

M5. GAVRILAS: They enter in event
sequences.

MR. BANERJEE: Yes, but that's on the
| ef t - hand si de.

M5. GAVRI LAS: Yes. Yes.

MEMBER DENNI NG He was tal king about
barriers.

M5. GAVRI LAS. kay. Oh, here.
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MR. BANERJEE: Here, and even in the

right-hand side in the calculation of the safety
paranmeter mnus | oad PDF. Were does that PDF cone
fron? 1Is that just an assunption? No, right. Look

on that box there, you see safety paraneter m nus | oad

PDF.

MS. GAVRI LAS: Yes.

MR. BANERJEE: That PDF is sone assuned
PDF, right?

M5. GAVRILAS: It's cal cul ated.

MR. BANERJEE: How is it cal cul ated?

M5. GAVRI LAS: It would be considering al
the --

MR. BANERJEE: How is that cal cul ated?

MS. GAVRILAS: -- uncertainties that are
-- no, safety paraneter not mnus |oad, safety
paranmeter PDF, probability density function of the
safety paraneter, so this would be the probability
density function of the peak clad tenperature, for
i nst ance.

MR. BANERJEE: So the determ nistic nodels
are being exercised in sone way to generate that?

M5. GAVRILAS: That's right. By assuni ng
t hat there's variabilities, t hat you have

variabilities in boundary conditions, initial
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conditions, certainly the time at which the operator
acts, and the distribution for breaks, for instance.

MR. BANERJEE: But | woul d have thought
that one of the major uncertainties in those nodels
have to do with the nodel paraneters thensel ves.

M5. GAVRI LAS. They do.

MR BANERJEE: That is the rea
uncertainty.

MS. GAVRILAS: That's one contributor to
epi stem c uncertainty, and | believe --

MR. BANERJEE: Well, why doesn't that show
up sonewhere?

M5. GAVRILAS: |t doesn't show up
i ndependently. It shows up in here. |It's enbedded in
determ nistic nodels. | would have added nore col ors,
maybe | shoul d have.

MR. BANERJEE: | think in order to nmake
this clearer to people, at least clearer to ne, |
don't know to anybody else, | would |ike to know how
you generate that PDF. And to nme, it doesn't seem
sufficient just to vary those boxes on top, because
they're only the -- they only give a small part of the
uncertainty. The real uncertainties conme because the
nodel s are usually very uncertain.

CHAl RMVAN WALLI S: Li ke the nonentum val ves
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and the nodes.

MR. BANERJEE: So that part of it doesn't
seemto be done by anybody.

MS5. GAVRI LAS: There is an opportunity to
do that. There is an opportunity to include node
uncertainty in this. As a matter of fact --

MR. BANERJEE: But you should show it
explicitly.

M5. GAVRILAS: | wll research it and show
it explicitly. As a matter of fact, there is -- |
know that the working -- GRS is working in that
direction, and has been working for several years.
And | have a stack of papers that they've published in
my office that I haven't --

MR. BANERJEE: There is another source of
uncertainty. | nean, in addition to the person
running the nodel, that nakes a big difference, of
course, whoever runs it. There's the nodalization
problem There is the nodel uncertainties. Wen you
put it all together, you need a pretty big safety
margin. That's really -- the way currently the
uncertainties are done sinply by running the sane old
nodel a fewtines, doesn't really give you any i dea of
the real uncertainties.

MS. GAVRI LAS: Wich is, | believe --
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MEMBER KRESS: That's why NUREG 1150 was

done wi th the conbi nati on of that, and expert opi nion.
And it was the expert opinion that was supposed to
capture those very things you were tal ki ng about. And
that's the only place I know of where we have the ful
uncertainty distribution.

VI CE CHAI RVAN SHACK: But if you're just
sticking with Sanjoy's question of things |Iike
t her nohydraul i ¢ uncertainty, you can do that.

MEMBER KRESS: You can do it with that,
because there's not that nuch nodel uncertainty.

MR. BANERJEE: There is.

MEMBER KRESS:. There is sonme, yes.

VI CE CHAI RVAN SHACK: I n PTS where they
tried to do it, they actually found that the |argest
uncertainties came fromthe initial conditions and the
boundary condi ti ons, because you don't deal with every
sequence. You're bundling sequences together, and by
the time you | ook at the sequences that you' ve bundl ed
t oget her, you' ve changed the initial conditions enough
that the dominant contributor to wuncertainty was
actually the uncertainty --

CHAI RMAN WALLIS: Operator actions are
pretty uncertain, too, sonetines.

VICE CHAI RVAN SHACK: Well, that was
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typically covered in a different portion.
CHAI RVAN WALLI'S: | just know that safety

margin is the last thing you put in before you get the

risk netric, so what | would see happening is you
cal cul ate your CDF and you say well, it's 10 to the
m nus 8, and then you say well, we'll put in a safety
margin and call it 10 to the minus 6, because it

appears right at the end before you cal cul ate the risk
nmetric, soit's not a physical thing. It's got to be
sonmething to do with probability. [It's the last step
in the calculation. That's what people do, they
calculate the CDF and say 10 to the minus 8, and say
we can't believe, 10 to the m nus 16 or sonething, we
can't believe that, so we'll add two orders of
magni tude or sonething. |s that what you're saying
when it's right at the end like that?

MR. BANERJEE: | think we could legislate
that all sequences were 10 to the mnus 3 and we'd
probably be right.

CHAI RVAN WALLI' S:  Yes, but | don't see how
it fits in at the end of the process. You see what |
nmean, right at the bottomthere, just before you get
the risk metric.

MEMBER MAYNARD: Well, | don't see that

you're just inserting a nunber in there. 1Isn't that
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the di fference between the far right side, the safety
l[imt, and the --

M5. GAVRILAS: Yes. |It's a rather crucial
link. It is there. | mean, it's at the end, but it's
a rather crucial link between --

CHAI RVAN WALLI'S:  What does it do? How

does it work?

M5. CGAVRILAS: -- the load and the
capacity.

VI CE CHAI RMAN SHACK: Put PDF in the
safety limts, you conpute your probability of
failure.

CHAI RVAN WALLIS: But the safety margin is
something you add on, like a safety factor, after

you've done all that. Right? Yes, it is. lIsn't that
what - -

MS5. GAVRI LAS: Certainly, that was not the
presunption throughout our witing this.

MEMBER MAYNARD: I n this case, the safety
marginis the di fference between your safety Iimt and
your safety parameter behavi or PDF

M5. GAVRILAS: | believe that it was
al nost strictly determ ned as a rel ationshi p between
t hese two boxes.

CHAI RVAN WALLIS: Ch, it's a probability
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of failure then you're cal cul ati ng.

M5. GAVRILAS: But what |I'msaying is it
would be nice if we turn sone of these arrows around
and informthe safety limt with what's happeni ng on
this side.

MEMBER SI EBER: There's margi n between the
safety, a capacity PDF and the safety limt. That's a
politically established kind of margin. And it's not,
by your definition, not included as a part of the

safety margin.

CHAI RVAN WALLIS: Well, 1'd have to see
operationally how you do it. | don't understand.
MR. BANERJEE: Yes. | nean, the safety

limt is set by a conbination of technical and
political factors. Al right? So it's been done.
MS. GAVRI LAS: Yes.
MR. BANERJEE: Now we sonehow cal cul ate
t hi s PDF based on sone uncertainty anal ysis, which nmay
or may not be hokey, and then you get this safety
margin, which is just the difference between those
t wo.
CHAI RVAN WALLI'S: That's the probability
of failure. |Is that what the safety margi n neans?
M5. GAVRILAS: That's right. That's

exactly right. That's the --
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CHAI RVAN WALLIS:  Well, why don't you just

call it probability --

M5. GAVRILAS: It should be probability of
exceedence.

CHAI RVAN WALLIS: Call it probability of
failure because it's not a safety nargin.

MS. GAVRILAS: | should call it --

MR. BANERJEE: How do you use those three
nunbers, t he event seguence f requency, t he
consequences, and the probability of failure to go
wherever you're going? | guess that's the question.

M5. GAVRI LAS: That was on the previous
slide. This is basically --

MR. BANERJEE: Which is which, now?

M5. GAVRILAS: Probability of event
sequence occurring, probability of barriers failing,
which is that box that | called safety margin. |
should really change that box. Consequences. For
each event sequence, that's the risk metric for the
event sequence.

MEMBER POWNERS: It only works if those
probabilities are all independent.

CHAI RMAN WALLIS: They're conditional
probabilities, aren't they?

M5. GAVRI LAS: They're conditional
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CHAI RMAN WALLI S; Because | think as Rich

showed us, you can't really calculate them You' ve
got to calculate all the sequences.

MEMBER KRESS: |If they're not independent,
then there's no one nunber for that.

CHAI RMAN WALLI'S: That's what Ri ch pointed
out, | think, is that you can't say you cal cul ate t hem
i ndependently. You've got to |look at each sequence,
and the probability is sone sort of a summati on of al
t hese sequences convol uted i n some way, so it's easier
just to calculate all the sequences.

MEMBER DENNI NG  But | think, Dana, the
way she had it before was those are conditional,
they're all conditional --

M5. GAVRI LAS. They are conditioned.

MEMBER DENNI NG  Condi ti oned agai nst the
previ ous event.

IVB. GAVRI LAS: Each of themare
condi tioned on the previous one, but | think that what
you're saying is condition vertically in the tree, as
opposed to condition horizontally. 1've conditioned
themhorizontally as you go through the event tree, or
as you go through the barriers, but | haven't given
any thought to condition --

MEMBER KRESS: Back up to the slide, the
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one that we had just previous, one forward. No, the

ot her

determnistic --

| take the box that

direction. Keep

going. | want to see your

the chart. That one.

MS. GAVRI LAS: Ckay.

VEMBER KRESS: Now if | |look at that, and

says safety limt, and the box

t hat says safety margin, and just throwthemout, this

all together, what | have is a PRA

M5. GAVRI LAS: That's right.

MEMBER KRESS: And what | aminterested in

is howdo | take PRA re

of risk nmetric,

sults, which gives ne one kind

and howdo | relate what | call the

determ ni stic system which is design-basis, a set of

desi gn- basi s acci dents,

bui | t

whi ch have the safety limts

into those, but PRAs don't have safety limts,

but design-basis accidents do. And the question

have is, how do | set

those safety limts, and the

di fference between the cal cul ated value in that, and

how does that i npact

my risk netrics? That's the

thing I"'minterested in trying to find out.

t hat ,

CHAI RVAN WALLIS: Very sinple answer to

just do away with design-basis accidents.

MEMBER KRESS: Well, that's easy to say,

but 1'mnot sure we want to, because that's one way to

do it.

But even still,

you have a problem because
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you have risk acceptance guidelines. You have to
deci de on what those are, and so the margin woul d be
the difference between the risk nmetric and the risk
accept ance gui del i nes.

CHAI RVAN WALLI S: | ndependent worlds. PRA
is a different world from design-basis accidents.
They don't comuni cat e.

MEMBER KRESS: That's the problem and if
we're going to integrate risk and safety nmargins, |
think you have to recognize that that's what we're
tal king about, two sets of things that --

MEMBER BONACA: That's why she was trying
to put together a Chapter 2.

MEMBER KRESS: Yes.

MEMBER BONACA: | gave you heartburn, but

CHAI RVAN WALLI S:  Then the DBAs have to be
defined differently, sonehow, as part of the PRA

MEMBER KRESS: They're not exactly
separate, but they're related in sone way, but they're
design-specific related, because every reactor out
there meets the DBAs.

CHAI RVAN WALLIS: But they don't lead to
core damage, do they?

MEMBER KRESS: Every reactor out there
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neets the DBAs, but every reactor, there is a
distribution of risk profiles for all these, so
there's not a one-to-one correspondence between the
DBAs and risk. And that's the whol e problem of trying
to integrate these. And | don't know how to cross
that bridge, but that's the one | thought we were
deal i ng with.

MEMBER DENNI NG Before you throw away
desi gn-basi s accident, don't forget we use themto
desi gn pl ants.

MEMBER KRESS: Yes.

MEMBER DENNI NG  Desi gn systens.

MEMBER KRESS: That was what | was going
to say.

MEMBER PONERS: But what role do they play
in the regulation of plants? As far as | can tell,
they only confuse the regul ation of plants. It seens
to ne that what you saidis entirely correct, Tom but
it seens to ne you go through this debate even if you
work out, instrictly the probabilistic world, because
of the stylized way we phenonenol ogi cal |l y descri be t he
accidents, that you still end up sayi ng okay, what if
my PRA is conpletely wong, or my phenonenol ogi ca
anal ysis, or God help nme if nmy nomentum equation is

wrong. That doesn't happen, so | don't really worry
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about rmonentum equations, but --

MEMBER KRESS: | think you're right.

MR. BANERJEE: | |ike the DBAs because
t hey do t he unknown unknowns. Too much faith in PRAs,
where you' ve got all sorts of uncertainties.

MEMBER PONERS: No, we never have too much
faith in PRAs. They're God-given.

MR. BANERJEE: Yes, | know, beyond God-
gi ven.

MEMBER KRESS: | don't want to throw away
t he DBAs, because | think they give you --

MR. BANERJEE: | think them because | fee
secure.

MEMBER KRESS: Yes, they give you sone --

MEMBER POAERS: | think they sinply |ead
you to focus on things that are uninportant.

MEMBER KRESS: | think they do that, too.

MEMBER PONERS: M ne is a statenent of the
practicality, they have.

MEMBER KRESS: | want to have DBAs, but |
al so want to have PRAs.

CHAI RVAN WALLIS: Wl l, you want DBAs t hat
come out of the PRA in sone way. They're related in
some way.

MEMBER KRESS: | think that's possible,
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t 0o.

MR. BANERJEE: That neans you believe the
PRAs, which every tine we ran LOFT and we ran a code
agai nst LOFT, the code didn't agree. So we kept on
tuning it, and it was a new phenonenon, another new
phenonenon, another new phenonenon. | can inagine
there are 30 new phenonena which you actually run a
real reactor and had an accident, which are not
i mgi ned by these codes right now. | wouldn't put any
faith in them

CHAI RVAN WALLI'S:  You can't tune the PRA,
because you can't test it.

MEMBER PONERS: It's not PRAs' fault that
you couldn't run LOFT right.

MR. BANERJEE: Yes, we had a problemwth
LOFT, but --

CHAI RVAN WALLI S: Bad experi nment.

VI CE CHAI RVAN SHACK: Renenber, the PRA
depends on MAAP. You really --

nEMBER DENNI NG Let's forge to the end so
that we can get back to the --

CHAI RMVAN WALLI'S: Yes. Shall we go back
to the presentation?

MEMBER POVERS: Yes, let's do that.

M5. GAVRI LAS:. Proof of concept, and I'I
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probably have to say that about three tines - proof of

concept, proof of concept, proof of concept. In other
words, it's not neant to say anything about -- it's
just strictly an exanple. It has no val ue other than

just denonstrate what |'ve been tal king about. This
is what | was told. Failure as the |loss of function
is assumed to occur if you lose NPSH margin, so for
t he purposes of this sinple --

CHAI RMVAN WALLIS: So now you're using
margin as the difference in NPSH fromwhat you need to
what you get?

M5. GAVRI LAS: Because if you renenber in
the beginning, | said if you can tie that margin to
loss of function, then that's what you need to
exercise that. And the assunption is you | ose that
mar gi n, you've |lost the core.

CHAl RVAN WALLIS: Well, the distance is
irrelevant. It's just whether or not you cross a
boundary. It's a yes/no thing. Do you have margin or
do you not? The length of the margin is irrel evant.

M5. GAVRILAS: As long as you' re bel ow the
length of the margin is irrelevant, but if you start
exceeding, you get credit if you only exceed it a
little bit.

CHAI RVAN WALLI'S:  You do?
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M5. GAVRI LAS: Yes.

CHAI RVAN WALLI S:

Ch, | thought it was a

it's direct delta function.

M5. GAVRI LAS: But

you convolute it with

right? So if the load only exceeds a little

bit, you get credit for that.

| ot --

CHAI RVAN WALLI S:

M5. GAVRI LAS:

|f the | oad exceeds a

Ckay.

The nodel for this --

VI CE CHAlI RMVAN SHACK: No, if it exceeds it

frequently.

M5. GAVRILAS: |[f

frequent events.

alittl

it exceeds it in

VI CE CHAI RMAN SHACK: Only if exceeded by

e hit.

CHAI RVAN WALLI S:

It doesn't matter.

VI CE CHAl RMAN SHACK: The distribution

isn't the magnitude of the load, it's the frequency.

exceed

by a mle,

matter,

CHAI RVAN WALLI S:

M5. GAVRI LAS: Bot

CHAI RVAN WALLI S:

doesn't matter.

The frequency.
h nunbers are there.

But the anount you

VI CE CHAI RVAN SHACK: Whether you miss it

it's that total

ar ea.

or you mss it by an inch, it doesn't
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CHAl RMVAN WALLIS: It's probability of

crossing the line.

M5. GAVRILAS: That's exactly right. And
t he two nunbers, there's a product between them so if
you exceed 10 percent of the tinme versus exceed 10
times nore frequently, you conme up with the sane val ue
in ternms of inpact on risk.

CHAI RVAN WALLIS: It's all probability,
the anobunt is irrelevant.

MS. GAVRILAS: So the nodel --

MR. BANERJEE: 1Is that a good definition?
| nmean, if you exceed it a fewtimes by a very large
anount, isn't that nore likely to |lead to a big bang
than a little bit?

MS5. GAVRI LAS: | haven't thought about it,
because | think the netric puts together all the
i nformati on you have. That's the information that you
have, and you've put it together.

MR. BANERJEE: Well, we go with this for
t he noment.

M5. GAVRI LAS: You have this relationship
for avail abl e net positive suction head, and toget her
with the NUREGCR correl ation for determ ning pressure
drops or debris bed, they constitute the nodel for

this application.
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MR. BANERJEE: Patching faith in that

correl ation.

M5. GAVRILAS: Blindly in this case
because, again, it's a proof of concept. But if the
point is that | haven't put some nodel on certainty,
and i ndeed, | have not.

CHAI RMVAN WALLI'S: It's a proof of concept.
You just assune you have a good correlation. You
don't have to say which one it is.

M5. GAVRILAS: But | think the point he's

bringing up is, could | have put nodel uncertainty
into this. | believe |I could have.
MR. BANERJEE: Well, in this case it's a

coupl e of orders of magnitude.

M5. GAVRILAS: 1'Il put it in. 11l try
to redo the exanple. So generating the risk space,
events only are those events that chall enge NPSH
mar gi n need to be included. The event sequences nust
be refined to capture all inportant variabilities in
order to generate those probability density functions.
The determnistic conputation mght input into the
nodel that 1've used. |'mnot doing that for the
purpose of the sinple exanple, and |I'm just noting
here that there's probably nore formal processes for

devel opi ng guidance in ternms of what parts of PRAs
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need to be altered. And sonme of it is contained in
1150, and | think the thought process of 50.50 can be
adapted to sone extent, but again, that's a general
consi derati on.

So here's an exanple for the |arge LOCA
tree, and |'ve highlighted the first path, because
that's the only success path. |In the other path, we
al ready have core damage by other nmechanisns. W
don't need to consider those. Truncate |ow
probabilities, a sinplification that's standard,
consider additional factors to sinplify the event
tree; such as, does that event, does that path
actual ly generate sufficient debris.

Now generating the probability of | oss of
margin, which is we're starting probability of
exceedence, as |'ve called it. List the variables in
a PIRT-1ike approach. |[|'ve nentioned a couple of
ti mes the best estimate plus uncertainty adaptationto
t hi s met hodol ogy, list the nom nal val ues, ranges of
variability and probability densities, and sanple to
generate the probability density function to the
desired confidence |l evel. And the nunbers that | got
was the exanple is, what happens if | go from 100
square foot screen to a screen that's about 1,100

square feet? And |I've used few variables. There's
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been sone generic reports that gave ne t he val ues, the
approximate values that 1've put inthis table. |[|'ve
used the various contributors to the debris beds, the
screen area, and you see in red, that's the paraneter
t hat changes between these two distributions. The
wat er tenperature, screen |loss, as | said from NUREG
CR 62.4, pool |evel above suction, friction | osses,
cavitation pressure. And | fixed NPSH for ny
calculation just for sinplicity, | fixed it. And
again, the third colum shows the nom nal val ues.
These are percentages of the nom nal over which | have
ranged it to generate what you see, the pink PDF and
the CDF in blue.

So the conclusion, and | think | sanpl ed,
| believe it was 500 tinme out of an Excel Sheet, very
sinplistic, the conclusion is that the probability of
|oss of margin is about 100 percent for the snal
screen. And when you use the larger screen, the
probability of Iloss of margin goes to about 23
percent, because several of the paraneters, several of
the variables in this table have changed.

CHAI RVAN WALLIS: If you use the extrene
val ues, maybe you could get the left-hand side one
pretty close. |If it's 100 percent probability of

failure, it alnost looks as if you could use the
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extrene val ues, and denonstrate in the extrenme case,
even in the best case it's going to fail.

M5. GAVRILAS: That's right. That's
right. | mean, even in the best case --

CHAI RVAN WALLIS: Sinple way to do it.

M5. GAVRI LAS: Yes. You can definitely
sinplify in this case and say even if you use the
mnimmin this columm, you're going to get failure.

CHAI RVAN WALLI'S: The probability of |oss
of margi n now nmeans essentially probability of failure
of the punp.

M5. GAVRI LAS. Probability --

MR BANERJEE: No, cavitation.

CHAI RMAN  WALLIS: Oh, cavity of
cavitation.

M5. GAVRILAS: That's right. That's
right.

CHAI RVAN WALLI'S: | understand that idea.
| just wonder if the word "margin" contributes to the
di scussi on, because margi n means ot her things to ot her
people. If you sinply say probability of
cavitation --

nEMBER DENNI NG Because | coul d | ook at
that and say | still don't have nargins.

CHAl RMAN WALLI'S: You still don't have a
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margi n, right.

MR. BANERJEE: But it's useful because you
don't have margin in one case, and you have margin in
the other case. But it does tell you that having
margin in the other case still gives you 23 percent
probability of failure.

M5. GAVRILAS: You may have margin
dependi ng on how - -

MR. BANERJEE: In both cases, right?

M5. GAVRILAS: -- low you've set NPH. So
if you' ve set it |ow enough, you may have built in
margin. And | just assumed a standard val ue, but
that's where, in this case, that's where you would
account for the unknown unknowns in this exanple.

MR. BANERJEE: Well, let me ask this
guestion. In the case with 1,100 square feet screen,
if you just did a calculation wthout any
probabilities or anything, does it indicate that you
have margi n?

M5. GAVRI LAS: | renenber | ooking at the
nom nal val ue, and the nom nal value is at the bottom
which is mnus 45 and plus 5, so it shows that you're
okay.

MR. BANERJEE: Yes. \Wereas, in reality
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CHAl RMAN WALLIS: W | ooked at that for

Vermont Yankee. | |ooked at that. You go to the
tenperature distribution of the river and all that.
| f you took the nean val ue, everything was okay. But
t he probability of failure | ooked at t he
distributions, was sonething like 30 percent or
somet hi ng.

MR. BANERJEE: Which is very useful

CHAI RVAN WALLIS: Well, that's what they
started to do with the Vernont Yankee NPSH

MR BANERJEE: And then if we take the
nodel uncertainties intoaccount, thenthe probability
of failure is alnbst one. Right?

M5. GAVRILAS: Now | did the same thing
for all the event paths that were not core damage, and
| changed the table to correspond to nedi um LOCA and
smal | LCOCA, and | changed the corresponding
conditions, and calculated basically by doing the
mul tiplication between the probability of occurrence
of the event scenario, and then the probability of
| osing function cal cul ated as shown on the previous
slide. | calculated the change in core damage
frequency. And when you go -- the nunber | came up
here is 2 tines 10 to the mnus 4, so for this

exanpl e, this is an exanpl e of i nproving pl ant safety.
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CHAI RVAN WALLI' S:  You' ve changed it by an

order of magnitude.

M5. GAVRILAS: |'ve changed it by, yes, an
order of magnitude, by changing the plant. Yes.

CHAI RVAN WALLIS: It mght not be risk
significant.

MS. GAVRILAS: Fromthese nunbers, no
concl usi ons can be drawn because they are -- | nean,
| --

CHAI RMAN WALLIS: In terns of conpliance,
in terns of the present ECCS criteria, 50.46,
conpliance with the Iong-termcooling, they would be
out of conpliance, presumably, with -- because they

can lose the margin with a probability which is not

negl i gi bl e.

M5. GAVRILAS: | believe you're right.

CHAI RMVAN WALLI S: So how shoul d the Agency
deci de?

MR. BANERJEE: Well, that's a very
interesting point. | nean, if the regulation says
that you should not exceed -- you should not go into

cavitation --
CHAI RVAN WALLIS: It nust always work. It
nmust al ways worK.

MR. BANERJEE: Al ways work. Then that 23
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percent should be zero.

CHAI RMVAN WALLIS: Right. And then you
woul d always fail. W suggested that they use the
ri sk-informed approach to sonme screen bl ockage.

M5. GAVRI LAS: | was very happy when | saw
that letter.

CHAI RVAN WALLI S:  But that doesn't seemto
have been done.

M5. GAVRI LAS: | was very happy when | saw
that letter.

MEMBER KRESS: | woul d think | ooking at
that 2 times 10 to the minus 4, that that would fai
the risk criteria. That screen would fail what
woul d say a reasonable risk criteria.

CHAI RVAN WALLI'S:  The 100 foot one.

MEMBER KRESS: Yes.

CHAI RVAN WALLIS: But the 1,100 foot --

MEMBER KRESS: No, no, the 1,1000.

CHAl RMAN WALLIS: Wth the one to use

m nus 57?

MR BANERJEE: 1.6 tinmes 10 to the m nus
5.

M5. GAVRILAS: 1.6 tinmes 10 to the m nus
5 for the --

MEMBER KRESS: Reg Guide 1.174, we tal ked
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about delta CDFs on the order of 10 to the m nus 5,
but that's the whole delta CDF, and this is for one
sequence. So you drop that down a factor of 10 --

MS. GAVRILAS: No, no, no. This is not
for one sequence.

CHAl RVAN WALLI'S:  There's a whole | ot of
sequences. All the seqguences.

MS. GAVRILAS: This is for the entire --

for all the event trees, LOCA small, nedium and

| ar ge.

MEMBER KRESS: Well, still it fails
because it's bigger than 10 to the mnus 5.

MEMBER DENNING It didn't fail because
it"s in the positive -- it's inprovenent.

M5. GAVRILAS: It noved in the right
di rection.

VI CE CHAI RVMAN SHACK: |If you've got it
down to 1.6 tinmes 10 to the mnus 5 --

MEMBER ARM JO. This is an exercise,
right? | mean, this --

nEMBER DENNING This is an exerci se,
exactly.

VI CE CHAI RMVAN SHACK: | nean ny argunent
is, though, but since our figure of nerit here really

is delta CDF, this is a level one PRA with
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uncertainties. And I'mnot illustrating ny safety
margi ns argunment here. This is ny probability
exanpl e.

MR. BANERJEE: But it also fails on safety
margins, or it could be interpreted to fail.

CHAI RMVAN WALLIS: | think the problemis
t hat --

VI CE CHAI RVAN SHACK: Because it's all
one-to-one. In this nodel, loss of NPSH is CDF. This
is basically a |l evel one PRA with uncertainty.

MEMBER KRESS:. That's right.

VI CE CHAI RMAN SHACK: Wiich is a good
t hi ng.

MEMBER KRESS: Yes, good thing to do.

M5. GAVRILAS. Wth the only difference
being that NPSHr is not the probability density
function as it ought to be, but rather an inposed --

VI CE CHAI RVAN SHACK: A full uncertainty
anal ysi s.

M5. GAVRI LAS. -- val ue, yes.

CHAI RVAN WALLI'S: W don't know how t he
staff is goingtointerpret these |l arge scal e tests of
screens, and how they're going to apply them to a
plant. W have no idea whether they're going to

accept CDF as a neasure, whether they're going to
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accept probability of I|oss of NPSH, whether they're
going to require that the worst possible conditions
t hey nust never cavitate. W don't have acceptance
criteria for that, do we, as far as | know.

MR. BANERJEE: Well, the regul ations, |

guess are --
(Si mul t aneous speech.)
CHAI RVAN WALLI'S:  So there nmust never be
a -- it probably nust be zero.

VI CE CHAI RMAN SHACK: Only for design-
basi s acci dents.

CHAI RVAN WALLI' S: The probability rnust be
zero. kay. That would never |lead to core damage,
anyway.

MR. BANERJEE: This is what my point was,
that if you go well into cavitation, rather than a
little bit of cavitation, you see --

CHAl RVAN WALLIS: It makes a difference.

MR. BANERJEE: It makes a big difference.

CHAl RVAN WALLIS: A little cavitation, it
woul d work perfectly well. There would be enough
water to work.

MEMBER KRESS: And, in fact, the net
positive suction head is a certain degree of

cavitation al ready.
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CHAl RMAN WALLIS: She's have a delta

function rather than this. So | think what you've
done is very useful. | just don't quite understand
why we need the word "margin” in it at all.

MR. BANERJEE: Well, the margin is there
in a sense because it's a regulatory margin she's
tal ki ng about .

MS. GAVRILAS: Because it relates to
safety limt, because it enbeds safety limt. That's
why margin is there.

CHAI RVAN WALLIS: Wen you get into
probabilistic world and you tal k about probability of
failure, | understand what you're doing. | don't
under st and what this separation nargin thing has to do
with that. That just confuses everything.

MR BANERJEE: It's senantics.

CHAl RVAN WALLI S:  Yes.

VI CE CHAI RMAN SHACK: Well, no, | think
the difference -- | nean, | would argue that this
beconmes a margin's argunment when your final figure of
nerit is sonmething other than CDF. |If the end goal of
this thing was | wuld not have a peak clad
tenperature over 2,200 F, whether or not | had core
damage, | have introduced a subsidiary goal, |'m

treating that margin in itself. To ne, that is a
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def ense-in-depth argunent, and that's a true margins
argunent .

MR. BANERJEE: Because it adds an
addi ti onal margin or unknown.

VI CE CHAI RVAN SHACK: And when | go to
CDF, | look at this as basically a Level One PRA with
uncertainties.

CHAI RVAN WALLI S:  Yes, that's about what
it is.

VI CE CHAI RMAN SHACK:  And it's ny only --
margi ns, to me, says |I'mintroduci ng def ense-in-depth
by --

CHAI RVAN WALLI S:  Sonet hi ng nore.

VICE CHAIRMAN SHACK: -- essentially
putting up internediate criteria.

MR. BANERJEE: As she points out, though,
it's the only way we have of putting in the unknown
unknowns right now.

CHAI RMAN WALLIS: It's also a way of
maki ng margin --

VI CE CHAI RVAN SHACK: No, as Tom points

out, once | get to the CDF, | still have to nmake a
deci sion on what's an acceptable CDF. | nean, | can
put nmy unknown unknowns on that. | can put ny unknown

unknowns vari ous pl aces.
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CHAI RVAN WALLI' S:  You can put your margin

on the CDF

MEMBER DENNI NG  Well, | think we put it
on the NPSH value, is what we really put it on here.
That's where it is.

MR. BANERJEE: But if you | ook at what
she's got on her graph on the right-hand side of that
graph, explicitly in what she calls the safety limt,
which we may want to call a regulatory limt,
nonet hel ess, that limt takes inplicitly the unknown
unknowns into account, which is why we have said it
t he way -- why the rul emaki ng or what ever was done set
it that way.

VI CE CHAI RMAN SHACK: But is that a margin
or asafety limt? |It's a conservatismin the PRA is
the way |'d | ook at what we did with NPSH, in the sane
way that we neglected cavitation. To nme, the safety
mar gi ns argunment has to cone sonewhere where you're
forcing a criterion other than CDF as your acceptance
criteria.

MEMBER DENNING |1'd like to go back to a
statenent that Bill made, though. This exanple is a
little bit confusing because it's actually a place
where we' ve nade a safety inprovenent. In the norma

situation where we're |ooking at risk-informed, we
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make an increase in delta CDF, right? And then we ask
oursel ves the question - and it satisfiesthecriteria
- then we ask ourselves, have we preserved safety
margin, right? That's what we do. And |I'm not sure,
and 1'd like to ask you that question, how do we, in
t hat case, which is, | think, the case that --

MEMBER BONACA: Power uprate.

MEMBER DENNI NG Yes, power uprate, or --

MEMBER BONACA: O using sone NPSH

MEMBER DENNI NG So we satisfied Reg Guide
1.128, and then we ask ourselves have we preserved
safety margi n, because we're supposed to do that. And
does this definition or this approach help us in sone
way to say --

MEMBER KRESS: Wat we coul d have done
here is look at granting, feeding the net positive
suction head by containnent over-pressure wthout
changi ng the screen size, and that would be a case
i ke your's.

MEMBER DENNI NG  An exanple like that. So
have you done an exanple |ike that?

MS. GAVRI LAS: No.

MEMBER DENNI NG  And you understand the
point that I'"'mtrying to make, is that when we do Reg

Guide 1.128, we agree --
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VI CE CHAI RVAN SHACK: 1.174.

MEMBER DENNING Al right. 1.174, and we

VI CE CHAI RMAN SHACK: Get a delta CDF

MEMBER DENNI NG -- get a delta CDF, and
it's satisfactory, we still have to ask oursel ves have
we preserved safety margin.

MEMBER SIEBER: Well, that would be a
50. 59 ki nd of thing.

MEMBER KRESS: No, it's 1.174, because
1.174 says you will preserve margins.

M5. GAVRILAS: And it has nine |ines
underneath that --

CHAI RVAN WALLIS: It doesn't tell you what
margin is.

M5. GAVRILAS: -- basically say you wll
preserve nargins, period.

VI CE CHAI RVAN SHACK: No, you still have
adequate safety nmargin. You don't have to preserve.
M5. GAVRI LAS: That's right.

VI CE CHAI RVAN SHACK: They' re i ndependent
considerations in 1.174, supposedly.

M5. GAVRI LAS:. They're independent.

CHAI RVAN WALLIS: | think what we're

getting at here is the best neasure of safety margin
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is the change in CDS.

VI CE CHAI RVAN SHACK: That's a different
position, but it's a position.

CHAI RVAN WALLI'S: How can you then do it
i ndependent | y?

VI CE CHAI RVAN SHACK: Set up ot her
i ndependent criteria they have to neet.

MS5. GAVRI LAS: Again, that was beyond the
scope.

CHAl RVAN WALLI S:  Yes.

VI CE CHAI RVAN SHACK: But you're | ooking
at ideas here.

MR. BANERJEE: | think this is imediately
useful to us.

VI CE CHAI RVAN SHACK: You defined the
scope problem whether this is a good idea, or a bad
i dea, | think you chased the idea, and t hen we di scuss
| ater on.

CHAI RVAN WALLI'S: Wl l, naybe we concl ude
that the whole idea of margin is a bad one, and the
world should be abolished, and then we could talk
about probability of failure.

MR. BANERJEE: Whatever you want to cal
it, I think it's useful because when it cones to say

CHF, when you're bring these cores and fl atteni ng t hem
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axially, as they're doing, as well as radially, |
think i f you use this type of probability argunent and
| ooked at the exceeding of CHF criteria, that was much
lower, I'msure, with the different peaking factors
that we had. So that today the fact that we are
bri ngi ng much nore fuel closer to the margins begins
to-- closer to the, whatever you want to call it, the
CHF limt. Okay?

MEMBER SI EBER. The margin, which is the
di fference between the safety limt and the operating
paranmeter could stay the sane, even though nore fuel
coul d approach that.

M5. GAVRILAS: That's right.

MR. BANERJEE: It would be interesting to
eval uate it.

M5. GAVRI LAS. The margin al one woul d not
be enough for a risk metric.

MEMBER SI EBER  Ri ght.

M5. GAVRILAS: This exanple stops at
probabil ity of event sequence, conditional probability
of failure, has no consideration of consequences.

MEMBER S| EBER: Wl |, you actually have to
go to consequences to get the full nmeasure of what the
risk is.

MS5. GAVRI LAS: This exanpl e does not.
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MEMBER S| EBER: | know.

MEMBER BONACA: And, in fact, if you take
a power uprate, this is the only way you can see
effectively whether or not you have a reduction in
margin, because you <can calculate releases in
cont ai nment .

VI CE CHAI RMAN SHACK: | was going to say,
just let's nove on now.

M5. CGAVRILAS: W've had sone of this
di scussi on, why should nmargin be integrated with risk
because uncertainty is a nmajor role player. For
exanpl e, in passive systens of advanced reactors, and
because t he unknown unknowns portions of uncertainties
shoul d be explicitly considered in risk assessnents.

When does the safety margi n framework add val ue to t he

deci si on?

CHAI RVAN WALLIS: Did you show us how to
put unknown unknowns into the risk? |'mnot sure you
di d.

M5. GAVRILAS: |'msorry?

CHAI RVAN WALLIS: Did you show us how to
put --

MR. BANERJEE: Because it cane through for
all the safety limts.

MS5. GAVRI LAS: By establishing the safety
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[imt and then substituting the safety limt for the
capacity probability density function in determning
the conditional probability of failure.

CHAI RMAN  WALLIS: It was just a
conservative definition of failure then

M5. GAVRILAS: That's right. But
conservative, by what, | hope, is an informed anount.

CHAI RVAN WALLI'S:  You're only worry about
the unknowns in failure, not the unknowns in the
prediction of the event. It nay be the sane thing,
maybe it conmes to the same thing.

M5. GAVRI LAS: It's ny understandi ng that
the safety limts have been set with due consi derati on
to both uncertainties in |l oad and capacity. That is,
with consideration of how good are nodels for
predicting the | oad are.

CHAI RMVAN WALLI'S: Go back to the exanple
that Sanjoy and | were tal king about, where there are
events where either your core nmake-up tanks drain or
they don't at certain tinmes in the event, we know in
t he AP600 they can drain early or late. That changes
t he whol e scenario. Now that neans that in sort of 99
out of 100 events, you don't have disaster, but one
you do, and it's way up here sonewhere. Moving the

boundary around isn't going to nmake any difference.
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Moving the safety limt around doesn't make -- because
that one is so far beyond the safety limt no matter
where it is. It won't nmake any difference, at all.

MEMBER BONACA: Sone cases that's the way
it is, but that's because we learn later on, on the
cont ai nnent exanple | made before --

CHAl RVAN WALLI'S: It doesn't take account
of it. I'mjust saying |I'mnot sure that --

MEMBER BONACA: You have contai nnent, 50
psi as a safety limt, and then you discover that --

CHAI RVAN WALLI'S: | guess |I'm saying the
unknown unknowns have nore di mensi ons t han you capture
just by having a delta function in the safety --

MR. BANERJEE: | guess she has the
si npl est definition.

CHAI RVAN WALLI'S: One way, the sinplest
way to do it.

MR. BANERJEE: The sinplest way you can do
it right now.

VI CE CHAI RMAN SHACK: If you have it in
mul ti ple parameters, you presunably capture nore of
t he unknown unknowns.

M5. GAVRILAS: If you're |looking at an
event tree that has multipl e danage nechani sns for the

same barrier, then at each place you have the unknown
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unknowns correspondi ng to that danage nechani sm

MR. BANERJEE: And what this does is it
al so lunps the unknowns in your nodel inplicitly into

CHAI RMAN WALLI'S: This is why we have a
safety limt of 4:00 for this discussion, because
there lots of unknown unknowns about how many
interruptions therewill be. W're doing pretty well,
so --

M5. GAVRI LAS: One of the exanples that |
t hought about where it could be of use would be one
where there is a trade-off, where there is one
nodi fication, or one event that occurs that has sone
good consequences, and where consequences is used in
the general term general sense, and sone bad
consequences.

CHAl RVAN WALLIS: Be good with this
busi ness of screen bl ockage, nake the screen bigger,
you don't chall enge the punps but you I et nore debris
get through to the core.

M5. GAVRI LAS: | thought about TSP, for
exanple, which is, again, along the sane |ines, that
you're renoving, you're reducing the probability of
core damage due to chem cal effects, but you're

increasing the releases. So now if you're
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conservative in your treatnment of this, you' re going
to hide any benefits, so you have to truly be true to
propagating uncertainty. And this is a nmeans of doing
it that can target just those things that are
af f ect ed.

CHAI RVAN WALLIS:  Well, you really want to
nmeasur e whi ch i ncor porates and bal ances off all these
different things, which is something |ike risk, isn't
it?

M5. GAVRILAS: That's right. So in
summary, we're not --

MR. BANERJEE: Did you do this TSP

exanpl e?

M5. GAVRILAS: 1'Ill talk about that in one
slide, just one second, please, because -- no, we're
t hi nki ng about it. Integrated risk and safety nargins

consi ders the things that we've tal ked about, and nost
importantly, frequency of events, deternministic
cal cul ations, and engineering data. The integration
i s done such that existing guidelines can be used, for
exanpl e, CDF and LERF i f you stop at the probabilities
of | osing function, or the Conm ssion safety goals, if
you're including consequences. |t does use

establ i shed net hods and tools. There's nothing that's

unfam liar to those who have been in these buil di ngs
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for a while, and it is supposed to take advantage of
state-of-the-art devel opnments in all the areas. And
there are advances that are being nmade in all the
areas that contribute to calculating the risk netric.

CHAI RVAN WALLIS: Let me go back to power
uprate. W get people cone here with a power uprate.
They increase the power by 20 percent, and they
convince us, or they try to convince us that there's
really negligible change in risk. And we say well,
this negligible change in risk, but surely you're
giving up sone margin, and we never get an answer to
that. Wuld you hel p, would your nmethod help to
explain that in sone way to us, or would it not?
Because there is no change in risk, given that they
are not cheating. |If they really show there's no
change in risk --

nEMBER DENNI NG At | east, we don't do --
they don't do --

CHAI RMAN WALLIS: Is there any change --

NEMBER DENNING -- with uncertainty
anal ysis the way that one coul d.

CHAI RMAN WALLIS: If they did it with
uncertainty, we think that woul d reveal the change in
mar gi n t hen?

MS. GAVRI LAS: | don't know, because |'m
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not convol uting the two probability density functions.
| " mconvol uting over the safety linmt, soif anything,
| "' mgoi ng to get | ower nunbers using this methodol ogy.
But originally when | started inthis direction, | was
nmeasuring the difference if you went from 1, 500
degrees Fahrenheit to 1, 600 degrees Fahrenheit, | was
normal i zi ng that | oss, and aggregati ng over the entire
event sequences and conming up with a figure of merit.
That would quantify loss of margin, but where
exceedence is not invol ved.

The problemwith that is it's a practi cal
problem This is a mghty expensive nethodol ogy to
apply to sonet hing for which you don't have accept ance
criteria, soit wouldn't get nuch traction to just see
how much margin you have lost. But there is a way of
nodi fying this to actually see how nuch margin you
lost, if that's the question.

MEMBER BONACA: | think the problemis
that there are rel eases in severe accidents tiedto --

with a power uprate you have nore severe rel eases,
and they are not accounted for in the basis, so it's
like if you had a PRA and you cut out all those
branches that had to do with those, with rel eases, and
that's a problemthere.

CHAI RMAN WALLI S:  That's not a question of
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margi ns, that's a question of consequences.

MR BANERJEE: Yes. But, G aham | think
this is -- the question you asked, | thought was
precisely the question that was answered by the
exanple of the screen. |If you look at it, you have
certain margins to CHF, to perfornmance of |ong-term
cooling and so on, which are stressed by the power
uprates. Okay? And what this allows you to do is to
cal cul ate, even though you m ght have what | ooks |i ke
plus 5 NPSH or whatever, but in reality, you're
exceedi ng that 23 percent of the tine.

CHAI RVAN WALLI'S: Well, what you're really
saying, | think, is if you put the uncertainty into
the PRA, then this would reveal there had been a
change in CDF in a way which doesn't conme about
nowadays.

MR BANERJEE: Well, at the noment -

CHAI RVAN WALLI S:  You' ve got a change in
CDF, but with a power uprate claimno change in CDF

MEMBER MAYNARD: But typically, your power
uprate doesn't really change your probabilities. It
changes t he consequences fromwhat fuel inventory you
have, but typically for a power uprate, you' re not
doi ng anything that you couldn't do with your current

power | evel. You take away your operating nmargin, you
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uprate the power, you're going to be reducing trip set
poi nts, and taking away operational flexibility and
stuff that you have. But the bottomline is, from

your safety analysis stuff, you're going --

CHAI RVAN WALLI'S:  You say there's no | oss
of margin in that setting?

VI CE CHAI RVAN SHACK: The design-basis
space there's no | oss of nargin.

MR. BANERJEE: But | guess it's how you
interpret that design-basis space.

MEMBER MAYNARD: You have much nore fuel.

MR. BANERJEE: [It's a question of
interpretation, because if you | ooked at it just with
t he nom nal paraneters, you have plenty of margin for
NPSH. But if you do what she did, you see that 23
percent of the time you -- now there's a judgnent as
to whether that's okay or not.

MEMBER DENNI NG  But not in the power
uprate. In the power uprate, there still is this very
substantial margin. | nean, this 23 percent --

MR. BANERJEE: Wth a power uprate let's
gi ve a scenario that your water is warner in the | ong-
term cooling. Okay? So, therefore, your nargin to
NPSH, |let's say, is reduced. GCkay? However, it stil

is plus 2 feet or sonething like that. But in
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reality, so it went fromplus 10 feet, let's say, to
plus 2 feet. Now the issue really is, does that plus
2 feet nmean that 50 percent of the time you' re going
to exceed it?

CHAI RVAN WALLI'S:  Well, in Vernont Yankee
it was the other way around. They had a boundi ng
calculation, got them to go across, and they nmade
these sort of extreme assunptions which got themto
cross over to the point where they failed NPSH  They
didn't have enough NPSH. |f they put in the realistic
anal ysis with uncertainty, they claimthey could comne
down to the point where they could show that the
probability of chall engi ng NPSH was essentially zero,
so it was the other direction. It could go the other
way.

MR. BANERJEE: You have nore nargin,
per haps.

CHAI RMAN WALLIS: Right. They were
claimng that realistically there was nuch nore margin
t han --

VI CE CHAI RVMAN SHACK:  You didn't have nore
mar gi n. \What you had was the case where Appendix K is
on the right, the safety limt is here, and the best
estimate analysis is underneath it.

CHAI RMVAN WALLIS: That's right. That's
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right.

VI CE CHAI RVAN SHACK: And that's all you
did in the --

CHAI RVAN WALLIS: But with uncertainty,
but they uncertainties, too.

VICE CHAIRVAN SHACK: Yes, the best
estimate with uncertainties --

CHAI RVAN WALLI'S:  WAs beneath it.

VI CE CHAI RVAN SHACK: -- was beneath it.

MR. BANERJEE: Except that Vernont Yankee

did not do the uncertainty --

CHAI RVAN WALLIS: Well, they partially did

VI CE CHAI RVAN SHACK: They partially did
it. And inpressionistic uncertainty analysis.

CHAI RVAN WALLIS: But the tenperature
alone, and that contributed quite a bit. The
tenperature of the water in the river and so on, you
could do a couple of things pretty easily.

MR. BANERJEE: |'msinply saying it does
give you a tool to evaluate how cl ose you are com ng
to your safety limts or whatever, and whether you
have a chance of exceeding it.

CHAI RMAN WALLIS: That's all.

MR. BANERJEE: It may be going the other
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way, maybe you have nore.

CHAI RVAN WALLIS: | think I'lIl go back to
my first question. W need to have -- you need to
have a very clear definition of what you nmean by
margin. Use it very consistently throughout the
presentati on.

MEMBER MAYNARD: But is it possible to
have a single definition?

CHAI RMAN WALLIS: It's in the gl ossary,
and the thing in the glossary doesn't help me with the
way it's used in the --

MEMBER MAYNARD: What |'mreferring to is
when you're talking about a paraneter fromthe
determ nistic standpoint, the safety limts, you're
going to define safety margin in terns of degrees or
sonme paraneter there, or a percent of that paraneter.
Whereas, if you're talking about the probabilistic
approach, it's going to be tal king about margins in
ternms of change in the probability or CDF

CHAI RMVAN WALLIS: It really doesn't talk
about percent in tenperature because it depends on
whether it's absolute tenperature, or -- it doesn't
mean anything. There's no zero of tenperature.

VI CE CHAI RVAN SHACK: It's also a matter

of just how you're allowed to neet the regul ations.
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| mean, in the Vernont Yankee case, you're supposed to
neet that in the design-basis, and you have rul es for
how to do that. You need, essentially, a change in
acceptance criteria to say that you can neet that with
t he best estinmate nodels.

CHAI RMVAN  WALLIS: That's why the
operational definition is absolutely key, how do you
actually interpret the regulations. And you can
waffl e as much as you |i ke about margins, or you can
gi ve a wonderful exposition about margins, but if the
regul ati ons say you do sonething, you do that.

MR. BANERJEE: No, but we gave them an
exception, or we give exceptions allow ng contai nnment
over pressure because people conme up and tell us --

CHAI RVAN WALLI' S:  Yes, but if you're going
to put margins into this sonehow, the regul ati ons have
to have a proper definition of it, and it has to be
operational | y understandabl e and usabl e.

MR. BANERJEE: We want sone --

VI CE CHAI RVAN SHACK: But you didn't allow
cont ai nment over pressure in Vernont Yankee. Wat you
made was the argunent that a realistic, a best
estimate plus uncertainty analysis, even though you
eyeballed it off the top of your head, said you didn't

need it.
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CHAl RMAN WALLI S: | wouldn't take the

gual i fication, when done partially.

VI CE CHAI RMAN SHACK:  Right. Well, that's
what | just said, an eyeball best estimate 95'
percentil e.

MEMBER DENNING | think that there stil
are a couple of nore viewgraphs --

CHAI RMAN WALLIS: Yes, let's go ahead, and
we're going to get to the end. Thank you.

MS. GAVRI LAS: The bottomline of the
summary is that this is, if not the proper way, a
proper way to nmeasure changes in overall margins, but
it's too expensive to be exercised solely for that
pur pose.

CHAI RVAN WALLI'S: Why? Have we done a
cost benefit anal ysis?

V5. GAVRI LAS: Because there's an
assunption that is indeed - and here, |'m talKking
fairing under, |osing margin under --

CHAI RMAN WALLI'S: The cost is sinply in
conputation time, is that what the cost is, or what is
it?

VB. GAVRI LAS: Conput ational tine
nodi fying the event trees --

CHAI RVAN WALLI S:  But you showed there was
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two orders of magnitude inprovenent in conputation
cost .

M5. GAVRILAS: | still need an analyst to
do it.

CHAl RVAN WALLIS: Oh, you need snart
peopl e. Ckay.

MEMBER S| EBER. And wages continue to go
up, | think

CHAI RVAN WALLI S:  GCh, okay.

MR. BANERJEE: Exponentially.

CHAl RVAN WALLIS: | wouldn't be sure it's
t o0 expensi ve.

M5. GAVRILAS: So where possible and
necessary, it can elimnate conservatism You can
obtain a risk nmetric through a systematic and
transparent process. You can focus on investigating
phenonena that have the l|argest risk inmpact. For
exanpl e, the net positive suction head in GSI 191 or
other issue, and it integrates probabilistic, and
determnistic, and engineering data, and inposes
consistency in the derivation of the risk nmetrics.

CHAl RVAN WALLI'S:  And these are the clains
t hat you make?

MS. GAVRI LAS: Yes. Potential future

work - there's a lot of desire to have this applied
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sonmehow, and there's several potential candi dates.
Among them GSI-191, contai nnment over-pressure credit
for power uprate was nentioned, and revising the
ent hal py deposition rate |imt.

CHAI RVAN WALLI'S:  You're just picking on
recent topics raised by the ACRS, right? Recent
topi cs considered by the ACRS. That's good.

M5. GAVRILAS: It has to be a concerted
effort not just on our side.

CHAI RVAN WALLIS: Well, et me bring up
somet hi ng here.

M5. GAVRILAS: It has to be several --

CHAI RVAN WALLI'S:  You can do a lot here
with your framework. A |ot depends on the know edge
base. | nean, the enthal py deposition is based on a
[imted nunber of experinents, and GSI-191 i s based on
[imted nunmber of experiments. And this whole thing
is tied in with what sort of a know edge-base you
need, and how nuch uncertainty is there in the
know edge- base when you start applying it. You can't
just deal with probabilities wi thout aski ng where t hey
come from so | think that the key to all of this,
too, is to consider how you integrate this with your
eval uati on of what you know.

M5. GAVRI LAS: As in --
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CHAI RVAN WALLI'S:  Well, suppose | have 10

experiments on the enthal py deposition with various
condi tions, and the French data are different fromthe
Anerican and so on, what do I conclude fromthat about
what | knowthat |I'magoing to put into your framework?

MS. GAVRILAS: | believe that that's an
exanpl e, the reason for which | nentioned that, is
because | think the separation of epistem c and
al eatory uncertainty is alnost intrinsic, at |least in
the traditional probabilistic way to treating
probabilities and event sequences, and consequences
the way that this franmework proposes. So the idea
woul d be to exercise this to see if it can add, if it
can deal with cases in which you have substanti al
gaps of know edge.

CHAI RVAN WALLIS: Look at sonething
historical like LOFT, and as Sanjoy was sayi ng, we
ran LOFT, and then we had code, and we kept tuning it
and tuning it until it fit a few LOFT experinents.
Now how do you concl ude fromthat what your know edge
is about this accident you' re going to put into your
uncertainty analysis? It seens to ne a difficult
probl em

M5. GAVRILAS: | believe it isn't. |

don't think | have an answer for you until we



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

281

exercise it. | don't think that we know if the
problemis unsurnountable, or if it's -- if we gain
insight. | just don't know until we tackle it.

CHAl RVAN WALLI'S:  We have these sort of
expert opinion margins. |It's just because of these
t hi ngs, where they say well, LOFT - we know peopl e
fiddled around with the code and they tuned it, so
it's not as good as it's claimed to be in these
uncertainty analyses, so we'll add a little bit of
margin. So that's what's happened.

M5. GAVRI LAS: And, again, | don't think
that we can answer that until we actually -- | don't
know if applying this adds any formalismto the
process, or it doesn't. I'mnot sure at this point.
So the issue with any kind of potential application
is that it sort of requires the involvenent of other
st akehol ders. It certainly can't be done w t hout
substantial contribution by others.

CHAI RVAN WALLIS: Do these stakehol ders
have to understand your franework?

M5. GAVRILAS: | believe so, yes.
believe so. To investigate extension to advanced
reactors linking frequency, linking this to the
frequency consequence curve, | do not believe that to

be a trivial matter, so again, it would be sonething
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that requires additional devel opnent. This is one of
the topics that's being brought up in the context of
CSNI.  And then, of course, it would be helpful to
revise it as advances occur to have a framework that
can be updated as advances occur in all those
subsidiary areas that yield those figures of nerit.

And finally, this is the one that's
probably of npbst interest to ne, which is people are
working on furthering the state-of-the-art in al
these areas, but there aren't nany efforts to see
what criteria can be put in place to sinplify the
framewor k, as opposed to expanding it. There's ways
to make it easier. And that deserves sone attention
by researchers.

And I think that concludes the
presentation. | have here a graph from PTS from Mark
Kirk, and |I'mtalking about how you establish
criteria, when do you stop? | think this is very
telling. 1t's Decenber 02 to Decenber 04 evolution
of data, conputations done for PTS. And | |ooked at
this, and | saw that two orders of magnitude band in
which all of these data stayed over the course of
t hose two years.

CHAl RVAN WALLI'S:  There's no increase in

certainty as you nove along in tinme?
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M5. GAVRILAS. It seens to ne to stay

within a certain -- I"'mthinking the rule of thunb,
pl us/ m nus and order of nagnitude.

CHAI RVAN WALLI'S: The | atest ones maybe
have a little |l ess scatter, the | atest ones.

M5. GAVRILAS:. It looks |ike they do.

CHAI RVAN WALLIS:  Oh.

MR. BANERJEE: But that's a conputer
code. Right?

M5. GAVRI LAS. That's a conputer code,
but the --

MR. BANERJEE: \What does the data | ook
li ke?

CHAI RVAN WALLI'S:  Through-wal | cracki ng,
you want data on through-wall cracking in vessels?

MR. BANERJEE: | nean, it depends what
t hi ckness the vessel is.

MEMBER SIEBER It could be a steam
generator, too.

MS. GAVRILAS: And that's the last slide.

CHAI RVAN  WALLIS: Now what's the
position? This looks to ne |ike sonething which has
a lot of promse, but probably needs nore work. |Is
this sonething to which RES has sonme sort of |ong-

term commtnment, or it just trying to sort of fly
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this thing up by us and see if it gets shot down?
What's the idea?

M5. GAVRILAS: |'mso glad Farouk cane
back.

MR. BANERJEE: But himon the hot seat.

MR. ELTAWLA: It depends on the answer
that 1"'mgoing to -- the letter that |I'mgoing to get
fromthe ACRS. W had an interest in that subject
for a long period of time, and | think you raised a
| ot of questions during this discussionthat | really
need to go back and reflect on thembefore | give you
a final answer about whether we wll continue to
devel op that methodology or not. | think there are
a lot of issues that have been raised today that |I'm
concerned with. Does that answer you, G ahanf

CHAl RVAN WALLIS: Well, | don't know.
You coul d have said | amsure that this has a future.
|'ve already committed, do ny best to keep it
supported for the next two years because | think this
is a very good start. You haven't reached that
poi nt .

MR. ELTAWLA: No, | really think there
is fundanental things in applying the nmethod that I
don't know. | think you alluded to it conplete in

your discussion, but the nmethodology wll have
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utilities only if the Agency is willing to accept
ri sk nunber instead of conpliance. That's when you
get that delta additional nmargin that you | eave on
the fl oor when you insist about conpliance with your
regul ation. So as |long as we have every application
according to 1.174, that they have to denonstrate
conpliance with existing regulation, the utility of
the methodology is limted. And as Dr. Shack
indicated, just do this systemc and PRA with a | ot
of uncertainty analysis. But if you want to take
advant age of the margi n overl apping of the fragility,
for exanple, versus the |oad or sonething |ike that,
you have to let go of sone of our requirenents, and
| don't think that's in the cards right now.

VICE CHAIRVAN SHACK: | woul d have
t hought it was a tool for building nore margin in.
If I want to let go of margin, | just do the risk
nunbers, do a full analysis with uncertainty. Risk
is nmy total final netric.

MR. ELTAWLA: If risk is your final -
yes. But as long as you still have that requirenent
in 1.174 for the conpliance requirenent, you wll
never reach that point.

VI CE CHAI RVAN SHACK: Right. And that's

del i berat e.
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MEMBER BONACA: | thought it was a good

start. | thought that there's a |lot that can be
changed, should be nodified, but | think that it's
one way to try to tackle this issue of definition of
margin. There is a definition in determnistic
space, there are definitions in probabilistic space,
and there has to be a way that is being attenpted to
di scuss them in common terns. And as a m nimum

bring some clarity about sonme of the issues to do

with setting limts, and what they nean, and the
di scussi on we had today, | think, was enlightening in
many ways. | would be disappointed if there was no

further work being done on this. That's just ny
opi ni on.

MEMBER DENNING | agree with that. Are
we goi ng around the table now?

CHAI RVAN WALLI' S:  Yes, we are.

MEMBER DENNI NG If | may, then, | agree.
| think this is a good first step. Cbviously,
there's nore that has to be done, and | think that
assumng there is nore, | think that we'd like to
stay really closely in tune with the direction that
it goes. But sone of -- | think that there should be
definitely a focus towards the 1.174 question of

that. And | think that RES ought to be in a position
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that when 1.174 is redone, that we're in a position
of saying what we nean by safety margin, if we want
to keep that kind of stuff in there any nore. | do
think that safety margin really is a determnistic
si de concept, and we may be going too far in thinking
that we really rationalize the risk assessnment in the
deternministic pathway, that the real purpose of the
safety margin is to maintain that independent
deterministic pathway in sone way that nakes sense.
Now | ' m not positive that this all works, but that's
what | think.

One of the things | thought that was very
interesting in what you did with the safety marginis
I think that you really have kind of perturbed it
into a way to do risk analysis that accounts for the
effects of uncertainties on acceptance, not
acceptance criteria, on the success criteria, and
that for problens Iike the one that you | ooked at,
that we have to nmeke sure that when we do an
uncertainty analysis for those things that are really
cl ose on the success criteria, that that uncertainty
analysis really gets into the definition of success
criteria. But | think everything that you did can be
done, in that particular thing, can be done within

the context of PRA and should be. Wether it was
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really necessary to make that an extension of the
safety margin |I'm not sure, but | thought it was
i nteresting and val uabl e concept that was inportant
for risk analysis. And | pass on to the next.

CHAIRVAN  WALLIS: And then the
cont ai nnent over-pressure i ssue, we suggested that if
you did a proper uncertainty analysis, you m ght not
need to do a PRA. You mght actually be able to show
that the probability of getting this |oss of net
positive suction head was so low that you really
didn't need to incorporate it into risk, because when
you've done the realistic physical analysis of
t hi ngs, there was such a huge margin al ready that you
didn't need to go further and | ook at the risk.

MEMBER SI EBER.  But the regul ati ons cal
for determnistic judgnent as to --

CHAI RVAN WALLI'S: They seemto be based
on a boundi ng worst possi bl e case.

VI CE CHAI RVAN SHACK: | nean, there are
several ways to do that. You can |look at the
probability, you can | ook at a best estinmate
cal cul ation of a design-basis analysis; that is, you
elimnate sonme of the conservatism in the design-
basi s, but not necessarily --

MEMBER SI EBER. That's right.
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VI CE CHAl RMAN SHACK: That's what we've

done with 50.46 to this point, still |ooking at
desi gn-basis argunents, but you're doing a best
estimate anal ysis, so there's various ways to handl e
this.

MEMBER SIEBER. | think that's a perfect
exanple of how you can use and misuse the term
“margi n". For exanple, once you put safety limt in
there, swing the safety lint and when the event
physically occurs, there is margin built in, for
exanpl e, Appendix K is one of those. You have the
correlation, which is a conservative thing. You have
the DKA curve, which is a conservative thing. Those
are put in there as conservative neasures to perhaps
overcome unknown unknowns in the methodol ogy. And
that establishes a safety |limt, so between when the
phenonmenon occurs and the safety limt, there is
inmplicit margin put in there. And then when you | ook
at the difference between the safety |limt and the
operating condition, that's what we are calling
margin here. And | think that that is only part of
t he margin.

For exanple, if | nodify the technique
that | use to cal cul ate when t he phenonenon t hat

don't want occurs, I'mplaying with the margin
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between the safety |inmt and t hat phenonmenon, because
you may refine the calculation to the point where it
occurs at a different poi nt, maybe a | ess
conservative point, or nore conservative than you
wanted. And it's because of that, and because the
idea of margin is wused so nmany places in the
regul ations, Reg Guide 1.174, 05.59, and so forth
you have to really be careful, | think, in howit's
defined, and how it's used, and it needs to be
consistent. And so that's one of the key things.

The overal |l methodol ogy, though, | think
this is a good approach and worth pursuing, because
| think it really does clarify and brings integration
into two different ways of assuring reasonable
conpliance with the design requirenents in the
regulations. So | guess if | was going to pick
something out to really concentrate on, this whole
concept of margin is inportant to ne.

CHAI RVAN WALLIS: | would concentrate on
wor ki ng out exanples of current issues. | would
consi der that you' ve got to get custoners behind you,
you' ve got to get NRC and NRRto think we really need
this, it's useful to us. You've got the people who
are doing the utility studies of sunps to say gee

whiz, if we didit this way, it would save us nobney.
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We'd be able to nmake a nuch better case to NRC
You' ve got the public who is saying gee whiz, they're
now at |ast being rational about this discussion of
mar gi ns, so we know what they're doing. And | would
address these custoners by saying, by |ooking at
current issues like the sunps, and say if you do it
this way, or if you did the contai nment over-pressure
this way, then you' d have a nuch better argunment for
t hese custoners to use. That's what | would do, just
try to make this thing fly. | think you ve got hold
of sone ideas which are proni sing.

MEMBER MAYNARD: | think it's obvious
that you've done a lot of work, a |lot of good work.
And | also conplinment on you sticking through this
neeting and not wal king out. | think you' ve done a
good | ob.

| believe that one of the things needed
to occur is some good discussions, probably, between
research and NRR as to what are the goals of this
program and will it really be used, and get naybe a
| evel of conmmitnent, because | think it's going to
still be a substantial work effort. | think it's
worthwhile, but only if it's actually going to be
used, and is done for the right reasons and for the

right customers. The ACRS has an interest in this,
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but we're not your ultimte custonmer on this. It's
really the stakehol ders and NRR, and | think that
there needs to be sone conmuni cations there, and set
some goal s, and nake sone determ nations before you
continue to pursue it.

CHAI RVAN WALLIS:  Wwell, | was always told
about sales by business school people. It's very
difficult to sell a customer on sonething which he
isn't already | ooking for. So perhaps find out what
it is that they are looking for that you can help
them wi t h.

MEMBER ARM JO |'ve had a different
background, and |'ve never seen a good idea that cane
proposed to an organi zation, that the first response
wasn't we don't need it, it's too conplicated, nobody
uses it, and we don't want it. And the ones we
pursued that had chanpions that really pushed it,
really got us out of trouble. And | think there's
some really good ideas here. And |I'ma fan of
technol ogy, anyway. | just think you need a
chanpion, but if the rest of the organization isn't
going to help you, | think it won't work, but | think
it should be pursued. | think it's too early to say
let's pull the plug.

MR. BANERJEE: | think it's interesting
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work, and to nme, nmaybe in the i mediate short term|l
see an application of this to sone of these power
uprates which are com ng through. And it has sone
generic inportance, whether NRR uses it today,
tonorrow, it doesn't really matter. | think it's

i nportant that we understand sonme of these things
better.

The idea of using what is a nmandated
safety limt, and showing in, if you Iike,
probabilistic terns how likely we are to exceed that
safety Iimt is a useful concept, | think. Just for
that, it's worth doing and pursuing. And | can think
of many applications which will come in front of us
inthe future where we will want to see this, whether
NRR does it or not.

VI CE CHAI RVAN SHACK: Well, unless NRR
wants it, we're not going to see it, because nobody
is going to do it.

MR. BANERJEE: Yes, nobody is going to do
it, but then we'll keep asking the question. Right?

MEMBER SI EBER: R ght.

MR- BANERJEE: Well, what is the
probability of exceeding this safety [int? And then
how can you tell us, assure us. They may not answer,

but we'll keep asking that question. That's for



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

294

sure.
MEMBER KRESS: | think that is a usefu
concept. Let's think in terms of a new reactor
design. W' ve got the design-basis accidents out
there with their limts, speed limts, figures and
nerits. Let's pretend for a nonent that we didn't
have those. W have a reactor that we don't know
what the design-basis accidents are for, but we do
have a way now to do a PRA, even though it's going to
have uncertainties init. W can think of initiating
events, and we can anal yze the systemto see how t hey
go, so how would I cone up with two things for that
systen? How would |I cone up with a definition of
desi gn-basis accidents and the speed limts to go
withit, the limts? WII, that's a good question.
What | think | would do is |I'd have a PRA
wi th acceptance criteria on things |i ke FC, probably,
frequency consequence, but it could be a CDF or
somet hi ng, depends on the type of reactor, but FC
woul d be the nost general. And then I would say al
right, let's look at this PRA and pick out each
accident type that 1've got, which is what we do with
desi gn-basis accidents in the first place. Then we
pi ck the dom nant sequence out of those, and then

we'll say now, |'mgoing to constrain that sequence
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to sone |limt, and | may back off to a tenperature,
| may back off to sonething. |1'mgoing to constrain
t hat sequence to have sone limt onit. I'mgoing to
do that for each reactor type, and then I'mgoing to
say all right, now design the systemso that |'ve net
t hese design basis accidents, each type, and they
neet their limt. Then I'mgoing to go back and run
t hrough ny PRA again, and see how close | come to ny
real acceptance criteria, and that's the FC curves.
If I met themwith a certain |evel of confidence, 1'd
say well, |'ve got sone good design-basis accidents,
|'"ve got sone good limts.

Now let's presune that that's what we
have for our current LWRs. W don't really have
that, but let's presune that's what we have. So
we' ve got design-basis accidents, we've got speed
limts, and we've got actual overall risk acceptance
criteria. Now when | ask the question, in the
desi gn-basis space, if | use up that margin to the
speed limts, how nuch margin do | have, and what is
this margin, how are we defining it, what's
acceptable, how can | live with it, how can | nake
deci si ons?

el |, the nmargins are sinply the

di fference between ny cal cul ated val ue and the speed



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

296

limt in the design-basis space. Now you m ght want
to dot his probabilistically, and | think there's a
lot of wvalue in doing that probabilistic, that
particular part. But as | |lose that margi n by novi ng
up or changing things, the real question is how do |
make a deci sion on whether that's an acceptabl e | oss
of margin, or what margin do | need in the first
place? Well, the margin | need in the first place
depends on how t he whol e set of sequences that this
is a surrogate for allows nme to conme to a certain
confidence level in nmy overall risk calculation.

That's why | said, you have to separate
the two, but they have to be integrated by a process
that's design-specific, plant-specific, and t he speed
limts you set ought to be plant and desi gn-specific.
And that's the problem we have, the speed linmts we
have are not plant and design-specific. They're
there in design-basis space, and they're the sane for
all plants. And that's where we end up having this
problem | think. W can't change those |linmts, and
we can't make them plant specific.

CHAI RVAN WALLI' S:  You have the sane speed
limt for all cars, although you know that sone are
much safer at higher speed than ot hers.

MEMBER KRESS:. That's right, so that's
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where the problemis. But | think thinking through
this process the way | just did will lead you to a
way to integrate risk margins in design-basis space,
and how to design margins, how to define margins. |
think it's the thinking process that I'mtrying to
throw out, and if | were going to say work on this
probl emsonme nore, which 1'd like to see because it's
a great problemto work on, that this is the process

CHAI RVAN WALLI'S: For the Part 53 thing,
the earlier basis, it's not just current reactors,
current problens. It's how you' d approach future
react ors.

MEMBER KRESS: Yes. It's a new tool.

VI CE CHAI RMAN SHACK: Yes. |'d |ook at
adifferent direction. I"'msort of with Rich. To ne,
I'"d like to see how this inpacts 1.174. The things
that we -- we know how to conpute delta CDF in 1.174,
sort of. Wat we don't know is how do you preserve
or assure that you have adequate margin, and the
def ense-i n-depth phil osophy. To ne, this gives ne a
pot enti al t ool for guantifying rmargins, and
quantifying structuralist approach to defense-in-
depth. And that's, to ne, a tool that -- because

you're off in your rationalist world. You re going to
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assess uncertainties --

MEMBER KRESS: | want to convert that
rationalist thinking into --

VICE CHAIRMAN SHACK: But I'ma
structuralist defense-in-depth nman, so | think this
gives ne a tool to do that. Wat | don't knowis
exactly which criteria I'mgoing to decide to defend
with this tool. And, to ne, that nay be the hardest
thing to come up with, is okay, |I've got a tool that
| can use to defend structural defense-in-depth.
Where do | choose? And that's where 1'd like to see
sorme thinking cone in. |1'mlooking at this as a tool
to quantify ny structuralist defense-in-depth, and
just exactly how and where | draw those lines | don't
know yet, but | think that's where 1'd like to see
this work go if it continues.

MEMBER KRESS: Structuralist defense-in-
dept h needs to deal some way with uncertainties, and
how i nconpl ete you know about those, what you know
about those uncertainties. So if you' re going to do
that, you still have to do my thinking in ternms of
what are your acceptance criteria, what are the
uncertainties in the risk. And you have to think in
t hat direction.

VI CE CHAI RMAN SHACK: No, no. ' m not
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t hi nki ng about uncertainties in risk any nore. |'m
t hi nki ng about uncertainties in some structuralist
def ense.

MEMBER BONACA: | want to say |
under st and. I am interested, however , al so
specifically in the issue that she brought up. Wen
it cones down to plant changes, because we are facing
changes to these plants, and when you | ook at what is
the inpact on nmargin, whatever you call it, we are
bei ng confronted with always with the blinders of the
desi gn-basis. And you can't think out of the box.
And this allows us to nove out of the box, because
you get back into probably the distributions, and it
brings in PRAinsights. | just cannot hel p but think
if you have the power plant and you increase your
amount of fuel by large anobunt, and you do not
consi der sequences where you nmy have releases
because t hey are beyond desi gn-basis; and, therefore,
you have people coming in and telling us that you
have - you can put in 30 percent nore fuel, et
cetera. And, in fact, we have reduction - you have
an increase in margi n because they're nmaking a little
tinkering here or there, or sonething. | am not
proposi ng that we don't support power uprates. W

do, we have a nethodol ogy, and we follow it, but I
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think we have to be aware of what we are presented
and what it neans. And so, | think in the context of
- and the presentation attenpted to bring sone
exanples to do with plant changes, because they're
confronting us all the tine with those.

CHAI RVAN WALLI'S: W' ve spent about three
hours on this, and it's --

MEMBER BONACA: And we are |ucky that
George wasn't here, because it would have been five
hour s.

MEMBER S| EBER:  Yes, we are.

CHAI RVAN  WALLIS: W arranged it
carefully so that George wasn't here. Do we want to
say any nore about this today, or are we ready to
take a break and nove on to the next itenf

MEMBER SI EBER: A break.

VI CE CHAI RVAN SHACK:  Break.

CHAl RVAN WALLI'S:  Then we don't need the
recorder, we don't need the transcript after this, so
you nmay |eave. Thank you very nuch for your work.
Thank you very much for this very interesting and
stinmulating - obviously, it aroused a | ot of interest
anong this commttee, and they're all trying to
contribute toit, not just criticizeit. That's very

encouraging. So we will take a break until 4:30, and
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then we will take up the matter of the sunps and what
we said are the EDOin the Iight of the subcomittee
report fromthe neeting we had two weeks ago, or so.

VI CE CHAI RVAN SHACK: We're also going to
go through at least the first reading of ny letter so
I know where I'm --

CHAl RVAN WALLIS: | think so. W're
going to probably go and have a first reading of
everything tonight. W'Il see how far we can get.
Ri ght.

(Wher eupon, the proceedi ngs went off the

record at 4:18:50 p.m)



