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P-ROCEEDI-NGS
8:30 a. m

CHAI RMAN SHACK:  The neeting will now cone
to order. This is the second day of a two-day neeting
of the ACRS Joint Subcommittees on Materials and
Met al | ur gy, Ther mal - Hydraul i ¢ Phenonena, and
Reliability and Probabilistic R sk Assessnent.

| am WIIliam Shack, Chairman of this
neeting. Menbers in attendance are Mari o Bonaca, Rich
Denni ng, Peter Ford, Tom Kress, Victor Ransom Steve
Rosen, Jack Sieber, and G aham Wl lis.

The purpose of this neeting is to discuss
the technical basis for potential revision of the PTS
screening criteria and the PTSrule 10 CFR 50.61. The
joint subconmittees will gather information, analyze
rel evant issues and facts, and fornulate proposed
positions and actions as appropriate for deliberation
by the full commttee. Dr. Hossein Nourbakhsh is the
designated federal official for this nmeeting. Also
M. Tanny Santos, ACRS staff, is in attendance to
provi de techni cal support.

The rules for participation in today's
neeti ng have been announced as part of the notice of
this nmeeting previously published in the Federal

Regi ster on Novenber 2, 2004. A transcript of the
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neeting is being kept and will be made avail abl e as
stated in the Federal Register Notice. It is
requested that speakers first identify thenmsel ves and
speak with sufficient clarity and volune so they can
be readily heard.

We have received no witten coments or
request for tine to nake oral statements for nenbers
of the public regarding today's neeting. W wll now
proceed with the neeting and Mari o Bonaca woul d |i ke
to make a couple of coments before he has to | eave
t oday.

DR. BONACA: The reason that | ask is that
|"mgoing to | eave before 10:00. Yesterday | raised
t hose i ssues about the differences between different
PWRs, etc. You already heard those. It's nore a
guestion of inter-run docunentation to address sone if
there are, and | believe there are.

The other issue was, and ny nenory cane
back so | have to bring it up now, in your slide where
you tal k about the main streamline break difference
on previous analysis and the current technical basis
for Oconee and Robinson you said nmain stream line
break was nobst inportant because LOCAs were not
nodel ed. Well, | nean, they were not stupid. The

peopl e that did not nodel the LOCA was because they
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did not |l ead to repressurization. That was the issue.

The i ssue of nmj or concern that | renenber
clearly now was, and | think is inmportant for the
record in the docunments so that there is a historical
under st andi ng of why it was rai sed and why it was what
it is. The concern was for the B&W plant you have
very fast cool down.

You have a very high set point for the
hi gh pressure i njection. Typically they are
set at 1700 psi. | think Cconee is there. And they
are high-capacity punps. They punp in a lot of cold
wat er and you have an extrenely rapid cool down and
t hen you have repressurization. Renmenber that we're
usi ng curves where you repressuri ze the 2500 psi which
was safest.

Now, why were they allowed to do that?
They gave no credit for operator action because this
was 1980. TM had just happened and there were no
synptom oriented procedures. The instruction to the
operat or was you have a | ocker. Use safety injection.
There was a sense that nmaybe the operator could not
understand if he was in a steamline break scenario at
t he begi nni ng.

He would | et the punps run. There was a

high likelihood for that. There was a scenario that
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was dom nant because of the cool down and
repressurization. | daresay that there are good
reasons today to reevaluate this decision of letting
the punp running but | think it has to be dealt wth.

In the discussion that we had | ast year
with Alan from SAIC | renenber we tal ked about some
operator action and he, in fact, defended them very
intensely. He reviewed the Cconee procedures, spoke
with the operators, interviewed the operators during
steam|ine break simulations. He built a case for
saying that the scenario is still there but is not a
significant contributor anynore because, you know, the
operators will take care of it.

They will prevent this going solid. And
so ny point is sinply that in the preparation of the
report it's inportant that this historical perspective
be gi ven because there was a reason. | |ooked at the
corments from Tom Murley and he's asking the sane
guestion. "How cone the transient is not there
anynore?" There has to be a reason. The
reason is not that they forgot to include the LOCAs.
The reason is that they were concerned about
pressuri zed t hermal shock so the thernmal cool down and
then the repressurization.

Now, in the LOCAs vyou don't have
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repressurization but | guess you don't have to be
concerned about that. | don't know why it's going
away, the concern with repressurization. It's stil

somet hing that has to be said because the definition
of transients has really changed. That's pretty nuch
it.

MR. ERI CKSONKIRK: | certainly agree and
appreci ate the cooment that we can do a better job of
docunenting than what has been done before and your
comments are very helpful in that regard. | don't
think it's correct to say that we're no |onger
concerned about repressurization. Certainly we find
that repressurization transients on the prinmary side
are, if you'll forgive nme for the use of a judgnental
wor d, bad.

It's just that on the secondary side it
doesn't get cold enough to drop the materi al toughness
enough for the repressurization to matter that nuch.
Certainly your first cooments to do a better job about
docunent ati on we need to foll ow up on.

DR. BONACA: The point | wanted to make is
that they didn't just forget about LOCAs existing
there. It was sinply that they did not see it as a
severe conbi nation of factors. You just go down on

the pressurization. |In the LOCA you do not have any
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pressuri zation taking place.

VR. ERI CKSONKI RK:  Yes, certainly.
Judgenents were nade at the tine regarding what was
believed to be inportant based on the know edge that
they had and based on that know edge they excl uded
certain things that they didn't think would be | arge
contributors just as we've done today.

DR. BONACA: But |'m saying, again, there
isalogic for justification of the elimnation of the
sequence.

MR. ERI CKSONKI RK:  Yes.

DR. BONACA: Logic is synptomoriented
procedures. The credibility of those actions of
operators followi ng those procedures as in operator
training intothe sinmulators and all those things. O
course, now we've got core cooling that did not exi st
at that tinme when they had those panels.

W had no help to the operator to do that.
These are el enents that have to be described so that
one can say this transient may still exist possibly
but it's so likely that there's no treatnent. Thank
you.

CHAI RMAN SHACK:  I'Ill turn it back to you,
Mar K.

MR. ERI CKSONKI RK:  Okay. Were we |eft
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of f in our somewhat nodified agenda yesterday was in
t he m ddl e of going through Chapter 9 which generally
talks to our ability to generalize our results from
three plant specific analyses to PARs in general.
Yesterday before we left we heard from
Donni e Wi t ehead of Sandi a Nati onal Laboratories about
plant to plant differences and desi gn and operat or
action and things of that nature that natter to PTS
sequences. And we al so heard from Dave Bessette on

sensitivity studies regarding thermal hydraulic

anal ysi s.

Ther e are t wo portions of our
generalization work remaining that we'll tal k about
this morning. The first one I'll talk about which is

sensitivity studies in PFM Then Donni e Wit ehead
will come up and talk about why we feel it's
appropriate to essentially ignore the contribution of
external events as initiators. This presentation
concerns sensitivity studies on the PFM nodel .

W perfornmed those sensitivity studies
with two objectives in nind. One is to provide
confidence in the robustness of the PFM nodel so we
performed sensitivity studies on credible alternative
nodel s and credi bl e i nput pertivations to see if they

change the results enough to justify some change in

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

11

t he basel i ne nodel

And we've also provided -- |I'm sorry,
performed sensitivity studies to provide confidence
that the through-wall cracking frequency results that
were generated for the three study plants can in fact
be generalized to apply to all PWRs. The focus there
is to perform sensitivity studies to assess the
influence of factors that have not been fully
considered in our analysis of the three study plants
but exist in the PAR fleet in general.

It was noted on the title slide there's a
NUREG that goes into all this information in detail.
That's NUREG 1808 which you should have electronic
copies of now This information is also sunmarized in
Section 9.2 of NUREG 1806. Now this details the
sensitivity studies that we performed i n each of these
categories and |I'm going to have a slide or two on
each of these so we'll start with the ones to provide
conpet ence and the robustness of the PRM nodel and
then we'll go on to the generalization sensitivity
st udi es.

W did not performsensitivity studi es per
se | ooki ng at doing changes to the flaw distribution.
Not because we believe the flaw distribution to be

certain but because there really isn't «credible
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alternative information out there on which to base a
sensitivity study.

| nmean, we could certainly increase the
density of the flaws by two, increase the size of the
flaws by two, and a sinple exam nation of the PFM
equation show that those things would increase
t hrough-wal | cracking frequency. |nstead of doing
that or, | maybe say, in lieu of doing that, we did
want to provide sonme information here and in the
report on the characteristics of flaws that contribute
the nost to the through-wall cracking frequency.

Certainly we di scussed yesterday that the
dom nant contributor is oriented axially and that's
just a natural consequence of the driving force in the
vessel. The flaws are also very close to the inner
dianeter. | think the nobst inportant thing on this
slide is the realization that the flaws that
contribute the nobst to the through-wall cracking
frequency are, in fact, small in dinmension.

| f you have very large flaws, the cracked
tips of those flaws are located too deep into the
vessel to feel the effect of the thermal shock so they
are essentially at a lowstress condition and they
don't contribute very nuch at all to the through-wall

cracki ng frequency.
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DR. WVALLIS: | don't understand that. Wy

can't part of the flaw be close to the wall?

MR ERICKSONKIRK: It is close to the
wal | .

DR. WALLIS: It mght pop the wall. If it
pops into the wall, it breaks through the wall if it's
cl ose enough to the wall when you pull on it.

MR. ERICKSONKIRK: | think I mght have to
defer to Terry on this. Perhaps you can hel p nme why
we check for crack initiation at both crack tips.

MR. DI CKSON: For enbedded flaws we check
for the initiation at the inner crack tip, the one
that's closest to the clad based interface for two
reasons. It's the worse case for two reasons. It's
wor se case because the stress is higher there as you
go out through --

DR WALLIS: It's closer to the surface.

MR, DI CKSON:  Yes.

DR WALLIS: Right.

MR. DI CKSON: You have a higher stress and
you al so have a higher enbrittl enent.

DR. WALLIS: So why is that necessarily
further in? WMybe the center of the flawis further
in but its tipisnt. It could be right next to the

sur f ace.
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COURT REPORTERS AND TRANSCRIBERS
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MR. DI CKSON: Well, it could be. This pot

that Mark has on the left, that's what that is tal king
about. That is actually the inner crack tip |ocation.

DR. WALLIS: But that doesn't explain why
the big flaws are less effective. He said they were
| ess effective because they were further in. That's
what |'m questioning. | don't think the tipis
necessarily further in. Certainly the mddle is
further in if they are bigger.

CHAI RVAN SHACK: | think what he was
referring to if you had a one-inch deep crack so that
the tip was an inch fromthe inner wall it would be a
huge crack.

DR WALLIS: Yeah.

CHAI RVAN SHACK:  But, in fact, because the
tipis aninchin --

DR WALLIS: It's an inch in but it could
be an inch-1ong crack which is a thousandth of an i nch
fromthe inner wall as far as its tip goes.

DR RANSOM It seens like it has to start
and end somewhere. Wierever it starts and end is at
t he surface.

MR. ERI CKSONKI RK: | apologize. | think
| didn't express where | was trying to go.

DR. WALLIS: | think you need a different
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rational e.

MR ERI CKSONKI RK:  Yes. What we do find
on the graph on the | ower right-hand side is that the
flaws that are driving the through-wall cracking
frequency fully 90 percent of themare fairly snal
flaws and that's the observation.

DR. WALLIS: Because there aren't very
many big ones? |Is that what it is? It's nore
probabl e that you would have a small flaw under the
surface?

MR. ERI CKSONKI RK:  Absol utely. There's a
very |l ow probability of having big flaws and even if
you i ncrease the big flaw probability by credi ble, or
even incredible factors, it wouldn't matter nuch.
apol ogi ze for that. You are absolutely correct. The
first rational was erroneous.

DR WALLIS: This flaw distribution is
based on rather skinpy evidence. This is one of the
areas where -- | mean, heat transfer Dittus-Boelter if
you believe that. |It's based on data points. But the
floor distribution in these walls is based on a few
exam nations. Isn't it?

MR ERI CKSONKI RK: A few exam nations but
infinitely nore than we had the first tine.

DR, WVALLIS: It's nuch better than you had
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the first tinme.

MR. ERI CKSONKI RK: Much better than we had
the first tine. | think as a |aboratory geek at heart
| have to admit | would really like to have nore data
on this and | don't think there's anybody in the
techni cal community that woul d di sagree with this.

But | think it's also inportant to
recogni ze that the flaw distribution doesn't rest on
experinmental evidence alone. Certainly we started
with -- excuse ne. W start with experinental
evi dence both from destructive and nondestructive
eval uations but that's then al so bol stered by --

DR. WALLIS: But those were of individual
react or vessels.

MR ERI CKSONKI RK:  That's right.

DR. WALLIS: But there are a hundred
reactor vessels. | don't know how convincing it is
that the flaw distribution that you neasured in a
coupl e of vessel s which were taken apart is typical of
all other vessels.

MR ERICKSONKIRK:  No. | think it would
be wunfair to say that a single experinenta
distribution derived fromtw vessels could be just
| ooked at and thought to be representative of the

ot her vessel s.
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However, the expert group that we got
together to help us construct the flaw distribution
used physical nodels, used expert judgnent in the
process of constructing the distribution. As I
i ndi cated yesterday, in the process of constructing
the distribution every tine they came to sonething
where they felt they had to nmake a judgnent, that
judgnment was made in a systematically conservative
di rection.

DR WALLIS: This is all docunmented in
sonme --

MR ERI CKSONKIRK:  This is all docunented
and | don't have this NUREG --

DR. WALLIS: Hopefully we are going to

get --
MR. ERI CKSONKI RK:  You have it already.
DR. WALLIS: W have it already.
MR. ERI CKSONKI RK:  That was the first
docunment you got. Bruce, I'll get you in just one

second. Just to give a couple of exanples, we

simul ate surface walls to exist inthe vessels despite
the surface-breaking flaws despite the fact that no
sur face-breaki ng fl aw has ever been observed so that's
clearly conservati sm

Then the other thing is all of the

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

18

i nspecti ons, destructive or indestructive, any
i ndi cation that was found was taken to be a pl anar
crack. In other words, sonmething that could
initiative clear retractor. \Wereas unquestionably if
you talk to any NDE person they will tell you the
easiest thingto find in an inspectionis not a planar
crack but a volunetric crack. The huge -- that's
per haps an over st at enent.

A lot of the indications that we
characterize as planar cracks and, therefore, believe
or treat in our calculation as contributing to the
probability of failure are, in fact, nore akin to ny
Magi ¢ Ei ght Ball and aspect ratio and, therefore, are
very unlikely to initiate a crack
That's but a few of the exanples of the conservatisns
that we are taking.

CHAI RMAN SHACK: Is that truly a
conservatisn? | nmean, do you have statistically --
have you put in statistically such a high nunber of
surface-breaking flaws that you would be surprised
that you hadn't found one in the inspections you did?
O is the nunber just snmall enough that if | inspect
25 neters of weld I wouldn't expect to find them but
if | expected a thousand neters of weld --

MR. ERI CKSONKI RK: | ndeed, the notivation
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for including surface-breaking flaws when none have
been found was based on the fact that in the end while
we i nspect ed nuch, nmuch nore material than we ever had
i nspected before, it was still a small anount.

CHAl RMAN SHACK: No. But are you so
conservative that you should have found -- you know,
does your distribution say that you shoul d have found
surface-breaking flaws in which case | would agree
that your inclusion is conservative or you've just in
a statistically realistic nunber of surface-breaking
flaws.

MR. ERI CKSONKI RK: | would agree nore with
your second opinion and | would say a statistically
realistic yes.

CHAI RMAN SHACK:  You can't take credit for
conservati sm

MR. ERI CKSONKI RK: Wl |, however, the
other thing to recognize is the only physical
nmechani sm that is capable of producing the surface-
breaking flaw is lack of inter-run fusion in the
austenitic stainless steel cladding and those are al
circunferentially oriented.

W' ve done, which |I don't have here but
can provide you, sensitivity studies where we

i ncreased the nunber of surface-breaking flaws from
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our basel i ne nunber dramatically and t he t hrough-wal |

cracki ng frequency doesn't go up much and that's

expect ed because they are circunferential. Bruce.
MR, BISHOP: |'m Bruce Bishop from
Westinghouse. | was involved as part of the industry

V&V of the distributions for the flaw. Both the
density, the depth, direction, and the aspect ratio
for the surface-breaking flaws, the enbedded fl aws,
and the plate flaws.

One point to keep in mnd is for the
enbedded flaws there is not one distribution. W
recogni ze that there is uncertainty on the limted
anount of data. |In those three paraneters | nentioned
there are significant uncertainties and instead of
generating one distributionwe actually generate 1, 000
di stributions and use those in the FAVOR code so there
is a fair anmount of uncertainty. There is not
just one flaw distribution. There is a famly of
distributions with fairly big uncertainties to allow
for the lack of a significant anmount of data.

MR. GAMBLE: M nane is Ron Ganble and |
work at Sartrex and | do a ot of work in this area
for EPRI. | want to say one thing about flaws on the
surface. This is a msconception you just keep

heari ng and hearing and hearing. Al vessels that are
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manuf act ured and operating in the United States have
had i nspections on the surface so there is no vessel
that is not in service that has not been i nspected for
flaws on the surface.

Part of the fabrication process is to do
a dye penetrant exam nation after welding to | ook for
defects and if they're found they're repaired. The
dye penetrant is done on all welds. |It's a nmag
particle which nmeans that it has the capability to
detect flaws that are on the surface and slightly
bel ow t he surface nmaybe five to 10 thousandths of an
i nch.

So | think you have to renenber that al
vessel s are i nspected on the surface of all welds. W
seemto get the inpression that we've never had these
i nspections or that we have sone snall sanple fromtwo
pl ants of a couple of neters. |It's not true. Every
vessel is inspected on the weld on the surface in
every plant.

MR. ERI CKSONKI RK:  Okay. |I'Il just note
that we'll get back to this topic when we go over the
Peer Revi ewers' comments.

DR. WALLIS: The cl addi ng process doesn't
create new fl aws?

MR. ERI CKSONKI RK:  The cl addi ng process
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does create flaws in the cladding.

DR. WALLIS: But not on the vessel base
nmet al ?

MR. ERI CKSONKIRK: In fact, that's a nice
lead-in to ny discussion of subclad cracking which
we'll get to in about 10 slides. Okay, weld residual
stresses. In the FAVOR code we conservatively assune
t hat the residual stresses produced by wel di ng are not
relieved by through-wall crack propagati on which, of
course, has to be true to neet the boundary
condi ti ons.

In lieu of doing a detailed analysis,
whi ch woul d have undoubt edly taken a | ot nore ti nme and
noney, what we tried to sonehow systenatically relieve
the stresses as the crack propagated through the
vessel wall.

W just took them away as soon as the
crack initiated but it turned out that the renoval of
that conservatism didn't alter the through-wall
cracki ng frequency hardly at all, which is perhaps not
sur pri sing because the resi dual stress contributionto
driving force is small conpared to the pressure and
t enperat ure conponents

DR. FORD: WMark, that |ast statement nmay

well be true but that is a calcul ated residual study
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profile. If you |look at the data and nake a
conparison, for instance, double-V notched pipes or
core shrouds, there's a considerable scatter of the
actual data around that theoretical |ine. Now,
if you put the upper bound of the observed residual
stress profiles how woul d that statenent --

MR. ERICKSONKIRK: | think | need to go
back and I'Il ask Terry to tell me if I've got this
wong or not. This profile was determ ned by
experimental nmeasurenents made on a thick wall vessel .
Was it not?

MR DI CKSON:  Yes.

DR. FORD: Did that experinment -- how nmany
data points were there to confirmthat?

MR. ERI CKSONKI RK:  Terry, do you renenber?
| just don't have those details.

MR DICKSON: | don't renmenber all the
details. That's been seven, eight, or 10 years ago we
did that study and wote the paper, but it's a
conmbi nati on of measured data and anal ysis from which
this weld residual stress distribution was derived.
But this is also consistent with other people in the
literature that had done the sane type of work, the
same shape and the sane nagni tude. No doubt there is

probably sonme scatter about it but that's not
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considered in the anal ysis.

DR. FORD: No. | have no problemat al
wi th the shape of that curve. As you see, nmany people
have seen simlar shapes of the double-V notched
welds. M question is if you | ook at the data, what
is the upper bound of that data conpared with that
curve that you put into the FAVOR code? If it's, you
know, 10 ksi nore positive than that, would that
i mpact on your end concl usi ons?

MR. ERICKSONKIRK: | sinply don't have
that i nformati on al t hough we can certainly recover it.

DR FORD: It seenms to ne the whol e point
of these presentations is sensitivity.

MR. ERI CKSONKI RK:  Yes. That's a good
poi nt .

DR. FORD: Could you have a situation
where the 10 ksi in the real case of the specific
pressure vessel you're trying to anal yze, coul d those
curves be 10 ksi nore positive?

MR ERICKSONKIRK:  We'|l |ook into that.
| don't have that know edge stored away but it's
certainly avail abl e.

Okay. Next one concerns the enbrittl enent
shift nodel regarding which there's been a lot of

di scussion both within the NRC and within the ASTM

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

25

community. FAVOR has adopted an enbrittlement shift
nodel. This is a nodel that calculates the shift in
t he Char py 30-f oot pound energy transition tenperature
as a function of copper, nickel, phosphorus, fluence
and so on. FAVOR has adopted a nodel
proposed by one of our contractors in the year 2000
that differs somewhat fromthe ASTM E900-02 standard
t hat was adopted two years ago. It should be pointed
out that the two nodels are simlar but not identical.

DR. WALLIS: Now, in the figure that you
showed us a year or nine nonths ago or sonething,
there was fluence on one access and then there was
this shift on the other and the data seened to be al
over the place.

MR. ERICKSONKIRK: 1'll show you that in
just a second. You |liked that plot.

DR. WALLIS: Well, maybe it was all over
t he pl ace --

MR, ERI CKSONKI RK: |t wasn't --

DR. WALLIS: Different anounts of cooper
or sonet hi ng.

MR. ERI CKSONKI RK: It wasn't a FAVOR pl ot
but, anyway, we'll get to that. | recalled your
hankering for plots with lot of scatter so |'ve got

one.
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DR. WALLIS: No, | didn't hanker. | just
noti ced.

MR. ERI CKSONKI RK:  Anyway, the nodels are
simlar in form but certainly not identical. The
regul atory nodel includes sone terns that were

intentionally conservative relative tothe E900 nodel .

W did a sensitivity study which is
reported in our docunmentation and the use of ASTM
E900-02 nodel reduces the through-wall cracking
frequency relative to our baseline nodel in FAVOR of
about a factor of three.

W shoul d al so point out that the work by
our contractor has been ongoing since the year 2000
i ncor porating advanci ng physical understandi ngs and
al so incorporating new surveillance data that have
beconme available. Wile that nodel is still being
wor ked on and hasn't been adopted by either ASTMor in
the FAVOR code, it should be pointed out that the
nodel we're currently working onis closer tothe ASTM
E900- 02 standard than the nodel we are currently
usi ng.

DR. WALLIS: This is inportant because
what the plant knows is what its fluence is.

MR. ERI CKSONKI RK:  And its copper and its

ni ckel and its phosphorus.
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DR. WALLIS: Right. It has to deduce this

shift in this key thing.

MR ERI CKSONKI RK:  That's right.
Absol utel y.

DR WALLIS: And if thereis alittle
uncertainty in that, that seens to ne pretty
significant. |If you know your fluence but you can't
know your RT very well, then the whol e basis of your
analysis is this --

MR ERI CKSONKI RK:  And, indeed, that
uncertainty is incorporated into our analysis.

DR WALLIS: It nust be.

MR. ERI CKSONKI RK:  Yeah, it is.

DR. FORD: | was having exactly the sane
guestion. The correlation factor on the Eason nodel,
for instance, is remarkably | ow between the nodel and
the data so it cones down to this question

MR ERI CKSONKI RK:  You nean like that?

DR WALLIS: Yes, that's the one.

DR FORD: | don't know what the
correlation factor is but it's got to be less than .1
| woul d i magi ne.

MR. ERI CKSONKI RK: It shoul d be pointed
out there are other ways to judge a nodel with a

correl ation factor.
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DR. WALLIS: The spread is huge. |If I

know ny fluence, then | don't know ny delta T,, within
maybe 50.

MR. ERI CKSONKI RK:  Before we go too far on
this, I want to assure everyone that that |evel of
uncertainty is incorporatedin all of the cal cul ations
that you' ve seen. W're not trying to hide or sugar
coat anything. |It's in there.

DR. FORD: | know but, again, |ooking at
your hypothetical weld you're trying to analyze,
assume that you put it at the upper bound.

MR. ERI CKSONKI RK:  And sonetimes you do.

DR. FORD: (kay. Does that affect your CF
val ue that nuch? That's the bottomline.

MR. ERICKSONKIRK: If it was al ways up,
yes. |If 100 percent of the tine it was always at the
upper bound, certainly --

DR. WALLIS: This is your screening
criteria, or used to be. You had 270 degrees or
somet hing. The guys says, "OCkay, ny fluence is 2E to
the 19." He | ooks there and says, "Now |'ve got to
cal cul ate what ny --

MR ERI CKSONKI RK:  But renmenber we are
asking himto calculate --

DR. WALLI S: He takes the black |ine?
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MR. ERI CKSONKI RK:  Renenber, we are asking

himto calculate that value using maxi mal val ues of
fl uence, of copper.

DR WALLIS: He takes the black |ine but
what he reports is --

MR. ERI CKSONKI RK:  He's pluggi ng those
maxi mum val ues of copper, nickel, phosphorus, and
fluence into the black |line calculation so he's using
upper - bound i nput values. It would be inappropriate
to ask themto use both upper-bound input val ues and
an upper - bound correl ation.

DR WALLIS: | don't know because | don't
know what that does to the conclusion he reaches.

MR HI SER This is Allen Hiser from
Research Materials Engineering Branch. | don't
bel i eve that upper-bound copper and ni ckel are used.
It's best estimate val ues.

MR. ERI CKSONKI RK:  You're right. W're
using the regul atory values that have been agreed to
between the licensee and NRR  You're right. |
apol ogi ze.

CHAI RVAN SHACK: But then he adds a nargin
term

MR ERICKSONKIRK:  No. In the current

regulation he adds a nmargin term because that
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uncertainty wasn't accounted in the cal cul ati on.

CHAI RMVAN SHACK: You can address your
uncertainty directly or you can add a nargin.

DR. WALLIS: Don't talk about the current
regul ati on because we knowthat the margi n conpensat es
for a very strange way of accounting for uncertainty
inthis previously. You add sonethi ng when you shoul d
have subtracted it and then you add it agai n sonewhere
else. W don't want to go into that ever again.

MR. ERI CKSONKI RK:  Certainly not. That we
all certainly agree. But, yes, in the old
relati onship we accounted for -- in the current way of
doi ng t hi ngs we account for this uncertainty after the
fact with a margin term |In this case we have
incorporated it into the cal cul ation.

DR. WALLIS: | understand that.
understand statistically you can do that. It just
sort of makes ne a little suspicious of whether this

is the right way to do it when | see that sort of

scatter.

MR. ERICKSONKIRK: Is there a better way
to do it?

DR WALLIS: No, because it seens to nme
that you're -- the plant says its fluence is so and

so. Therefore, ny RT is sonething plus 100. It could
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wel | be 100 plus 170.

MR ERI CKSONKI RK:  But how much of that
scatter is experinental error in resolving the shift?
Alarge part of it because, renmenber, you're tryingto
nail down and the regulation includes sonme funny
statenents. It says, "The |icensee shall perform
Charpy testing to define the 30-foot pound shift
wi t hout error."

DR. WALLIS: If you look at the history of
Charpy testing, you again get all sorts of causes of
error. Here you see the key variable is this RT and
this delta T is used to calculate that RT, or
whatever. That's why |'ve always been -- |'msure
you' re doing very consistent stuff but it seens to ne
you' re hangi ng your hat on sonet hi ng which i s somewhat
difficult to define.

MR. ERI CKSONKI RK:  Bruce, do you have a
comment ?

MR. BISHOP. This is Bruce Bishop from
West i nghouse. The only coment | had to nake is
you're right, there is a chance that the RT,, instead
of being 100 could be 170 but, again, it's not always
-- again, what you have to look at is what's the
probability that it's going to be 170 versus 100

That's the distribution that's built into the
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eval uati ons that we do.

DR. WALLIS: You're saying it's all
al eatory. There may be sone plant which is al ways at
the top of the curve.

MR. ERI CKSONKIRK: | don't think you find
that. Wen these correlations have been devel oped
what you find is that if you look at individual data
sets relative to the nmean line, they are scattered
about the nmean line. You don't see systematic biases
where Pal i sades is al ways --

DR. WALLIS: So | shouldn't say that
Pal i sades mi ght be all at the top.

MR. H SER  That's not universal. There
are sone plants, sone nmaterials that have a
sensitivity that skews upwards. There are sone plants
that because of their surveillance data are not
allowed to use the correlations in the current reg
guide. They are required to use a higher chem stry
factor to conpensate for that.

DR. FORD: Mark, can you put a naggi ng
problem in ny mnd? Wen we were discussing the

research project | ast year, the question cane up about

anonmal i es in high-nickel, |ow copper alloys in Santa
Barbara. |s that no |onger an issue?
MR. ERI CKSONKI RK: | haven't been tuned
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into that. Allen, do you have any comments on that?

MR HSER No. | don't have any
information right at hand but we can dig into it and
get it to you

DR FORD: It's just that |ooking at that
it seens that the wel ds have the highest scatter and
| was wondering if there is any correlation at all
bet ween this question of the high-nickel, |ow copper
that don't fall into any known correlations so far.

MR ERI CKSONKI RK:  That, indeed, is a
topi c of current research.

DR WALLIS: | think if you' re honest in
showing this figure, which | don't think is in the
handout - -

MR ERICKSONKIRK: No, it's not. | added
it last night. [I'mnot asleep at the switch up here.
Since we're tal king about uncertainties and what |
woul d agree i s a ghastly | ooki ng plot, in constructing
FAVOR we had to decide it was appropriate to sinulate
t hose uncertainties.

What we did was we start with, as Alen
properly corrected ne, the |licensing val ues of copper,
ni ckel , phosphorus which are taken to be best
esti mates based on avail able data and then we sanple

from copper, nickel, and phosphorus distributions.
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Wher e t hose copper, ni ckel, and phosphorus
di stributions are drawn fromextrenely | arge data sets
drawn fromnmany, many materials, and so | woul d argue
have to be upper bound to the copper, nickel, and
phosphorus uncertainty that you get in any particul ar
material. W have nmean val ues of copper, nickel, phos
and, indeed, fluence.

Then we sanple fromdistributions, put it
into the nodel and do that zillions and zillions of
times. VWhat we find out is that -- that's what's
shown over here where the blue Iine with the Xs is a
plot of the standard deviation of sinmulated
enbrittlement shift values that's com ng out of FAVOR

And what you're finding is that down here
the greenline, and that's sinmulated -- I'msorry, for
a weld. The green line is the standard devi ati on of
all this ness of scatter fromthe nodel. The reason
why t he standard devi ati on di ps down here as you go to
zero fluence is we don't allow FAVOR to sinulate
negative shift so it's truncated from bel ow so you
woul d expect a smaller standard devi ati on.

DR. WALLIS: Al npst by definition it's got
to go through the origin

MR. ERI CKSONKI RK:  Yes. But, anyway, the

point of this graphis to say that FAVORis faithfully
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reproducing the scatter in the original database in
its simulation. It is sinulating the anmount of
scatter that's in the database for all PWR
surveill ance materi al s.

Again, | would argue if | did one of the
Power Poi nt ani mati on thi ngs and scrubbed away all the
poi nts except those for one particul ar weld, you woul d
see nuch | ess scatter. FAVOR is simulating this nuch
scatter, or this much scatter if you |I|ike, but
unquestionably the anobunt of scatter in any one weld
woul d be | ess or plate.

And al so the other thing to point out here
is that it wouldn't be appropriate to sinulate the
uncertainties in copper, nickel, phosphorus, and
fluence and then sinulate a relationship uncertainty
on top of that because then we would be not
approaching the scatter in the original experinmental
dat a base but approachi ng a val ue that's approxi mately
twi ce that.

Now, here's one | did just for Dr. Shack
because he asked ne yesterday. Where we got off not
simulating the uncertainty in the Charpy shift to
fracture tough and shift correlation. Here is another
plot with scatter init, not quite as bad as the | ast

time, where we have on the horizontal access and, to
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be consistent, this should say delta T, joules but
it's the sanme nmetric, the shift and the Charpy 30-f oot
pound energy transition tenperature versus the shift
in the fracture toughness transition tenperature.

Bot h of these are experinentally nmeasured
values nmade in the |aboratory on RPV welds, plates,
and forgings. Both -- well, obviously, before and
after radiation. You have to have an unirradiated
curve and then irradiated to various |evels.

DR. WALLIS: There's another thing. First
of all, you start with a fluency you know and t hen you
have to predict this delta T40.

MR ERICKSONKIRK:  No, this is not a
predi ction.

DR WALLIS: The delta T, is a nmuch nore
reasonabl e useful physically based thing than delta
Tso-

MR. ERI CKSONKI RK: | agree conpl etely.

DR. WALLIS: Charpy is an antique and
delta T, is nore related to what you are trying to
predict.

MR. ERI CKSONKI RK:  And that's exactly why
we have to go through this relationship.

DR WALLIS: You're solid with fluence

which you know and delta T,, is subject to large

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

37

uncertainty. Delta T, is what you really want and
it's also subject to uncertainty when you get it from
delta T,

MR. ERI CKSONKI RK:  That's right.

DR WALLIS: It's amazing that with al
this you can come up with sonet hi ng whi ch nakes sense.

MR. ERICKSONKIRK: |'mtenpted to say
something but it goes on the record so | won't.

DR. VALLI'S: Maybe | shoul d be
congratul ati ng you.

MR. ERI CKSONKI RK:  Thank you. I'Ill just
say thank you like in the comercials. The one thing
| do want to clarify is that in this plot all the
val ues are nmeasured. Delta T,, is not arrived at by
the previous correlation. |It's nmeasured based on
Charpy test just as delta T, is neasured based on
fractured toughness test. Anyway, there's obviously
consi derabl e uncertainty apparent in the enpirica
relationship and it's these curves that we use in
FAVOR.

The FAVOR simul ati on process to go back is
to sinulate the uncertainty in copper, nickel,
phosphorus i nfluence, use the main curve to cal cul ate
a value of delta T,, shift, and then we go to this

relationship and sinply convert it to delta T, shift
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by multiplying by these values, the slopes of these
lines without sinulating the uncertainty. Dr. Shack
asked where | got off doing that.

DR WALLIS: |Is there a trend here with
i ndi vi dual sanpl es or sonet hi ng?

MR ERI CKSONKI RK:  No, and that's what |'m
about to showyou. W should choreograph this better.
However, what we see, now, renenber, these curves --
| mean, certainly, as you pointed out, Dr. Wallis, the
protocols for determining delta T , are nmuch nore
consistently lined out. |In fact, there's an ASTM
standard for determ ning delta T,

However, having said that, sonme of these
delta T, points can be derived using only six sanpl es.
That's the mnimumthat's all owed. Sonme of them have
upwar ds of 100 or even nore sanples fromthe detail ed
| aboratory test perforned at Gak Ri dge and ot hers.

DR. WALLIS: Each one of these points is
an average?

MR ERI CKSONKI RK:  Each one of these is a
best estinmate.

DR WALLIS: So if we plotted the six
different tests, we would get even nore --

MR, ERI CKSONKI RK: No, no, no. You can't

determine -- you need six tests to deternm ne TO.
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Actual ly, you need 12 tests to determ ne delta T,.

DR. WALLIS: You get transition.

MR. ERI CKSONKI RK:  That's right. Anyway,
the origin of this scatter | argue is not uncertainty
in the relationship which is to say that for sone
materials the delta T, is nmuch smaller than the delta
T,, and for other nmaterials the delta T, is nuch | arger
t han delta T,,.

But its neasurenent error because when we
Wi pe away the points that have been determined with
the smal|l data sets and | ook only at the points that
have been determ ned by the |large data sets, you see
them cl ustering much nore closely to the |ine.

This is a cartoon. Well, it's real data
but it's a cartoonist attenpt to do a residuals
anal ysis which is actually presented in the docunent.
For exanple, if there was a true material-to-materi al
dependency in this relationship, then it would be
equally likely that the large data set points were
these flyers out here as the ones popul ating close to
the |ine.

Whereas if there is truly an underlying
physi cal basis consistent relationship going on that
cuts across all these materials, you nust expect that

the materials that have the best defined shifts using
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the nost data are going to lie closest to the I|ine.
| ndeed, that is the case.

That's our justification for not sanpling
t he uncertainty here. Anot her justification
perhaps nore practical one, is that, | nean, we can
nmeasure in the | aboratory the uncertainty on delta T,
and we can neasure the delta T,. And because delta T
is nore rigorously defined, the uncertainty tends to
be small er.

Whereas, if | went through and if |
sanpled the wuncertainty in this relationship in
sinulating nmy delta T,s, ny delta T, uncertainties
woul d be huge relative to what | neasure in the
| aboratory. We would be overestinmating the
uncertainty in those values relative to anything
that's been observed.

DR. WALLIS: Do you have the other plot
which is delta T, versus the fluence or has that not
been done in terns of experinment?

MR. ERI CKSONKI RK: | have that. | don't
have that with mne.

DR. WALLIS: Is it better or is it just

MR. ERI CKSONKI RK: At this stage nobody

has attenpted to develop a delta T , enbrittlenent
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trend curve for a whole host of reasons. One is that
the testing just hasn't been going on for that | ong.
Virtually all of the delta T, points here cone from
test reactors, whereas the enbrittlenent trend curve
cones fromreactor pressure vessel covalents.

| don't have themwith me. | can show you
curves of delta T, versus fluence for individual data
sets but not for an aggloneration of data sets.

Qobvi ously that would be the best thing to get rid of
this artifice entirely and estimate delta T, directly
from copper, nickel, and so on.

CHAI RMAN SHACK: But, again, if you have
uncertainties in your nmeasurenent of copper and ni ckel
you would expect to see a reasonable anount of
scatter.

MR. ERI CKSONKI RK:  Yes, and we sinul ate
t hat .

CHAI RVAN SHACK: And you sinul ate that.

MR. ERI CKSONKI RK:  What we try not to do
is to conmpound the scatter.

CHAI RMVAN SHACK:  (Qbvi ously you don't want
to double count. Before I was sort of wondering if |
took this scatter in the copper and ni ckel whether
woul d reproduce the scatter that | see and you do. |

mean, if you run through the plot, you can attribute
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nost of that scatter in your uncertainty in your
copper and nickel neasurenents. That doesn't seem
unr easonabl e.

In FAVOR how is that sanpling done? |
nmean, for a vessel do you pick one? Wen is the

sanpl i ng done on t he copper and nickel in Mnte Carl 0?

MR. ERICKSONKIRK: | think Terry can
provide a nore direct answer of that. Before | |et
Terry talk, I"mgoing to keep tal king so he can't say

anything. You' ve got different starting or nean
copper, nickel, phosphorus val ues for each regi on, for
each weld plate forging. Now onto Terry.

MR DI CKSON: Well, renmenber we're in a
Monte Carlo | oop here so let's take vessel No. 1, flaw
No. 1. Flaw No. 1 is going to be located in sone
subregion that has a chem stry and a fluence. Those
are going to be treated as the best estimate or mean
val ues and then you're going to sanple. You have the
nmean and there's sone defined standard deviation
that's input data.

CHAI RVAN SHACK: Okay. So |'ve got the
nmean. |'ve got the flaw and now |I'm going to sanple
over copper and nickel .

MR. DI CKSON:  Copper, nickel, phosphorus,

and fluence. That gives ne everything | need to
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calcul ate delta T,,. | have the unirradi ated RJ, and
then 1've continued to go through the manipul ations
t hat he shows here, the .99 if it's weld, 1.1 if it's
pl ate. Does that answer your question?

CHAI RVAN SHACK: So at the flaw | evel ?

MR DI CKSON: Each fl aw.

MR. ERI CKSONKI RK:  And the only further
nodi fication to that that should perhaps be pointed
out is if in a particular vessel tw flaws are
simulated to occur in the same subregion so close to
each other, the FAVOR code then renenbers that it's
al ready sinul ated what the copper and nickel and
phosphorus is in that subregion and it doesn't then
sanple again with as big an uncertainty |evel.

DR. WALLIS: Is the copper and nickel and
stuff diffused?

MR ERI CKSONKI RK:  Not once it's a solid.

DR WALLIS: Is it uniforn? Fromthe
process of welding is it honmbgeneous in the weld? W
are getting into too nuch --

CHAI RMAN SHACK: The conposition is in --
| mean, that was part of the problem they had in
characterizing these things. A weld sanple is not a
wel d sanpl e.

MR. ERI CKSONKI RK:  Certainly the copper
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isn't uniform W know it's not uniformthrough the
t hi ckness because t he copper cones fromcopper coating
on the weld spools and you can't fill up -- the RPV
wel ds are so big that you can't fill up an entire
axial or circunferential weld with a single weld
spool .

Through t hi ckness sanplings of chem stry
can show systenmatic, even step function vari ations of
copper through the thickness. 1In fact, that's
somet hing that we' ve attenpted to sinul ate i n FAVOR by
t he procedure where every tinme we get to a quarter of
t he way t hrough t he vessel and a t hrough-wal | cracki ng
cal cul ati on when we get to the quarter point, the half
point, and the three-quarter point. W go and we
reassim | ate the copper val ue knowi ng that it coul d be
-- that you could be experiencing a step function.

One of the questions that Dr. VanWal |l e and
t he Peer Review Committee asked is, "Well, that's al
very well and good but | would just be curious to know
what woul d happen if you didn't reassinmlate the
copper?" W did that and renoving that resanpling
i ncreases the through-wall cracking frequency by a
factor of 2.5 on average. The reason for that is
every tine you resanple the chem stry, two things can

happen.
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You coul d get a worse naterial or a better
material. |If you get a worse material, the crack was
al ready going through and it's going to keep going
through. |If you get a better material, you stand a
chance of stopping it. Every tine you resanple, it's
like giving the material another chance so the
direction of the trend is expect ed.

DR. WALLIS: By the tinme you get these
factors of two fromthis and the factor of two from
that and a factor of two sonmewhere el se, soon you have
a factor of 10.

MR ERI CKSONKI RK:  But 1've got nmany nore
factors going the other way and |'ve got a slide on
that. You want to take this show on the road
soneti me?

DR. WALLIS: It just seens to ne that by
mani pul ati on of these factors and choosi ng whi ch one
you actually want to represent on your figure, you
could make this 10 to the -7 becone 10 to the -9 or 10
to the -5.

MR ERICKSONKIRK: | think I could make it
10 to the -9. | don't think |I could nmake it 10 to the
-5. Honestly, | don't think | could drive it down
considerably. | feel like | could drive it down nore

than | could drive it up
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The one slide | don't have but in a spread
sheet |'ve been tracking fromthe tine that we first
presented to you and after we wote the Decenber 2002
report, |'ve been keeping a spread sheet of every tine
we do a new full analysis. The through-wall cracking
frequency val ues haven't really changed t hat nuch over
all .

There are sone changes that have affected
nore plants than others but in bulk all the changes
that we've nade have not shifted things around too
much. | have the feeling we've gotten to the point
where certainly when you focus on any one of these
t hings, you can say, "That's absolutely wong," or
"That's a horrendously big factor."

But when they are taken all in bulk, the
| aw of averages is actually hel ping us and the val ues
just aren't changing that much. And the general
direction is down rather than up

DR. WALLIS: Like an expert elicitation
where you get sort of tremendous scatter between the
experts, but when you take the average it gets cl ose.

MR. ERI CKSONKI RK:  Yes. (Ckay. Another
change notivated by our reviewers is that Dr. Schultz
pointed out that FAVOR has ignored the effect of

pressure on the crack face in calculating the crack
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driving force.

Oiginally I thought no, we couldn't have
i gnored sonet hing that sinple. Later | cane
to learn that indeed we had ignored sonething that
sinple so we put it in. For the transients where
pressure is a significant contributor, nanely the
st uck-open-val ve transients including the crack face
pressure increases the conditional probability
t hrough-wal | cracking by | ess than a factor of two, by
bet ween 25 percent and 75 percent.

For all the other transients where
pressure has played a nmajor role has virtually no
effect. Then when you wade in the frequency with
whi ch t hese events occur, the rolled-up effect on the
overal |l plant through-wall cracking frequencies is at
nost 6 percent and nore typically like 1 percent.

We've included it inthere because it certainly should

be t here. It's obvious that it's there but it doesn't

make a bi g change.

DR. WALLIS: | should say at this point
|"m very happy to see that you seemto be nuch nore
prof essional | y responsi ve to questi ons than soneti nes
happens in these neetings. This is a conplenent.

MR. ERI CKSONKI RK:  Thank you. Thank you

agai n.
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| think this is the last one in this
series. Yes. Then another thing Dr. VanWalle from
the Peer Review group brought up is, as | said, an
i nteri mnodel between the tinme we | ast briefed you and
now i s we i ncluded an upper shelf toughness nodel but
i nstead of indexing the | evel of upper shelf toughness
to a fractured toughness property, we indexed it to
Char py.

Dr. VanWal |l e | ooked at those correl ations
nor e aghast than the one you were |looking at. | have
elected even not to show that. | think he said
something like, "lIt's not professionally responsible
to do it that way."

DR. VWALLIS: Maybe Charpy shoul d
eventual | y di sappear.

MR. ERI CKSONKI RK:  Perhaps it shoul d, but
we recently had t he centenary conference and ever ybody
still liked it, a 100 years of bad testing.

Anyway, we tal ked about this yesterday.
A new nodel was avail abl e where we coul d estimate the
| evel of upper shelf toughness directly froma
t oughness nmeasurenent. We included that in the nodel.
The overall effect in the through-wall cracking
frequency was small, about a five percent change.

But what it did do, and this | view as
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being a very good thing, is it elimnated any
predictions of failures in the vessel in regions
having | ow RT,,. That nakes sense because now all of
t he t oughness neasures, cl eavage initiationtoughness,
cl eavage arrest toughness, and upper shelf toughness
are linked to the RT,, neasure.

Now t he nore interesting things. Getting
into the sensitivity studies that we did to | ook at
factors that were sort of outside of our nobdeling.
Clearly in order to get up to through-wall cracking
frequencies around the 1X10° limit that we're trying
to get to, we've had to really crank up the
enbrittlement beyond anything that has ever been
obser ved.

Now not only are we basing the irradiation
shift on acorrelationwith lots of scatter, but we're
extrapol ati ng beyond the enpirical database. It's a
good thing that correlation has a physical basis
because t hat gives us at | east sonme confidence that we
are extrapol ating right, but obviously data's better.

Anyway, there were two ways that we
considered artificially increasing the |evel of
enbrittlement. The nmethod that we have been using is
just to increase tine as a free variable. Increase

effective full-power years.
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Al ternatively we coul d have taken t he vi ew
that we wanted to keep tinme in what woul d be
considered a logical operating range and instead
i ncrease the unirradated val ue of RT, and then begin
enbrittl ement fromthere.

Both of those changes are artificial
because we have neither materials that are that crunby
before you start irradiation in the database, nor do
we have irradiation values out to those extended
periods of tinme. Both of themare clearly artificial
attenpts to increase the |evel of enbrittlenent.

What this plot shows is that we've used
t he approach that i s nore conservative in our baseline
cal cul ations. The points where we've got the crosses
and t he pl uses show how nmuch t he t hrough-wal | cracki ng
frequency increases using the 32 EFPY analysis as a
baseline, plotted versus the increase in reference
tenperature where the crosses and the pluses we
increase the reference tenperature from the 32-year
base line by turning up the time neter.

The solid points, again green for Beaver
and red for Palisades, we increase the reference
tenperature just by increasingthe unirradi ated val ue.
Al of the calculations you ve seen are based on

increasing tine as a free variable which gives you
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nore of a through-wall cracking frequency increase
t han increasing unirradiated RT,,. Again, these are
both artificial.

The only thing | would say in favor of
increasing time over increasing unirradiated RT,, is
unirradiated RT , isn't even a factor in the
correlation whereas tine and tenporal variable and
ti me dependent variables |like fluence are so there is
at | east sone belief that the correlation accounts for
those whereas it doesn't account for wunirradiated
RT, 4 -

DR, WALLIS: You can find a way of getting
your nunbers to be at the point where you would be
concerned wi th through-wal | cracking, a factor of 300.

MR. ERI CKSONKI RK:  Yeah, extrenely |ong
times.

Ckay. Now, to your question about
forgings. People have probably noticed by now that
all the vessels we've anal yzed are roll ed plates that
are wel ded, whereas there are a good nunber of vessels
that we |icense that are forgings and forgi ngs don't
have the sane flaw popul ati ons as axi al wel ded
vessels. Certainly they don't have flaws associ ated
wi th axial welds which are the flaws that are driving

this anal ysi s.
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So, on that basis al one, just renoving the
axi al weld flaw popul ati on you shoul d believe that the
t hrough-wal | cracking frequency at equal |evels of
enbrittl enent as indexed by RT,, should be nmuch | ess.
However, forgings do have their own unique flaw
popul ati ons that need to be accounted for.

They' ve got both fl aws that have forned as
part of the forging process and t hey' ve al so got those
nasty little things called subclad flaws which form
per pendi cular to the direction of the claddi ng so they
are axial and that's bad. W perfornmed sone
sensitivity studies to try to assess this.

The first thing we had to do was to
construct new flaw distributions to sinulate forging
flaws and subclad flaws. For this we relied on the
help of Dr. Fred Sinonen at the PNNL | aboratory who
has done the rest of our flawdistribution work on the
forging flaws and this is, again, all docunented in
our reports.

The forging flawdi stri bution was based on
destructive eval uati on of forgi ngs that were perforned
at PNNL under our contract. They have a simlar
nor phol ogy and simlar sizes to plate flaws but a
somewhat greater density. Not very nmuch

The subclad flaws are the bigger concern
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because they formpreferentially -- oh, and | should
say the forging flaws, like plate flaws, they don't
have a preferential orientation. Subclad flaws are
t he bi gger concern.

They form preferentially in certain
forging chem stries at high cladding heat inputs.
They form as dense arrays of shallow cracks that are
oriented perpendicular to the clad welding direction
so now they are axial rather than circunferential and
that, of course, makes them bad.

The density and depth of the flaws t hat we
put in our subclad flawdistribution were estimted by
Dr. Sinonen based on a review article that was
published in 1978 which was the time when forging
flawns were the fashion, or subclad flaws were the
f ashi on.

The density of these things is amazing.
You are reading that right, 80,000 flaws per square
neter. Now, this is an extrapolation and | believe a
conservative one because t hat was based on one scal i ng
of one picture that was in the Dhooge report. All of
the simul ated fl aws have a depth of two mllinmeters so
we've got 80,000 flaws per square neter all with a
depth of two mllineters.

Now, i ndeed, inthe picture that we scal ed
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there was a range of depths ranging fromzero to two
mllinmeters. However, the way we've coded the FAVOR
program wi t hout fundanenta

restructuring --

DR. WALLIS: If they have a depth, what
ki nd of di nension do they have in the other di nensi on?

MR ERI CKSONKI RK:  What did we sinulate,
Terry? W sinmulated a range of events?

MR. DI CKSON: Greg gave us some data on
that, | believe.

MR. ERI CKSONKI RK:  They were simul ated
with the sane |l ength aspect ratios as the --

DR WALLIS: The two mllineters.

MR. ERICKSONKIRK:  Two millinmeters by
general ly | onger.

DR WALLIS: It's not quite the raised
surface and they don't show up.

MR, ERI CKSONKI RK:  No.

DR.  WALLIS: |If they were over a
centineter long, they would actually join up at this
20K --- 80K

MR. ERI CKSONKI RK:  Yeah.

MR. DI CKSON: But by definition they are
i nner cracked, too, at the plant base interface. 1In

other words, it's as close as an enbedded fl aw can be
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to the inner surface.

MR. ERI CKSONKI RK:  And | think the point
should be made here this is not |ike the externa
event study that Donnie is about to talk about. Qur
attenpt here has not been to do something best

estimate but to do sonething in a bounding sense

because we believe that the results will still be
sufficiently good that we can still use our plate-
based screening criteria. |Indeed, that is the case.

Certainly you can refine this an awful |ot.

So t he way we nade up forged vessels is we
used our existing nodels for Palisades and Beaver
Val | ey but we sinply assigned both the plates and t he
axial welds to have naterial properties that were
characteristic of forgings. The forging properties
that we used we took out of the RVID database and we
used t he nost radi ation sensitive forgings that are in
the fleet, those being Sequoyah and Watts Bar.

MR. SI EBER. How many total forged vessels
are there in service?

MR. ERI CKSONKIRK: 1've got that witten
down. It's like a dozen. | think more. | think 12
to 16. It's not the majority of the PWR popul ation
but it's not just one or two either. So the results

of the sensitivity studies |ooking at the flaws that
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formed as part of the forging process.

Even at very high levels of enbrittlenent
that would normally be needed to get a plate vesse
close to the through-wal |l cracking frequency criteria
of 1X10°% the forged vessels have a through-wall
cracking frequency that's on average about three
percent of a plate vessel.

That factor is roughly consistent with
just renoving the contribution of axial flaws which
is, indeed, what has happened. That nakes a | ot of
sense. W've renoved the axial flaws which, if you
remenber ny graph from yesterday, contributed a 100
times nore to the through-wall cracking frequency than
the plate flaws. Al that's left is forging flaws
which had a slightly higher density than the plate
flaws so i nstead of a factor of 100 we' ve got a factor
of Iike 20.

DR FORD: Mark, take a scenario. You've
got 80,000 flaws per square nmeter. Near the surface
t her e are nonsurface- breaki ng fl aws but just bel owthe
sur f ace.

MR. ERI CKSONKI RK:  That's right.

DR. FORD: You then put a weld overl ay.

MR. ERI CKSONKI RK:  That's right.

DR. FORD: And that could, therefore, get
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some of those flaws to break the original surface.

MR ERI CKSONKI RK: No, but the flaws form
as a consequence of putting the weld overlay on.

DR. FORD: So what happens if the weld
overlay stress grows cracks?

MR ERI CKSONKI RK: | have been inforned
not to answer questions like that. | don't know |
don't know.

DR. FORD: Now you've got a surface crack,
stress erosion crack.

MR ERICKSONKI RK: Is there a nmechanismto
support that, stress corrosion cracking of the
cl addi ng?

DR. FORD: In a pressurized water reactor
probably wunlikely but not conpletely unlikely. I
nmean, if you've got copper in the system you can get
cracking at PWR with the steam generator but that
doesn't matter. |If you' ve got copper into the prinmary
system you could crack. It could. 1It's a |Iong shot

but you need one of these things to go or we don't

have a business. |'m/looking at the |ong shot.

MR. ERICKSONKIRK:  And | think -- like I
said, | absolutely refuse to argue stress corrosion
cracking with anyone. Least of all you. | think that

gets into is what you' ve just proposed does that rise
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to the test of being a credible nodel. |[If so, then
the next thing I'mgoing to have to ask you is, okay,
propose some nunbers and we'll run it, and we

certainly could. Certainly if those were surface-

breaki ng fl aws, | nean, you know the answer as well as
| .

DR FORD: I|I'mreally going off of
Grahanis earlier question. |If you put a weld overl ay

onto a severely defected but not surface-breaking
forging, would you expect sonme of those subsurface
cracks to coal esce to formone fairly |l arge connected
crack?

MR. ERI CKSONKI RK:  Possi bly, but | think
before going there you al so have to -- if we wish to,
if we feel it's appropriate, to refine that part of
t he anal ysis, we should also go back and refine this
estimate of 80,000 flaws per square neter to, again,
do sonething that is --

MR. SIEBER  Useful .

MR ERICKSONKI RK:  -- realistic.

DR FORD: But that 80,000 was neasured.
Wasn't it?

MR. ERI CKSONKI RK: It was neasur ed.

2

FORD: So it's realistic.

MR ERICKSONKIRK: Well, it's realistic
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for the 100X Mcro it was taken off of.

CHAI RVAN SHACK: But | thought you were
asking a different one. You wanted to pop the axi al
wel d flaw t hrough fromthe stresses of the clad weld,
not the underclad cracking that he's seeing here.

DR. FORD: Wwell, I was wondering if you
get sonme of those subsurface flaws, that these
smal | --

CHAI RMAN SHACK: Those presunmably woul d
have been sanpled in the vessels that he | ooked at.

DR FORD: | don't know.

CHAI RMAN SHACK:  That popul ati on shoul d be
part of the population they're |ooking at because
t hey' ve got wel ded vessel with --

DR FORD: I'mtrying to |l ook at a
realistic worse case scenario if that's not an
oxynoron. You' ve seen 80,000 of these flaws.

DR. WALLIS: That's caused by the wel ding
process.

MR. ERI CKSONKI RK:  That's caused by the
wel d. Those aren't preexisting. They occur as a
consequence of the welding itself.

DR. FORD: But then you put the butter on.

MR. ERI CKSONKI RK:  No, no. They occur as

a consequence of the austenitic cladding process.
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DR. FORD: GCkay. Never mnd. | take it

back.

MR. ERICKSONKIRK: Sorry. Carity in
conmuni cati on

DR. WALLIS: But you are doing this
wel di ng over the whol e vessel so if there is sonething
waiting to happen, you would find it.

MR. ERI CKSONKI RK:  Are you proposing this
i s nondestructive testing technique?

DR WALLIS: No, but it seenms to ne that
your nunbers are so snmall for this that one has to pay
attention --

MR SIEBER. There is surface exans as
part of the code.

MR. ERI CKSONKI RK:  Yeah, as was pointed
out .

DR. KRESS: How do you find these flaws?
They are put in there after you put the weld surface
on. Do you have to take it back off and then find the
flans?

MR SI EBER:  No, no, no.

DR KRESS: You use nondestructive
testing techni que?

MR SIEBER [It's UT.

MR. ERICKSONKIRK: |I'mnot qualified to
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answer that question.

MR SIEBER It's a volunetric test done
every 10 years.

MR. ERI CKSONKI RK:  Are they cl ose enough
to find with mag particle?

MR. SIEBER: The problemis putting al
that stuff into a vessel that you would like to use
agai n.

MR. ERI CKSONKI RK:  Okay. |I'Il try to go
on.

MR. SIEBER. This is vertical so mag

particle is not real good.

MR. ERI CKSONKI RK:  So for the subclad fl aw

sensitivity study, over likely operational lifetines
nmeani ng up to 60 EFPY which is obviously beyond what
we are licensing today, the through-wall cracking
frequency of the forged vessel with the subclad fl aws
was between 1 percent and 20 percent of that and a
conpar abl e pl ate vessel
However, as you crank of the |evel of

enbrittlement over the | onger operational |ifetines,
you got to the point where the through-wall cracking
frequency for the sinmulated subclad vessel based on

all these assunptions was nuch, nuch higher than it

was for the plate vessel
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That leads to the first proviso that we
woul d put on our suggested screening criteria which
is, again, in the report that if sonebody were
assessing the through-wall cracking frequency of a
forged vessel that was believed to be sensitive to
subcl ad cracking and there are papers that tell you
based on the forging chem stry and t he wel di ng process
if you've got a susceptible vessel or not.

| f somebody was intending to operate the
lifetimes that are much, nuch beyond what we are
considering today or to enbrittlement | evels that are
much, nuch beyond what we are consi dering today,
certainly a nore detail ed analysis of this phenonena
woul d be warrant ed.

Okay. Now the one that | like, thickness
effects on through-wall cracking frequency. You saw
t his graph yesterday of the variation of through-wall
cracking -- |I'm sorry, conditional probability of
t hrough-wall cracking with break diameter for the
primary site pipe break. These are all pipe
breaks, no repressuri zati on.

W argued out here that once you got to a
big enough break dianmeter, it was the vesse
properties that were controlling the through-wall

cracking frequency and the details of the therma
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hydraul i c transient were rel atively uninportant. Then
we started | ooking at this graph and saying if that's

true, then why out here at the very | argest break size
aren't all the points just |anding smack dab on top of

each ot her?

Because we argued that assum ng that
you're going down to the sanme tenperature, which you
always are in this case, we argued that the things
that were controlling the severity of the therma
stress was the thermal conductivity of the steel which
is consistent frommterial to material and the
t hi ckness of the vessel. The thernmal conductivity
hasn't changed i n t hese anal yses but the thickness is.

DR VWALLIS: |I'msurprised that the
thermal transient goes in far enough to make a
difference and that you can't always treat it as an
infinitely thick vessel. [It's just a surface effect.
Apparently thermal stresses are not just a surface
effect.

MR. ERI CKSONKI RK:  No. They depend on the
t hi ckness of the vessel.

DR.  WALLIS: That's because doubl e
transi ent has penetrated it enough. |If it doesn't
penetrate it at all, just the surface, then it doesn't

really matter how thick it is.
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VR. ERI CKSONKI RK: It's a restraint

i nposed on the structure. | nean, if | take a Coke
can, | can't support it.

DR. WALLIS: If you are only heating up a
very thin layer, then the restraining effect of six
inches and 10 inches is the sane.d

MR ERI CKSONKI RK:  Yeah. You're
propagati ng through the vessel.

DR. WALLIS: I'msurprised it propagates
in that far. The vessel propagated in quite a bit
then, the thermal effect.

MR. ERI CKSONKI RK:  Yeah. What you see is
that as the transients develop with tine, pick any
crack and the applied K -- here we go -- the applied
K of the driving force fracture goes up peaks and t hen
it drops off as the thermal wave passes through.

CGetting back to where this started, we
| ooked at this and said, okay, if our rationale is
correct, then all these things -- all the through-wall
cracki ng frequencies out here should be lined up at
roughly equivalent levels of enbrittlenment but they
weren't.

The Beaver Valley vessel, which is about
half an inch thinner than the Palisades and Cconee

vessels, was showing -- and this wasn't the only
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indication but it's the easiest illustration -- was
showi ng a systematically | ower through-wall cracking
frequency.

Terry ran a nunber of individual crack
anal yses where we took a crack, we put it in the
vessel, and then we traced the Kapplied for different
transi ents.

W did this for all the mmjor transient
cl asses, mai n steaml i ne break, stuck-open val ves, and
so on, and I'mjust showing you this, for the 16-inch
LOCA but the trend is consistent that as you i ncrease
the vessel wall thickness, here we've gone from an
eight-inch vessel out to an 11-inch vessel and you
systematically are increasing the peak applied to
stress intensity factor and it's that peak that is
controlling the through-wall cracking frequency by not
i nsignificant anounts.

And, again, | haven't showed all of the
pl ot s here. W have themand | can provide themto
you. We |looked at this for a dom nant transient from
each of the major classes and it was apparent in al
of them W find that -- | guess | bypassed this
here. You can | ook at different reasons why as
t hi ckness goes wup should through-wall cracking

frequency go up or should it go down.
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It should go up because the therm
stresses increase which increase the applied K which
is certainly true. It should also go up because as
you get a thicker vessel you've got nore weld fusion
line area and you' ve got nore flaws so you' ve got nore
possibility to initiate.

However, it m ght al so go down because t he
t hi cker vessel has thickness, nore opportunity to
arrest a crack. However, what we found out we then
did a probabilistic analysis where we | ooked at the
16-inch hot | eg break in Beaver Valley, the four-inch
surge line break, the main steam |ine break, and
stuck-open SRV that recloses |ater.

W started off with the base |ine Beaver
Val | ey t hi ckness and then we just increased the -- the
only thing we changed is we just increased the
t hi ckness of the Beaver Vall ey vessel and t he vertical
axis shows the ratio of the through-wall -- I"msorry.
That shouldn't be through-wall cracking frequency
because these are individual transients.

That shoul d be conditional probability of

t hrough-wall cracking ratioed to the conditional
probability of through-wall cracking for that
transient in the baseline Beaver Valley vessel. W

find systemati c and not nmargi nal increases in through-
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wal | cracking frequency as you go out in thickness for
all the major transient classes.

Then we said, okay, well, this is a plot
| should have on ny wall and now | do. Wat wall
thickness is there in service? Wll, certainly the
great majority of the PARs are in the eight to nine-
and-a-half inch range which is the range that we
covered in our baseline anal yses.

There are a fewvessels. M favorite, the
Kewaunee vessel, down here that are thinner. There
are al so a few cases out here that are thicker. Based
on this analysis we say in general our through-wall
cracki ng frequency results can be applied w thout any
nodi fications to vessels in this thickness range.

The conservative for the thinner vessels
and, oh ny gosh, we've got nonconservative results for
the thicker vessels. Fortunately, the three thicker
vessels are the three CE vessels at Pal o Verde that
all have extrenely low | evels of enbrittlenent.

So sunmary of the sensitivity studies. W
believe that the sensitivity studi es have shown that
t he t hrough-wal | cracki ng frequency predictions of the
PFM nodel is inplenented in favor of 04.1 or robust
with regards to credible changes in either the

subnodel s or in our inputs.
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We also believe that these results are
applicable to PWRs in general froma PFM perspective
with two mnor proprisos. That being if sonebody had
a forged vessel that was known to be susceptible to
subcl ad cracki ng and they wanted to operate it to very
high |l evels of enbrittlenment, they should be advised
that they need to do a nore detailed anal ysis of the
t hrough-wal | cracking frequency of subclad cracks,
nore detailed than we' ve done here.

Also that if you want to apply these
results to the very thick walled vessels at Palo
Verde, they don't directly apply. However, as | would
point out, Palo Verde because it's a nore recently
constructed plant is a very lowenbrittlenent plant so
| woul dn't anticipate any particul ar problens, just to
say that you can't just use the results straight.

DR FORD: On Palo Verde isn't Palo Verde
one of those ones with the high nickel content?

MR. ERI CKSONKI RK: | could not say for
sure.

DR. FORD: There are not nmany. |It's
either Palisades or Palo Verde. M point is this is
good fromthe analysis that you have done. |If there
was another enbrittlement process with high nicke

content welds, then what you're seeing is for those
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particul ar ones, to go back to your previous graph for
the 11-inch area of wall thickness, you've got a very

hi gh sensitivity of that ratio to wall thickness.

MR ERI CKSONKI RK:  Yeah. | think -- |
nmean, |'Il make ny plug for continued research since
you set ne up. | mean, clearly it would be silly to

say that we know everything there is to know about
irradiation enbrittlement so we should continue to
study that from a physical basis.

But also this is exactly the reason why,
at least in ny opinion, and |I'Il label it as such,
nobody should be talking about di sconti nui ng
surveill ance sanpling prograns because while |l -- and,
agai n, a personal view

VWile | think in performng plant
assessnments it's generally better to just use the
copper, nickel, and phosphorus and plug it into the
enbrittlement equation and go and use that,
surveillance perforns an i nportant role of just doing
a consi stency check on that because if you do conti nue
surveillance and you start to see values that are
deviating from this correlation, that's a clear
i ndi cation that sonmething is going on that you didn't
anti ci pat e.

| think that's it. That's it. Any other
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guestions?

MR. DENNI NG Yeah. Let ne ask a question
about the flaw distribution. Could you rem nd ne
again how did you account for the uncertainties in
what that flaw distribution is since they are |arge?

MR. ERI CKSONKI RK:  Ckay. The
uncertainties are accounted for by essentially putting
statistical bounds and they turn out to be very w de
statistical bounds on the available data. W sanple

from a range of crack sizes and also a range of

densities.

If I continue talking, I'mlikely to say
something wong so |'Il refer you to the report and
can certainly get that for you. The

statistical distributions that we sanpled from were
based on fits to our data derived fromthe i nspections
of the vessels, both destructive and nondestructive.
The point | would nmake is that we are sanpling from
some pretty wide uncertainty bounds both for density
and si ze.

CHAI RMAN SHACK:  Agai n, how does that work
i n FAVOR?

MR. DI CKSON: kay. Going back and
remenbering that we are in a Monte Carlo | oop here,

vessel No. 1, flaw No. 1. Ckay. For vessel No. 1
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thereis astatistical distributionthat describes the
possibilities for flaws. The nunber of flaws, the
depth of the flaws, the width of the flaws, and the
| ocation of the flawin the wall of the vessel.

There's a statistical distribution that
you are going to use for that first vessel, all of the
flaws in vessel No. 1. Then as Bruce Bishop said a
m nut e ago, there's a thousand such distributions that
are input to FAVOR through the input data.

For each flaw you are sanpling froma
di stribution that has uncertainty and then in the
gl obal picture you have a thousand such statistics so
you have a thousand distributions to sanple from
Vessel No. 1 you use statistic No. 1. Vessel No. 2,
statistic No. 2. After you get to a thousand you go
back and repeat.

DR. WALLIS: Does the through-wall
cracki ng frequency prediction depend on the tails of
these distributions? Is it very sensitive to the
extrene tails because this is always a problemwth
extrapol ating statistics and estimating what happens
way out at the end of the tail. O is it nore
sensitive to the sort of bulk of the --

MR. DI CKSON: Generally speaking it's nore

sensitive to the bul k because what you tend to see is
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transients that have very |low probabilities of
fracture. The large flaws will kick in. They will be
particularly significant for those very |ow
probability transients.

In other words, you nmay have to have a
one-inch flawright at the clad base interface to get
it togo. But those transients aren't going to matter
too rmuch anyway since they are |ow probabilities.
Which brings nme back to Dr. Wallis' question, which
ones matter. |It's not necessarily the deeper fl aws.
It's just kind of the quarter-inch to half-inch flaws
that sort of dictate.

Then that concludes the presentation on
PFM sensitivity studies. The next presentation
concerns external events the wite-up on which can be
found in Section 9.4 of NUREG 1806 and the presenter
wil | be Donnie \Whitehead of Sandia National
Labor at ory.

MR. WHI TEHEAD: The approach that we took
for looking at external events, which basically
det erm ned whet her or not -- the approach that we took
was to determ ne whether or not the contribution of
external events to our through-wall cracking frequency
is greater than that which would be cal cul ated from

i nternal events.
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What we used for this particul ar anal ysis
was the CPFs that had been calculated for the 60
effective full power vyears. This analysis was
pur posely conservative and we were doing that to see
whether or not we could bound the through-wal
cracki ng frequencies fromsuch external events.

The specific effects are obviously plant
specific. |If we were to actually do detail ed anal yses
and cal cul ations for each of the plants it would be
consi der abl e resources and cost associated with this.
What we wanted to do was to see if we were to do a
conservative analysis would that affect the bottom
line answer that we were trying to devel op and that
being is there enough justification to allow a
nodi fication to the existing rule.

The conclusion that we cane to fromthis
particul ar anal ysis was that the results showthat the
conservative approach that we took basically would
yi el d through-wal | cracking frequenci es that woul d be
approxi mately designed as we have from the internal
events at 60 EFPY. That's the conservative answer
that we would arrive at.

CHAI RVAN SHACK: We're running short here
so | would like to finish up in a relatively few

m nutes so we have tine for the Peer Review stuff.
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MR. VH TEHEAD. | can do that. Basically

what we did was we reviewed to begin with information
that was available from Calvert diffs PRA and
sanpling information from |PEEs. W exani ned
information fromlicensee event reports.

What we found was there was a suggestion
t hat external events would be a small contributor but
there wasn't anything definitive so what we did was,
again, we performed out detailed -- rather, our
conservative analysis |ooking at various types of
scenarios that mght occur from various external
events. LOCAs, secondary faults, things put together
with both LOCA and secondary faults.

An exanpl e of the type of anal ysis that we
did, let's | ook at a snmall-break LOCA and we | ooked at
two cases, HCLPF value of .3 which is the reviewl evel
eart hquake for nost of the plants, and a HCLPF val ue
of .59 which is typical for the west coast plants.

| f you | ook at the hazard curves for those
two, you'll find that the first one gives you a val ue
of about 1.6E-4 per year. The other one gives you a
val ue of BE-4 per year. Being conservative we chose
the 5E-4. W conbined that with the hi ghest val ue
t hat we had for LOCAs at 60 EFPY and we found that --

well, let's see.
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What we did was by doing that we have
assunmed that the LOCA event itself would actually
occur at the point 5g HCLPF value. W have assuned
that there's no credit taken for possible operator
actions to mtigate the response to the event. W've
al so assunmed that there's no credit for the possible
failures of injection systens.

What we found at | east foll ows on t he next

page. This is basically the information that's in the

report. It gives you the bounding val ues that we
found by going through the sane type of process for
the small. Cbviously we would | ook at the nmedi um
break LOCA and the |arge-break LOCA, so forth and so
on, both for the full-power case and the hot zero
power case.

I nformation fromthe other anal yses that
we did, thisis all in the report. Here is one where
we essentially go through the sane process except now
we conbine both primary and secondary faults. The
only case that we could cone up with was a seisnc
event, again using the values with the high seisnc
frequency using a .1 probability for concurrent
significant secondary fault using the worse case CPFs.
You end up wth various through-wall cracking

f requency esti mates.
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The overall results fromthis is that our
best estimate through-wall cracking for internal
events that we tal ked about previously is sonething a
little less than 2E-8 per year. The total boundi ng
t hrough-wal | cracki ng frequency for external eventsis
about 2E-8. If you sumup all of the bounding
anal yses that we did, the answer is about 2E-8.

So what we conclude is that the external
event contribution to through-wall cracking frequency
is not any worse than what we have al ready cal cul at ed
for the internal events.

In reality considering all of the
conservatisns that we've done by al ways taking the
hi ghest for seisnm c events, always taking the highest
HCLPF val ue, taking no credit for operator actions in
any of the analyses that we've done, things of that
nature, if you wll, the true answer would be, and we
woul d expect to be possibly significantly |ess than
the 2E-8 that we cal cul ated here.

So we see no reason why external events
shoul d pose any problemto the determ nation that we
can nmove forward with rul emaking i f we so choose to do
so.

CHAI RVMAN SHACK: We'll take a break now

for 15 m nutes.
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(Wher eupon, at 10:05 a.m off the record
until 10:28 a.m)

CHAI RVAN SHACK: 1'd like to cone back
into session.

MR. BESSETTE: |I'm one of these people
t hat predates technol ogy or sonething. |1'mgoing to
go over the main conments we got fromthe Peer Review
people. One of the comments that doesn't appear here
we had si x people. There were two fracture people and
two thermal hydraulics peopl e and one PRA guy and t hen
Tom Mur |l ey.

Basically the way t hese things work out is
that the two thermal hydraulics guys say, "Well, |
don't know about this other stuff sol'mjust goingto
focus on thermal hydraulics.”™ Their comments are
al ong those |ines.

| think actually you need to keep all
t hree di sciplines considered as nmuch in an i ntegrated
fashi on as possible so you keep these relative
uncertainties and whatnot in context. For exanple,
fromwhat Mark just showed with sone of the standard
devi ati ons and what not .

As | said yesterday, nost of the -- one of
the set of coments -- first set of comments was nost

paranmeters in the PIRT are systemboundary conditions
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rat her than physical nodels, and indeed that's true.
There's a sensible reason why that is so. Are there
any questions about the effect of t her mal
stratification and nmixing and the cold |Ieg and
downcomer fromECCS i njection and howwel| this can be
nodel ed wi th RELAP?

| think I showed -- we | ooked at a | ot of
experimental data which indicates we are getting the
downcomrer tenperature pretty accurately. Although it
is always large thermal stratifications in the cold
| eg during ECC injection, these don't translate into
nonuni form tenperatures in the downconer.

There was a focus on the effective wall
heat transfer coefficient, convective heat transfer
coefficient, if you can separate this effect out and
how inportant is that to the predictions of failure
and questions about the use of 1D versus 2D downconer
nodal i zation which | tal ked about yesterday. They
al so took note of the fact that if you' re not careful
you can get these nunerically induced flows in 2x4
pl ant s.

So we did a nunber of sensitivity studies
both fromwhat | showed yesterday and what | didn't
talk about. W ran | would say hundreds of RELAP

calculations at the University of Maryland to
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investigate the sensitivities that results to
di fferent paraneters.

These, indeed, |I'll showthat t he boundary
conditions domnate the determ nation of downcormer
tenperature. And so as a consequence to that, we
tried as diligently as possible to define specific
transi ents that woul d capture the i nportant vari ations
t hrough the boundary conditi ons.

And Mark showed sone of these kind of
plots yesterday. This is a spectrumof results that
you get, in this case for Palisades, |ooking at the
center of transients that constitute small-break LOCA.
On the left is tenperature and on the right is
pressure.

You can see that for this category of
events we are getting variations of at |east 100
degrees K, 180 degrees F. |It's the difference in
break size basically. W are getting variations for
t hese kind of pressure variations fromabout 100 psi
to 1,000 psi. There is quite a range of variations.

As you go to a nmedi umbreak, | think as we
have cited a number of tines, these variations are
t hought to becone snaller so now we are down to 75K
and maybe a few PSI within the nedi umbreak LOCA bin.

And then when you get a large-break LOCA these
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vari ations essentially are gone. For the three
plants we end up representing the |arge-break LOCA
cl ass of events by a single transient.

These results are from sonme of the
Uni versity of Maryland sensitivity studies. This was
done for 2.8 inch break LOCA which calls into the
category of a snmall-break LOCA. They investigated 17
different paraneters and they effect they had. In
this case they have chose as a figure of nmerit an
aver age downconer tenperature over the duration of the
transient.

You can see that if you fail all of HPI
of course, you get a big benefit. You see the nost
i nportant benefits are fromfailing HPlI which you
m ght expect. Put it in cold water and it doesn't get
so col d.

This is for Cconee. W did a sensitivity
on hold the reactor vessel vent val ves open. Renenber
that B&W plants have the potential for very I|arge
openi ng bet ween the upper plenumand the downconer to
t he vent val ves.

In fact, this kind of effect is also
present in CE and Westi nghouse pl ants because when you
add up the bypass area between the upper plenum and

the downconer, it is still substantial. It's about
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maybe, if | canrecall correctly, it's about one-fifth
of this area. It's equivalent to a hole of about one
square foot.

What this does is it allows in-vessel
circulation which has an effect on downcomer
tenperature and so you can see that the magnitude is
effected. It's about 25 degrees K. O course, things
i ke varying the break between the hot | eg and cold
leg. We deal with set punp curves for, let's say, HP
flow and these have some uncertainties. W varied
t hat .

W varied heat transfer coefficient
t hroughout the total reactor cooling system and
conditions of sumer and winter. This affects the
injection tenperature to ECC and things like this is
t he pressure of the accumul ators or core flood tanks.
So these are various things we varied. You can see
the effect in terns of a downcomer tenperature.

When you go to nedi um break LOCA you see
t hese effects substantially decrease. For |arge-break
LOCA they are al nost nonexistence. That fits in with
these kind of plots here. Many things can affect
smal | - break LOCAs but, on the other hand, the CPFs for
smal | breaks kind of fall off the bottom of the map.

That's it. There's one other thing |
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probably should have pointed out yesterday. | just
handed out two viewgraphs. | didn't keep a copy for
nmyself. Basically when we varied -- when we put

factors on the heat transfer coefficient we did that
in a conservative sense in a way in that we sinply
took the RELAP output and put rmultipliers in the
output so we didn't do it as integral calcul ation.

When you cal cul ate heat flux, we submt
three paraneters to fracture people whichis pressure,
tenperature, and heat transfer coefficient, but really
there's only two real paraneters. There's heat fl ux
and pressure.

DR. WALLIS: You nodel the wall as well.
You nust nodel the wall.

MR. BESSETTE: W nodel the wall so we
nodel all the -- we nodel the total conduction in the
nmetal structures. It's interesting to note that we
are solving this conbined convection and conduction
equation in RELAP. Wen you do that the wal
tenperature, which is the wall surface tenperature,
and the convective heat transfer coefficient are not
i ndependent paraneters. |If you |look --

DR. RANSOM You feed in the fluid
tenperature and the heat transfer coefficient to

FAVOR  Right?
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MR. BESSETTE: Yes.

DR RANSOM And it does this calcul ation
to get the (t)/dx at the surface.

MR BESSETTE: Yes. So what | was
pointing out is that when we put nultipliers on heat
transfer coefficient and add that to FAVOR, it's kind
of a conservative way of doing it as opposed to
actual ly maki ng a change in the physical nodel.

DR. RANSOM So fromthis relationship, of
course, the (t)/dx is increased by whatever you
i ncrease the heat transfer coefficient by, theinitial
st at e.

MR BESSETTE: Yes. You know, this
interplay between these three factors, fluid
tenperature, wall tenperature, and ki nd of backi ng out
in the sense of the heat transfer coefficient.

DR. RANSOM Incidentally, do you know
what the biot nunmber is for the heat transfer
situation that you're in there?

MR. BESSETTE: Yes, it's for close
di agnation conditions. It's about 10. On the order
of 10.

DR RANSOM So it is convention dom nated
then, | guess. The biot nunber is HD over K

MR BESSETTE: Yeah.
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DR. RANSQOM If it's 10, that neans --

MR BESSETTE: Convection dom nat ed.
You're right.

DR WALLIS: But d is the wall thickness.

CHAI RVAN SHACK: But what are you using
for the characteristic | ength?

MR. BESSETTE: Typically you use the total
wal | thickness. As you have seen fromthese plots the
flaws that cause the vessel to fail are within the
first half inchtoinch. There are really sort of two
characteristic lengths at play here. There's the
characteristic length with the whole vessel wall
t hi ckness which determnes the overall tenperature
profile, the one with the forier nunber.

It determ nes that tenperature profil e of
the whole vessel from which you get the thernal
stress, but then there's the nore |ocalized effect.
What are the critical flawsensing? Those were within
the first half inch to an inch of depth. Wen you
| ook at that, the biot nunber changes by a factor of
10 so instead now it's about one. The process is not
conduct ed and control | ed anynore. Both convection and
conduction come into play.

DR WALLIS: W were told that for big

breaks the wall governed? What you are suggesting is
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maybe this is not quite so sinple as that?

MR BESSETTE: There is still the
overwhel m ng effect. |If you look at fluid tenperature
and heat transfer coefficient if you have an infinite
heat transfer coefficient, then the wall surface is
the sane as the fluid tenperature. The nore you
reduce the heat transfer coefficient, nore of a delta
T you have between the fluid and the wall.

I f you | ook at the second viewgraph, you
can see that kind of the delta T that you get as a
function of heat transfer coefficient. Let's say at
the Il ow end of the range for 850 watt square neter you
have a delta T between the fluid and the wall of about
23 degrees C.

You say how far off could | be? Let's
assurme an infinite heat transfer coefficient you would
be | owering your wall surface tenperature by about 23
degrees C. That in a sense is how nmuch can heat
transfer effect the answer is basically kind of
equi valent to 23 degrees C change in fluid
t enper at ur e.

DR. WVALLIS: This is at a particular time?

MR. BESSETTE: Yes.

DR. WALLIS: | think if you wanted to

denmonstrate this, if you actually showed sone
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tenperature profiles for different h's, as | think has
been done before, it showed how these tenperature
profiles evolved with tinme for different h's and you
woul d probably show that after awhile h doesn't
matter. H nmatters in the beginning.

MR BESSETTE: Yeah, | could do that.
think I've got it sonme place upstairs. | just don't
have it here.

DR. WALLIS: It would be interesting to
know what the Tf-T wall initial. You know, how taunt
was the wall to start out with so that you see the
maxi mum delta T and how relative this difference is
conpared to what it was at the initial beginning of
the transfer.

MR. BESSETTE: Well, your initial wall
tenperature is the same as your cold | eg tenperature.
It's about 545 degrees F. You don't start cooling
dowmn the wall wuntil you get the flow stagnation
condi ti ons.

DR. RANSOM So you get some fluid there,
| guess.

MR. BESSETTE: Yes. |In effect you don't
start the PTS transient wuntil you reach flow
stagnation for a LOCA. But you can see on the second

page you can change heat transfer coefficient by a
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factor of 10 and you are only changi ng heat flux by 20
percent. It's heat flux that really matters rather
than the two paraneters individually.

DR. RANSOM Is this dT(t)/dx is governed
by?

MR. BESSETTE: Yes.

DR. WALLIS: It all has an interplay with
the flaw distribution and as you are talking about
that small dinmension. |If all the actionis in a very
think layer near the surface, then h is very
inmportant. |If the action is an inch fromthe surface,
then k is nmuch nore inportant. Actually, | think as
we saw earlier, that is the region where all of the
flaws are sort of inportant but they are nost
i nportant near the surface.

MR BESSETTE: | think the reason the
surface -- one of the reasons that surface flaws show
up this way is because of this near-surface neta
experiences that tenperature nmore quickly than the
deeper so it's going to have the lowest -- at any
given tinme it's going to have the |owest fracture
t oughness.

DR. WALLIS: So what's the sensitivity of
the overall result to this h?

MR. BESSETTE: Well, | showed you sone
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nunbers yesterday. It turns out to be factors of two
or three.

DR. WALLIS: So it's not insignificant.

MR. BESSETTE: Not insignificant but
t hi nk Mark was show ng ot her exanples of change this
as factor of three, change that as factor of three.

MR. ERI CKSONKI RK: W' || have a summary at
t he end.

DR. WALLIS: But if this h were bigger
because of the stirring we tal ked about yesterday,
bi gger than Dittus-Boelter because of this mxing, h
woul d be bigger and that would be a bigger challenge
to the wall.

MR. BESSETTE: Yes.

DR WALLIS: The factor of two or three
woul d be up.

MR. BESSETTE: But, you know, we expect h
-- | nean, we calculate h to be around 1, 700.

DR WALLIS: This is for Dittus-Boelter?

MR. BESSETTE: This is actually from
Churchill-Chu or Ivan. Wen you get down to that
range, Churchill-Chu gives you a higher coefficient
than Dittus-Boelter and RELAP will |ook at both and
choose the --

DR. WALLIS: The factor of two is not true
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convection with the off fluid going up near the wall.

MR. BESSETTE: It chooses whatever gives
t he hi gher nunber. As you can see, of course, how the
Twall mnus T fluid drops as you go off at h. Were
you get to 10,000 it's down to about 2.5 degrees C.

DR. WVALLIS: Churchill-Chu TW STF actually
feeds back to h.

MR. BESSETTE: Excuse ne?

DR WALLIS: TWSTF is in the G ashoff
nunmber which affects h.

MR. BESSETTE: Yes.

CHAI RVAN SHACK: We're going to have to
nove on.

MR. BESSETTE: That's basically it for ne.

MR. NOURBAKHSH: Just one comment. There
was a CSNI report that the US participated, too.
There was conpri sed wal | heat transfer coefficient for
different participating countries for a medi um break
LOCA. Have you | ooked at that and see what is the
range of heat transfer there? There was Frenchman
doing CFD calculation to get that heat transfer
coefficient. | don't know if they were successful or
not .

MR BESSETTE: In fact, that's what

notivated us to do this sensitivity study. There's
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been controversy going back to the early '80s about
whet her the heat transfer coefficient is inportant or
not. |If you just do a biot nunber analysis, you say,
well, it's not inportant.

But then you start | ooki ng at actual FAVOR
calculations and you say sonetinmes it's not
insignificant. Wat's the true story? The true story
isthat you arereally dealing with two characteristic
| engths and two characteristic tines when you | ook at
this.

One which is the whole vessel thickness
and one which is where the flaws are that cause your
problens. That's really the source for this people
tal ki ng across purposes, is it inportant or not.

MR. NOURBAKHSH: But they offer different
heat transfer coefficient. There were sone that they
were using upper plenum test facilities to cone up
with this transfer coefficient.

MR. BESSETTE: Yes. Sone people in that
study suggested that you don't becone -- you have to
consi der heat transfer coefficients up to 10,000 and
so that's how we picked this range is fromthat
exerci se.

CHAI RMAN SHACK: One of the troubles is,

of course, you stop here. You have to integrate this
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whol e thing out to the end. It's very difficult at
any point in here to know howthis really affects the
final result.

MR. BESSETTE: That's what | was sayi ng.
O course, that's why you have to have a deterministic
thermal hydraulics input into FAVOR is because the
whol e tine/tenperature history is what matters. |Is
t hat what you were sayi ng?

CHAI RVAN SHACK:  Well, all | want to know
is you tell me if it's inportant or not inportant.
It's not inportant or inportant until | see what it
does to the vessel failure frequency.

MR BESSETTE: Well, that's true. That's
why | said yesterday when you look at therma
hydraulics results you <can't look at them by
t hensel ves. You only know what is inportant or not
i mportant after you run themthrough FAVOR

MR. NOURBAKHSH: Now, if you put 10,000
heat transfer coefficient, how nuch do you think the
frequency of through-wall crack is going to change?
How i nportant is this?

MR BESSETTE: | don't know. | know
there's a -- I"'mgoing to try to find the study that
Terry did about seven years ago al ong these |ines and

get you that answer.
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CHAI RMAN SHACK: That's like putting a

factor of five on your current heat transfer
coefficient roughly. R ght?

MR. BESSETTE: Yes. Yeah.

CHAI RVAN SHACK: It woul d be big.

MR BESSETTE: It goes up.

CHAI RMAN SHACK: CPF does go up

MR. BESSETTE: Two gave them an order of
magni tude fromthe '97 study. |Is that what | recal
from yest erday?

CHAI RMAN SHACK: | think we're going to
have to nove on

DR. RANSOM Just one conment, though
You went t hrough these sensitivity studies and | guess
t hese were not carried out over into FAVOR I|s that
right?

MR. BESSETTE: Well, they were --

DR. RANSOM To find out what the through-
wal | cracking frequency and how it is affected by
t hese changes?

MR. BESSETTE: They were, in fact. Well,
the way they were carried forth in the FAVOR was we
did sensitivity studies to characterize a range of
behavi or that constituted small-break LOCAs. And then

fromthat we picked five individual RELAP runs that
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attenpted to reasonably cover this range of behavi or.

W fed those five runs i nto FAVOR and sai d
we have to give you a determ nistic input but in order
to characterize a range of uncertainty as to what is
a snmall-break LOCA, we give you five runs wth
associ ated probabilities.

DR. RANSOM |'m just wonderi ng why you
didn't plot through-wall cracking frequency i nst ead of
just the tenperature difference for these sensitivity

studi es. That would have answered a | ot of these

guesti ons.

MR BESSETTE: W do have that kind of
information. [It's in the report fromthe University
of Maryl and.

DR. WALLIS: | think the nessage shoul d be
the next time you present that. Next tine you should
present that. The sane way that Mark presents the
effect of everything on through-wall cracking, you
should do it, too. O you should get together and do
it or something.

MR. BESSETTE: There's a chapter in the
report fromthe University of Maryland which --

CHAI RMAN SHACK: But that is the way you
do the cal cul ati ons so you' ve got five bins for snall -

break LOCAs and all the small -break LOCA sequences are
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dunped into one of those five bins.

MR. BESSETTE: Yes.

CHAI RMAN SHACK:  You' ve got how many bins
for medi um break LOCAs?

MR. BESSETTE: Three.

CHAI RVAN SHACK: Three. And one bin for
| ar ge- break LOCAs.

MR. BESSETTE: Yes.

CHAI RMAN SHACK: And so you hand t hem one
of those transi ents dependi ng on whi ch bin he happens
to be sanpling from

MR BESSETTE: Yeah, so we hand them for
smal | -break LOCAs. W say here's five transients. W
subdi vide the smal | -break LOCA probability five ways.
Each of these five is run through FAVOR and in the end
we sum all these up and get a total failure
probability.

CHAI RVAN SHACK: But within the bin
there's only transient history that you hand then?

MR. BESSETTE: Yeah. |It's necessary to
hand themresults fromi ndividual RELAP cal cul ati ons
and to represent things by multiple RELAP cal cul ati ons
instead of sonme sort of -- the nultiple RELAP
cal cul ations represent a probability of distribution

or probability of consequence distribution.
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CHAI RMAN SHACK: | think we're going to

have to nove on

MR. ERI CKSONKI RK:  What do you want to do
next, PFM or PRA comments?

CHAI RVAN SHACK: PRA. Well, let's do PFM

MR. BESSETTE: | should just naybe say one
nore thing. The final coments we got fromthe Peer
Revi ew group were essentially the sanme as the initial
corments which we always find. | think we have
adequate answers to all the coments.

CHAI RMAN SHACK: Does that nean they asked
t hem agai n because your answers weren't satisfactory
or was there a m scomuni cati on?

MR. BESSETTE: Well, they certainly were
happy the last time we net with thembut it was just
basically kind of a rehash of what their initial
concerns were.

DR. WALLIS: Can you tell if we're happy
or not?

MR BESSETTE: |'m never sure of that.

MR. ROSEN. What is the significance of
t he pengui n?

MR. ERI CKSONKI RK:  That's our project
mascot that was bought by John Kneel and at Pal i sades.

He travels with the project so | have every hope that
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soon we will sign this set of reports out of research
and |'"m going to carry the whole stack of reports
al ong with the penguin over to Matt Mtchell's office
in NRR and we're just going to dunp it. That was
probably nore than you wanted to know.

CHAI RMAN SHACK: | thought you were doing
it all in Linux? Linux uses the Penguin.

MR. ERI CKSONKI RK:  Ch, no. Ckay.
Qoviously there were lots and |ots of individual
corments. | have divided themup into several
categories. Coments that |ed to nodel changes,
changes in the FAVOR nodel we di scussed yesterday,
t hose being the addition of crack face pressure and
t he upper shelf nodel. 1| think I've got a slide on
that that |'m just going to pass because we have
beaten t hat one.

Maj or conments of clarification bring up.
"1l skip on the minor coments and clarification.
Many of the reviewers made comments pertinent to
rul emaki ng which are generally not discussed here
unl ess they got into the new conments, in which case
Il will bring them up.

W tal ked about this. W nmade two nodel
changes in response to Peer Reviewers' coments and

maj or comments of clarification. |'ve got three
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reviewers here. Schultz and VanWalle were the PFM
reviewers and then Murl ey al so nade sone coments on
PFM so we have addressed those as well.

Questioned the applicability of the flaw
distribution to PWRs in general and suggest that
operators should be required to denonstrate that the
flaw distribution is appropriate perhaps by |inking
use of the rule to ISl

Sai d somet hi ng about a pot enti al
correlation between flaw and chem stry vari ables.
Right now the flaw distribution and chem stry are
i ndependently sanpl ed. However, admtted that he had
no credi bl e basis for such a correlation so we didn't
do anything with that.

Questioned our ability to accurately
predict nmultiple run-arrest events. That led to a
| ong interchange of e-mails between Dr. Schultz and
Ri chard Bass and C aud Pugh at Cak Ridge National
Laboratory that finally resulted in we felt that our
basi s was adequately denonstrated i n Appendi x E whi ch
referenced t he Cak Ri dge pressurized t hermal shock and
t hermal shock experinments. However, this reappeared
in Dr. Schultz' final conmrents and | don't think we
have convi nced hi myet.

Crack face pressure we've already talked
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about. There was a question and m sunder st andi ng
regarding the use of the Reg Guide 1.99, Rev. 2
attenuation function which we clarified and resol ved.

For Dr. VanWal | e question t he
applicability of the results to PWRs in general which
was addressed in Chapter 9, | believe, to his
sati sfaction. Questioned the mathematical treatnent
of m xed uncertainties and basically the need to treat
sonmething as either fully aleatory or fully epistemc.
Expressed dissatisfaction that there wasn't a
mat hemat i cal procedure to treat that but accepted t hat
was the current state of practice.
Questioned in our crack initiation and arrest nodel
the point where we -- I'"'msorry. I'mlosing it --
where we don't sanpl e the apparent uncertainty on the
enbrittl ement trend and Char py t oughness shi ft nodel s.
We shared with Dr. VanWalle the sane information we
shared with you today.

| think generally we were | ess successf ul
i n convincing himthan convincing you if | judged the
head nods appropriately so that's a residual point of
di sagreenent. | think he still believes that we
shoul d be sanpling on both chem stry uncertainty and
on nodel uncertainty.

Regar di ng t he upper -shel f nodel he poi nt ed
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out the inaccuracy of our then correl ative approach,
suggest a nodel change, and we changed it and I
bri efed you on that today. Questioned how we wired an
i nt erdependence of K,., and K, and the through-wall
cracki ng cal cul ati ons.

When we perform a through-wall cracking
cal cul ation, once the crack initiates, we then, of
course, have to sinulate a value of K,,. W don't
allow FAVOR to sinulate a value of K,, that would
i medi ately stop the crack. W allow the crack to
keep propagati ng.

He questioned and we provided in our
wite-up of what we believe is a physical rationale
supporting that nodel. He questioned whether that was
appropriate. However, we haven't really done anyt hing
with that because relative to the alternative of
having no correl ation between the two, our nodel is
conservative whether you believe our physica
reasoni ng or not. He brought up the question of the
conposi tion gradi ng and copper for wel ds and we showed
you the results of the sensitivity study on that.

For Dr. Murley, he asked that we perform
determ ni stic cal cul ati ons of through-wall crackingto
illustrate the various parts of the nodel which we

have included in Appendix F of the report. That was

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

100

it for him

Ckay. So sunmary. I'msorry | ani mated
all this. It makes it hard to go through. So in
general -- I'mnot going to read this to you. 1In
general each of these three reviewers had, | think,
positive things to say about the project overall and
t he PFM nodel in particul ar.

They all had sone renmining issues with
regard to Dr. Schultz. It had to do with the comrent
that he wasn't fully satisfied. That the flaw
distribution applied to all plants and thought that
t here should be sone obligation on the part of the
licensee to denonstrate that the flawdi stribution was
appropri at e.

He al so has a remmi ning issue about the
appropriateness of our crack initiation arrest, run
arrest nodel. Again, finish with the recommendati on
that |icensees should be required to denonstrate the
appropri ateness of the assumed flaw distribution to
their vessels.

Dr. VanWal | e, agai n, sone nice conments in
general. However, sone particular remaining issues
that we've noted. He nmade several reconmendati ons.
The continuation of in-service inspection to

substantiate the applicability of flawdistributionto
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all PARs. In fact, he nmade a stronger coment that he
felt that in-service inspection should be a
prerequisite to using any rule that devel ops our of

t hese cal cul ati ons.

Over tine he recomended the evol ution
towards the direct wuse of fracture toughness
nmeasur enent s nade on surveil |l ance speci nens i nst ead of
our current correlative approach using Charpys and
RT, 4 -

DR. WALLIS: On this mxed uncertainty
thing that was one of my cormments before. You seened
to have renoved sone epistem c uncertainty but it
didn't seem to renove t he uncertainties.
Uncertainties still seemto be the same. Then you
have al eatory uncertainty.

It looked to ne as if you were sonehow
doubl e counting. | haven't |ooked at it since then.
This was over a year ago. | had sonme problenms with
the way you treated these m xed uncertainties. |
wondered if you weren't actually doing sone doubl e
counting along the way. That's just nmy nmenory of it.

MR. ERICKSONKI RK:  That's the final
comment. Recommended continued/ further validation of
i ndeed both the crack arrest nodels and the upper

shel f nmodel s by both further research to understand
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t he physical mnechanisms and further collection of
dat a.

Agai n, Murley -- finally, Mur | ey,
generally positive conments. Said he had sone
concerns that wouldn't rise to the level to seriously
chal l enge the logic of the overall approach.

kay. I'msorry. Final conments
continued. And he had sone -- in the case of Mirley
he had sone what | woul d consider new things that he
raised in his final letter. Here | have only
attenpted to sumari ze the ones that pertain to PFM

There were sone things where clearly we
had some errors in understandi ng which we have taken
as indications that our docunentation isn't well
enough expl ai ned and we wi | | be endeavoring to explain
it better so those understandings won't re-arise and
we will be communicating with himon that.

He al so pointed out that we needed a nore
t hor ough di scussion of what he called the residua
uncertainties both conservative and nonconservative
that wunderlie our proposed screening limts. He
further comrented that the discussion would serve as
a basis for decision makers in terns of whether our
existing screening limts could be used w thout the

need of an additional margin termif a margin term
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woul d be needed.

We have tried to as best we can in the
two-day's tine since we've had the coment to make a
nor e bal anced approach on that. | showed that in the
intro and I'lIl showit again if | get a chance to do
the screening criteria presentation. W thought that
coment was appropri ate.

| think -- also, comented on the
applicability for the flaw distribution of all PWRs.
That's the one comrent that cuts across all the
reviewers and | think the general conmment was, "Yes,
we understand you have nore information than before.

Yes, we understand that you don't have a
really credible basis to nodify this but you need to
do sonmething in terns of continual nonitoring to make
sure you are in future applications of this rule and
you are validating that your assunptions continue to
be correct where you're applying it.

DR. KRESS: |Is that possible? | mean, you
have to take each of these vessels and determ ne sone
sort of flaw distribution.

MR. ERI CKSONKI RK: Wl l, in-service
i nspection is now a requirenent.

CHAI RMAN SHACK:  Yes, but not wi th SAFT.

MR ERICKSONKIRK:  No. No. And I'll
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happily leave that to rulemaking but | think the
general comrent is there that just |ike continued
surveillance is a good idea, nonitoring or sonehow
further understandi ng docunent ati on, denonstrati on of
the flaw popul ations that we are trying to apply this
to, again, a general conment across reviewers, and |
think it's fair to say a general comrent around this
table, that is sonething that is a prudent step

DR. KRESS: |If you could do it.

MR. SIEBER. Well, with 80,000 flaws per
cubic nmeter, | don't think ISl is going to show al
t hi s.

DR. KRESS: You may have covered it
al r eady.

CHAI RVAN SHACK: Well, that's just under
cl ad cracking.

MR. SIEBER. That's right. That's just
one kind of flaw

CHAI RMAN SHACK: The | east inportant.

MR SIEBER But it's there.

MR ERICKSONKIRK: | believe that's it.

DR. WALLIS: But you're inspecting the
clad, too, so that's easier to do.

MR HISER | think | would differ with

that. There really is no clad inspection in the ISl
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DR. WALLIS: So if there is a cracking of

that you wouldn't know it?

MR. DENNING Do we want to pass on that
and nove on? If we're running out of time, | don't
think this is a high val ue area.

CHAI RVAN SHACK: Oh. You want to just
pass on the --

MR DENNING Yeah. | nean, if we're
runni ng out of tinme.

CHAI RMAN SHACK: W are runni ng out of

MR. ROSEN. Wiy do you want to pass on
t his?

MR DENNING It seenms to nme it's
conparatively clean.

MR. ROSEN. Murl ey nakes a coupl e of
interesting coments. | would |ike to hear what the
staff things about it.

MR. ERI CKSONKI RK:  (Okay. Back to that.

CHAI RMAN SHACK: Let's go through it
qui ckly then.

MR. ERI CKSONKI RK:  Ckay. |'ve got to get
Donnie. Maybe just do the really pretentious ones.

MR. ROSEN. There's only two, | think, in

the PRA area with Mirl ey.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

106
MR. VWH TEHEAD: Okay. What ['Il try to do

is I'"lIl just try to hit the high points on the
comments. Probably the one that's caused sone

di scussion is the discussion about the Rancho Seco
event. W had a coment fromDr. Mirley about that
and he wanted to know basi cal |l y what's changed and why
does this one not showup to be particularly inportant
in the current analysis.

There's a short description of what the
event is. I'msure that you are famliar with that so
what I'lIl dois I'Il gotothe reply here. Basically
what's happened is that we've had substantial
i nprovenents in the equipnent that failed in the
initial event.

We've had redesign of control room
i ndications. W have better operator training and
procedures. W have nore enphasis on overcooling
events. The fracture nmechanics cal culations that we
currently have basically showthat this type of event
is not particularly all that inportant.

Basically what happens is taking all of
t hese things together the Rancho Seco event woul d be
substantially less inportant in today's world as we
knowit with the informati on that we have than it was

at least initially with the calculation that we done
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at the time that the event occurred. That's not to
say that this event is inpossible.

It's just that all of the things that have
been changed, the nodifications to the control roons,
t he operator training, so forth and so on, have tended
to reduce the frequency of such an occurrence and al so
the fracture nechanics cal cul ations that we woul d do
in today's world would show this would be |ess
i nportant.

W denonstrated that by taking a | ook at
sequences that were simlar in the analyses that we
did for Cconee. W identified reactor turbine trip.
One or two stuck open relief valves on the steam
generators which we believe to be a little bit worse
t han the Rancho Seco event.

W had continued flow to the steam
generators and we had hi gh-pressure injection until we
reached the shutoff point fromthe pressurizer safety
relief valves. Wth the current fracture nechanics
cal cul ation even using an extrenely artificially high
EFPY for Cconee of 1,000 years, we basically find that
there is zero estimate for this particul ar event that
we did for Cconee.

Because we think that this event is at

| east as bad as what the Rancho Seco event woul d have
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been, we concl ude that these types of events are just
sinply not particularly all that inportant. They can
still happen but they are just not going to be
i mportant.

W had a coment fromDr. Mirley on
external events and we went through an external event
presentation here. W believe that the boundi ng
anal yses that we did is acceptable fromthe point of
view that even if you use the results from the
boundi ng anal yses, which we believe to be very high,
it would still not alter our ability to relax the PTS
rul e.

W had a question about external flooding
of the reactor pressure vessel. The anal yses that we
| ooked at have dealt with internal cooling of the
reactor vessel. Basically what happens is that an
external cooling of the reactor vessel wouldn't really
be any worse than what we have for our main steamline
break. Main steamline breaks are not particularly
all that inmportant so we think that we woul d be okay.

There are several comrents that deal with
the use of LERF. | believe that was adequately
addressed yesterday by Nathan's presentation. Wat
woul d happen with our oxidation and so forth and so

on. 1'Il skip that one.
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W had a question about the use of the
value that we use for adjusting the frequencies for
hot zero power. Basically what | presented yesterday
was that the real value that we used -- the val ue t hat
we used in our cal culation was two percent of the tine
per year the information fromthe plant suggest that
it"'s really between one to 1.5 percent so rounding it
up to two percent allows us to bound any of the near
hot zero power transition states as well.

We had several comments that dealt wth
t he i ssue of what kinds of regul atory guidelines that
woul d be needed to ensure that utility cal cul ations,
if they were needed, what kind of standards that
should be met. It's really not a researcher's role to
address those. That woul d obviously be part of any
rul emaki ng that took place so we'll just |eave that
one.

There were comments on the use of Reg.
Quide 174 for formulating -- let's see. Ckay. There
were several coments that dealt with the issue of
what the utilities would be required to subnit in any
type of analyses that they had to do. Again, that's
a rul emaking issue and we decided that it was nore
appropriate for NRR to deal with those issues since

that is their purview.
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There was a question as to what kind of
standard t he actual anal yses done by t he NRC what t hey
were done to. Wile our analyses started before the
i ssuance of the ASME standard for full power PRA
cal cul ations, the people involved in actually doing
the PRA were aware of the things being discussed as
part of the devel opment of the standard.

Whi | e we never have gone back and actual |y
done a one-to-one check to nmake sure that all of the
requirenents in the standard have been net, we have
done a review of those and we believe that we have net
the intent of what the standard was trying to get at
as to how to actually do a PRA cal cul ation for power
anal yses.

And we had a comment on the justification
for the 3,000 and 6, 000 second ti m ng of the recl osure
of the val ve and that has been di scussed yest erday and
actually today and so we think that we have bounded
the results that you would get from such a
cal cul ati on.

That' s basically the corments t hat we had.

MR. ROSEN. Have you read the new conments
by Murl ey?

MR. WHI TEHEAD. | got those yesterday and

| just skinmed over them
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MR. ROSEN. Ckay. Well, | don't know if

it's fair to ask you about his second coment about

t he possi bl e val ve recl osure tines greater than 6,000

seconds.

MR. VH TEHEAD: Ckay.

MR. ROSEN. And whet her or not your
analysis would -- if you used it and did it beyond

6, 000 second, whether that would yield even nore.

MR. ERI CKSONKI RK:  Donni e.

MR, VWH TEHEAD: Yes.

MR ERICKSONKIRK: | would like a cut at
it after you get done.

MR.  WH TEHEAD: This issue has been
presented -- | nean, Mark made a presentation on this
where we did actually go back and do a sensitivity
calculation varying the time at which the valve
recl osed from3, 000 seconds to sonmewhere around 14, 000
seconds.

The curve here gives you an indication
that initially we have a very steep rise in the CP
and CPF for valve reclosure. It maxes out sonmewhere

in the vicinity of about 8,000 seconds or sonething

like that. However, you have to renenber that at very

long time frames the operators would have been

transitioning fromtheir initial procedures into ones
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where they are actually beginning to shut the plant
down.

| believe a slide that we had yesterday
indicated that if you |l ook at it, what we' ve captured
is the very steep part of the curve as it's going up
so | believe that we are pretty confident that, you
know, we have captured the vast majority of what the
response woul d be. You also have to renenber that we
are choosing two single points in tine to represent
the fact that in reality a valve could close at any
point in time. It could close very early in the
event.

If it does, then the CPIs are going to be
very snal | . If it closes really late in the event,
as we indicated here, the values are al so going to be
goi ng back down. W believe that we realistically
captured the worse that the thing could be.

MR. ERI CKSONKI RK:  May | add? | guess the
things | would add to that is that Dr. Mirley seened
to get focused on the fact that we hadn't picked the
absol ute peak of the curve. And to anplify on what
Donnie said, the inportant thing is that we capture
the whole curve and so, yes, sonetinmes perhaps the
valve will reclose later in which case we woul d be

underestimating. |It's also equally probable that it
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could reclose really early in which case we are way
over estimating the probabilities of failure.

The graph | prepared yesterday attenpted
toillustrate that what we are trying to pick is not
really a maxi mumor any single point on this curve but
we are attenpting to essentially get the area under
the curve right. W feel |like we've done it.

The ot her point | would like to nake is in
reading the final draft comments fromthe revi ewers.
| f you read Dr. Johnson's conments, his view on this
is that we have a gross over-conservati smin our nodel
because it's his viewpoint that if the valve is going
to reclose, it's likely to reclose very early so he
guestions where we get off with these very |ong
reclosure times ¢ | think in |ooking at the Peer
Revi ew group coments, you know, we need to | ook at
all of them and clearly there is a point of
di sagreenent in what we've done here.

MR. ROSEN. | think | understand your
points fromthe anal ytical point of view but | think
from an operational point of view this chart has
i mportant ram fications and needs to be conmuni cat ed
well to those people who are trying to wite new
procedures under a new rul e.

MR, ERI CKSONKI RK:  Yes.
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CHAI RMAN SHACK: Are you going to go onto

screening criteria now, Mark?

MR. ERI CKSONKI RK:  Yes. (kay. So what
we're trying to do here is to use all this
information, put it together and see if we can cone up
with a new screening criteria to suggest NRR
repl acenent for the current screening criteria of 270
and 300 F on RT,.

DR. WALLIS: "Criteria" is a plural?

MR ERI CKSONKI RK:  |'ve never been cl ear
on that.

DR. WALLIS: And "criterion" is singular?

MR. ERI CKSONKI RK:  Yes, you're right.
Granmar isn't ny thing.

CHAI RVAN SHACK: We noticed that.

MR. ERI CKSONKI RK:  Yes, |'m sure you have.

MR. SIEBER It's equal to your spelling.

MR. ERI CKSONKI RK:  That's right. Ckay.
So by way of introduction and summary of where we've
been subject to |imted equivocation, the TWCF val ues
we have from the detailed study plans we believe do
apply to PWRs in general and that general
applicability would then support the devel opnent of a
mat eri al s based screening criteria on the basis of our

anal ysi s.
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W' ve used reference tenperature
definitions to characterize the through-wall cracking
frequency of different flaw popul ations. The reason
we do that is we get better correl ations of through-
wal | cracking frequency when we use the reference
tenperature that characterizes toughness at the
| ocations where the flaws are.

So we have devel oped t hr ough-wal | cracki ng
frequency correl ations versus RT correl ations for the
study plants who then use those correlations to
estimate t hrough-wal |l cracking frequency and use t hat
relationship to figure out what the screening limt
woul d be associated with a 1E-6 LERF limt. Then we
al so conpare those proposed limts to calculated
values of the screening limts for all of the
operating PWRs.

So we've been through this before. This
is just to say that we need to pick the reference
tenperature to characterize material toughness where
the flaws are. W know where the flaws are in the
vessel s so we can calculate the |locations and these
are the fornulas that we woul d use.

| think the main thing to point out is
t hat these fornul as can be applied to cal cul ate val ues

of these various reference tenperatures based only on

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

116

the information that is currently in the RVID dat abase
that' s nai ntai ned by t he NRC and based on a di agr am of
the plant showing the |locations of the welds and the
pl at es.

DR. RANSOM Are these val ues pl ant
specific then?

MR. ERI CKSONKI RK:  Yes, they are plant
specific as they are currently. Every plant has its
own RT,, value so then every plant would have its own
RT axial weld plate and circ weld. This is a graph
that you' ve seen several times which shows the
rel ati onshi p between the reference tenperatures at the
various flaw location with the through-wall cracking
frequency arising fromflaws at those | ocations.

Again, axial weld flaws are the things
that drive the through-wall cracking frequency. Plate
fl aws nmake some contribution at higher enbrittlenent

levels. Circ weld flaws while they nake a

contributionif youlook at the relative effects, it's
very, very m nor.
So taking those -- I'msorry. Taking the

fits of those lines which is just a sinple exponenti al
fit through the available data, we then estimte the
total through-wall cracking frequency is the sum of

the three constituent parts with only the m nor
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nodi fication that we nmultiply the through-wall
cracking frequency due to plate flaws by a factor of
t wo.

The reason that we did that is that just
because of the way the fit was the Beaver Vall ey
pl ant, where the plate flaws nake a contri bution, and
because we had a | ower contribution in Palisades,
Beaver Val |l ey was systematically bei ng under predicted
so we put in the factor of two.

Then this graph  just shows t he
rel ati onship between the FAVOR predicted val ues of
t hrough-wal | cracki ng frequency and the fit val ues of
t hrough-wal | cracki ng frequency by this equation.

Ckay. So now we can use the equation to
figure out what conbi nati on of these vari ous RT val ues
are either below or above any risk limt you want so
we'll set the limt at 1X10 ° and we can do that.
Take, for exanple, for an axial weld -- |'msorry,
plate plant with axial welds.

There's a circ weld contribution but, as
we said before, it's snall so just set this to a val ue
that' s above any val ue that you expect to reach. Say
300. It doesn't factor in enough to matter. |'m
sorry, reference tenperature circ weld to 300 and t hat

gives you a very snmall nunber out here.
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You know that the through-wall cracking
frequency total is 1X10° so stick in 1X10° there and
now set it up on a spread sheet to scroll through a
whol e bunch of val ues for RT axial weld and figure out
what the RT plate needs to be to get you up to 1X10°
or any val ue that you pick and you wi nd up carvi ng out
curves of constant through-wall cracking frequency.
The interpretation of this is that -- and |
hi ghlighted the 1X10° linit in red because that's the

value that's been proposed as consistent with Reg.

Gui de 1.174 gui dance on LERF. The way a
pl ant woul d use this would be to say, okay, | need to
calculate -- if | have a plate wel ded plant |

calculate RT axial weld and RT plate for ny plant and
| put a dot on this diagram |If I'"'minside the red
curve, lift is good. If I'moutside the red curve,
|"m going to pay a lot of noney to consultants to
figure out howto nove the point inside the red curve.

Simlarly, withforging plants except they
don't need to bother with RTAW They just cal cul ate
RT circ weld which given that the asynptotic limt is
over 450 degrees nobody is every going to hit so they
just need to worry about the RT plate val ue.

Agai n, the yellow box at the bottomthere

are certain provisos to this regarding forging at very
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high levels of enbrittlenent and applicability to
t hi ck vessel s which we've noted.

So what we did is we took the information
in RvID. W didn't have the resources to go get the
di agrams of how the welds are oriented so we took a
conservative approach estimating the RT axial weld
val ues and just cal cul ated the val ue of RTAWfor each
of the axial weld fusion |ines and forgot any |ength
averagi ng and just used the maxi num val ue.

That's where the points lie at end of
license. You see none of the plants are very cl ose at
all to the failure of loci and, as we discussed
yesterday, and | don't have this plot here but it's in
the report, if | crank this up to end of I|icense
extension, the values nove out by between 10 and 20
degrees but still not closely approaching the 1X10°°
limt. O course, in general forgings are further
fromthe limts than are the plate wel ded vessel s.

MR. SIEBER. Who's the plant that is
furthest out?

MR ERI CKSONKI RK:  You know, | knew that
and | --

CHAI RVAN SHACK: | ndi an Poi nt 3.

MR ERI CKSONKI RK:  Indian Point 3. Thank

you.
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CHAI RMAN SHACK: Ri ver Keeper will be gl ad

to know that.

MR. ERI CKSONKI RK: What's that?

CHAI RMAN SHACK: Ri ver keeper will be glad
to know that.

MR ERICKSONKIRK: |'ve X ed this out in
response to Miurley's conmment and |'ve got a whole
ot her slide | ooki ng at conservati sms and
nonconservati sns. Just to |l ook at the status of
operating plants relative to this proposal, we find
that all PWRs are in order of nagnitude or nore away
fromthe 1X10° limt, that being controlled only by
this plant over here.

By in large they are several orders of
magni tude away fromthe limt. There is at |east 60
degrees fahrenheit and usually nuch nmuch nore that
separate any PWR fromthe limt.

You can conpare that to the situation
we're in today where the limting plants are within
fracti onal degree fahrenheit fromthe 270 and 300 F
l[imt. As | noted before, if we extend this
eval uation out to EQOLE, all the plants nove between 10
and 20 degrees fahrenheit closer to the limts.

Now, this is again in response to Dr.

Murley's comment and | should point out we talked
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about all these. Everything on here -- well, naybe
not everything. Many things on here are subject to
judgenent. | may have m ssed sonmething. W tried to
go through and li st the conservative factors that have
been I eft in the anal ysis and al so the nonconservati ve
factors that have been left in the anal ysis.

There are sone things that | think there
woul dn't be too rmuch debate about. For exanple, for
mai n steam|line break our nodeling of main steamline
break i s unquestionably conservative because t he nost
severe transients that control the main steamline
break contribution are those that occur in
cont ai nment .

When you break a line in contai nnent you
pressurize it so you can't boil the water at 212.
You're boiling it at a much higher tenperature. W
haven't accounted for that in our nodel. That's an
unquesti onabl e conservati sm

For circunferential flaws the fact that we
assume themto propagate instantly all the way around
t he vessel is unquestionably conservative. Qur nodels
of material variability for copper, for RT,, we base
t he popul ati ons t hat we sanpl e fromsanpl es taken from
many, nmany materials that span the spectrum of RPV

materials that are avail abl e. Unquest i onabl y
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the uncertainty associated with any plant specific
anal ysis is going to be |ess.

|"mnot going to go into all these except
to point out that, again, sonme of these people my
argue one side of the line or the other but | think
taking it away this is an appropriate way to think
about whet her you woul d recommend to the regulator to
take these limts wthout margin, whether the
regul ator should take these limts w thout margin.

It was the point that Dave made that it's
really easy to get buried and say, oh, you've got a
factor of potential two nonconservati smhere or you' ve
got a factor of three conservatismhere. You really
need to try to get on one page everything that you
view and people's views are sonetimes going to be
di fferent as bei ng conservative or nonconservative and
t hen thi nk about what's that telling you with regards
to whether if you could spend the noney, spend the
time to get the right failure | oci whether that would
in general be noving out that way or in that way.
|"ve got nmy own personal opinion but obviously
everybody is entitled to theirs. That's it.

CHAI RVAN SHACK:  Anynore questions? Tom

you had sone itenms this norning that you felt were

real inportant that you wanted to get in so before we

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

123

go around the table since you had yours articul at ed.

DR. KRESS. Yes. Considering the |ast day
and a half that we've had it seens to ne like the
things that we need as far as the heat transfer
coefficient is concerned and its sensitivity, | think
you need to show a better technical basis for that.

Perhaps it's the Catton paper that
determ nes that particular heat transfer coefficient
based on experinmental data actually taken at a
downcorer but | haven't seen that. Maybe that's the
techni cal basis we need.

| agree with Mari o Bonaca' s statenent that
there is a need to better discuss why LOCAs were not
originally considered but now they tend to be
dominant. It's just a discussion of why that is.

On the air oxidation sourceterml tend to
buy what you're saying that the conditiona
probability that you'll have an air oxidation event
along with the conditional probability that it wll
lead to early containment failure are probably
sufficiently |low that the 1X10 ® offsets the effect
you would have on LERF if you had an air oxidation
event. But | kind of thought you approached it from
t he backsi de.

That is, you tend to deemthat these
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conditional s were smal |l enough that you didn't have to
| ook at air oxidation events. | would prefer you

approach it fromthe front end and say, "Gve ne a

t echni cal basi s for what t hese condi ti onal
probabilities are, the condition that you'll have --
that a break will lead to air oxidation. And also the
condition that will not lead to an early contai nment
failure.

Then based on t hose val ues, actual val ues,
tell me what effect it would have on the acceptance
LERF that would be for probability. | thought you
approached it fromthe backside and | would prefer to
see that fromthe front side. Along with the
t hermal hydraulics choice of the heat transfer nodel
and its technical basis, | thought it was your choice
of 30 percent for sensitivity had a weak technica
basis. Thirty percent probably was an epistemc --

CHAI RVAN SHACK: No, that's a reasonabl e
nunber for a well-controlled experinent.

DR KRESS: Yes, for a well-controlled
experiment. | just think there's nore nodel
uncertainty involved than that and | think you need to
think about that a little nore. Those were basically
nmy thoughts about it.

MR. ERICKSONKIRK: |If | could ask a point
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of clarification getting to your reiteration of Dr.
Bonaca's comment. | understood his conment and |
think it was well taken that we needed a better
expl anati on of why mai n steaml i ne break was i nport ant
bef ore and no so nuch now.

Just with regards to why LOCAs were
i gnored before but included now, | would ask if fol ks
have read what is said in Section 8.5.2.5 of the
report because that's where we go into that.

DR. KRESS: You may have covered it.

MR. ERI CKSONKI RK:  Ckay.

DR. KRESS: W just didn't cover it very
wel | .

MR. ERI CKSONKI RK:  No, no. | agree with
that. Okay.

CHAI RMAN SHACK: Anybody el se have any
further coomments they would |i ke to nake as to things
they m ght see that are needed before we feel we are

confortable witing a letter on this?

MR SIEBER 1'd like to have the
docunent s.

CHAI RVAN SHACK: Wl |, yeah.

DR. FORD: Are we proceeding around the
t abl e?

CHAI RMAN SHACK: | was just going to take

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

126

them at random rat her than go around the table.

MR. SIEBER  Even the ones you' ve sent us
bef ore.

MR. ERI CKSONKIRK: | think just to nake
things very clear, and | spoke with Tanny about this,
is we're going to get a disk to all of you that has
all of the presentations that were nade in the past
day and a half in their final formand all of the
docunent s.

MR. SIEBER. Ckay. That's going to be
nore than one disk?

MR. ERI CKSONKIRK: | don't think in PDF
formit will be nore than one disk, no.

DR WALLIS: The whol e docunentation so
far is only 80 negabytes. W can give you nore.

MR. S| EBER: Yeah, put pictures in.

MR. ERI CKSONKI RK:  But just to make sure
t hat everybody's got everything, a conplete new di sk.

DR FORD: |'ve got a comrent. | still
feel -- | find this list of the conservati sm versus
nonconservati smvery useful so nmaybe nmy concern is
hi dden. When | | ook at the high sensitivity to the
enbrittlenent shift, the function of fluence and
mat eri al conposition | get a wee bit worried as to

whet her, for instance, if you used the upper bound of
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that relationship that you put up on the screen, |
think your words were that the situation would be
untenabl e or words to that effect.

Yet, that is a very realistic situation
You do have materials which are offered. Maybe it's
because aleatory uncertainties, etc., as to why
they're there, but there are data points at the top
end of that distribution code. There is the ones that
are going to bite us in a practical sense.

Now, Bill assures ne that all of this is
covered quite adequately by doing the Monte Carlo on
t he nean value of that relationship. 1've still got
a feeling of unease. One will bite you and that's
what worried ne.

DR. KRESS: | thought we heard that if
they took a single vessel and nade that plot, you
woul d still get that kind of --

DR. FORD: No.

DR. KRESS: Rather than it being clean
they m ght be able to have sone | ocation that you get
an uncertainty.

MR. ERI CKSONKI RK:  You'd get uncertainty
but you would get |ess. You would get |ess.

DR KRESS: But it would tend to stil

cluster around the nean.
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MR. ERI CKSONKI RK: | think it's fair to

say that in nost cases it would cluster around the
nmean. However, as Allen pointed out, there are sone
cases that would either be systematically high or
systematically low. Again, | think that's al so one of
t he reasons we do surveillance.

MR DENNING | do think that the way the
Monte Carl o anal ysis i s done that effectively they are
taki ng that upper bound in a sense in that the nean
value is close to the 95th percentil e val ue.

My interpretation is that effectively in
the way they are treating their nmean which, again, is
95th percentile, and the way that the sanmpling is
done, | think they really are accounting for the upper
parts of that distribution rather than the nean curve
that went through it. That's ny feeling. | may be
overstating that.

MR. ERICKSONKIRK:  No. | think I would
agree in that the upper part -- | nean, just |like the
tails of any of the distributions that you' ve seen,
the tails are weighted in at their relative frequency
if you' ve got the 95th to 100th percentil e upper tai
i mpacts cal cul ation five percent of thetinme. And the
other thing to note is that it's like any failure

anal ysis you' ve ever done. It's when multiple things

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

129

go wong that we get the high failure frequency.

It's when you' ve got al arger-than-average
flaw and a hi gher-than-average copper and all those
t hi ngs have gone wong so if you |l ook at the -- if you
go in and you conpare the populations of flaws or
chem stries or whatever that are contributing
dom nantly to the failure frequenci es and you overl ay
those distributions on the distributions that you
originally sanpled, you find out you' ve got to buy a
sanpl e and you' re sanpl i ng dependi ng upon what's wor se
the wupper bound or the |ower bounds of the
di stri butions.

CHAI RVAN SHACK: But that's sort of |ike
Rich's argunent. Everything is sort of governed by
the guy at the top because all the other guys don't do

much.

MR. ERI CKSONKI RK:  Not the guy at the very

-- the one at the 8th sigma |evel that never occurs
doesn't matter.

CHAI RMAN SHACK:  You're up very high

MR. ERICKSONKIRK: It's weighed in there
and | guess the thing that | would ask is what's the
credible basis to do a biased sanpling on that
di stribution? How would you construct that

sensitivity study?
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CHAI RMAN SHACK: Onh, if you think there

really is a plant that goes al ong the upper bound. A
plant that sits along the upper bound.

MR. ERI CKSONKI RK:  And, again, | think
that's something that is covered in surveill ance.

MR H SER. But, Mark, wouldn't the effect
of that be that you're noving up and down the curves
that have the results of through wall crack frequency
versus RT,,. | nean if you are skewed hi gh, you just
nove hi gher up on the curve.

| don't know that the curve itself would
change at all. In terns of doing a cal cul ati on where
you are going to conpare any plant relative to any
proposed screening limts, you would need to add in a
bi ased termto account for that. But the limts that
you're conparing to woul d be unchanged.

| nean, you have the sanme relationship
bet ween RT,, and through wall crack frequency. It's
just where you gointo Mark's curve at. You m ght go
in at a higher value by sone degree to account for
that increased sensitivity.

| think it's a plant specific application
and i s maybe where the concern should be. In terns of
the sinmulations that they did, if the enbrittlenent

that they calculate really does span the range of
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scatter that you see, then that's been taken into
account .

CHAI RVAN SHACK: Ch, yeah. | would agree
on the population. This is a plant specific
application that we're tal ki ng about here | think.

DR. FORD: So what you're saying is the
fact that those ones at the upper end of your scatter
band | et's assune that they were copper plants. That
woul d cone into the plant specific analysis?

CHAI RVMAN SHACK: His RT _, in that sense

t akes care of that.
MR. H SER. But you would still calcul ate.
Based on the nodel you would still calculate an RT_,

or RT, that's |ow because that's the nean val ue.

pl
It's not the high value that is reality for that
pl ant .

MR- M TCHELL: Matthew Mtchell, Materials
and Chenical Engineering Branch, NRR | would just
like to echo Dr. Hiser's comments that | think the
concern that you're expressing over the potential for
an i ndividual plant to have a nmaterial which is acting
atypical with respect to what the general nodel
predicts is a concern that is appropriately addressed

when that plant calculates its reference tenperature

for the material which is acting atypically.
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You need to | ook at the amunt of data
that is available for that material so that plant's
pl ant specific surveillance program And to determ ne
whet her the anpunt of information that is availableis
statistically significant relative to the anmount of
data that is supporting the general nodel and whet her
it appears to indicate that there needs to be an
additional factor added to that plant's determ nation
of its reference tenperature for conparison to the
screening limts that are being specified in the nore
general anal ysis.

| nean, that is, in effect, in large part
what we do today in Reg. Guide 199, Rev. 2 when we
have provisions available to use plant specific data
to override the tables which we in the Reg. Guide
which is, in effect, the same thing as havi ng a nodel
like the Eason nodel. |It's sort of the default.

But if you have plant specific data which
suggest sonething different, you go to that data and
you use it to supplenment the information in your
general nodel. W would hope, however, | think that
gi ven the anount of data that's being used in the new
enbrittlement nodels that there will be a very |ow
Iikelihood that you will find a plant that has a

statistically significant anmount of data out there
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whi ch shows a consistently high trend. 1'm not going
to say that can't happen or that it is not in
exi stence but | think that will be by far the mnority
of the cases of all the operating facilities.

MR. DENNING Yes. [If I can | would Iike
to make just a couple of quick cornments. | echo what
time said about the heat transfer coefficient. That
hasn't been put together adequately but it's doable.

| think that it's definitely doable with
avai |l abl e resources to do that. One of the things we
do have to recogni ze i s that 2D RELAP annul us nodel is
no better than the 1D. Both of themare wong. The
flowregime is a critical elenment of this.

| think they can use better -- nake better
use of conparisons with experinents that exist out
there to make their case. | do have one thing that |
really don't 1ike about the conparison with the
experinments, though, and that is the use of an average
tenperature difference and i n averagi ng t hose bet ween
plants is not a good characterization of how wel
RELAP is able to nodel those particul ar things.

The standard deviations | didn't have a
problem with but the average tenperature difference
where the pluses and the mnuses are washing each

ot her out between the different conparisons. That
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just is not a good way to characterize how wel | RELAP
represented those data.

DR. RANSOM Let nme nake a comment al ong
those lines. Fromeverything that |1've heard it seens
that the thermal stress in the wall is governed nore
by howthe fluid tenperature in the downconmer changes
with time as opposed to what the heat transfer
coefficient is at any given tine.

It would seem |ike a better approach to
this would be to sinply nmake that heat transfer
coefficient very large. It can be bounded nore or
|l ess along the lines of what Murley is tal king about
and elimnate that as a paraneter.

| suspect the results will not change much
because the thermal stress is really governed by how
t he tenperature changes with tine due to t he ECC wat er
or wherever the cold water is comng from For those
kinds of transients which are just inventory type
transients RELAP5 is fairly adequate. | nean, it's
j ust how rmuch do you over tine flush out the hot water
fromthe wall.

MR. SIEBER It seens to ne, though, that
flowis a key characteristic al so.

DR RANSOM \What is?

MR. S| EBER: Fl ow. Downcomer flow. Since
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you don't conserve normentum you al nost have to fudge
the flow in order to get it to go in the right
direction at the speeds, velocities that the
experimental evidence would provide. To ne that is
sort of a shaky kind of a --

DR. RANSOM Well, they are two-

di mensional. They are shaky that way. But the 1D
downconer is --

MR. SIEBER. Well, that's --

DR RANSOM -- a little bit different.
That's an inventory problem

MR. SIEBER. Right. It's one bucket to
t he next.

DR. RANSOM That woul d be a sinple way of
elimnating sone of the concern about non-
conservati sns.

CHAI RMAN SHACK: Well, | guess | would
echo that. It seenms to ne that the biggest remaining
issue is to show the rel evance of the heat transfer
relation whether it's -- | think you need to conpare
it wth sone rel evant data, downcomer data. |If worse
comes to worse CFD cal culations for the right job

Sonmehow that just has to be -- | agree
with Tom The .3 just doesn't do it wthout nore

justification. [|I'mnot sure |I'm convinced by Vic.
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The 1997 cal cul ati on there when he doubl ed t hat
sucker, it really pushed it up there.

DR. KRESS: It was a significant nunber.

CHAI RMAN SHACK: It was a significant
nunber. It looks to nme |Iike the boundi ng nunber we
would need to use is like a factor of 5 and | don't
think they really want to give that up at this point.
| think you are going to have to conme back and nake
that case that it's alot better than that. Hopefully
that will be included in the final docunentation.

MR. ERI CKSONKI RK:  Hopefully it will.

CHAI RVAN SHACK:  Addi tional coments?

MR. DENNI NG  Sonebody had a conment what
a nice -- hownice the presentations were. | thought

they were very well put together and I thought the

whol e package | ooks good. It's just sone weaknesses
that still have to be cl eaned up
DR. KRESS: | think | second that. Very

ni ce pi ece of work.

MR SIEBER \Wel| done.

MR. ERI CKSONKI RK: So we owe you a disk of
all the presentations and all the reports to date and
then we owe you the final thermal hydraulics reports.
I's that correct?

CHAI RMAN SHACK: Yes. Now, what are you
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going to do with these final Peer Review comrents?

MR. ERI CKSONKI RK:  They are going to be --
"1l keep talking until Allen tells nme to shut up.
They are going to be put into, | think, Appendix B and
to the extent that we can, the staff will respond to
them Like | said, certainly there were sone things
in there that, you know, clearly we said A and the
reviewers heard B which nmeans that we didn't explain
it right so we are going to change the docunentation
totry to keep that from happening in the future.

DR. KRESS: But you're going to hold open
the option to continue to disagree?

MR. ERI CKSONKI RK:  Yes.

DR KRESS: Good.

CHAI RVAN SHACK: I f there are no nore
comments, | think we can adjourn.

(Wher eupon, at 11:56 a.m the neeting was

adj our ned.)
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