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Ford and G aham Wal li s, Co-Chairnen, presiding.
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P-ROGEEDI-NGS
(8:33 a.m)

CO CHAl RMAN FORD: The neeting will now
cone to order

11 just repeat the salient points of the
i ntroduction | gave yesterday.

This is the second day of the neeting of
the Advisory Conmittee on Reactor Safeguards, joint
Subconmi ttees on Materials and Metal | urgy and Ther mal
Hydr aul i ¢ Phenonena.

|* mPeter Ford, Chairman of the Materials
and Met al | urgy Subcomm ttee, and nmy Co-chair i s Gaham
Wal lis, Chairman of the Thermal Hydraulics Phenonena
Subconmi tt ee.

Subcommittee nmenbers in attendance are
Mari o Bonaca, John Sieber, TomKress, and Vic Ransom

The purpose of the Joint Materials and
Met al | ur gy and Ther mal Hydraul i c Phenomena
Subcommittee neeting is to review the staff's
resolution of certainitens identified by the ACRS in
NUREG 1740, vol tage based alternativerepair criteria.

| wll not reproduce what was said
yesterday about speaking clearly, et cetera, et
cetera.

MR. SIEBER. Wiy not ?
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(Laughter.)

CO CHAI RVMAN FORD: | have a request from
the nmenbers at the end of today's session I'd like
their advice about the need for a lecture on this
t opi c. The staff view this as an informational
neeting, and they're not requiring a letter, as |
understand it, but we may decide to issue a letter
regardl ess.

And 1'd also like their advice to the
staff on their two-hour presentation to the full
conmittee on Thursday. It's ny understanding that the
staff are just going to give a summary of each of the
t asks. I'"'m not too sure if this is correct,
presumably wi t h back-up slides on salient points. But
|"m sure you would |ike advice from the nmenbers on
what goes into that two-hour neeting.

Wth that I'Il pass it on to you, Joe, to
i ntroduce your speakers.

MR, MUSCARA: Ckay. Thank you, Peter.

| think today we'll continue with our
topics on thermal hydraulics and the prem ses and
conmponent behavi or in the severe acci dent conditions
in the PRA So these areas relate essentially to
severe accidents.

Just one other point. | did bring a few
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copi es of our integrated programplan that I'll share
with the nenbers, and |I think w thout delaying very
much we'll start with the hydraulics work and Chris
Boyd is going to start off in that area.

MR. BOYD: GCkay. M nane is Christopher
Boyd. | work in the Ofice of Research.

And 1" mgoi ng to be goi ng over the thernal
hydraul i ¢ work t hat has been done i n t he past year and
a half in support of the steamgenerator action plan.

The outline for what |I'Il go over is a
qui ck overvi ew of the thermal hydraulic work, sone of
t he background issues.

We have a note about the ARTI ST program
whi ch i s one of the steamgenerator action planitens.
|"mnot directly involved with that, but will give a
not e.

And then the bul k of ny presentation w ||
be on the SFD rel ated work, steam generator action
plan Item 3.4(e), and then Don Fletcher from |ISL,
Information Systens Laboratories, wll give the
SCDAP/ RELAP 5 analysis, which is tied into the CFD
wor k. The CFD work feeds that, and we'll take a | ook
at how t hat has wor ked.

Wat we're looking at in general, the

thermal hydraulic analysis predicts the thermal and
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mechani cal |oads that are applied to the reactor
cool ant system We're going through a process of
updat i ng our predictions for the ZI ONpl ant during the
TMLB prinme station blackout transient.

W' ve updated our boundary conditions.
W' ve got nore realistic conditions and assunpti ons.
We've significantly updated the mxing paraneters
based on a reanal ysis of the one-seventh scal e test,
as well as the CFD data or predictions which I wll
present .

CO- CHAI RVAN WALLIS: Are these the nore
realistic boundary conditions, norerealisticthanthe
ones that we saw in the material that you sent us?

MR. BOYD: | don't believe we have a fi nal
report that we sent you.

CO CHAI RVAN WALLI'S:  Oh, okay.

MR. BOYD: That's right, and when | say
"nmore realistic," --

CO CHAl RMVAN WALLI S: You sent us two
reports.

MR. BOYD: -- we took into account things
like radiation that were ignored before.

CO CHAl RVAN WALLI S: Wl |, maybe we' || get
to that in your presentation.

MR. BOYD: W'Ill get to that, and these
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nore real i stic boundary conditions that |' mnentioning
here are part of the SCDAP/ RELAP 5 work, and in
general we've just inproved t he SCDAP/ RELAP 5 nodel i ng
of design plant. Essentially we're sharpening our
pencils, | guess, in preparation for the support to
the PRA analysis to follow

And in all of the work that we've done,
the failure predictions still indicatethe surgelines
failing prior to the in flow of tubes, but you know,
the timng between these two failures is still
relatively close intime. So in some ways we're in
t he same position we were. After all of the changes
and updates we' ve made, we're still in about the sane
position.

The approach and the tools we're using,
SCDAP/ RELAP 5 is the work horse. It provides the
tenperatures and pressures and heat transfer
coefficients in general to the reactor system
components. We've got three di mensional aspects of
flow that are with this one dinmensional code. So
we' re using one-seventh scal e experinments to provide
m xi ng paranmeters and ot her --

CO CHAI RMAN WALLI'S: Can | ask you about
that? 1 don't knowif you' re going to talk about it.

Inthe material that was sent to us, there
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was a picture of these experinents, a cartoon, and it
| ooked very strange because the core, the vessel was
di vi ded down the mddle by a plate, and it | ooked as
if the flow went to the right through one steam
generator or to the left through the other.

But it wasn't a conmon upper plenum and
inthe real systemthe fl ow has to deci de which way to
go, whether it goes to the one that's recirculating
completely or the one that's recirculating with the
counter current flowor if there are four generators,
you have to figure out which oneis in counter current
fl owand whi ch one is in conplete circulation, and you
don't have a core which has a cut down the m ddl e by
a plate.

MR. BOYD:. Ckay.

CO CHAI RVAN WALLI'S: So half of the flow
has to go one way and half the other or --

MR. BOYD: Are we tal king about the one-
seventh scal e experinments?

CO CHAl RVAN WALLI' S:  Yes.

MR BOYD: Wll, we did use a half a
vessel. It was a four loop plant. They did cut the
vessel down through the mddle with a plate, and they
had two steam generators on that.

CO CHAI RMAN WALLI S: Well, that's very
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different fromthe reality. Thereisn't a plate down
the mddle. | nean, the flowhas to go -- there's a
conmmon header in the upper plenum right? And the
fl ow has to decide which to go.

| can understand why they had two, but in
reality they're got four out of three that are in
recircul ati on node and one in counter current flow or
are there three in counter current flow? How do you
know?

MR. BOYD: Well, during the experinents,
both were in this counter current flow situation.

CO CHAI RVAN WALLI' S:  Yeah, but one had a
conplete loop circulation and one had the counter
current flowin the --

MR. BOYD: No. Inthe facility there was
no conpl ete | oop circul ati on because there was no col d
legs, and in the outlet plenum there was no outl et
to --

CO CHAI RVAN WALLI'S:  So the cartoon that
i ntroduced that seenmed to be wong then.

MR BOYD: The cartoon could have been
wong. |'mnot sure exactly which one --

CO CHAI RVAN WALLIS: WwWell, we're goingto
get into this because what |1' mgoing to ask you i s how

this -- one of the things I'mgoing to ask you i s how
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what you did relates to what's happening in the other
| oops because you've got to solve the whole thing
together, and nmaybe that wll come out of the
SCDAP/ RELAP.

But there's aninterfacing question there
that we'll get into. GCkay?

MR. BOYD: kay.

DR. RANSOM Well, isn't part of that due
to | detect that you assune that the | oop seal s don't
cl ear.

MR BOYD: That's correct.

DR. RANSOM So thus the fl owcannot goin
that direction. Are there any conditions where the
| oop seals would clear?

MR. BOYD: W're not seeing any in the
SCDAP/ RELAP 5 anal ysis that we're performng. So if
you believe that, then the | oop seal is not clearing.

In the one-seventh scale experinents,
there was no chance for the loop seals to clear
because the outl et plenumwas a steel hem sphere with
no outl et.

DR. RANSOM Well, was that the reason for

VR, BOYD: | would assune. I wasn't

pl anning that test, but | would assune they assuned
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the | oop seals were plugged and we're not going to
bother with a --

CO CHAl RVAN WALLI S: Not all four of them

MR BOYD: Al four?

CO- CHAI RVAN WALLI' S: One of themis open.
Al'l four loops are in this --

MR. BOYD: Don, do you want to talk to
t hi s?

MR. FLETCHER: Excuse nme. Don Fl et cher of
| SL.

In the SCDAP anal ysis we've nodel ed the

four |oops independently so that we have four

identical cool loops with the exception of the
pressurizer being on one |oop. The nodel itself
decides whether we have the split hot |leg

configuration with the recircul ati on through the | egs
and back to the vessel or whether we have a conplete
flow through situation, a normal flow direction, if
you will.

The decision is based upon whether the
| oop seal s are plugged or not and whether the bottom
of the downconer is plugged with --

CO CHAl RVAN WALLI'S: So there are various
conbi nati ons of things that can happen.

MR FLETCHER: That's correct. The npdel
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is set up to look at it as the cal cul ati on proceeds
and deci de whi ch node each of the | egs i ndependently
is in.

CO CHAI RVAN WALLI S: Ckay. So you cannot
just inpose a boundary condition of a tenperature in
t he upper plenum You have to calculate it know ng
the heat transfer and all of these |oops, whatever
node they're operating in.

MR FLETCHER  That's correct.

CO CHAI RVAN WALLI S:  Ckay.

MR. FLETCHER: Let ne say in general the
| oop seals remain plugged with water.

CO CHAI RVAN WALLI'S: Al of thenf

MR, FLETCHER: In all of them yes.

CO CHAI RVAN WALLI'S:  Well, that nakes it

easi er. Yeah, okay.

Thank you.

MR. BOYD: |'mnot sure that makes it any
easier, but --

CO CHAI RMAN WALLI S: Well, it makes it
easier if you know the node of operation. |If you're

not sure whether they're plugged or not, then you' ve
got different combinations of things to worry about.
MR,  BOYD: So back to our toolbox,

SCDAP/ RELAP 5 i s t he wor khor se code whi ch predicts 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

14

transi ent behavi or and i s nodeling all of these system
type issues that we're tal ki ng about.

Because it's a one di nensional code and
we' ve got t hree di nensi onal behavior, we're relying on
a set of one-seventh scale experinments to provide
m xi ng paraneters. These one-seventh scale
experiments are being augnmented with --

CO- CHAI RMVAN WALLI S: Vel |, excuse ne.
That's not the only problem You have a probl em of
i nterfacing your one di nensi onal code with your three
di mensi onal code quite apart fromthe experinents.

MR. BOYD: We're not directly interfacing
t hose two codes.

CO CHAI RMAN WALLI S: Well, | think you
have t hat i ssue though. You have to figure out howto
do it.

MR. BOYD: GCkay. We can talk about that.

CO- CHAI RVAN WALLI S:  Because SCDAP/ RELAP
has to put in sonehow the flow rate in your counter
current flow loop, right? Wiich itself is the
variable that's derived from CFD.

MR. BOYD: No, it --

CO CHAI RVAN WALLI S: Yes, it is, andwe'l|
get to that.

MR. BOYD: kay. That sounds good.

NEAL R. GROSS
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CO- CHAI RVAN WALLI S: You don't, but it

should be. We'Ill get to that.

MR. BOYD: Ckay. So we've got these one-
sevent h scal e experinents which are determ ning a | ot
of information about the three di nensi onal behavi or.
They' re bei ng augnent ed and ext ended Wi th
conput ati onal fluid dynam cs.

Then in the area of fission product
transport, we're going to do analysis with MELCOR,
kind of a repeat of some of the SCDAP/ RELAP 5
analysis, and that will be augnmented with data from
t he ARTI ST program when that becones avail abl e.

So the issues raised in NUREG 1740 t hat
related to the thermal hydraulic work are there was a
conment made t he 1D codes are tuned by conpari son with
experinmental results, and this is correct. The scale
of the experiments is criticized. There's a concern
that m xing may be overestimated. There was a note
that the test did not sinulate tube | eakage and its
ef fect on m xing.

| saw comments in some transcripts where
t here was a doubt whet her there was any mi xing at all.
So there was a lot of questions about this inlet
pl enum m xi ng.

The sensitivity studies may not have
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covered the entire plausible range of variations was
a comrent. They didn't cover sinmultaneous vari ations.
These are sone of the issues that related to the
t hermal hydraul i c work.

In the steam generator action plan in
Section 3.3, these i ssues were nore or | ess addressed
by a series of tasks or subtasks. |'mnot going to go
t hrough these in detail, but these are the specific
m | estones that address sone of those.

And that concludes ny overview and now
we're going to go on to the next section with just a
singl e vi ewgraph on the ARTI ST program This is the
aerosol trapping in the steam generator. This is
bei ng conducted at Paul Sherrer Institute.

There is a series of tests that have
started, but they're not the tests the NRC is
specifically involved with or the tests that we're
interested in. W plan on follow ng these tests,
getting the data when it becones avail abl e and trying
to incorporate that into our MELCOR anal ysis for the
fission product release rate. So this is a task in
t he st eamgenerator action plan that's ki nd of pendi ng
at this point.

And at this point we'll start intothe CFD

related work which will take up the rest of the
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di scussion by me, and then we'll junp to Don for the
SCDAP/ RELAP 5 wor k.

CO CHAI RVAN FORD: Excuse nme. Just on the
ARTI ST program you mentioned here that this will be
going on to 2007, and yet in the SGAP m | estone, |
knowthere's a date of mddle of this year, | think it
was, '04, when it would be conpl eted. Are these

di fferent i ssues or why t he di screpancy between ti nes?

MR  BOYD: I can only speak in
generalizations here because |I'm not directly
i nvol ved. | do know that the ARTIST program is

suffering from significant schedule problens.
Apparently it's a lot nore difficult to clean this
facility after a test and prepare it for the next
test. W may have sonebody here who's nore in tune
with it, but that schedule, | believe, will slip.

CO- CHAI RVAN  FORD: And how wll that
affect -- does that nean that it will be the end of
2007 before we have a definitive --

MR. ROSENTHAUL: Could | try? Jack
Rosent haul . I'"'m the Branch Chief of the Safety
Mar gi ns and Systens Anal ysis Branch.

Ri ght now you assume very pessim stic BFs
for small aerosols on the secondary side steam

generator, nunbers of one to ten, and everybody
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antici pates that those nunbers are going to be nore
likely ten to 100 maybe. kay? So they woul d be at
| east an order of magnitude nore entrai nnent and
trapping of these small particles on all of that
surface area on the secondary side of the steam
gener at or .

But you need the experinents to show t hat
that's true. Lacki ng the experinments, we do the
anal ysis as best we knowit. W can do the PRA. W
can reach conclusions, but we'll know that at |east
that aspect is over conservative by an order of
magni t ude or nore.

So | think that we can get on with the
integral activity and the artist data that, you know,
we're participating in will catch up when it catches
up, but it doesn't stop the program It just
i ntroduces what is a known conservatism

CO CHAI RVAN FORD: (Ckay. Thank you.

MR. BOYD: M understanding is we woul d
have results before that 2007 date. That's the end of
t he program

Sointhe CFDrel ated work, CFDis really,
in this problemin the overall steam generator tube
integrity issue that we're tal king about, it'sreally

a subtask. It's extendi ng experinents which support
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t he SCDAP/ RELAP wor k which feed into the overall PRA

anal ysi s.

So we're going to go kind of off the
beaten track here and talk in detail of one little
aspect of the problem and our goal was to start with
t he one-seventh scal e experinents and take a | ook at
the method and see if it really is applicable and can
do this type of work.

And then, of course, we'd want to goto a
full scale steam generator and see how it applies
t here. On the way, it was decided to, because of
geonetrical differences, we were going to just take a
| ook at scaling inthe same geonetry before we went to
a full-scal e steam generator

We | ooked at the tube | eakage effect on
m xing. We did a whole series of sensitivity studies
to see how our results vary with some of the main
paraneters, and then we al so | ooked at a Conbustion
Engi neering plant exanple, and we'll take a | ook at
t hat .

The  Conbusti on Engi neering designs
typically are significantly different than the
West i nghouse inlet plenuns, and there was a concern
that the m xing could be different.

So if CFD plays this supportive role, and
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the predictions basically have indicated that the
approach does appear to be valid at |east to conpute
these integral parameters that we're interested in.
We have found t hat t he prototypi cal Westi nghouse st eam
generator behaves a little differently than the one-
seventh scal e experinments woul d i ndicate.

Tube | eakage does not elimnate inlet
pl enumm xi ng. There was a concern possi bly that the
hot plunme was pulled to the | eaking tube, and that's
not the case.

A sanple Conbustion Engineering steam
generator designresultedinsignificantly |l ess m xing
t han what t he Westi nghouse experi ments woul d i ndi cat e.
We al so can denonstrate that the secondary site heat
transfer rate is a significant paraneter.

Here's the flow pattern considered. I
won't spend too nuch tine. This is the counter
current natural circulation flow How this is
interfaced to the SCDAP/ RELAP nodel --

CO- CHAl RVAN WALLI S: | guess what |'m
going to say later is that your region of interest
shoul d al so i nclude how the fl ow comes fromthe core
into the hot | eg.

MR. BOYD: And | woul d agree with you t hat

t hese are coupl ed toget her.
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CO- CHAI RMAN WALLI S: Yeah, we'll talk

about that when you get to it.

MR. BOYD: And in the conputational fluid
dynam cs we di d not have any i nfluence fromthe core.

CO CHAI RVAN WALLIS: That's one of the
points | wanted to nake. You need to consider that,
t 00.

MR BOYD: Yeah, and we did consider it,
but the problem is one of resources. The core is
extrenely conpl ex.

CO CHAI RMAN VWALLI S: You don't do the
core. | think you just need to do the upper plenum
We can talk about it individually in the break or
somet hi ng, but you can't just inpose a flow com ng
fromthe core. That's sonmething that responds to all
of these natural circulation driving forces.

MR,  BOYD: Ri ght . W're relying on
SCDAP/ RELAP to do that coupling, and | don't think --
well, we argued anmpongst ourselves it's not just the
upper plenum It's the entire vessel circulation.

CO CHAI RVAN WALLI'S: Wwell, that's right,
but we'll talk about how you can do that, but
essentially you have fl ow com ng in, counter current
flowin the hot leg, whichis really driven by havi ng

a hot plenum at one end and a cold plenum at the
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ot her. It's like the |ock exchange nodel or the
counter current flow, and that is what's happeni ng,
and i f you don't have that natural circulationdriving

force, you wont get any flow. You cannot inpose a

flow.
W' |l get to that when you get to it.
MR. BOYD: kay.
DR. RANSOM Incidentally, on the one-
seventh scale nodel, | noticed that you pretty well

mat ch the Reynolds nunber and Railey (phonetic)
nunber, G ashoff nunber. You never nmention the Mendel
nunber, and | guess you are sinulating heat transfer
between the primary and secondary.

MR BOYD: That's right.

DR.  RANSOM In your what, sulfur
hexafl uoride is a stinulant?

MR. BOYD:. Yes. W |ooked at a steady
state test, and it was sul fur hexafluoride was the
stimulant with water on the secondary. It's a very
good heat transfer.

DR. RANSOM How does t he parental nunber
conpare to water?

MR. BOYD: | don't have that. 1'd haveto
| ook that up. | know the heat transfer to the

secondary side on the one-seventh scal e experinents
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for the steady state tests was not really
prototypical, not representative of the full scale
pl ant . The heat was drawn out of the tubes nuch
qui cker than it would be during what we see wth
SCDAP/ RELAP 5 predictions, with water onthe second - -

DR. RANSOM And that was an experi nent al
result.

VMR,  BOYD: The experimental result.
That's right, for the steady state tests.

The transient tests did have air on the
secondary side, and t he heat transfer was | ess. These
had sonme ot her i ssues. So the paraneters of interest,
what we're getting out of the one-seventh scale
experiments and inputting into SCDAP/ RELAP 5, the
recirculation ratio.

Now, keep in mnd these are all inputs to
SCDAP/ RELAP 5. It's not calculating these. So we
have to determ ne these off |ine.

The recirculation ratio, the mass flow
goi ng t hrough the tubes over the mass flowin the hot
l eg, that's an input paraneter. The mi xing fraction
as it's defined --

CO- CHAI RVAN  WALLI S: It's an input
paraneter? Say that again.

MR. BOYD: That is not sonething that
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SCDAP/ RELAP 5 cal cul ates directly. W --

CO CHAI RVMAN WALLI' S: Does that say what
was an i nput paraneter

MR. BOYD: Well, the input paraneters --
| lost it -- the input paraneters are actually the
| oss coefficients at these junctions, but those are
juggled until we get the recirculation ratio that we
want based on the experinental results.

CO CHAI RVAN WALLIS: So you juggle it to
fit the data?

MR. BOYD: That's correct.

CO CHAI RVMAN WALLI'S: You aren't really to
be predicting it for a reactor.

MR. BOYD: |'m naking the point that we
are not predicting it in SCDAP/ RELAP 5.

CO- CHAI RMAN WALLLI S: I think, yeah, but
you're predicting it with CFD.

MR. BOYD: W're trying to predict that

wi th CFD.

CO CHAI RVMAN WALLI'S: | think you need to
predict it.

MR, BOYD: Ckay.

CO CHAI RVAN WALLI S: Now, | et's tal k about
that a bit. |If there were no heat sync on the steam

generator side, if the heat transfer coefficient were
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zero, this thing would just heat up. There would be
no MI. There would be no MH

MR BOYD: That's right.

CO CHAl RMAN WALLI' S: Ri ght ? Not hi ng woul d
be happeni ng, and the whole thing that's driving this
circulationis the fact that you' re cooling sone fluid
and it's flow ng back. It's natural circulation
that's driving everything, and so you cannot inpose
any kind of flowrate on this thing because in sone
circunstances there would be no flow at all.

kay. Let's cone back to that.

MR FLETCHER Can | add a comment ?

The word that this is input to RELAP5 is
the confusing part here. W are wusing flow
coefficients which essentially force the flow as a
function of the delta P across the various junctions.
So it's not truly a |oss coefficient. It's a flow
coefficient.

CO CHAI RVAN WALLI'S: What drives the flow
i s buoyancy.

MR. FLETCHER: Absol utely.

CO CHAI RMAN WALLI'S: Andit's not anything
el se that drives it.

MR FLETCHER  That is correct.

CO CHAI RMAN WALLI S: The delta Plimts it

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

by bal anci ng the buoyancy with somethi ng el se.

MR. FLETCHER: That is correct, andif you
have no secondary heat transfer, you would have no
flow of steamto the steam generators and the core
would nelt in place in the vessel.

CO CHAI RMAN WALLIS: So this thing, this
systemhere has certain characteristics of fl owversus
tenperature at the end, which have to be then
interfaced with whatever SCDAP/ RELAP is doi ng.

MR FLETCHER  That is correct.

CO CHAI RVMAN WALLI'S: Right, and that has
to be done carefully.

MR. FLETCHER: The only forcing that is
done i s done at the interface between the hot | eg | oop
and the steam generator |loop in RELAP 5. There are
three separate | oops, three main separate | oops, one
inthe vessel, one in the hot | eg, and another in the
St eam gener at or .

CO CHAl RVAN WALLI'S: That's good. That
sounds good to ne.

MR. FLETCHER: The forcing that we're
doi ng as described here is at the interface between
t he hot | eg and the steamgenerator | oop. Between the
vessel and the hot |eg we're all ow ng RELAP 5 to nake

the cal cul ation of that circulation pattern.
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CO CHAI RMAN WALLI'S: | wanted to see how

that's done, too.

DR. RANSOM Are you using a dual hot | eg?

MR FLETCHER  Yes, we are.

DR. RANSOM An upper region of the pipe
and a | ower region? Sothey're splitting the pipe and
allowing fluid to flow counter currently through
t hose.

CO CHAIl RMAN  WALLI S: SCDAP/ RELAP is
cal cul ating counter current flow?

DR. RANSOM No, only by two pipes.

CO- CHAI RVAN  WALLI S: Oh, two pipes.
That's different.

MR. FLETCHER: This is actually the RELAP
nodi ng di agram

CO- CHAI RVAN WALLI S: That's different.
kay. well --

DR.  RANSOM And what, you have the
boundary on the other end of the hot |leg to the core
in this figure?

MR. BOYD: Hooked to the vessel, yeah.

MR FLETCHER In RELAP 5, this is a
typi cal vessel nodel, five channels and the core and
an upper plenumnodel that circulates floww thin the

vessel .
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DR. RANSOM | don't quite understand what

you wer e sayi ng about forcing the flowat the junction
to the inlet plenumto the steam generator. You're
| osing loss coefficients, adjusting them right?

VR. FLETCHER: W're using flow
coefficients.

DR RANSOM \What does that nean?

MR. FLETCHER. A flow coefficient says
that if I know the delta P across a junction and |
know t he fl ow coefficient, then that defines the fl ow
rate.

DR. RANSOM Are you doing that with a
controll ed vari abl e or sonethi ng?

VR. FLETCHER: I nput t he fl ow
coefficients. It's essentially the sanme as i nputting
a loss coefficient, except if you input a |oss
coefficient for RELAP 5, RELAP 5 t hen determ nes what
the flow across that junction is.

DR. RANSOM |If you do that, then are you
specifying the pressure in the hot |eg?

MR. BOYD: | think I'mconfusing things.
Wien | say it's an input, buoyancy driven flows are
driving this whol e process. By trial and error these
flow coefficients are adjusted until we get the mass

flow through the tube ratio to the mass fl ow and the
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hot leg ratio that we want.

DR. RANSOM Well, that's supposed to be
sonet hing that has been added since ny days. |It's
like a punp, | guess, right?

MR. FLETCHER: More |ike a tank dependent
junction (phonetic), that if you know the delta P
across the junction --

DR. RANSOM Then you set the flow rate.

MR FLETCHER  -- then you set the flow

DR RANSOM Fromtabular or a table or a
function.

MR FLETCHER  That's correct.

CO CHAI RVAN WALLI'S: Wl |, the purpose of
CFD is to nodel a nore realistic steamgenerator and
to calculate MI, which is related to the way i n which
the flows mx in the plenum and that gets your
recirculation ratio. ["m not sure if SCDAP/ RELAP
nodel is mxing particularly well and plunmes and t hat
sort of stuff. There's a counter current flowin that
pl enum t oo, which CFD does very nicely the way you' ve
done it, and |' mnot sure how SCDAP/ RELAP does or even
if it tries to.

The rational thing, it seens to me to do
istosay | et SCDAP/ RELAP nodel the rest of the worl d.

Let CFD nodel this thing, which it does very nicely
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apart fromthe connection with the core, and then find
a way to couple themtogether at the place where they
neet, which is at the top of the vessel, top of the
core, you know. Don't try to get SCDAP/ RELAP t o nodel
this thing because CFD does such a good job of it.

MR. BOYD: The way it's done, the way it
has been done is fromexperinments or CFD we cal cul ate
the m xing inthe plenumand t he tenperatures entering
the tube, but there's no feedback to the vessel in
this, and it's an iterative process. You go back and
forth and back and forth.

So for a given hot I eg mass flow-- and |
will say that the results for the hot |eg nmass fl ow
are not all that sensitive on sonme of these other
paranmeters. So the feedback is not killing us there.

The end result is the tenperatures
entering the tubes after the m xing. In this
sinmplified m xi ng nodel you' ve got hot fl owcom ng out
of the hot leg. Part of it goes basically directly to
the hot tube. Part of it goes to a m xing chanber
right here, and then part of that goes up into the hot
tube, and this m xing fraction that has been defi ned
determ nes their split ratios, and the net effect of
that is in a quasi steady sense. |If you've got these

paraneters correlated to the data, you'll get the sane
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entrance tenperature into the tube.

CO CHAI RVAN WALLI S:  You can do that. So
what your philosophy is is you take your CFD, which
gives you a much nore realistic picture of what's
happeni ng, three di nmensional mxing and so on, and
t hen you say, "Okay. How can we represent that in a
nore global way wth boxes Ilike this?" which
reproduces the macroscopic feature of the CFD in a
realistic -- =and i s conpati bl e wi th what SCDAP/ RELAP
can do. | think that is also a reasonabl e approach.

But one has to be careful about how one
does that because you're simplifying a three
di mensi onal nmodel down to a box type nodel.

MR. BOYD: That's what we're doing. The
answer doesn't cone out of the CFD. The CFDis really
provi di ng these coefficients that ' mshowing onthis
slide. So the final transient result conmes out of
SCDAP/ RELAP 5.

CO CHAI RVMAN WALLI'S: | think that's what
l"m saying, is what | would prefer would be if
SCDAP/ RELAP did the rest of the system and then
interfaced with this whole thing at the upper plenum
of the reactor and then you used CFD for this piece
and you sinply interface them and your strategy isto

use CFD and i ncorporate it into the systemnodel, not
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totry toreduce it to SCDAP/ RELAP i n order to use the
syst em nodel

That's what I'maimng at, and | think
eventual ly this is going to happen w th systemnodel s.

MR. BOYD: A couple of code set-ups will
eventual |y happen. W don't have that tool now.

CO CHAI RVAN WALLIS: Wbrking on it.

MR, ROSENTHAUL: Yeah, about two years
fromnow, and we've already put it in the budget.

CO CHAl RVAN WALLIS: Right. Let's keepit
in the budget. Don't let it go. Put that in the
record.

MR. FLETCHER. W couple trace and nost
likely in phase.

CO CHAI RVAN WALLI S: That's the way it
should go. | agree tha this could be a way to do it
nNow.

MR. BOYD: So let's keep our sights | ower
this norning, and what we've got nowis this set-up,
and we've got the one-seventh scale experinents
provi di ng these coefficients, and we're going to use
conmput ational fluiddynam cs to extendthe experinents
into regions, such as tube | eakage or a Conbustion
Engi neering pl ant that are not covered directly by the

experi ments.
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So sone of the other things, we talked
about the recirculation ratio, this mxing split
fraction, the percentage of tubes carrying the hot
flow in the bundle. That's also experinmentally
determined up front and then fixed into the nodel.
These air flow areas are fixed.

Nunber four, the percentage of core power
going to the steamgenerators, that's experinmentally
determined up front. And again, in my mnd | say
that's an input paraneter.

Now, the code calculates it, but we ness
with these flow coefficients until it cal culates the
val ue we want it to.

CO CHAI RMAN WALLI S: And | think you
shoul d have a nunber five, which is M.

MR. BOYD: WMass flowin the hot |eg.

CO CHAI RVAN WALLI'S:  Because that is not
somet hi ng you can inpose. It's sonmething that cones
out of the --

MR. BOYD: That really is tied into this
ri ght here, the percentage of core power to the steam
generator. So this really is setting VH |If you're
goi ng to say 30 percent of the power goes to the core.

CO CHAI RVAN WALLIS:  But it's driven by

the fact that you have this hot fluid in the upper
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pl enum of the reactor which then sees sone cold and
then the counter current flowis drive by that. And
you really should tie in the MHto this tenmperature
di fference between the core and the steam generator.
It's not sonething that you can inpose.

MR. BOYD: | guess | "marguing that nunber
four does dictate that MH in some way.

CO CHAI RVAN WALLIS: It's related to it
because if you don't have enough MH, then the stuff
gets hotter and hotter. Fluid in the upper plenum
gi ves you bigger MH, but your inposing an IVH doesn't
all ow that to happen, and you shoul dn't.

MR BOYD: Now, again, SCDAP/RELAP 5
cal cul ates M

CO CHAl RVAN WALLI'S:  How?

MR. BOYD: It has these coupled natura
circulation flows in the vessel.

CO- CHAI RVAN  WALLI S: From an energy
bal ance, doesn't it?

MR. BOYD: Say again, please.

CO CHAl RMAN  WALLI S: MH and the
tenperature at the top in the upper plenumare rel ated
by an energy bal ance fromthe core. |If you have a
| ower MH, you have a hi gher tenperature. A |ower M,

you have a higher tenperature in the top.
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MR BOYD: Right.

CO- CHAI RVAN VWALLI S: In the hot leg, if
you have a hi gher tenperature in the top, you have a
bi gger MH.  So you've got two things bal ancing. One
isif the tenperature is bigger, they have a | ower M
in the core, but you have a higher MHin the hot |eg.
So they have to neet; they have to coincide.

But there are two phenonena there.
There's the limting counter current flow, if that's
where it is, in the hot |Ieg and the heat bal ance of
the core interact, and | think six -- RELAP does a
great job of the heat balance on the core. RELAP
doesn't say anything about the counter current flow
phenonenon in the hot |eg.

MR. BOYD: This was recogni zed, and when
|l ooking at the vessel as a nodeling thing for
comput ati onal fluids we threwup our hands basically.
It's a very conpl ex geonetry.

CO CHAI RVAN WALLI'S: Don't throw up your
hands. You can do it. We'Il talk about it |ater.

MR. BOYD: kay. Wth enough noney.

CO- CHAI RMAN WALLI'S: No, no, no. It's not
all that conplicated. Let's talk about it later in
private.

MR. BOYD: kay. So this is the approach
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we have taken and here's the CFD anal ysis steps that
were carried out. Step one, take a | ook at the one-
seventh scale data; get our feet on the ground. W
did about 100 sensitivity studies at this point,
really determ ned how t he nodel worked and convi nced
oursel ves that at | east for these integral parameters
we can cal cul ate them

Step two, we scal ed the nodel up, using
the exact sanme geonetry. W nultiplied every
di mension by seven, but we put in the boundary
conditions fromthe ZI ON station bl ackout transient.
So now we're not using sulfur hexafluoride. W're
usi ng steamat 2,400 psi and the mass flow rates and
things like that, and we basically repeated the
analysis to isolate the effect of scale.

In step three we took those exact sane
boundary condi ti ons, but now we changed the geonetry
to a Westinghouse Model 44. This was necessary
because the facility and the Westinghouse Model 44
were slightly different geonetries, and we di dn't want
to go fromstep one to three and then have a concern
whet her it was scal e effects or geonetry effects that
caused our differences.

In step four we did a tube |eakage

anal ysi s.
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CO- CHAI RMVAN WALLI S: Excuse nme. | was

trying to figure out fromyour work in the red what
seventh scale neant. Does it nean that you had
seventh scale in all the dinensions including the
hei ght ?

MR BOYD: Yes, that's --

CO CHAI RVAN WALLI'S:  How did the height
get scal ed?

MR. BOYD: The height was real close to
one-seventh scal e.

CO CHAl RVAN WALLIS: Andinthereal thing
you' ve got a much bi gger height. So you' ve got sort
of a bigger driving force for natural circul ation, but
you' ve al so got seven tines the friction |length, too
because you' ve got seven tinmes the LMD

So | was sort of arguing to nyself what
woul d be the scaling laws for natural circulation
bet ween one and the ot her.

MR. BOYD: There was an attenpt nmade to
bal ance the driving force and the viscous |osses in
the tube, and there's a scaling --

CO CHAI RVAN WALLI'S: It kind of works out
when you' ve got one side working as a chimmey and t he
other as a downconer, when you' ve got a naxinmm

circul ation, then you' ve got the driving force, which
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is the head at the height of the thing, but you' ve
al so got the friction, which is 4 FL over D. So L
al so goes up and you can sort of convince yourself
maybe that it's about the sane velocity that you get
because the two are balancing. But that's a quasi.

Real | y you shoul d nodel themboth and see howt hey do.

DR.  RANSOM Well, in your CFD nodel,
reading about it, you wused a Forest matrix
approxi mation for the tubes, | guess, right? So
they're little rectangular channels. Was  wal |

friction nodeled in that case or did you have to just
put in loss coefficient?

MR. BOYD: No, wall friction was turned
of f because the velocities in those channels was
| arger -- smaller because of the increased dianeter.
So the frictionless walls and there was coefficients
put in --

DR. RANSOM To adjust the flows?

MR. BOYD:. -- tuned over a w de range of
flows and tenperatures to basically add in the
frictional |osses.

DR. RANSOM So you have to understand
friction was not really nodel ed.

CO CHAl RVANWALLI' S: There was no friction

in the tubes?
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DR RANSOM  No.

MR BOYD: We'Ill go into the tube node
and I'Il show you.

CO- CHAI RMVAN  WALLI S: That's  very
important. They're | ong tubes.

MR. BOYD: There was | osses in the tubes
to account for the frictional |osses.

DR. RANSOM But those were input
actual ly.

MR BOYD: That's right.

DR. RANSOM So t hey had to be determ ned,
| guess, fromthe experinent?

MR. BOYD: No, we determ ned those using
CFD in this case. W'Ill go into how that was done.

CO CHAl RVAN WALLI'S:  Now, the tubes were
the sane dianeter as in the real thing in this?

MR. BOYD: No, not inthis case. W'Il go
into the tube nodel. Tube nodeling posed a real
chal l enge in this.

CO CHAI RVAN WALLI S: Were their tubes
smal | er di ameter than the real steamgenerated tubes?

MR. BOYD: In the one-seventh scale
experiment, | think the tubes were slightly smaller.

CO CHAI RVAN  WALLI S: They weren't a

seventh of the --
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MR. BOYD: They were not one-seventh.

CO CHAI RVAN WALLI S: Because they had
f ewer tubes.

MR. BOYD: They were roughly three-eighths
of an inch and maybe hal f, three-tenths.

CO CHAI RVAN WALLI S: But then this FL over
Dis an inportant paraneter for themif they're nuch
| onger. You've got to put that friction in there.

VMR, BOYD: We did put the friction in
t here.

CO CHAI RVAN WALLI'S: But not in the form
of an FL over D.

MR BOYD: Not in the formof --

CO CHAI RVAN WALLI'S: But just as a K

MR. BOYD: -- boundary layer with viscous
| osses, and we'l| see the reason for that when we get
to the tube nodel.

CO CHAI RVAN WALLI S:  Ckay, okay.

MR.  BOYD: So step four, tube |eakage
anal ysis. W repeated the work at step two, the only
di fference bei ng a boundary condi ti on that pul | ed mass
out of the systemat various rates, and then step five
we | ooked at a Conbusti on Engi neering plant exanpl e.
This is the primary side of the steamgenerator from

Calvert diffs, a replacenent generator, and we
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appl i ed SCDAP/ RELAP 5 boundary conditions from an

analysis of Calvert diffs.

So now we' Il go through these steps, and
"1l spend a good bit of time on step one so that we
get an idea of what we're doing, and then the other
steps we won't quite spend as much tine on, but we'll
try and devel op a nmethod here.

This is a picture here onthe right of the
one-seventh scale at facility one of the steam
generators. These were both connected to that half
vessel that you had nentioned, and basically we did a
pretty good job of predicting the m xing paranmeters
fromthis.

The nodel set up. W are |looking at a
steady state test. This is basically the extent of
t he geonetry that we nodel ed, the hot |eg, the tube
bundl e, and the plenumwalls.

When we first set out on this, our target
was right here, inlet plenumm xing. The tubes, the
say we |looked at it to set this up were a boundary
condition to theinlet plenum and the hot | egs serves
t he same purpose.

There was attenpts nade by others to just
inject flowinto the inlet plenumand then pull it out

t hrough the top. | think our two bundle nodel is
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superior to that, although the tubes aren't naybe
prototypic. W'Ill |look at that, but the goal here is
inlet plenumm xi ng, and that's the only place where
we focus on the results.

CO CHAI RVMAN WALLI'S: But that's not good
enough. | mean, you revealed, | think, every well
that the transfer in the tubes is very inportant. |If
you have very good heat transfer, it's |like having a
very cold chimey in your fireplace, and it wont worKk.
It quenches the hot stuff after it has gone a short
di st ance.

| f you have no heat transfer, the other
extrene from the tubes, they just get hotter and
hotter and hotter, and there's again no circulation.
So there's a maximum circul ation rate somewhere in
bet ween.

MR BOYD: That's right.

CO CHAI RVAN WALLI'S:  Now, you don't get
t he maxi num because you don't go to the Iimt of no
heat transfer, but if youwent tothelimt of no heat
transfer, this thing would just heat up forever. It
woul dn't circulate at all, and you know, you haven't
got to that in your analysis.

But it's fascinating. You have to nodel

t he heat transfer right toget that circulationright.
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MR. BOYD: | would agree.

CO CHAI RMAN WALLI'S: And so it's not good
enough to focus on the pl enum and t hen when you start
wor ki ng back, you say, well, you have to nodel the hot
| eg right because you have got counter flowin there,
and then you've got, as I'mgoing to say it -- you
can't inpose this V. You' ve inposed aVat the inlet.

Now, if you inposed 1,000 feet a second
comng inthere, youwuldforce nore fluidin through
the hot |eg, although sonme of it would cone back.
You' d still force nore through, and that Vis itself
a result of the T.

So I'mgoing to say you're going to have
to do sonet hing better than inposing that because you
can inpose it for the seventh scal e because you know
what it is.

MR BOYD: That's right.

CO CHAI RVAN WALLI'S:  But in the reactor
you don't know what it is, and it happens because of
the driving force of the tenperature.

MR. BOYD: And we're relying on another
code to provide what that is.

CO CHAl RVAN WALLI'S:  But you can't.

MR. BOYD: And that's the weakness. I

woul d agree. We don't have experinents.
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CO- CHAI RMAN WALLI S: Vell, we'll talk

about that in the break or sonething.

MR. BOYD: kay. So the --

MR. ROSENTHAUL: Keep in mnd that in the
back of everybody's mnd was that the nost critical
sequence was this high dry sequence so that the
secondary side of the steamgenerator is steam It's
not cold water.

CO- CHAI RMVAN  WALLI S: It's a |ow heat
transfer coefficient.

MR, ROSENTHAUL: Poor.

MR, BOYD: But even poor, it's still
i mportant.

CO CHAI RVAN WALLI'S:  Yes, it's inportant
to get it right. So that, again, | think that's not
an easy probl embecause you' ve got natural circul ation
on the outside of the tubes in there presunmably.

MR BOYD: That's right.

CO CHAI RVAN WALLIS: So there's another
conmponent that's got to be done right.

DR. RANSOM Well, it's a secondary site
condition. Istherestill water inthe secondary side
or is it just steanf

MR. BOYD: No, it's dried out and in this

case |l ow pressure and the depressurized generator.

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

45
CO- CHAI RVAN WALLI S: But there nust be

sone |loop to take the heat away. So nodeling the
secondary side loopisinportant. Where does heat go?

MR. BOYD: In the CFD nodel it goes --

CO CHAl RVAN WALLI' S:  Yeah, but where does
it gointhe reality? Were is the heat sync?

MR.  BOYD: In the reality, you know,
there's a lot of structures on that secondary side.

CO- CHAI RVAN WALLI S: But where does it go?

MR.  BOYD: W would expect it to be
heating up the upper internals and all of the --

CO- CHAI RMAN  WALLI S: But is that the
[imting case? You put a lot of heat into there.
Eventual ly your ultimate heat sync is the air, isn't
it?

MR. BOYD: Al of the netal mass of the
entire systemjust keeps rising in tenperature. So
heat is --

CO CHAI RVAN WALLI' S:  That's what happens?

And as that rises in tenmperature, you get
a different driving force and MH changes.

MR. BOYD: | would agree with you that
these are all inport.

CO CHAI RVAN WALLI'S:  Ckay.

MR BOYD: We are not able to nodel the
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whol e plant w th CFD.

CO CHAl RVAN WALLI'S: But it has to be done
to get the right answer that you're after.

MR. BOYD: COkay. W ainmed a little bit
| ower, and we were real ly just | ooki ng at what happens
to that plunme going through the inlet plenum

CO CHAl RVAN WALLI' S: So | think you did an
excellent job. I'mreally inpressedwithit, but this
goes back to, | think, the questions that we rai sed at
the beginning of the first day, is that people are
doi ng excellent jobs on pieces of this problem |Is
t he whol e thing bei ng addressed?

MR. BOYD: Ri ght . But there were
guestions that we coul d answer. There was suggesti ons
that the inlet plenumplunme bypasses the or the plune
bypasses the inlet plenumw th no m xing. There was
suggestions that a small tube | eakage woul d pull the
pl ume over.

So t hese types of questions we can answer,
but | agree we're not getting the answer. We're still
relying on SCDAP/ RELAP to do all of this coupled
integral analysis. It nodels a secondary side and the
heat transfer over there. It nodels the core
circul ation. It does the entire problem We're

really just feeding it stuff for the inlet plenum
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what happens at that point.

So let's nove on. That's the nodel setup,
t he boundary conditions. These are basically set to
match the experinment where heat transfer was only
applied to the tubes. Everything el se was adi abati c.

Here we'll just have a qui ck di scussion,
how to nodel the tubes. There's three options. W
can directly nodel them and with 216 tubes in the
facility, that's possible, and we did that. It ended
up in about ten mllion cells, and | never quite got
it converged. So we abandoned that, and | wanted to
have sone information to pass forward.

So anot her approach i s a smal |l er nunber of
t ubes, and |'ve seen this done, but this runs into al
of the problems of this FL over D that you were
tal ki ng about and all these issues.

So the third approach woul d be to use the
porous media functions in FLUENT to give us the
characteristics of the tubes w thout having to nodel
the entrance effects and the boundary |ayers and
things |ike that.

So here's an exanple. Here's one tube the
size --

CO CHAI RVAN WALLI S: What woul d be niceto

do would be to use, again, the FLUENT in the places
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where you need it and say we can nodel the tubes for
t he SCDAP/ RELAP t hi ng.

MR BOYD: | agree.

CO- CHAI RVAN WALLI S: But then we' ve got to
have an interface between the CFD and this one
di mensi onal type code which we know how to handle it
because we had | earned how to do it, and that's the
way to do it.

MR. BOYD: | called FLUENT and told them
| needed 1D conponents quickly, but they don't --

CO CHAIl RVANWALLI' S: Wl |, they don't know
how to do it.

MR. BOYD: But a 1D conponent i n FLUENT or
t he coupling that you' re discussing with the code or
what's needed.

CO CHAI RMAN WALLIS: They can't do that
ei ther.

MR. BOYD: They can. W could do this
coupling, but we haven't done the coupling.

CO CHAI RMAN WALLI'S: | think they have a
problem 1've had a problemusing fluent. |f you
have an outlet node and it starts to have inlet flow
and so on, you get all kinds of problens. So we can't
really do --

MR BOYD: W want to avoid that.
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CO- CHAI RVAN WALLI'S:  Yes.

DR. RANSOM |'mcurious. |In FLUENT with
this porous nedia approach you do keep the flows
separate | guess through the channels, right?

MR BOYD: That's right.

DR. RANSOM And you go around the bend
al so?

MR BOYD: Go around the bend, the full
hei ght, everything the sane.

DR. RANSOM So it's just a rectangul ar
channel that is closed.

MR. BOYD: Rectangular only because it's
easi er to nesh.

DR, RANSOM™ Ri ght. well, from a
cal cul ati onal point of viewit doesn't matter whet her
it's rectangular or round. You don't know the
di fference, but you know the area.

MR. BOYD: Rectangles are nice because if
you use four cells torepresent it or ten, you get the
same area, but with a circle if you use four or ten
you actually change the flow area because of the
faceting. So that's why rectangles are ideal.

CO CHAI RVAN WALLI'S:  But fluent does not
al l ow m xi ng across the cell edges, | guess.

MR. BOYD: No. They're solid walls for
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each tube. There's 216 individual flow paths. So
let's take a | ook at the idea here.

Here's a tube of the correct dinensions,
and here's the appropriate sized region if it was a
one di mensional flow that would feed it in the steam
generator. Here's a zooned in area of that junction.
Al of these cells are set up so that the Y plus
val ues are correct, and hopefully we can pick up the
entrance effects, the whole nine yards.

This was basically for about a neter or
two. This is amllion cells. Over --

CO CHAI RVAN WALLI'S: Do you nodel every
tube this way?

MR, BOYD: | did at one point.

CO CHAI RVAN WALLIS: It's a |lot of work.

MR. BOYD: Well, that was the point about
the direct --

CO CHAI RVMAN WALLI'S: That's got to be a
sinple way to do it. Maybe you could lunp themin
some way.

MR. BOYD: Well, when | nodel ed all of the
tubes and ended up with a ten mllion or so nodel,
they were alittle coarser thanthis, but this was for
an exanpl e here. This process was done for each steam

generator, the Mdel 44, the facility, and the
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Conbusti on Engi neering. W always went through this
process of nodeling a fewtubes in great detail, and
t hen what we went over to a porous nedi a approach; so
i magi ne this tube now just continuing on like this.

We don't do the neck down at all, and then
let's say we nodel it with four cells across. Here's
a representation over here where we have the inlet
area. W have an interface where we apply a |loss
coefficient to account for the |oss coefficient for
t his neck down.

And then we have along this region, we
have coefficients that we use to account for the
vi scous | osses and the boundary |ayers that we --

CO CHAI RVMAN WALLI'S: Wiy not just node
the tube as a set of nodes the way that RELAP worked
and say that these were FLUENT type nodes? FLUENT
won't do that?

MR. BOYD: FLUENT is not good at just one
cell across. So these are about five cells across.

DR. RANSOM That's what they're doing,
but actually the area is much | arger than the actual
tube, and so the velocity is nmuch | ower.

MR. BOYD:. That's right.

DR. RANSOM And so you have to scal e the

losses to get a dynamic |oss coefficient that
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corresponds to reality.

MR. BOYD: Here are sone results now for
these two nodels from a pressure point of view
Here's the fl ow com ng down the inlet for the mllion
cell nodel. Here is the result of the flow necking
down and going into the small tube, and then this slop
here, this PDXwoul d represent the vi scous | osses, and
what we've got here is two plots, one with a mllion
cells, and then one with the porous approach in
FLUENT.

So froma pressure point of view we can
get about the sane. Now, what we did is we went
t hrough a whol e range of vel ocities and tenperatures,
and we curfitted (phonetic) --

CO CHAI RVAN WALLIS: Is it |am nar flow?

MR. BOYD: This is lam nar flowin these
t ubes.

CO CHAI RVAN WALLIS: Isit lam nar flowin
the reactor, the real systen?

MR. BOYD: M nenory tells nme it is, and
it has been a while since | renenber | ooking at that.

CO CHAI RMAN WALLI S: You got sonething
di fferent.

MR. BOYD: Well, now, in the reactor, we

did the same thing though. This is for the facility.
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W did it here. Now, in the reactor, we did the
appropriate flow rates with the reactor size tubes,
and we repeated this whol e process.

CO- CHAl RMAN WALLI S: And t he nunber i n the

t ubes is?

MR. BOYD: | don't have that in ny m nd
ri ght now

CO CHAI RVMAN WALLIS: It would be nice to
know.

DR. RANSOM One point though. This is
bei ng nodel ed as a turbulent flow, as K one-half rho
B squar ed, where | am nar woul d be just velocity tothe
first power.

CO CHAI RVAN WALLIS:  No, it's turbul ent
for the inertial drop, but the viscous drop, |
understand is for |am nar.

DR.  RANSOM Vell, he's nodeling the
viscous drop with a K one-half rho B squared --

CO CHAI RMAN WALLI'S: He is?

MR. BOYD: Actually | had to use a |linear
and a squared termto get a good fit on that.

CO CHAl RVAN WALLIS: But if it's |amnar
flow, you shouldn't be using your V squared type
t hi ng.

MR. BOYD: |'d have to go back. | don't
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have it in ny -- this has been over a year since | set
t hese up.

But this was the point. This was just
tal ki ng about pressure drops, and then we could --

DR.  RANSOMV Incidentally, this is a
hori zontal tube, | guess.

MR. BOYD: This was vertical inthis case.

DR.  RANSOM This was a hydrostatic
pressure conponent there?

MR. BOYD: | guess in this when we set the
pressure up, we didn't worry about we had gravity off,
but then we --

CO CHAI RMAN  WALLI S: You nust have
gravity.

MR. BOYD: -- heat transfer, and your goal
there was to get the heat transfer rate fromthe tube
such that the heat -- the tenperature along the tube
was the sane. So the heat transfer had to be adj usted
alsois the point. So the sane sort of fitting had to
be done.

CO CHAI RVANWALLI S:  You nust have gravity
int here. O herwi se, you wouldn't get any
circulation. You' ve got to have hot fluid on one side
and cold fluid on the other.

MR. BOYD: Are we tal ki ng about the nodel
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or this tube study that we're doi ng?

CO CHAI RMAN WALLI S:  Right.

MR.  BOYD: The tube study is a one
di nensi onal fl ow down a path.

CO CHAl RVAN WALLIS: Ckay. That's just
conmparing the ten to the sixth with the four. GCkay.
That's all .

DR. RANSOM And after you fiddled, I
guess, then you put it into the floor nodel.

MR BOYD: That's right. W test
everything on these little one to four tube section
nodel s, and then we use those sane coefficients, the
sane tubes, but nowthere's 216 of themand we put it
into the full nodel.

CO CHAIRVAN WALLIS: This is a separate
effects test in CFD

MR. BOYD: That's exactly right.

So here's a summary now of where we st and.
We're going to do atransient CFDsolution. W'l use
t he Reynolds stress second order turbul ence nodel,
which is non-isotropic. W' Il use the full buoyancy
effects on turbul ence as avail able in FLUENT

CO- CHAI RMAN  WALLI S: That' s nor e
appropriate than K epsilon because the buoyancy

effects change the turbulence. |In fact, there's a
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tendency to danp out turbulence because it's very
obvious if you have an inversion at night and the
wi ndow doesn't cone down to the ground.

MR BOYD: | will say that academically
that's all correct, but | ran all of the turbul ence
nodel s, and they didn't really nake a |lot --

CO CHAl RVANWALLI' S:  They di dn't nmake nuch
difference. That's good. That's nice to know.

DR. RANSOM When you say second order,
does that just mean second order difference
approxi mation for the divergence on the velocity?

MR. BOYD: Well, Kepsilon is considered
like a first order. You' ve got K and epsilon. It's
isotropic. Wth the second order turbul ence nodel,
you're trying to track the Reynolds stress, the UV,
prime terns, and it's non-isotropic, which in this
case i s nore appropriate. W wouldn't want to assune
i sotropic turbulence in that hot | eg, conplex hot |eg
flows or in the inlet plenumeither | don't believe.

So we've got tenperature dependence,
sof tware hexafluoride, half a mllion cells used in
hal f the nodel. We put a symmetry plan in this nodel,
second order differencing, and then we've got this
porous medi a nodel for the tubes with 216 indivi dua

t ube fl ow paths, each with solid walls, each with heat
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transfer fromthese solid walls, again, adjusted to
give us the appropriate rate of heat |oss, and we' ve
got a symmetry pl ane.

So now we |look at some qualitative
results, and | say qualitative first because the
experinments really didn't provide all of the
information to do a full CFD validation.

CO- CHAI RVAN WALLI S: Do you have your pen
there? Do you have your pen there?

MR. BOYD: | do.

CO CHAl RVAN WALLI'S:  Wuld you show on
here for the conm ttee what confoundi ng condition you
have at the end vessel ?

MR BOYD: Right over here?

CO CHAl RVAN WALLI'S:  Yeah, because | had
to dig in your report to see what you were doing
t here.

MR BOYD: | put in a uniform--

CO- CHAl RVAN  WALLI S: Your forced the
velocity like that.

MR. BOYD: Forced the velocity that way.

CO CHAI RVAN WALLIS:  And does that then
allowit -- what happens to the bottompart? There's
friction between that stuff comng in and the bottom

part. So | had to figure out why it was you got nore
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flowin the tube than you put in, and the reason is
that jet comng in entrains fluid with it.

MR BOYD: That's right.

CO CHAI RVAN WALLIS: Al right? You have
to think that's sort of strange. In reality what
happens is that this interface continues to go down.
The reality would be --

MR. BOYD: This interface, you nean?

CO- CHAI RVAN  WALLI S: The col d-hot
interface. You can see it going down, right, between
the right hand and mddle? The profiles show the
interface is goi ng down.

MR BOYD: A slope like this.

CO CHAl RVAN WALLI'S:  But pours out I|ike
wat er out of atube into the vessel. Cold fluid pours
out like water out of a tube.

MR BOYD: That's right. Cold water --

CO CHAI RVAN WALLI' S: Pours out |ike that.

MR BOYD: -- falls into the --

CO CHAI RVMAN WALLI'S:  And the only thing
driving that flow in there is the fact that the
pressure in the pipeis less than the pressure in the
upper plenum The only thing that sucks that hot
fluid inthere is a pressure drop which by Bernoul | i

gives you a V.
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MR. BOYD: kay.

CO- CHAI RVAN  WALLI S: Is that right?
That's the physics. Thank you.

That's what |'m asking you to nodel.

MR. BOYD: Right, and again, we didn't.
And in the facility experinment this was handed to us,
t hat they nade an attenpt to estimate that nmatch fl ow,
and we used their estimtion.

DR. RANSOM  Why woul dn't you have j ust
started the calculation with the uni formpressure and
then let the heat transfer and buoyancy effects
establish the fall?

MR. BOYD: Well, we have to know -- wel |,
we'd be trial --

DR. RANSOM It would take too |ong.

MR.  BOYD: W would be fooling around
trial and error with pressure until we got the mass
flow we wanted, and in one guess | can just put the
mass flow that | want in.

CO CHAI RVAN WALLI'S:  But that's nothing
conmpared with the mllion cells you're dealing wth.
| nmean, the fooling around with it, the sinultaneous
solution for the pressure is trivial conpared with
solving all of those cells.

MR. BOYD: The experinent saidthere's one
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kil ogram per second going down the hot leg. That's
what | want. So | put in one kil ogram per second so
t hat --

CO- CHAI RVAN WALLIS:  But you get nore
goi ng down the hot |eg than you put in.

MR. BOYD: That's correct.

CO CHAI RVAN WALLIS:  And if you didn't
have this hot fluid in there, you wouldn't get any
flowat all. So -- okay.

MR. BOYD: | go back to ny original goa
was over in this region right here. Wat happens as
the plune | eaves the hot | eg and goes into the inlet
pl enum and this --

CO- CHAI RVAN  WALLI S: So you're very
interested in that plunme. You'[re not interested in
t he ot her pl une.

MR. BOYD: That's right. |'minterested
in all of the plunmes, but we have to do what we can.

Over here there was a series of boundary
condi tions applied, profiles fully devel oped, counter
current flow profiles, all that sort of thing, and
found that by the time it reached this end of the hot
leg there wasn't a significant variation, and the
truth is --

DR. RANSOM Incidentally, what was the
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true boundary condition in the experinent?

MR BOYD: There was a vessel

DR. RANSOM Just a vessel of hot fluid?

MR. BOYD: Electrically heated el ements
and an upper plenumthat was hot, and it was pretty
wel | m xed according to the data, and it was feeding
over. So there was that suction that G ahamtal ked
about, fully --

DR. RANSOM And it was closed so that the
cold --

MR. BOYD: -- facility was com ng in and
dunping into the mxing --

DR. RANSOM Vessel | and bei ng
recircul at ed.

MR,  BOYD: Going down into the hot,
el ectrically heated things, com ng back up, back over
to the hot leg, right. So we cut that all off and we
just applied the hot | eg mass fl ow.

CO- CHAI RVAN WALLI S: Now, | suppose |
could nention at this tinme | did sone cal cul ati ons of
what you call the CCFL or sonething; you mght call a
| ock exchange nodel. If you would sinply have a hot
vessel here and a cold one there, what flow rate do
you get?

And you're pretty close to that.
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MR BOYD: VWhat | found is tha the

experiments did seemto be pretty close to that. |If
| tried to, let's say, take ny inlet velocity and
multiply it by 50 percent, alot of that fl owended up
bei ng rejected.

CO CHAI RVAN WALLI'S:  That's right.

MR BOYD: And | could not effect very
strong --

CO CHAI RVAN WALLI S: So a crude way to
nodel this would be to say we've got CCFL in the hot
| eg.

MR. BOYD:. That may be even better because
the truth is the nmass flow neasurenents in that
experinment were true. They were neasured by
tenperatures, very fewtenperatures, and assunptions
on an energy balance. So --

CO CHAI RMAN WALLI S: But that's really
what's happening. You' ve got a cold plenum on the
right and a hot plenumon the left in this picture,
and the flow adjusts.

MR. BOYD: That woul d probably be a nore
accurate mass flow than the experinent gave you. |
think there's some good --

CO CHAI RVAN WALLI'S:  Thank you.

MR. BOYD: -- uncertainty on that as well.
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CO CHAI RVAN WALLI'S:  Thank you.

MR BOYD: That's a good point.

kay. So let's go on. This is, again,
qual itative informtion.

VWhat we can see hereis astratifiedflow
W see a highly stratified flow W see an
accelerating fl ow. You can see herew th the velocity
profileit's necking down. It continues to accelerate
all the way t hrough the nozzle, and at this point it's
extreme --

CO CHAI RVAN  WALLI S: This is -- by
Bernoulli the pressure is actually going down.

MR. BOYD: This al so has a slowinterface,
which at least in some other experinments was
qgualitatively observed when they did the gl ass pipe.

Symmetry pl ane tenperatures, we can take
a | ook. The tube bundle -- now, here's where we
adjust the tube bundle heat transfer rate to be
consi stent with the experinment, and essentially the
experinment was crude in its tube nmeasurenents, but we
got an idea of what the --

CO CHAl RVAN WALLI'S: Filled with water on
t he secondary side?

MR. BOYD: Filled with water on the second

si de.
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CO- CHAI RVAN WALLI S: VWhich is a rather

hi gh heat transfer coefficient.

MR,  BOYD: A very high heat transfer.
W' |l take a | ook at that.

CO CHAI RVAN WALLIS: It's not realistic.

MR. BOYD: I would agree. It's not
i ndi cative of what we woul d expect, but at this point
we're trying to validate the approach.

CO CHAI RVAN WALLIS:  So it quenched the
rising fluid quite effectively.

MR. BOYD: Quickly, | think

CO CHAl RVAN WALLIS: Right. \hereas if
you had poor heat transfer, you'd get that hot fluid
goi ng up and around part of the other side before it
really cooled down. You'd have a different sort of
circul ation.

MR. BOYD: That's what the SCDAP/ RELAP 5
analysis will show, is if tenperatures go all the way
around, they're losing heat all the way around the
bundl e.

CO CHAI RVANWALLI S: Right, right, because
they have a poor heat transfer coefficient on the
secondary si de.

MR. BOYD:. That's right.

DR. RANSOM When you say you adjust the
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heat transfer rate or a nechani stic nodel in which you
try to calculate a filmcoefficient, then, you know,
heat transfer across the boundary and to a secondary,
or do you just set the heat |oss per vol une?

MR.  BOYD: W set a heat transfer
coefficient and a sync tenperature. The sync
tenmperature was the water tenperature in the
experi ment .

DR. RANSOM And that's the overall heat
transfer coefficient.

MR. BOYD: That is the Hon all the tubes,
at all areas.

DR. RANSOM Tube si de conduction plus --

VMR BOYD: That's right. That's
ever yt hi ng.

DR. RANSOM  kay.

MR. BOYD: Now, our problemwas that with
our big, porous, w der tubes, we couldn't get the heat
out f ast enough to match the experinental
observati ons. So we also had to augnment the
conductivity alittle bit in the porous nedia to get
t he heat closer to the walls quicker so that we coul d
| ose the heat fast enough.

These big --

DR, RANSOM | don't quite understand
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t hat .

MR. BOYD: These |larger tubes carry the
heat better than a smaller tube.

DR. RANSOM But you have no profile. You
just have one tenperature for that fluid.

MR. BOYD: There is cells across. There
was a profile. | didn't just use one dinensional
stuff.

DR. RANSOM Ch, you nean this i s when you
did the single tube?

MR. BOYD: Each of the 216 single tubes
had several cells across them

DR. RANSOM On, it did?

MR. BOYD: So they were profiled across
t here.

DR. RANSOM Ch, so not just rectangul ar
single cells, but how many cells were in each tube?

MR BOYD: | think it was three by five.
They were slightly rectangul ar.

DR RANSOM -- varied the thernal
conductivity in the fluid.

MR. BOYD: We had to augnment that alittle
bit to hel p us get the appropriate heat transfer rate
t hat we want ed.

DR. RANSOM Well, does the npdel include
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any convective mxing fromcell to cell within that
t ube?

MR. BOYD: Yes, thereis mxing fromcell
to cell within the tube.

DR RANSOM You nean there can be, |
guess. It depends on --

MR. BOYD: There can be. In fact, in sone
of the larger nodels | did | actually saw sone
recirculations in the | ower parts of the tubes. So |
saw fl ow goi ng up one side of the tube and down.

DR. RANSOM But | guess irrespective of

that you still had to increase the thernal
conductivity to get the lamnar part -- to get the
heat out.

MR,  BOYD: That's right, to match the
experinmental indications of what the tenperature
profile should be up into the tubes.

CO- CHAI RVAN WALLI S: | have a list of
guestions, and |'ve gone through nost of them

MR. BOYD: kay.

CO- CHAI RVAN  WALLI S: There was one |
noticed we hadn't answered yet. W knowthe nmass fl ow
in the hot |l eg that you quote i s bigger than the fl ow
you put in. In fact, the mass flowis changi ng al ong

t he tube because sonme of the flow recircul at es.
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Now, when you say M, where is M

measur ed?

MR. BOYD: | nmeasure it in the center of
t he tube.

CO CHAI RVAN WALLI'S: I n the m ddle of the
tube. That's what you nean by MH  Ckay.

MR BOYD: That's right.

CO CHAI RMAN WALLI'S: It's not the same as
what goes into the plunme in the steamgenerator. It's
not quite the sane as what you put in.

MR BOYD: But it's very close.

CO- CHAI RVAN WALLIS:  Ckay, but | just
wanted to know which one it was you were using.

MR BOYD: | used the --

CO CHAI RVAN WALLI'S:  Thank you. Thank
you.

MR. BOYD: And this all, | guess, is |ess
uncertainty than what | considered --

CO CHAI RMVANWALLI S: The fact that they're
all about the sanme indicates to ne that the friction
and the entrainnent at the interface in that hot |eg
isnot really all that inportant. It's probably just
like two fluids flowi ng counter current flow and the
ki nd of potential flowalnost. Thereisn't that nuch

Irn --
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MR. BOYD: They don't seemto interact as
much as | had expect ed.

CO CHAI RMAN VALLI S: Too nmuch, right,
right.

MR.  BOYD: There's a big tenperature
gradi ent that --

CO CHAl RVANWALLI S: Because if there were
alot of friction at that interface, you woul dn't get
the flow to occur. If you reached a sort of a
stirring up, turbulence in there, but in fact, the
buoyancy hel ps to keep them stratified.

MR.  BOYD: And it is a very strong

buoyancy.

CO CHAI RVAN WALLIS: It is, yes.

MR BOYD: This sul fur hexafluoride --

CO CHAI RVAN WALLIS: Puts a ratio of two
to one or sonmething density. It's huge.

MR.  BOYD: Yeah, the cold stuff has
densities --

CO CHAI RMAN  WALLI S: That really
i npressed. You have a huge density.

MR, BOYD: Right.

DR. RANSOM Well, | think the flow in
that hot leg is domi nated by just |ike a sewer pipe,

a hydrostatic head in the cold fluid, you know. It
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has a sloping interface as you flow toward the
entrance and --

CO CHAI RVMAN WALLI'S:  The friction on the
wal |

MR BOYD: Pardon?

CO CHAI RVAN WALLI'S: It's friction on the
wal | that does that rather thaninterfacial friction.
It's the friction of that cold fluid on the pipe wall
which is bridging that interface rather than friction
at the interface.

DR. RANSOM Actually it turns out that's
pretty small in the sewer pipe. It's really the
sloping interface that provi des the potential part of
the flow

CO CHAl RVAN WALLI S: It balances the
friction on the wall. Bal ance sonet hi ng.

MR. BOYD: We've got to get our m nds out
of the gutter here.

(Laughter.)

CO CHAI RVAN  WALLI S: Do you want a
di fferent anal ogy? It's |like pouring out of a bottle
of wine. How about that?

MR.  BOYD: Ckay. So here's where the
adj ustments were nade. Now, what we do at full scale

condi ti ons where we don't have a good indication of
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the secondary site heat transfer rate -- we'll see
this -- is we just do a whol e series of them and then
we take a | ook and conpare themw th the data.

But let's go on. This is all, again,
qualitative to give us an indication of what's going
on. Here's arepresentation of the inlet plenumwth
three horizontal planes. W' ve got contours of
t enperat ure.

This is the plume just |eaving the hot

leg. You'll see that when it is al nost inpactingthe
tube sheet, it's still pretty intact, hasn't really
grown. You can see the mxing. It's alittle bit
lighter.

When it hits the tube sheet, what you' ve
essentially got is alnost a stagnation point, but a
por ous stagnation point. Sonme of the flowis goingto
go in, but others act just |like a stagnation point.

DR. RANSOM It spreads out.

MR.  BOYD: It spreads out in all
directions. That's right. So this gives us an idea
of what the flow pattern | ooks |ike.

Here is three vertical planes, normal to
t he hot | eg access, and what we see in the first plane
is we see the strong upward flow. This is essentially

t he plume, and you can see this flow going out in the
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side directions. That's your stagnation portion of
the flow

Back further in the central regi on we see
a strong, you know, flow along the top, and at the
back wal | we see t he sane t hing, but what you're going
to see here is this strong set-up like this.

CO CHAI RVAN WALLI'S:  You have the fire
underneath these tubes in the maple syrup boiler.

MR. BOYD: GCkay. That sounds |ike a New
Engl and poi nt of view.

DR. RANSOM Well, the tubes that attach
to that upper face, you're getting up flow, | guess,
t hrough the central part of that and then down fl ow
t hrough the --

MR, BOYD: Right, and that's al
determ ned by the nodel. They just had these porous
tubes with the appropriate | oss coefficients and the
appropriate viscous |osses. The code deci des which
tubes go in up-flow, which tubes cone in down-fl ow.
The idea is we hope we're pulling out the right anpunt
of mass in the right location such that these inlet
pl enum fl ows are appropriate.

DR. RANSOM And the up is going all the
way over into the outlet plenun?

MR. BOYD: All the way over to the outl et
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pl enum

DR. RANSOM Up through those and back.

MR. BOYD: That's right, and all of that
j ust happens.

CO CHAI RVAN  FORD: Let ne ask a non-
t hermal hydraulicist question. This seens reasonabl e
to ne, not being a thermal hydraulicist.

What data are there to showthose nunbers
t hat you have been quoting in terns of tenperature and
t hose fl ow configurations are, in fact, correct? And
how rmuch could you be in error?

MR. BOYD: W could be in error. W're
going to get to that data. We're still in the
qualitative, let's understand the flow.

CO CHAI RVAN FORD:  Ckay, right.

MR. BOYD: W're only going to conpare
wi th sone rat her crude nunbers though. So we're not
real ly doing a pure validation of the CFD, and we have
sone qualitativeinformationonthe flowpatterns from
some crude anpunts of thernocouples, and it | ooks
simlar, very simlar.

CO- CHAI RMAN FORD:  Now, are they simlar
enough to have a no consequence as far as materi al
degradation i s concerned?

MR. BOYD: That would be ny view of it.
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In the greater schene of things, | think at l[east in
this case we' re doi ng cl ose enough. The problemw th
these tests is they didn't have all of the
t hernocouples on it all the tinme. They had some nice
rakes, but they didn't turn themon when they wanted
to measure hot leg flows and things |ike that.

And when they neasured the rakes, they
didn't have the rest of the systeminstrunented. So
we have -- and they never repeated an experinent, and
luckily every tine they did a different experinent
with new regs. they would change the conditions
drastically.

CO- CHAI RVAN  FORD: Let nme turn the
guestion over to you, Joe. This comes back to our
guesti ons we had yesterday about interrel ationships
bet ween t hese various studies. |Is that correct; have
you yet in the materials degradation area, have you
yet taken these predictions plus uncertainties and
deci ded whet her, in fact, you' ve got a big "oh, heck"?

MR MUSCARA: Yeah, we've taken the
predi ctions and det erm ned whet her groups would fail
or not fail under the particular transient given the
tenperatures and pressures that apply to us. W
haven't done the sensitivity or the uncertainty

anal ysi s yet, but in addition, you know, this work i s
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still evol ving.

CO CHAI RVAN FORD:  Yes, sir, right.

MR. MUSCARA: And doing cases. So we're
| ooki ng for new input which may nodify the result of
it.

CO CHAI RVAN FORD: No, | recognizethisis
not finished by any means, but fromwhat you' ve seen
so far, you haven't seen sonething, "Oh, heck, we've
got a mmjor problem | oomng here fromthe materials
degradati on aspect"? No?

MR. MUSCARA: Well, that'sthethingwe're
eval uati ng. W' re eval uati ng whet her gi ven t hi s i nput
for the tubes, when different tubes would fail given
different flaws and flaw distributions in the tubes.

And the next part, of course, is to also
get this same kind of data for the primary system
components and deternmine the tine to failure of those
conmponents, and you'll hear about some of that this
af t er noon.

CO- CHAI RVAN FORD:  Good.

CO- CHAI RMAN - WALLI S: Let ne help ny
col l eague here. It seenms to me | have | ooked at the
data for the flow patterns and the crude picture.
Actual ly this cones pretty close to what's observed,

and they predict very nicely sonme overal | paraneters,
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i ke how many tubes have up fl ow and how nmany tubes
have down fl ow and that sort of thing, and what's the
match flow circulation rate in the steam generator
conpared with what's happening in the hot |eg?

All of these macroscopic things are
predi cted very nicely. The questions that m ght
remai n woul d be, okay, you've done a very good job of
nodel i ng t he macroscopi cs. How about the hottest fl ow
t hat goes into the particular tube? And if that tube
is in the mddle of the steam generator bunch and
isn'"t cooled as well as the other ones, it's these
vari ations bet ween t ubes and bet ween streanl i nes about
which | think there will be uncertainty. Soif you're
predi cting a maxi numtenperature of 1, 800 degrees, it
m ght well be 2,000.

MR,  MJSCARA: That's the kind of data
we' re using, you know, in conjunctionwth what is the
probability that aflowexists inthe hottest tube and
t hen cal cul ate how t hat behaves.

MR BOYD: We'Il nove on

One thing that we sawin the experinmenta
results was significant m xing. W had sone
t hernocouples at this point and we had sone
t hernocouples at this point, and we had sone

t hernocouples at this point, and there was a
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significant drop in tenperature.

CO- CHAI RVAN  FORD: So could you just
wi ggle your -- | didn't catch where you --

MR.  BOYD: Right here we had sone
t hernocoupl es, four, and right here we had sone
t her nocoupl es, and there was a significant drop in
temperature from here to there, and there was
qguestioning, | guess, of what in the world is going
on. How can the tenperature drop that rmnuch.

W saw that flow pattern that was
descri bed on the previous slide. On the symetry
pl ane, what that results inis flowneeting up at the
synmmetry plane and going vertical, part of that flow
trying to find its way back to the hot leg. You' ve
essentially got intersecting jets here. You' ve got
t he hot plunme com ng out and you' ve got fairly good
flows hitting it right on the side.

And we | ook here at contours of turbul ence
intensity --

CO CHAI RMAN WALLIS: Chris, this is very
nice. In fact, the cold flow going into the hot |eg
comes around that jet fromall dinensions, not just
fromthe bottom

MR BOYD: That's correct.

CO CHAI RMAN WALLI'S: The thing that is a

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

78

bit funny is at the bottomof the vessel you seemto
have a source because the flow velocities are all
going up fromthere. It doesn't |look quite realistic.

MR. BOYD: Yeah, what that source is is
right here. W're |looking at this fl owcom ng around
stagnating at this |lower point --

CO- CHAI RMAN WALLI S: And splitting up.
Oh, okay.

MR. BOYD: -- and going up. There's your
sour ce.

CO CHAI RVAN WALLI S: But to go back to ny
poi nt, you're | ooking at what happens at this end of
t he pi pe. Something very sim | ar happens at the ot her
end of the pipe.

CO CHAI RVAN FORD: Because it goes into
t he reactor.

CO CHAI RVAN WALLIS: Right. It pours out
in ajet and the flow goes around the jet and m xes
withit.

CO- CHAI RVAN  FORD: So, again, the
materials guy --

CO CHAl RVAN WALLI'S:  \What he has drawn
here is what's happening at the -- if you turn it
upsi de down, this is what's happening at the reactor

end.

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

79
CO CHAI RMAN FORD: Exactly, exactly. So

could you have like in the BWR a nozzle cracking
phenonena because of several stratifications that you
see in feedwater lines? And you' ve seen the BWR
nozzl es.

MR MUSCARA: Qur evaluations are not
necessarily of normal operating conditions. W're
t al ki ng about severe accident conditions, and given
t he shortness of the transient, | don't think we'll
get the BWR and al so corner cracking, which is very
petit.

MR SIEBER, That would be the |east of
your probl ens.

(Laughter.)

CO- CHAI RVAN FORD:  Yeah. .

MR. MJSCARA: By the way, just to nake
sure sone of us understand, the seven scal e test that
Chris is talking about is not the test that the NRC
pl anned and conducted with Westinghouse. So we're
trying to nake use of that test and to validate sone
and see if the work that he's doing. So we had no
control on howthat -- | don't think, unless it was
a cooperative effort.

MR. BOYD: | don't know. W were involved

in some way because we got the data. We paidalittle
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bit. 1'mnot sure how well we hel ped pl an.

Now let's go into what we can do wth
quantitative results real quickly and then get on to
the full scale results.

The tube flow split ratio, the red --

CO CHAI RMAN WALLI' S: This is sonethingfor
the conmttee if they want to understand what's
happeni ng you have to understand.

MR. BOYD: kay.

CO CHAI RVAN WALLI'S: It's not obvious.

MR. BOYD: | just don't want to take up
t he whol e norni ng and cheat Don out of --

CO CHAI RVMAN WALLI'S:  No, well, I'"mjust
asking them to pay attention if they want to
under st and.

(Laughter.)

CO- CHAI RVAN  FORD: They are paying
attention.

DR. RANSOM Are you conparing these
ext ensi on tubes? You nmentioned having a t hernocoupl e
rate. Do you conpare those to CFD cal cul ati ons?

MR BOYD: There was a rake in the
experiment, but it was not -- the conditions feeding
the rake were not the sane test conditions feeding

this steam generator. They didn't repeat things.
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They had an issue with the data system You know
200, 300 transducers, whatever t he nunber was, and 100
data channels, and when they switched all of their
data channels fromone set to the other, they didn't
keep the conditions the sane.

Soit's very difficult to make -- | have
hot | eg data, and | can conpare the hot |leg fl ows and
show that |'m getting the right profile, but they
don't correspond to this run, and when | have hot |eg
data, | don't have a bunch of other data. So there's
this kind of m xed matches.

So, no, | don't have the rakes to show
with this particular run.

So we take a | ook here at the flow split
ratio. These are the tubes and up flow. The CFD
results are the black and they're, of course,
symretri c because we ran a synmetry nodel. On one
side we see the data matching fairly well and we see
five tubes out and five tubes in. So on one side
we' ve got exact agreenent.

On the other side we're one tube over.
The data are one tube shifted in, but ingeneral we're
pretty much picking up

And now if we go in here --

CO CHAI RVMAN WALLI'S: | think if they ran
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the experinment again, in ny experience with this
multitude type thing, they'd get a different panel.

MR. BOYD: | would agree. |If you |ook at
their tube split ratios over the wi de range of tests,
they have significant asymetries and significant
variations.

CO- CHAI RVMAN WALLI S: It's just because
it's a question of which one gets started. The plune
cones of f and wanders around a bit, and then sone of
t hemget started going up and sone of themget started
goi ng down. You cannot predict exactly which one, on
t he boundary whether it will be up or down. [It's just
a probability there.

Now, do ny col | eagues under stand t hat the
flow has to come up here, go down the other side into
what's called the outlet side and the cone back up
sone tubes and go down the inlet side again?

kay.

MR. BOYD: All of these tubes are fl ow ng
upward, and all of these tubes are flow ng downward.

CO- CHAI RVAN WALLI S: And on the other
si de, the sanme correspondi ng ones are goi ng down and
up again.

MR. BOYD: You see the exact pattern on

the other side with the center goi ng down and t hen t he
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rest com ng up.

CO CHAI RVAN FORD: But what you' re sayi ng,
one of those contours is observed, and the other one
is calculated, and where they don't match is a
di screpancy between observation theory. M question
then is: how nmuch is that discrepancy? Are we
tal king 100 a piece K (phonetic) or --

MR. BOYD: Five percent of the tube
sheets, sonething like that nmaybe, and when we run
that, there's a sensitivity in SCODAP/ RELAP. W don't
see a big sensitivity to that discrepancy, to the
nunber .

CO CHAI RVAN WALLI S: The total nunber that
matters is where they are. |It's not the problem at
all because it's going to be random anyway, but the
total nunber of tubes is predicted very well, isn't
it?

MR. BOYD: And we don't see that as a big
sensitivity anyway in the --

CO CHAI RVAN FORD: No, but my question
really was hownuch is the prediction off. | nean you
partially answered the question, G aham by saying,
"Hey, sonme tubes won't be exactly -- have the
tenperatures exactly as predicted,” and you're

assuring which of those tubes it m ght be.
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How nmuch is the discrepancy between
observation and theory? |s there enough for 100 of --

MR. BOYD: Are we tal ki ng about the nunber
of tubes? Well, inthis 216 tube nodel, we were seven
tubes of f, which is three percent of the tube sheet.
So you can multiply that now by 3,200 tubes for
Westi nghouse or 8,000 tubes for a CE pl ant and get an
estimate maybe of how far off.

CO CHAI RVAN  FORD: Maybe |1'm off 1line
here, but it doesn't really matter whether it's one
tube or 100 tubes, which are not in agreement wth
observation. It's hownuch they are off because even
if you have one tube or three tubes, which is 200
degrees K away from prediction, those seven or eight
tubes failing by anot her nechani smm ght be even not
control |l abl e.

MR BOYD: Well, these tubes on the
boundary are not really our concern in my opinion
anyway. We'l| get to that, but it's the core central
hottest tubes that are the problem These tubes are
cl oser or nuch | ower tenperature, significantly nore
m xi ng, and you know, the difference here is they are
either significantly m xed, significantly cool er than
t he hottest tubes or they'rein cold flowreturn, but

ei ther way these are not the nost chal |l enged tubes to
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begin with out on the periphery of this.

CO CHAI RVAN FORD: Ckay. So it's never
m nd.

CO- CHAI RMAN WALLIS: | think it's never
m nd, but | think that another question which I think
is answered is that sonetinmes with these situations
you worry about a tube being sonetines out flow,
soneti nes down fl ow. Sonetines it's a hot tube,
sonetines it's a cold tube.

If you did get oscillation |ike that,
you' d get athermal fatigue problem but | don't think
t hat happens. | think once a tube gets going, it's a
chimey. It stays as a chi mey. There's no nechanism
for it to revert to going the other way.

MR BOYD: That's what the nodel shows.

CO CHAI RVAN WALLIS: | think it's true.

MR. BOYD: Not in this case, but at full
scale, we're | ooking at an exanple where that's the
case.

CO CHAI RVAN WALLI S: Do they actually
revert, oscillate between up and down fl ow?

MR. BOYD: No. We |look at a case where
you would think if they're going to they would and
t hey don't.

But now, we can change themthough. If I
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take this run and run it as a transient and then
change the tube heat transfer rate, those tubes on the
edge do change, and it either grows or shrinks. So
the code is able to based on that tube heat transfer
rate to change a tube's flow.

CO CHAI RVAN WALLIS: If you're in a house
wi th four chi meys and you have a hot house and a col d
outside and the danpers are open, two of those
chi meys wi || probably have hot air going up and two
of themw !l have cold air com ng down, and that's
what happens.

And once it happens, it doesn't suddenly
change.

MR. BOYD: Unl ess you change the heat
transfer on the chi meys.

CO CHAI RMAN WALLI'S:  Unless you light a
firein the cold chimey. Then, of course, the snoke
comes into the room you know.

MR. BOYD: If you light a fire, all bets
are off, but we'll take a | ook at that.

So nowwe' re | ooki ng at some of the key --

CO CHAI RMAN WALLI S: Are you going to
anal yze nmy house?

(Laughter.)

MR. BOYD: So here's the key paraneters as
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we see themthat are input into SCDAP/ RELAP, sone of
t he keys. The bi ggest discrepancy we have is in the
nunber of hot tubes. W' re seven tubes over.

This is interesting. The nmass averaged
hot flow tenperature entering the tube, we're within
a degree of what's reported in the experinental
observations. Now --

DR RANSOM Is that the hottest?

CO CHAI RVAN WALLI'S: That's average.

MR.  BOYD: That's average. Now, they
averaged themdifferently than | did. | took a mass
average over the entire flow area. They took the
finite nunber, 25 percent of the tubes were
instrunented, scattered in a patter. They just took
them and averaged them nunerically. So it is a
di fferent process.

But we're close to the bul k average fl ow
going in.

DR. RANSOM Aren't you nore interested
here in the maxi mum tenperature?

MR. BOYD: In the maxi mum tenperature |
don't showit on the table. W match that very well
inthis, in this run.

CO CHAI RVAN WALLI'S:  How nmuch is it?

MR. BOYD: In this case --
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CO- CHAl RMAN WALLI'S: It's nowhere near the

159 you're putting in?

MR. BOYD: No, no. It's 106, 106 degrees,
something like that, inthis test, and we mat ched t hat
pretty well.

CO CHAI RVMAN WALLIS: That's what you're
you'reinterestedinfor material s purposes, isn'tit,
t he maxi mum t enper at ure?

MR BOYD: That's right.

CO CHAI RMAN WALLI'S:  So perhaps we need
sonme sensitivity studies on how nuch wll wander
around if you get sonme of +the heat transfer
coefficients to be different.

MR BOYD: So, now, here is another
i nportant paraneter. This mass flow through the
tubes, now, this is not something we're inputting.
This is like the code is doing this based on the
natural circul ati on and based on the | oss coefficients
and the heat transfer.

There was no tuning here. These things,
heat transfer and those |oss coefficients were all
done in this one dinensional nodel off |line and then
i nput once and not | ooked at again. And we picked up
the mass flow essentially exactly.

The m xing fraction down here, this is a
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very sensitive paraneter. In my mnd this is
essentially an agreenent between the m xi ng fraction,
and the recirculation ratio, which is in this case
only a neasure again of the mass flow through the
t ubes because we input the hot |eg mass flow, but we
match that recirculation ratio.

And the rest of these --

DR. RANSOM What is that recirculation
rati o?

MR BOYD: That's the ratio of the tube
flow to the hot leg flow loop. The lot leg flow,
| et's say, has four kilogranms per second circul ating
through it in a plant and the tubes have eight. So
the recirculation ratio is two.

CO CHAI RVAN WALLI'S: Now, | et ne give you
what woul d happen if you coupled in the reactor.
FLUENT woul d now be saying the heat | oss of the tubes
is 3.69, and there's really I'"mputting in 3.56. So
|"ve got an energy balance that's not right. So,
therefore, 1've got to go back and change the tube
that's comnginfromthe core, which then changes the
M hot | eg, and you go through that | oop.

MR. BOYD: That's right. Those types of
iterations were not really deened necessary.

CO- CHAl RMAN WALLI'S:  You don't need to do
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it. 1'"mjust saying that if you did have the other
end with sort of an energy balance in there, thenthis
woul d automatically --

MR. BOYD: Well, we tinkeredw th this and
got good agreenment. There was really no need.

CO- CHAI RVAN  WALLI S: No, | agree. I
agree. It's just that then you woul d have equal ity of
sone things instead of thembeing slightly different.

DR. RANSOM The recirculation ratio is
driven by entrainment; is that right?

MR. BOYD: No, it's driven by the tube
buoyancy flows. |If the tubes have no heat transfer,
then the recirculation ratio would go down to
essentially zero, no tube flow.

DR. RANSOM Ri ght.

MR BOYD: As you increase the heat
transfer, you pull; you're able to drive nore fluid
around that | oop and --

DR. RANSOM You're conparing, | thought,
the net mass flowto the mass flow in the hot I eg.

MR. BOYD: The net mass flow t hrough the
tubes to the mass flowin the leg. That's right.

CO CHAI RMAN WALLI'S:  Right.

DR. RANSOM Then why is that two?

CO- CHAI RMAN  WALLI S: The flow up the
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chimey is bigger than the flowinto the fire. It
draws in fromthe room

DR. RANSOM  You do entrai nnent.

CO CHAI RVAN WALLI'S:  Yeah.

DR. RANSOM You' ve got flowthat's com ng
down that's going to recircul ate.

MR. BOYD: And it is entrained to go back
up. Onh, | see. | see what your point is. That's
right.

DR. RANSOM That's what causes this. How
is that nmeasured i n the Westi nghouse data? How woul d
you know t hat val ue?

MR. BOYD: The mass flowin the tubes was
neasur ed by an energy bal ance. So the uncertainty on
t hat woul d be fairly high. They had -- basically they
nmeasured the heat |l oss fromthe system rejected in
the water | oop on the outside, and this was steady
st at e. That gave them an energy, and then they
neasured the inlet tenperatures with these few
t her nrocoupl es which they averages, and then they
nmeasured the return flow tenperatures. So they have
a steady state, steady flow problem They had the
mass flows. They had the energy.

l"m sorry. They had the tenperature

di fference and t he energy, and then they coul d get the
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mass flowdirectly fromthat, and that's the way they
got the hot | eg mass fl ow because the hot | eg energy
bal ance was the sane energy val ue. They had an upper
tenmperature and a | ower tenperature, and they got the
mass flow fromthat.

So t hese mass fl ows have sone uncertainty
tothem The hot tenperature inthe lot |eg that they
measured was from one thernocouple in a very steep
gradient. So we have to -- not all of the digits are
significant.

CO CHAI RVAN WALLI S: What woul d be real Iy
pretty would be if you had done this calculation
before they did the test.

| was in high school, | guess. So that
woul d have been tough.

CO CHAI RVAN WALLI S: But then you woul dn't
have been able to guess the in-flow rate from the
core.

MR. BOYD: The only way to do that woul d
be to have the vessel, and we attenpted this with the
vessel, Gaham just tolet you know. Qur first nodel
i ncluded the vessel, but the vessel was a conpl ex
mass, and we got into the process of then having to
specify loss coefficients in --

CO- CHAI RMAN WALLI S: Vell, let's talk
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about how you mght do it easier.

MR. BOYD: Okay. Now, here's sonething
that would be of interest. These are tube-to-tube
variations now. So we've got this hot up flow. Now,
this is what is going to really feed in --

CO CHAI RVAN WALLI'S:  This is good.

MR.  BOYD: -- to the tubes intake
anal ysi s.

CO CHAl RVAN WALLIS: W're sayingthisis
good. Put it in the record.

MR. BOYD: kay. These tubes --

MR. MJUSCARA: That would be of use.

MR. BOYD: These tubes on the periphery
that you were concerned about earlier as to whether
they're an up flow or down flow, that would be these
tubes over here on the left side of this plot,
normal i zed tenperatures in the .2 range.

So these are the tubes on the periphery
with | ower mass flow rates, which you know have ki nd
of sone uncertainty. These tubes over here are the
core flowtubes in the hottest part of the bundle, and
here we' ve got nornmalized tenperatures of .525.

We start normalizing things sothat we can
start conparing with the full scale results. The way

we normalized is we assuned the hot | eg, hot |eg, hot
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t enper at ures, your hot sources. The cold flowreturn
tenperatures, your |low point tenperature, that
provides the ultimate delta T, and then we just do a
T mnus T cold or a T hot mnus T cold.

So what you' re seeing hereis that the hot
t enmperature gets about hal fway down to the secondary
side tenperature by the tinme it enters the tubes, and
that's basically what this plot is show ng us.

CO CHAI RMAN WALLI' S: So the statisticians
could play with that if they wanted to.

MR. BOYD: This slide |I don't plan on
goi ng over, but just to denonstrate, this is just a
sanpl e of the sensitivity studi es, and these are sone
of the major inputs to the code, but we also varied
everything fromwall functions to turbul ence options
and to grid sizes.

We probably ran about 100 runs on this
thing to really make oursel ves feel confortable that
there was no point that we were being fooled by. So
the code was pretty stable over all of these. W
found no di screpanci es.

So the sumary here, Step 1, we've
conmpared wi th one-seventh scal e data. W' ve got sone
| evel of confidence and we feel nore confortabl e now

goi ng over scal ed conditions. The nodel was stable.
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Qualitatively we mat ched t he experi ment al
characteristics that are noted fromthe two sets of
experi ments.

The quantitative conparisons with m xing
paraneters was very good. The results were nost
sensitive to the heat transfer rate, and we feel like
at this point we've got a nuch better understandi ng of
what's goi ng on.

CO- CHAI RMAN WALLI'S:  To go back to that,
if you went to the heat transfer rate even | ower than
you did here, you' d get the situation where you'd get
the fl ow goi ng over the top and the hot flow actually
cones all on the downcomer and you get no fl ow agai n.
You' ve got a piece of it, whereas you counter to what
you' d expect, your intuition, as you have a | ower heat
transfer coefficient. You actually have nore
circul ation.

MR. BOYD: We'll ook at a plot that has

CO CHAI RMAN WALLI'S: -- you're going up,
but if youl owered it enough, you' d actually cone down
agai n.

MR. BOYD: | would agree. You would have
several .

CO CHAI RVAN WALLI' S: And so t here m ght be
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sone concern about whet her there i s enough -- whet her
you are in that range of descending heat transfer in
the real situation of the steamgenerator and the real
life situation.

MR. BOYD: kay.

CO CHAI RVAN WALLI'S:  So you mi ght want to
extend it in that region.

MR. BOYD: We'll take al ook at sone plots
that will shed a little bit of light on that.

Now we'll go to Step 2. W feel alittle
confortable, and now we want to do a full-scale
geonmetry. We realize up front that the geonetry of a
real plant isalittle bit different. So we're going
to take this internediate step of scaling up the
geonetry and changing the conditions to the expected
pl ant conditions. W stay with 216 tubes. W stay
wi th basically the exact sane nodel, and we put steam
init, 2,400 psi and the appropriate mass flows in the
hot | eg from SCDAP/ RELAP 5.

And now at this point what we real ly have
is aplant with 3,200 tubes, not 216. So what we did
is we grouped the tubes together and created our
porous tube, and we ran a CFD evaluation in great
detail hereto cone upwith the coefficients here. W

ran that with steamat 2,400 psi with a seven-eighths
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inch tube. So we changed our anal ysis comng up with
atotally different set of coefficients.

Now, where we're lost is on the heat
transfer rate, and we recogni ze that. So what we did
is we applied a whole series of heat transfer rates,
which I'"mgoing to | abel here H1 through H7. W --

CO CHAI RVAN  WALLI S: These are heat
transfer coefficients for just where?

MR BOYD: On the outside of the tubes.
This is the heat driven --

CO- CHAI RVAN WALLI S: That's what we're
tal ki ng about .

DR. RANSOM This is the CFD nodel ?

MR. BOYD: This is the CFD nodel. That's
right. So we've got this range of effective heat
transfer rates. So down here at H 7 what we've done
is we've hit it with such a high heat transfer rate
that all of the heat | eaves the nodel by the tine the
fl ow reaches . 3.

CO CHAI RVAN WALLI'S:  You' re quenching t he
chimey. You have to fill it back.

MR. BOYD: That's right, and with heat
transfer rate one, the | owest heat transfer rate, by
the time the flow reaches the top dead center of the

steam generator tube, the nornalized nass average
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t enmperature has dropped from.28 to .14. It has | ost
half of its, let's say, tenperature range, but there's
plenty of -- what it's goingtodois still be hot and

| osing heat all the way down, and it's going to cone

back up.

CO CHAI RMAN WALLI'S: I f each one went to
zero -- excuse nme -- you'd have a flat line, or not a
flat line. It would go all around and woul dn't cool
down at all.

MR BOYD: |'msorry?

CO CHAl RVAN WALLI S: I f each one was zer o.

MR BOYD: Oh, if each one was zero.

CO CHAI RVAN WALLIS: it would go all the
way around and woul dn't cool down at all.

MR. BOYD: |If each one was zero, it may
not even go around.

CO CHAI RVAN WALLIS:  You'd have a flat
l'ine. The tenperature would just be flat in that
pi cture.

MR. BOYD: Yes. |f each one was zero what
woul d happen is the flow would come in and it would
come right back out.

CO CHAI RVAN WALLIS: It would go at .28
all the way across.

MR BOYD: It's questionable whether it
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woul d even enter the tubes.

CO CHAl RVAN WALLI S: But whileit'sinthe
tubes, it would have a constant tenperature.

MR. BOYD: It would have a constant
tenperature. That's correct.

Okay. So what we didis withignorance of
the true heat transfer coefficient or not confortable
with the SCDAP/ RELAP 5 predictions, we ran a whole
range of them The SCDAP/ RELAP 5 predictions for this
particular run with the four nodes and the steam
gener ator --

DR. RANSOM Incidentally, this is sulfur
hexaf | uori de.

MR. BOYD: No, now we're talking full
scale with steam

DR RANSOM Ch, it's steam

MR, BOYD: Yes.

DR. RANSOM In your CFD nodel. Ckay.

MR. BOYD: Okay. Wth a full scale steam
generator that has the geonetry of the one-seventh
scale facility, asimlar geonetry, but at full scale.
So there's no geonetrical distortion. We're just
scal i ng up.

DR. RANSOM Because of this tube nodel

t hough you have to adjust the heat transfer, | guess.
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MR BOYD: And the tube | oss coefficients

and all of that stuff. That's right.

Here's the effect of heat transfer rate on
some of these key paraneters. The tube fraction goes
from let's say, 48 percent, 47 percent of the tubes.
As we change the heat transfer rate, this can go down
to 37 percent of the tubes. Soin a full-scale plant,
we have just changed ten percent of the tubes in up
fl ow or down flow just by changing the heat transfer
coefficient.

This is denonstrating the inportance of
t hat heat transfer coefficient and if |I want to make
compari sons between one-seventh and full scale, | had
better be consistent with that, and that's why | show
t he one-seventh scal e data here as the bl ue dots, the
bl ue hexagons. W're going to conpare that with H 5,
but when we go to full scale and want full-scale
conditions, we're going to want to conpare with H 3
and H4 up in here.

So we take a | ook at the two bundl e mass
flow can change significantly. It goes from 12
kil ograms per second down to eight. That's a
significant --

CO CHAI RVAN WALLIS: And if you went to a

lower H, it would go down on the |eft-hand side. It
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woul d be a bell shaped curve.

MR. BOYD: That's right. W woul d expect
sonme of these --

CO CHAI RMAN WALLI'S:  Right.

MR BOYD: But we feel |ike we've covered
t he range of where we are.

CO CHAI RVAN WALLI'S: | under st and.

MR. BOYD: But | woul d agree with you that
these are not trends that continue. They woul d
t hen --

CO CHAI RVAN WALLI'S: It goes down agai n.

MR.  BOYD: As you drive the chi meys
that's right.

CO CHAI RMAN WALLI'S: It short of shows up.
You' ve hit the maxi numreally. It's just beginningto
go down. There is a maxinmum in that curve at a
certain H

VR, BOYD: We | ook at things like the
recirculation ratio.

CO- CHAI RVAN WALLI S: There's a maxi mum
there at a certain H, too, right.

MR. BOYD: The recirculationrationis an
i mportant parameter governing the tube tenperaturesin
t he end, and we see it can change fromthree to two or

1.9. So we see sone significant variations.
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Now we' re going to | ook at what | call the
scale effect. W take the full scale calculation:
steam 2,400 psi, four kilograns per second down the
hot | og conparing it to sulfur hexafluoride with .2
kil ogranms per second down the hot |eg, much | ower
t enper at ures.

CO CHAI RMAN WALLI'S: Now, there is a key
guestion here. When you had a seventh scale, you
i nposed a velocity fromthe vessel.

MR BOYD: That's right.

CO CHAI RMAN WALLI'S: Now here you have to
i npose a velocity fromthe vessel in the full scale.

MR BOYD: That's right.

CO CHAI RVAN WALLI'S: I n the seventh scal e
you know what it is because you have an experinent.
Inthe full scale, it comes out of sone phenonena, and
you still inmpose sonmething. How do you know what to
i npose?

MR. BOYD: We don't. So we use the val ue
from SCDAP/ RELAP 5 and assune that that RELAP 5 --

CO CHAI RVAN WALLI'S:  Which comes from an
energy bal ance fromthe vessel. Really what it does
isit tiestogether M hot leg, and TH. That's what's
happening inthe vessel. It's a coupling between them

because of the energy being produced, and --
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VR BOYD: Wth | ack of better

information, we're letting SCDAP/RELAP 5 do all of
t hose predictions for us of the coupled system

CO CHAI RMAN WALLI S: And it's nodeling
your steam generator the way you described earlier.

MR. BOYD: That's right. |It's doing the
exact same thing.

The point of all of this is to show that
there-circratiois essentially the sane. The nunber
of tubes and up flowis essentially the sane.

Now, these tubes weren't | ocked in place.
These tubes changed as we changed the heat transfer
rate, but when we kept the heat transfer rates
consi stent, we got the same nunber of tubes.

The m xing fraction, what we see is a
little bit nore mxing at the full scale conditions.

CO CHAl RVAN WALLI' S: Do you knowwhat His
inthereal lifeinthe steamgenerator on the outside
of the tubes?

MR. BOYD: The H?

CO CHAI RMAN WALLI S: The H, the Hthat you
vari ed.

MR. BOYD: We coul d nake some assunpti ons
on that, but there's going to be sone conplex flows

over there, and it's probably not uniformacross the
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tubes. We're using uniformon all --

CO CHAI RVAN WALLI S: Maybe that's an area
whi ch requires sone study.

PARTI CI PANT: Did Jack go away?

CO CHAl RVAN WALLI S: Wl |, he canreadthe
transcript.

MR. BOYD: So nowwe'll take a |l ook at the
hi st ogram In general these results are pretty
simlar, but we're conparing with |like heat transfer
rates. You'll see that the full scale results are
skewed a little bit toward the cooler end of the
spectrum but they have generally the same range of
tenmperatures. That skew woul d be representative of
the little bit higher mxing fraction that we saw.

But, again, thisis not toosignificant in
light of what we're going to see later.

Here's the flowsplit ratio. The blueis
the Westinghouse one-seventh scale experinent
predictions. The black is case H5, and you'll see

that there are the sanme nunber of tubes. They trade

off one -- these two tubes are sw tched between the
two, but nonetheless, they still have 38 percent of
t he tubes.

CO- CHAI RVAN WALLI' S: | woul d say t he tubes

on the boundary that have a 50 percent probability of

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

105

going up or down. So | wouldn't worry about that at
all.

MR. BOYD: Wth case H 1, we reduce the
heat transfer rate, and you'll see that we pick up
t hese extra tubes out here, and that's the difference
t hat we saw on the table.

So in sunmary --

CO CHAIRMAN FORD:  Sorry. 1'mgoing to
ask anot her non-thermal hydraulicist question. As |
understand it going through this scal e-up argunent,
you changed the heat transfer coefficient to have
certain paraneters in alignment, these MI, ML rati os,
et cetera.

Graham br ought up the question of what is
heat transfer coefficient in a real plan, and surely
there you're going to be worried about the surface
condition, crud build-up, and things of this nature.
How much woul d you expect that physical phenonena to
change that heat transfer coefficient? And would it
be enough that it would be within these paraneter
changes you nmade to H?

MR. BOYD: The reason why we ran this
whol e series is that now we could go back and | ook at
what we think the value is, | ook at the uncertainty on

that, and | ook at the effect of that conpared to ny
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vari ations, and see what inpact it has.

Now, | would say that | have a w de range
of variations where |'mhitting it so hard that | |ose
all the heat within the first 30 percent of the bundle
all the way over to letting the heat go all the way
around the bundle. So these H1, H2, they're
significantly different heat transfer rates. This
isn"t plus or m nus ten percent or anything like that.

But | don't have a direct answer for you.
It would have to be |ooked at and |ook at the
uncertainty in the heat transfer rate and t hen conpare
it to the difference that we see. But we would be
nore in line with between H 3 and H4 of ny heat
transfer rates as opposed to going fromone end to the
other. You're not going to add sone crud and make
t hese kinds of drastic changes that I'mdoing to the
heat transfer rate here.

CO CHAl RMAN WALLI S: That's afact, isit?

MR. BOYD:. | can't see how you can nake a
smal | change and have it change from draw ng all of
t he heat out of the bundle in three nmeters or letting
the heat go 24 neters w thout --

CO CHAl RVAN WALLI S: The crud won't doit,
but sonet hing on the secondary side mght do it, and

how t he steamgenerator is actually cool ed m ght have
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sone effect.

MR. BOYD: Okay. The steam generator
secondary side is a very conplex --

CO CHAI RVAN WALLI'S: | think to summari ze
what you're doing, what you' re doing here is you're
convi nci ng us that you have a valid tool for anal yzing
this steam generator problem You're not at this
stage saying this is actually what we think happened
in a particular situation in a real plant.

MR. BOYD: | would say we're trying to get
anidea-- that's right -- of what the effective scal e
is, what the effect is of sone things are. Wat's
i mportant at this point we're trying to nail down, but
before we run of f and spend, you know, a | ot of noney
doing details, | think we really need to | ook at the
overall PRA for this entire problem and where does
our uncertainty fit into the big picture.

CO CHAI RMAN WALLI'S:  So why are the PRA
guys way behind in telling you that?

MR. BOYD: W got alittle bit of a head
start. We cheated, | guess. But the point is before
we -- if sonebody doesn't know, this has to be
conpared side to side with flaw distributions.

CO CHAI RMAN WALLI'S:  Right.

MR. BOYD:. Before we run off and spend a
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year of effort doing nore tubes and nore detail, we
got estimates of what it can nean.

CO- CHAI RMAN FORD: But in answer to ny
specific question, when you go to the real steam
generator, you' re saying, "Hey, uncertainties on heat
transfer coefficient because of crud build-up, et
cetera, is not going to be a major item that would
swi ng your conclusions so far or way off to one --

MR BOYD: Not swing them so far, but
uncertainties, there is uncertainty though in that
secondary side. W need to get a handle on that to
try and nake an estimate of where we fit and how
varied it can be.

DR. RANSOM Well, inthe systemtransient
calcul ation that the secondary site is full of just
| ow pressure stagnant steam the maj or energy nmust be
going into just structure, end of the tubes, whatever
else is nodeled as a heat structure because there
can't be nuch heat transfer to the fluid.

MR.  BOYD: It is a very snall heat
transfer coefficient on the secondary side in the
SCDAP/ RELAP 5 anal ysi s. W would argue that it's
probabl y hi gher

DR. RANSOM So it's nostly just thermal

inertia of the structure that's --
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VR. FLETCHER: Wll, there 1is a

circul ation of steamon the secondary side. The way
we've nodeled it is a two pass nodel with a downcomer
and a boiler side. So there is a nechanism to
circulate steam There is heat |oss off the outside
of the steam generator shell, and so there is an
ultimate heat break out there for sonme of the steam
sone of the heat to get there.

DR. RANSOM The secondary is basically a
cl osed vol une?

MR. FLETCHER I n one steamgenerator it
is blown down. W have a stuck open val ve on the top
of the steam generator, and so it is closed, except
for an opening on the top. The other steamgenerators
are closed, but dry by the time we get to this point.

CO CHAI RVAN WALLI' S: At their high point,
there's no way that this circulates around to the
condenser or anyt hing.

MR FLETCHER  No, none what soever.

CO CHAI RMAN WALLIS: No. Soyou'rereally
stuck for a good heat sync.

MR FLETCHER  Yes.

CO CHAI RMAN WALLI'S:  Very bad heat sync.
So probably the whole plant is heating up.

MR, FLETCHER: Yes.
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MR. MJSCARA: Peter, maybe a comment on

your question. You're correct. The nature of the
crud build-up on the tubes does affect the heat
transfer.

CO CHAI RVAN WALLIS: It does, put it puts
some water in somewhere.

MR MJSCARA: In fact, it affects it
enough that it affects plant efficiency, and the
plants, in fact, go in and do chem cal cleaning to
i mprove the efficiency. So at the time of the severe
accident, you'd expect that the heat nmay be degraded,
but not trenendous anounts because it affects the
efficiency in the solution taken care of.

MR. SIEBER: | would think all that would
really affect ultimately is the tim ng of things. You
know, if you aren't transferring the heat, you heat up
faster, and so there just can't be a whol e | ot of heat
transfer.

CO CHAI RVAN WALLIS: So to go back to the
scenari o, what you're concerned, you heat up the
t hi ng. You heat it up, heat it up. VWhich fails
first?

MR. FLETCHER. Ri ght.

CO CHAI RVAN WALLI' S:  That's t he questi on.

MR. MUSCARA: And | guess in conjunction
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with this, it's not necessarily the hottest tube that
may fail first. It depends on the flow. So we do
need to know the distributions and tenperatures of
t hese tubes in the distribution and --

CO CHAI RVAN WALLI'S:  So you shoul d put a
little di aphragmon the surge |ine, which is designed
to pop before anything el se does.

MR MJSCARA: Yeah.

MR SIEBER A di aphragn®

CO CHAI RVAN WALLIS: O whatever. | nean
a release disk. What do they call those things?
Procter disk, sonething, sonething.

MR. BOYD: So I'll summarize step two.
The results are simlar to the one-seventh scale
facility. We've got a slight increase in mxing
Tube bundle heat transfer rate is a significant
governing paranmeter. \W've denonstrated that here
with a whole series. That's sonmething we | earned at
one-sevent h and denonstrated here.

And t he purpose for these predictions is
an i solation of the effect of scale. So we feel like,
| guess. that the facility was pretty well scal ed and
it did represent in sonme respects the full-scale
behavi or.

Now, of course, there's geonetrica
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issues. It wasn't geonetrically the same. There's
radi ati on i ssues, hydrogen i ssues, all sorts of other
i ssues, but in sonme respects the scaling was pretty
good.

So now we're going to go onto go onto a
prototypi c geonetry, and the design was a Mddel 44,
and we | ook at the Model 44 geonmetry next to the
facility scaled up. Wat we see for starters is that
the hot leg sits closer to the tube sheet. | think
generally this results fromthe way they built the
facility.

There was a hem sphere for the | ower
plenum and it was welded into a |large disk, but it
was wel ded in several or let's say about two inches
bel ow t he tube sheet face. Well, that two i nches at
full scaleis 14 inches. Soit adds alittle bit nore
m xi ng | engt h.

There's also a difference in the way the
hot |l eg enters and the dianeter of the nozzle flares
out on the plant. So we see over here we see a
symretric design for the facility, and then we see an
off angle --

CO CHAI RVAN WALLI S: It conmes in off
center.

MR. BOYD: Of center. There's a manway
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over here, which |I guess is the reason why it's off
center.

CO- CHAI RVAN WALLI S: So that's why you
can't nodel half of it now

MR.  BOYD: That's right. No nore
symmetry. So we go on, and we create a full scale
geonetry based now on the primary side of a
Westi nghouse Model 44. W take the sanme boundary
conditions we just used, and we just bring themover.
So what we' re now doi ng i s only changi ng t he geonetry.
Bef ore we changed the conditions. Now we change the
geonetry.

It worked out with even tube. The way we
split it up was 201 individual tube sections, no
symmetry plane. This turned out tobeamllioncells
instead of half amllion. W nmade all of the cells’
di mensi ons as close as we could to the other study.
So if we had 42 cells across the hot | eg, we used 40
cells across the hot |eg.

CO CHAI RVAN WALLI'S: 1'mgoing to ask you
t he obvi ous question then. |s the nunber of cells you
can take limted by the conputer facilities at the NRC
or by sonething el se?

MR. BOYD: We have linmts, of course, here

at the NRC. There's also sone i ssues with the codes
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converging with very | arge nunbers of cells, and there
is an issue there al so.

CO CHAl RVAN WALLIS: Typically, say, if
you doubl e the nunber of cells, the thing begins to
take five tines longer to run or ten times, sonething
i ke that, and therefore, you don't do it because you
have to wait forever. There's a tradeoff.

MR BOYD: That's right.

CO CHAI RVAN WALLI S: But if you have
qui cker conputers or better clusters or sonething,
then you could easily do two mllion cells.

MR, BOYD:. Yes.

CO CHAI RVAN WALLIS: Are you limted? Do
you feel Iimted by the facilities here, Jack?

MR BOYD: | feel limted.

(Laughter.)

MR,  ROSENTHAUL: Vell, we have a CFD
cluster, and each year we add -- | don't know -- half
dozen, dozen nodes. So the thing keeps grow ng, and
Chris by hand, | think, changed out the nother boards
and got each node running faster.

So at this point --

MR. BOYD: We're increasing capacity every
year.

MR. ROSENTHAUL: Yeah, we're grow ng.
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MR. BOYD: And research has been keepi ng

for the past three years a steady budget for this, but
it has junped --

CO CHAI RVMAN WALLI'S: It"'s inportant that
it be done.

MR BOYD: -- toafull system but within
t he next couple of years, within the next few upgrade
cycles, we'll be at our steady state val ue, and we'l |
have probably an order of nmagnitude nore conputing
power than we had when this was done.

MR. BOYD: Well, you may feel limted, but
| ooki ng at all of the things you have been able to do
here, it appears as if it wasn't a critical

limtation. You weren't sort of off for 24 hours and

ever yt hi ng.

MR. BOYD: | have to maintain the line
that I'mlimted so that | can ask for nobney each
year.

CO CHAl RMANVWALLIS: Certainly if you were
to do nore conplicated problens you m ght need nore.

MR BOYD: That's correct.

MR, ROSENTHAUL: | think actually what
drives the machi nes, and it has got nothing to dowth
this, is fire CFD, which is what we're gearing up to

do, and of course, you're doing both chem stry and
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fluid flow.

MR. BOYD: This nodel that we're | ooking
at here took 60 days to converge. So having --

CO- CHAI RVAN WALLI'S:  For one run?

MR. BOYD: For one run. So having nore
power woul d have been nice.

CO CHAI RVAN WALLIS: So | think you are
l[imted. You do have to wait a long tinmne.

MR BOYD: It is nice to have

CO CHAI RVAN WALLI'S:  That's not good.

MR BOYD: Power is nice.

MR. ROSENTHAUL: |f youweretorerunthis
t oday --

MR BOYD: W' re squeezi ng out bottl enecks
and trying to inprove our networKking.

CO CHAI RMAN WALLI S: That's not good. Two
nont hs, you're off worrying about some ot her project
and all of that. You really need a turnaround in a
day | would say to do really good CFD

(Laughter.)

MR. BOYD:. Ckay.

CO- CHAI RVAN  WALLI S: You can't wait
forever for these results.

MR BOYD: Now, | wll say that the

symretry nodel | could run in a week, and the reason
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why this took so long, and we're going to get into
that in a nmonment, this was an unsteady plune. The
symmetry plane unl eashed it or else this asymretric
hot | eg unl eashed it, and nowwe had to run for a | ong
time and pick up statistics as opposed to just
reaching a steady state val ue.

CO CHAI RMAN WALLIS: Ch, that's to bad.

MR. BOYD: So in summary here, we're going
to repeat the scale-up analysis with a different
geonetry. W're going to use all the other same
condi tions.

CO CHAI RVAN WALLI S:  One of ny suggesti ons
is that these vendors design systens are anal yzabl e
because a | ot of expense has to do with the fact they
made it so difficult to analyze them

MR. BOYD: Thereis alot of | eg work that
goes into | ooking at the data. Cetting that handl e on
the results so that you can do things is still not as
good as it should be.

This is on the hot leg symetry plane.
It's not symetric up in the tubes. This is --

CO CHAI RMAN  WALLI S: But you do get
unst eady fl ow.

MR. BOYD: This is the plune, the unsteady

pl une.

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

118

| visited sonme people at I RSN over in
France, and they're doing simlar calculations with
the large eddy simnulation. They see the sane
behavi or.

Now, t hey took t he approach of a di fferent
t ube nodel . They used shorter tubes and a fewer
nunber of tubes, but nonethel ess, they still got this
unst eady pl une behavior. They called it flowdraggi ng
as the plune is pushed back and it doesn't reach the
tube sheet directly.

Here is a path line --

CO CHAI RMVAN  WALLI S: Li ke conbustion
instability.

MR. BOYD: Here's a path |line anination.
W don't see that sane behavior that we discussed
before with the symmetric stuff and the things com ng
up. Now we see the plunme coming up and partially
stagnating on the tube sheet. The fl ow cones over to
the right, immediately hits a wall, and is tracked
back around --

CO CHAI RVAN WALLI' S:  That makes waves in
the hot leg. That nakes waves in the hot | eg.

MR. BOYD:. That's right.

CO CHAI RMAN  WALLI S: That's not good

for --
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MR. BOYD: There is some waviness in the
end of the hot |eg. So the flow behavior
significantly differs.

Now here's | ooki ng strai ght down at just
above the tube sheet. What we see here is we see the
hottest tube was over here. Now all of a sudden
that's a relatively cool tube. Now the hottest tube
is down here.

CO CHAI RVAN WALLI'S: So there is thernal
fatigue or the potential for thermal fatigue.

MR BOYD: The tenperature instead of
going like this is going like this, but it's still
goi ng up.

CO CHAl RVAN WALLI'S: Wl |, yeah, but it's
osci |l I ati ng.

MR BOYD: It is oscillating.

DR. RANSOM The tubes in up flow t hough
seemto remain relatively constant.

MR. BOYD: That's the point that you made
earlier, and the percentage of tubes in up fl ow does
not change inthis calculation, andif they were going
to change, this is where | would predict they would
change.

CO- CHAI RMVAN WALLI S: | would doubt if

t hey' d change. Once you've got that flowgoing, it's
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very different from--

DR RANSOM At the hottest point it's
going to nove around.

MR.  BOYD: But | can change the heat
transfer coefficient, and they will turn around.

DR RANSOM They will.

MR BOYD: So they can be turned around

CO CHAI RVAN WALLIS: So this is new from
what we've read i your reports.

MR. BOYD: This is in adraft NUREG right
now being reviewed. So | did not send you the draft.

CO CHAI RVAN WALLI S: How |l ong does it take
to do that?

MR. BOYD: To review it? Just starting.

CO- CHAI RVMAN WALLI'S:  You coul d send us a
draft though, can't you, for ACRS use only or
somet hi ng? Yeah, you can do that.

MR SIEBER It cones as a DVD, too.

MR BOYD: But there's alot of results at
full scale conditions. |I'mjust showing you the tip
of the iceberg. W have a good bit of information.

So what we see is a totally different
behavior. | throw up this plot again just to show
where we fit into the grand schenme of things with ny

scal e-up runs. The hexagons in this case are the
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Model 44 runs, and what you see as | come down t hr ough
here in a heat transfer tenperature reduction that's
ki nd of parallel tothis case H4. So we want to make
a --

CO CHAI RVMAN WALLI'S: This is the average
of sone sort?

MR.  BOYD: This is the mass average
t enmperature going up through the tubes. So if we're
going to make a conparison with H4, and | conpare
with several of them but the one thing you'll seeis
you'll see a higher tenperature |level here. That's
the result of the hot |eg being closer to the tube
sheet. That's your first indication.

We'I'| take a |l ook here, and we have fairly
good agreenent with the mass fl ow tube.

CO- CHAI RVAN WALLI' S:  Excuse ne. You're
imposing this flow fromthe vessel still?

MR. BOYD: That's right, and |I' mi nposi ng
t he exact sane flow

CO CHAl RVAN  WALLI S: Because there's
oscillating flowin the hot leg. This mght affect
that end as well.

MR. BOYD: Not in this nodel though.

CO CHAI RVAN WALLI'S:  Not in this nodel,

but again, it's a physical thing that coul d happen.
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MR BOYD: That's right.

CO CHAI RVAN WALLIS:  The last thing you
want to do is to develop the big interfacial waves in
the hot I eg and, you know, disturb that circulation
t here.

MR. BOYD: That wasn't seen here, and it
al so wasn't seeninthelarge eddy sinulationthat the
French did. They had five mllion cells in --

CO CHAI RVAN  WALLI S: Well, they have
better conputer facilities than we do?

MR. BOYD: They probably --

CO CHAl RVAN WALLI S: We can't |let there be
a computer gap with the French.

(Laughter.)

DR. RANSOM Well, actually this noving
around of the stagnati on point i s probably beneficial.
| mean, it's going to spread the energy out over nore
t ubes than you woul d ot herwi se, but | doubt if it has
any effect on the macroscopi c behavior. M nor.

MR. MUSCARA: Can | make a short comment
again, Peter?

When you | ook at these tenperatures, you
know, I"'mnot really concerned about fatigue. Those
tenperatures are high enough that the tube wll

rupture. | agree.
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CO CHAI RVAN FORD:  Yeabh.

MR. MUSCARA: A good tube will rupture by
a creep at about 800 Centigrade.

MR. BOYD: We ran this at two tenperature
ranges, too. W're right now at the tenperature
ranges where we are at near the failure points.

W also ran this again with the hot |eg
tenperature close to 1,000 Kelvin instead of 1,400.
So earlier inthe transient, and we got very simlar
resul ts.

So nmy point here is that the mass flow
t hr ough t he tubes, which is a cal cul at ed paranet er was
very simlar toH4withasimlar heat transfer. The
recirculation ratio, very simlar. The m xing
fraction was I ess. So |l ess m xing. W got .8 instead
of .87, and all of these values for the Mddel 44 have
a plus or m nus standard devi ati on on t hembecause we
had to run it through what we woul d consider a cycle
or two and take sone statistical val ues.

CO CHAI RVAN WALLIS: It's good that you
have this non-steady flow If you had tried to
converge on a steady flow, it woul d not have gi ven you
very good residuals.

MR. BOYD: The code woul d just not. Yeah,

it would not converge. That's right.
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Even the other run we couldn't really get
to converge well on the steady state solver. It was
run as a transient also. The transient solver is a
little nore robust.

CO- CHAI RVAN WALLI S: Al t hough what the
steady state solver does oftenis it kind of enul ates
the transient as it tried to bal ance things out.

MR. BOYD: But sonetinmes you need to force
smal|l time steps to refine.

CO CHAI RVAN WALLI'S:  Yeah, yeah.

MR. BOYD: So nowwe' |l | ook back at this
hi st ogram which we' ve | ooked at earlier, and before
we sat these tenperatures endi ng at about .5 hal fway
bet ween the hot and cold sync tenperatures, and now
for this Mbdel 44 design we've got tenperatures that
are approaching .7. So here's where, again, the
result of having the hot | eg closer to the tube sheet.
It is picked up here as in other cases.

CO CHAI RVANVWALLI'S: It'sinteresting. It
| ooks as if you' ve picked up a tail of a distribution
that you didn't have before.

MR. SIEBER Right.

MR. BOYD: Well, the black |ine, sone of
those look nore like a tail. They varied a little

bit.
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CO- CHAI RVAN WALLI S: Yeah, you'd think

you' d have nore of atail with the black lines on the
right just as if you didn't pick it up sonehow.
Anyway, this still --

MR. BOYD: The hottest tubes we sawin the
scal e-up nodel were at this tenperature in the very
core of the hot plune, and nowin the core of the hot
plume we're seeing, you know, a little bit hotter
t enper at ur es.

So the Moddel 44 behaves a little bit
differently than the facility is the point of all of
this.

Here is an indication nowwe' re going to
ook -- this is a figure out of the report. W take
a |l ook at the hottest tube regi on over one cycle, and
we can get an indication of the novenent of the hot
pl ume, but then |'mshowi ng this to say t he next plot,
what | take is those central eight regi ons where the
hot tube general ly ranges, and we pl ot the tenperature
versus tine.

And for instance, in A tube region A we
see it's the hottest tube at what I'mcalling tine
zero. Twelve seconds |later in that section, it's one
of the col dest tubes, with a nornalized t enperat ure of

about . 2.
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CO- CHAI RVAN  WALLI S: This nust Dbe

interesting for the materials people.

MR. BOYD: Yeah, they're going to have
nore fun with this type of data.

CO- CHAI RMAN  FORD: So you've got creep
fatigue interactions. But these frequencies are
pretty high. You wouldn't expect nmuch creep fatigue
i nteraction.

MR. BOYD: | think in these tenperatures,
| think creep will take care of it.

MR. BOYD: Just to avoid the question,
"1l note --

CO- CHAI RMAN FORD: This is fascinating.
This is dead on.

CO CHAl RVAN WALLI S: It's amazing. | nean
it keeps getting better.

MR.  BOYD: We'll nelt sone tubes here
agai n.

CO CHAI RVMAN WALLIS: This is |ike one of
t hose --

DR. RANSOM This is a fluid tenperature
t hough, right?

MR. BOYD: These are fl uid.

DR. RANSOM Not the netal tenperature.

MR. BOYD: This is the fluid tenperature
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entering the tube sheet, which would then be put into
SCDAP/ RELAP 5, which woul d then take out heat | osses
in the big tube sheet and then, you know, calcul ate
t he tenperature drop through t he tubes and al |l of that
good stuff.

DR. RANSOM Well, if you're tal ki ng about
cycling variations of the thermal inertia will danp
out sonme of this.

MR. BOYD: So summary of Step 3 for Model
44. We've got a different flow pattern. The hot |eg
is closer. That woul d be the obvi ous reason. There's
| ess of a m xing distance.

The hotter tubes are predictive, but their
| ocation and | evel vary withtine. So a nore detailed
consi deration of tube heating is needed than what
we' ve been doi ng.

And the mxing is still significant
t hough. W see | ess m xing, but in general, we're not
bypassing the inlet plenum W're still seeing
m xing, and it's not too far from what we' ve been
assuming. So we're not off the scale yet.

So nowwe' re going to | ook at tube | eakage
analysis. W went back to the full scale geonetry
based on the one-seventh scale facility because this

could runin a week, and | wanted to make a seri es of
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runs. The tube | eakage rates of -- what we started
with was 150 gal l ons per day tech spec limt of sone
sort. That's essentially a --

CO CHAI RVAN FORD:  Excuse ne. Chris.

Ladi es and gentlenen, it's 10:30. Do you
want to take a quarter hour break at this point or do
you want to go on until we get --

MR. BOYD: | think the rest of the talk
goes a little quicker because you guys don't ask as
many questi ons.

MR MJSCARA: | think it needs to be
because there's not nuch tine left for the remai nder
of the presentation in this area.

CO CHAI RVAN WALLI'S: It probably woul d be
best if he finished.

CO CHAI RVAN FORD:  Ckay.

MR. BOYD: Yeah, | think the rest of the
talk wll drift along quicker.

CO CHAI RMAN WALLI S:  You can just say you
must finish by quarter of.

MR. BOYD: Ckay. Good. So we started
with 150 gallons per day. This is essentially
equi val ent, when you take a whole size and conpute
mass flowrates, it's equivalent to the nmass error in

t he code. It was irrel evant.
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So we multiplied it by ten, 100, 1,000,

and 2,000, and that's approaching 200 gallons per
m nut e operational condition|leak rates. So those are
the |l eak rates. W had several |eak positions, three
| eak locations on the symetry plane and then the
distributed leanin apattern all over the tube sheet.

The big conclusion here is that (a) the
hot plune is not drawn to the | eak, at |east at these
leak rates. Infact, inthis exanple, |I've got a pl ot
as a back-up slide, but I won't bother showingit. As
you i ncrease t he tube | eakage rate, the plume actual ly
noves out further away from the |eak as opposed to
being drawn to the |eak, and that's because we're
reducing the flow that's comng in this way because
it's going out the |eak.

So even when | put the leak right next to
the plume, | couldn't drawthe hottest portionin. |
really don't see the novenent of the plunme that | had
t hought | mght see, and --

CO CHAI RVAN WALLI S: Because the plune is
sucked by the natural convection, and this leak fills
t he natural convection.

MR. BOYD: Yeah.

CO- CHAI RVAN  FORD: Dd you do a

sensitivity analysisto find out if the |l eak was above
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a certain anmount then you could draw the plune over?

MR. BOYD: | did not go high enough to
drawit over. Infact, | pulled al nbst as nuch as the
hot leg flow, and it still seemed to want to travel

around and go up. The plune seened to want to do what
it wanted to do, and when you draw really hard, you
start pulling fromthe outlet plenum too.

Here's a histogram Now, | plotted this
as lines as opposed to bars because the bars got a
little confusing all side by side, but what you seeis
that up to 1.4 kilograms per second, which is your
100 gpm | eak, there was no change in the hottest tube
pr edi ct ed.

Wien we went to 200 gpm equival ent type
| eak, | did get hotter tubes not because | pulledthe
hot plunme into the |eak, but because | reduced the
m xi ng somewhat in the inlet plenum

And then | also went to 300 gpm | eak.
Now, this is the hot leg flow It was four kil ograns
per second basically, and | did see again --

CO CHAI RVAN WALLI' S: Where does this | eak
go?

MR BOYD: This |leak went into --

CO- CHAI RMAN WALLI S:  The st eamgener at or.

So you' ve got a feedwater flow
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MR BOYD: | am feeding into the steam
generator with a stuck openrelief valve. Soit's --

CO CHAI RVMAN WALLI'S:  -- heat transfer on
t he secondary side? You're nowflooding up the steam
generator?

PARTI Cl PANT: There's no water.

CO CHAI RVAN WALLIS: Oh, it's all steam
| eak? |'msorry

MR BOYD: Super heated steam and it's
goi ng over there an venti ng.

CO CHAI RVAN WALLIS: | see you're right.

MR. BOYD: Ckay. So we've got a bunch of
data. We did a whol e series of runs here, but we were
not seeing -- the concern, | guess, is different from
-- the concern is not as severe as what sone m ght
have hypot hesi zed here. So the smaller |eaks in the
area of 1,500 --

CO- CHAI RMVAN  WALLI S: Wiy do you have
gal l ons per mnute of steanf

MR BOYD: | have gallons per mnute; |
talk in gallons per mnute because that's the way the
agency al so tal ked about --

CO CHAI RVAN WALLI'S: Do you nean gal |l ons
per mnute of steamof is this a --

MR. BOYD: No, that is gallons per mnute
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of water.

CO CHAI RVAN WALLI'S:  That is crazy.

MR. BOYD: At standard operating
conditions, but that's the way --

CO CHAI RVAN  WALLI S: Standard room
conditions or it would have --

MR, BOYD: No, at the plant operating
condi ti ons.

CO- CHAI RVAN WALLI S: That's al ways so
uncertain what they nmean by 100 gpm

MR. BOYD: Well, in the report what | do
is | say we based on this to just get an estinmate.
Then we're going to talk in terns of kil ogranms per
second and | eave all that --

CO CHAI RVMAN WALLI'S: That's right. That's
the only way to do it.

MR. BOYD: -- and leave all that to the
break flow guys to argue out later. That's right.

So "Il switch over, but I'mrelating it
to that to give some -- that gives sone people a
groundi ng as to what si ze hol e we' re tal ki ng about and
how realistic it could be in a plant.

So the smaller leak rates basically
provided no difference inthe solution. If | conpared

them with zero leak, all of the paraneters were
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essentially unchanged. Direct inlet plenumbypass is
not predicted.

We get sone hotter tubes at the highest
| eak rates, but that is a result of the decrease in
m xing, and | will say that |I did not increase the hot
leg mass flow. | kept it fixed. So the systemwould
probably feed nore mass to that |eaking generator in
reality.

Now we'll go on to the final step, the
Conbusti on Engi neeri ng steamgenerator. We'll try and
run t hrough this quickly. W've got 8,000 tubes now,
a 42 inch hot leg. W're going to take the boundary
conditions froma SCDAP/ RELAP 5 anal ysis and apply it
to this nodel.

Thi s nodel was, again, symretric. So we
used 1.3 mllion cells for the symretry nodel. So we
did use a significantly increased nunber of cells for
this bigger generator. W tried to keep the cell
sizes simlar.

Take a | ook at the geonetry conpared to a
Westi nghouse. What you see is a 42 inch pipe sitting,
you know, a nunber of roughly ten inches fromthe
tube sheet. So you've got a plune this big, maybe on
the order of a foot if it's a quarter of the pipe

sitting that far fromthe tube sheet, and that's the
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concern with the CE plants.

What we see here is sone predictions. W
see the vessel exist tenperature range is red. W see
t hose hot | eg tenperatures exiting the hot | eg nozzle
and doing very little. There's obviously sone m xi ng,
but we see sone entrance tenperatures into the tube
sheet that are very simlar to the hot |Ileg
t enper at ur es.

W | ook on kind of a normalized scale.
This is kind of --

CO CHAI RVAN WALLI'S: Is this a horizontal
hot I eg? You seemto show it going down at 90 --

MR. BOYD: That's a skewed angl e.

CO CHAI RVAN WALLIS: Is it horizontal ?

MR BOYD: It is horizontal.

CO CHAI RVAN WALLI'S:  Oh, okay.

MR. BOYD: This is a three dinensiona
view. That's the way it | ooked there.

So what we see here is the CE steam
generator is geonetrically different and the m xi ng we
see is different. W take a |ook at the mxing
paraneters. W've got m xing fractions on the order
of .6. We ran two cases, one hotter than the other.

Recircul ation ratios, reduced from what

we' ve seen before. There's not a lot to say here

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

135

ot her than we've got less mxing and it's not really
all that surprising.

W take a | ook at the histogramfor this
plant, and what we see is tenmperatures are
approaching .95 on a normalized scale. So we've got
very little tenperature reduction.

In sunmary, we've got a significant
variation in inlet plenum geonetry conpared to what
we' ve been considering for inlet plenumm xing based
on t he one-seventh scal e experinments. W've got this
difference ininlet plenumm xing. Asnall portion of
the hot leg fl ow appears to reach the tube sheet with
little or no m xing.

The SCDAP/ RELAP 5 anal ysis is starting up
right now for the Calvert Ciffs plant with using
t hese new m xi ng coefficients. So we'll get sone kind
of general feedback froma systens point of view on
what this all nmeans froma tube failure point of view

So a summary. W' ve done one-seventh
scal e analysis to provide sone confidence. Then we
| ooked at full scale conditions for a Westinghouse
steam generator. W' ve got sone indication of tube-
to-tube variations, what tubes are how hot in those
hi st ogr ans.

W' ve al so got tube tenperatures versus
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time. We' ve considered tube | eakage i n many aspects,
and in the plenumbypass is not expected. W do see
sone overal |l decrease in mxing at high | eakage rates.
Interplenummxingis significantly different for the
Conbusti on Engi neeri ng Exanpl e t hat we | ooked at, and
in the future we're on sone sort of a standby. If
updated predictions are needed for some reason, we
could carry this on.

W' ve also started a hot |eg surge line
anal ysis so that we can get a better idea of the
m xi ng that goes on in the heat transfer in that area.

This final slide is another overview. So
we've used this CFD to hel p augnent the one-seventh
scale test. W' ve | ooked at themtogether, and we' ve
donme up with a whole new set of mxing coefficients
and re-circ ratios and things like that to input into
SCDAP/ RELAP. That's been done. The ZI ON work t hat
he' Il present has these new coefficients.

We' ve got a nmuch better understandi ng of
the interplenum flow m xi ng behavior, tube-to-tube
variations, as well as the effect of tube |eakage,
whi ch was questioned in the past, and this anal ysi s of
the CE plant indicates sone different m xing, and
we're starting up a process of feeding that into

SCDAP/ RELAP, and we'll go fromthere.
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DR KRESS: The inplications of that are

it's nore likely to fail the tubes than the hot |eg
surge?

MR. BOYD: Yeah, | don't want to junp the
gun, but if you've got tenperatures in sone tubes that
are on a nornalized scale 95 percent effectively the
hot | eg tenperature, so that you've got a big, thick
hot 1 eg wall seeing essentially the -- now, these are
entrance tenperatures. There's sone reductioninthe
tube sheet, but the point isthat it is significantly
hotter, and it's going to have to be worked t hrough i n
an integral fashion.

But ny guess would be it nay be an easier
thing to cal cul ate.

CO CHAI RVAN WALLI S: You know, |'ve run
out of superlatives to describe what you' ve done. |
nmean, you have not only done sone very good work, but
you presented it extraordinarily well.

MR. BOYD: Thank you.

CO CHAI RVAN WALLI S:  And the way i n which
you respond to questions indicates that you know what
you' ve done, and you also know a |lot nore than you
present. And | just wish that all of the staff could
do the sane thing.

MR. BOYD: Thank you.
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CO CHAIRMANWALLI'S: It's areal pl easure.

It's one the best presentations |'ve ever heard in
front of the ACRS. It really is.

Thank you.

DR. KRESS:. Agreed.

MR. BOYD: Thank you. 1'Il take a tape of
t hat .

(Laughter.)

CO- CHAl RVAN  FORD: For your next
perfornmance revi ew.

We'll recess for a quarter of an hour.
Be back here at 11 o' cl ock.

(Wher eupon, the foregoing matter went off

the record at 10:46 a. m and went back on

the record at 11: 03 a.m)

CO CHAIRVAN FORD: 1'd l'i ke to come back
into session.

Joe, woul d you li ke to introduce your next
presenter?

MR, MJSCARA: Well, it's essentially a
followup tothe thermal hydraulic work. Don Fl etcher
wi Il be providing the next presentation.

MR. FLETCHER: Thank you, Joe.

CO CHAI RVAN WALLI S: s this the only

t hi ng we have before | unch?
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MR, FLETCHER: |'m sorry?

CO- CHAI RVAN WALLI S: Is this the only
presentation before lunch? O | just want to keep
track.

MR, MJSCARA:  Yes.

MR FLETCHER  Yes.

CO CHAI RVAN WALLI S: So al | of these ot her
characters are not going to show up? W don't have
Lynn \Ward. W don't have -- it's just your
presentation?

(Laughter.)

CO CHAI RVAN FORD: | ' ve j ust been rem nded
t hat we do have to stop sharply at 11: 45 because there
is a PW Committee neeting at that time.

MR. FLETCHER: So you would like to get
t hrough - -

CO- CHAI RMAN FORD: Can you forego PWP for
a bit?

CO- CHAI RVAN  WALLI S: It depends how
interesting it is here.

CO- CHAI RVMAN FORD:  Ckay. Just keep goi ng,

MR, FLETCHER: Okay. | wll try to give
you the 45 mnute version if at all possible.

We have covered sone of the ground in here
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al ready. The purpose of this analysis is to eval uate
the progression of PWR station blackout/severe
accidents to determ ne whether the steam generator
tubes are expected to fail prior to the failure of
ot her reactor coolant system conponents, the idea
being that if the steam generator tubes fail before
t he hot | egs or surge line, then you have a releaseto
t he steam generator, which can then go out of the
st eamgener at or safety val ve source t hrough a break on
t he secondary side to the atnosphere directly.

Sotheriskis, therefore, affected by the
order at which things fail.

The work we' re doi ng wi t h SCDAP/ RELAP 5 i s
centered on the ZION plant, which is a Westinghouse
four | oop plant, and the Calvert Ciffs 1 plant, which
is a CE plant.

W are |ooking at a base case accident
event scenario that is based on what was called the
TMLB prinme station bl ackout event, which is a |l oss of
of f-site power, follow ng by the failure of all diesel
generators to start and the failure of the turbine
driven auxiliary feedwater to start, and an addi ti onal
failure that was not included in TM.B prinme, that is,
we have a failure of one steam generator PORV val ve

such that one of the steam generators blows down
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shortly after the accident begins.

So the accident |eads to a core dry-out
and a heat-up of the cool ant systemat a high reactor
cool ant pressure, with one of the steam generators
secondary depressurized, and the other three steam
generators essentially remaining at pressure, roughly
1, 000 psi.

You're all heard about RELAP 5 before.
It's a six equation code conservation of nass,
nonmentum and energy with the steamwat er nodel, with
also capability to handle a noncondensable phase
that's tracked along with the steam

The SCDAP part of this code nodel s severe
acci dent behavi or, such as fuel rod heat-up, oxidation
processes, fuel rod ballooning and rupture, fission
product release, nelting of fuel, flow of fuel,
freezing of materials after it has been nelted and
flown inside the reactor vessel, and also the creep
rupture failure of structures.

The code versions we're using are |listed
on the bottom of the page there.

Actual ly there's quite a bit of background
on this. It has been going on for a nunber of years
at several different organizations. The 1daho

Nat i onal Engi neering Laboratory devel oped SCDAP/ RELAP
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5 system nodel s for several plants of which ZI ON and
Calvert diffs were two, and analyzed this same
accident, the TMLB stuck open steam generator PORV
event, with a variety of accident variations as well.

They' ve | ooked i nto sensitivities to such
t hi ngs as steam generator tube | eakage, PORV --

CO- CHAI RVAN WALLI S: Does |INEL have a
nodel for this counter current flowin the hot leg --

MR FLETCHER  Yes.

CO CHAI RMAN WALLI S:  -- and t he pl unme and
t he steam generator and all of that sort of thing?

MR. FLETCHER  Yes. The nodel that | am
usi ng was devel oped at INEL. The basis of the nodel
was fromthere. It has been --

CO CHAI RVAN WALLIS: -- at |least at sone
crude level the phenonena that we heard about from
Chri s?

MR FLETCHER  Yes.

CO CHAI RVAN WALLI'S:  Ckay.

MR. FLETCHER: And | wll attenpt to
explain to you how what Chris has said fits into the
RELAP 5 schene so that you wi || understand what we're
doi ng.

ISL has also evaluated a nunber of

sensitivities to such things as tine step size. Each
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structure meshes and so forth, and then ISL also
devel oped this idea of the plunme being represented
usi ng thi s nondi nensi onal tenperature ratio, whichis
essentially a m xing of the steamtenperature com ng
up the hot | eg and the steamtenperature com ng back
t hrough the col d steam generator tube returns.

And t hen, of course, you have just heard
Chris' onthe CFDwork, whichfits intothis anal ysis.

The next fewslides di scuss the sunmary of
the current work scope that we were doing at |SL.
Task 1 is an updated base case cal cul ati on whi ch has
been conpl eted. This establishes a newreference case
for the project, and | wll summarize today the
results of that case.

Task 2 is our sensitivity studies that
we're doing to evaluate the effect on the results of
vari ations in plant confi gurati on, operati ng
paranmeters, natural circulation, mxing process
vari abl es, and ot her nodel paraneters.

We are going to use the results of these
sensitivity studies to determne which are the
appropriate i ndependent vari abl es to be | ooked at, an
uncertainty study that's goingtofollowvery shortly.

This task is nearing conpletion. 111

give you prelimnary results today for everythi ng t hat
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has been conpleted to date.

Task three is an uncertainty study which
we've not yet started, except we've |looked a little
bit into how we mght do it. W wll evaluate the
uncertainty in the updated base case results. W're
currently considering using a Monte Carlo response
surface nethod simlar to what was used in the code
scaling applicability and uncertainty study.

For the response paraneter, we're
considering the use of a Larson-MI|ler tube stress
mul tiplier as the parameter. This paraneter is used
i n SCDAP/ RELAP 5 to determnm ne whet her the tubes fail
before or after the hot |leg research line, and Il
explain that inalittle bit.

The creep rupture nodel in SCDAP/ RELAP 5
is based onthis Larson-M |l er correlation, and it has
init a best estimte response for nondegraded tube
creep rupture.

CO CHAIRMAN WALLIS: Can it handle this
fluctuating tenperature type of thing?

MR. FLETCHER | believeit can. It works
by calculatingonit -- during the calculationitself,
it conmes up with the extent of the life, the creep
rupture life that has been extended, and when it gets

to 100 percent of life, then the tube is assumed to
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fail.

DR KRESS: |It's devel oped for transient
tenperatures. So it can handl e fluctuations.

CO CHAI RMAN WALLI'S:  Now, can | ask you
about this tube? You've got this tube sheet, and the
t ubes are attached and some of themare hot and sone
of them are col d.

MR FLETCHER  Yes.

CO- CHAI RVAN WALLI'S:  And then they go up
to these support plates which we understand now are
| ocked on the tube. So the tubes are cold and hot.
There's thermal expansion and all of that which is
trying to push against this |ocked support plate.

MR FLETCHER  Yes.

CO CHAI RVAN WALLIS: And are all of those
ki nd of stresses factored into the --

MR FLETCHER: No. Let me say the
cal culation we're doing here is just to scope the --

CO- CHAI RVAN WALLI S:  Sonebody is goingto
| ook at that.

MR. FLETCHER: Absol utely.

CO CHAI RMAN WALLI S: Maybe Argonne or
somebody.

MR. FLETCHER: That is correct. Argonne

is going to eventual ly use the RELAP 5 pressures and
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tenperatures on the inside of the --

CO CHAI RVAN WALLI S: Because t hi s | ocki ng
of the support plates to the tubes may be great for
t he steaml i ne break we heard yesterday, but if you're
doing it in this situation, it's inposing sone
boundary conditions on the thermal expansion and
contraction of these tubes, which nmay not be
desi rabl e.

MR. FLETCHER: That is correct. | amnot
trying to represent what RELAP 5 i s using here for the
creep rupture cal cul ation as the one that will be used
inthis analysis. |I'monly using it as a scoping tool
at this point to determ ne where we are with respect
to the steam generator tube failure.

DR. KRESS: It doesn't recogni ze cracks or
def ect s.

MR. FLETCHER: No. Well --

DR KRESS: Just pressure internally and
t he tenperature gives --

MR. FLETCHER: The correlation itself is
based on pristine, nondegraded material, and we w ||
in our calculations put a stress nmultiplier on that.

CO- CHAI RVMAN WALLI' S:  But you need t o know
the stresses in that, don't you? And if there's this

t hermal count, thermal expansion pushing on the --
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that's going to effect --

DR. KRESS: That's good for the pressure.

CO- CHAI RMVAN  WALLI S: It's not -- the
actual stress doesn't cone into it at all?

DR.  KRESS: No, it's hoop stress
(phonetic).

CO CHAI RVAN WALLI S: It doesn't make a
di fference?

DR KRESS: | doubt it. | think --

CO- CHAl RVAN  WALLI S: It does in the
failure criteria.

MR. MUSCARA: | think yesterday we showed
that for the axial it doesn't matter a great deal. It
m ght matter for the circunferential cracks. Your
primary system conponent evaluation, we are doing a
conmpr ehensi ve, 3Dfinite el ement anal ysis. W haven't
done that yet for steamgenerator tubes, but |I'mnot
sure it's necessary at this point.

MR FLETCHER: The mmjor output of the
RELAP 5 cal cul ations that you'll see will be the tube
stress nmultiplier required to fail the tubes, whether
it be the average tube or the hottest tube in the
steam generator, and the higher the nmultiplier, the
| ower the stress that the tube is assuned to fail at,

such that if a tube had a nultiplier of two on it,
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that would inply that it actually only had 50 percent
of the strength that it would have when it was new
mat eri al .

So this is just a rough way to | ook at
that creep rupture failure.

For the response surface nmethod, we're
going to devel op a set of inportant paraneters to use
for the uncertainty study based on the sensitivity
runs that you'll see today. W' re consideringthe use
of a fractional factorial or Plackett Burman
experinmental design to bring the nunber of variables
and t he nunber of cal cul ati ons needed to devel op the
response service down to a reasonabl e nunber.

and then we' || use Monte Carl o sanplingto
obtain probability distribution for the tube stress
multiplier that is the critical one.

W plan to use conmercial statistical
software for this.

DR. RANSOM How many runs i s consi dered
reasonabl e?

MR FLETCHER: Well, 50 is probably
doabl e; 100.

DR. RANSOM Fifteen?

MR,  FLETCHER: Fifty, five, oh, is

probably doable. Wen you get beyond that it starts
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t o becone | ess reasonabl e. These runs are essentially
si x hours each to date.

DR. RANSOM Each one is |like six hours?

MR FLETCHER  Yes.

DR.  RANSOM Did you consider the
nonparanetric statistical nethods that showthat, you
know, the 95-95 confidence level, lIike 59 runs woul d
be required?

MR. FLETCHER Can you help ne there,
Bill?

MR ARCIERI: MW nane is Bill Arcieri. |
work for ISL, and |'ve been working with Don on
setting this up.

We're | ooking into what you're talking
about, but | think the fractional factorial nethod has
some advant ages. One is it allows wus for the
variables that we mght be looking at for the
uncertainty study to |l ook at interactions which, you
know, coul d be of interest in gaininginsight into how
t he probl em responds.

As Don progresses in his tal k, he's endi ng
up by the end of his presentationwith five paraneters
that will be evaluated, and if that holds up, then it
woul d be 32 runs, which | think would help us, you

know, keep our runs within some reasonable limt.
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Qoviously if we had nore paraneters, the
nunber of runs goes up.

DR. RANSOM All right. The one advant age
of the non-paranetric is that you can have as many
paraneters as you want or need. Anyway, | was just
curious to know if you had considered that.

CO CHAI RVAN FORD:  Coul d I go back? | was
out of the room when you di scussed task two, which
rel ates to the question that G ahambrought up. This
response paraneter for materials degradation, will it
be due to creep or creep fatigue interactions or what
ot her material degradation?

| don't know whether it should be you or
Joe who shoul d be answering this question, but to what
degree of qualification have these failure algorithns
been subjected? Presumably the algorithm | ooks
sonmething like failure tinme or failure probability as
a function of material, stress conditions, et cetera,
t emper at ure.

Has t hat al gorithmbeen qualified agai nst
dat a?

MR MJSCARA: For the steam generator
t ubes.

CO CHAl RMAN FORD:  Yes.

MR MJSCARA: We conduct ed ext ensi ve wor k
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on nodeling the creep failure with the tubes and, you
know, it has been validated through testing.

CO CHAI RVAN FORD: kay, and so that is
pretty well -- if | read the |ast sentence on your
previ ous page, "task nearing completion. Prelimnary
results are summarized inthis presentation.” Is that
correct? We'Ill be seeing --

MR,  MUSCARA: Those are two separate
activities. Evaluating the behavior of steam
generator tubes in severe accident conditions, we've
devel oped procedures and nmet hods and validated with a
tremendous anount of data. What they're using, it's
sonewhat different than what we're using, but for the
program the results that you intend on paying
attention to are the results based on our nodel.

CO CHAI RVAN FORD:  Ckay.

MR. FLETCHER: The obvi ous answer is if we
make SCDAP/ RELAP 5 cal cul ations and we find out that
it makes a difference on the stress for the tubes.
The question is: how significant is that?

And all I"mdoing at this point istotry
to scope the effect of that issue for the results of
nmy cal cul ati on.

MR,  MJUSCARA: The results wll start

getting closer to what we' re predicting based onthis
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stress nmultiplication factor they use, which is very
simlar to the MNSP fornul ation that we have in our
correl ati ons.

CO CHAI RVAN FORD:  Ckay.

MR. FLETCHER Task four is a Cornell
(phonetic) progression sensitivity study. This is
starting at this tine, and we're going to | ook at the
sensitivity results to the oxidation rate, to the
control rod guide tube interaction nodel that also

affects relocation, nelt and rel ocati on of the contr ol

rod nodel .

CO CHAI RMAN WALLI'S: Well, let ne ask you
this. W saw this detailed nodel of the steam
generator. In the core heat-up you have a cold stream

pouring out of this hot I|eg.

MR FLETCHER:  Yes.

CO- CHAI RMAN WALLIS:  Like sort of water
out of a pipe.

MR FLETCHER:  Yes.

CO- CHAI RMAN WALLI S: O wine out of a
bottl e onto whatever is there, the coil, upper plate
or sonet hi ng.

MR FLETCHER  Yes.

CO CHAI RVAN WALLI'S: And it goes down into

the core and recircul ates and so on. It would seem
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t hat how hot the hottest part gets is a bit |ike the
question in the steam generator because you've got
this natural circulation driven thing going oninthe
core.

MR FLETCHER  Absol utely.

CO- CHAI RMAN WALLI S:  So how do you do t hat
wi t hout doing CFD there?

MR. FLETCHER: Well, of course, RELAP5is
set up to calculate circulations, including buoyancy
driven circul ations, which is what we have here, and
| will show you the results here of what RELAP 5 is
doing in the core. W are getting what you woul d
expect, a down flowin the peripheral channels of the
core, an up flowin the center channels of the core.

CO CHAI RVAN WALLIS: It seens to ne Chris
showed us nicely that you get mxinginthat. The jet
t hat cones out of the hot | eg into the steamgenerator
has cold fluid inpinging onit, and there's a | ot of
m xi ng there so that that cools down.

The cold water comi ng out of the hot |eg
m xes with the hot -- the cold steamconi ng out of the
hot | eg m xes with the hot steamin the vessel in the
sanme way.

MR. FLETCHER: | understand what you're

saying. W're not applying a m xing process in the
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RELAP 5 nodel at the hot |eg, the vessel connection
W are not doing that at this tine.

Task fiveis for iterative support to the
PRA. We provided them with the base case results
here, and they are analyzing those at this tine. As
their needs for thermal hydraulic data information on
how syst ens nmi ght behave in order for themto do their
bi ddi ng process, we will be talking with them and
perform ng additional cal culations if needed in task
Si X.

And in task seven is the Calvert Ciffs
analysis that is starting right now

Slide 11 is probably the one that was
referred to as the cartoon earlier that didn't make
sense.

CO CHAI RVAN WALLI S: It doesn't nmeke
sense.

MR. FLETCHER: And what it isintendingto
inmply -- and this is an old diagram by the way. This
is one that | just picked up and put in here because
| thought it would clarify things, but apparently it
did not.

CO CHAI RMAN WALLI S: Actually it makes
t hem wor se.

MR. FLETCHER. Yes. What we say is there
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are really two nodes of operation for natural
circulation of the | oop. The one on the left is the
normal direction flow where steam woul d fl ow around
the | oop, back through a vacated | oop seal into the
coal leg and then down the downconer of the vessel.

The situation on the right is this
recirculating node, if youw |, where we have a split
hot leg with hot steamfl ow ng across the top of the
hot | eg, sone of it going up through the pressurized
roof if the valve is opened, over to the inlet plenum
of the steamgenerator, then the recircul ati on around
t hr ough the tubes.

And in order for this to happen you have
to have a loop seal that is filled with water.

CO CHAI RVAN VWALLI S: But to go back to
this figure here, inreality you have four |oops in
some plants, and you were saying earlier that they nmay
all operate in the right-hand node together.

MR, FLETCHER:  No.

CO- CHAI RVAN WALLI S: | was getting the
i npression that you coul d have t hree of t hemoperating
in the right-hand node and one operating in the |left-
hand node, i n which case you' d have to worry about how
will these different things affect the circul ati on and

the core. There's no plate down the mddle. It's all
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i nteraction.

MR. FLETCHER No, |'ve given you the
wrong i npression. The way the nodel works is all four
| oops are nodel ed i ndependentl|y.

CO CHAI RVAN WALLI'S:  Right, and sone of
themmay be i n one node and sone of themmay be in the
ot her .

MR. FLETCHER Yes, and that decision is
made i ndependently during the cal cul ation for each of
t he four | oops.

CO- CHAI RMAN  WALLI S: So you have an
interesting circulation patterninthe core with sort
of three of thembehaving one way with this cold fluid
pouring in and out of these pipes and the other one
the cold fluidis comnginfromthe bottom Soit's
going to be quite a different --

MR, FLETCHER: No, | still haven't
clarified this.

CO CHAI RVAN WALLI'S:  Oh, okay.

MR. FLETCHER: The code cal cul ations that
we run show the recirculating node in all four |oops
all of the tine.

CO CHAI RVAN WALLIS: So we don't need to
worry about | eft-hand side.

MR, FLETCHER: You don't need to worry
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about the left-hand side. The left-hand side,
however, is howthe nodel | ooks before the point when
t he core uncovers and we get hot steamin the top of
t he system

In other words, we use a representation
simlar to what's on the left-hand side during the
early part of the transfer

CO- CHAI RVMAN WALLI'S:  So you' ve got water.

MR FLETCHER:  Yes.

CO CHAI RVAN WALLI S:  Ah.

MR FLETCHER  Yes.

CO CHAI RMAN WALLIS:  You see, it shows
st eam here

MR FLETCHER: It does, and should the
| oop seal clear in any of the |oops, then we would
refer to the nodalization that woul d gi ve you the fl ow
t hr ough.

DR.  RANSOM Does the |oop seal ever
clear?

MR. FLETCHER Not in the calcul ations
we've done to date, although that's certainly a
possi bility once we change acci dent scenarios, if we
have depressurization events that are significant
enough. W coul d have the | oop seal s voi d by fl ashing

late in the transient.
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CO CHAI RVAN WALLI S: Once you show a RELAP

picture like this, it |ooks awfully |ike CFT.

MR. FLETCHER: It does.

CO CHAI RMANWALLI S: Everythingis sort of
connected to everything else, and it's neighboring
boxes.

MR. FLETCHER Ckay. In the vessel we're
nodeling it with five channels with a radio power
profil e across those channels with the hottest channel
inthe center. W also have a nodalization schene in
t he upper plenumthat allows hot steamto rise out of
t hose channel s and fl owover towards t he hot | egs, and
in fact, in the calculations, what we see is the cold
steam flow returns, flows down the peripheral
channel s, and then flows upward through the central
channels with a steamfl ow going up to the top of the
upper plenum in the center of the vessel and then
fl ow ng over to the hot |eg.

CO CHAI RVAN WALLI S: Vel |, how about
variations around the periphery? Have you got a
cold --

MR. FLETCHER: No, we're not nodeling any
azimut hal variation at all.

CO CHAI RVAN WALLI'S: But isn't that what

happens because you've got hot legs comng in at
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specific places with cold fluid and the hot fluids
comng up elsewhere? So you've got a three
di nensi onal flow goi ng on.

MR. FLETCHER: Wi ch we' ve nodel ed as two
di nensi ons.

CO- CHAI RMAN  WALLI S: But it is three
di nensions, definitely is. You' ve got cold areas of
down flow in the core underneath the hot |egs, and
then you get up flow elsewhere. So if you | ooked
around the circunference, you' d have areas of down
flow and up flow the sane way as you do in the steam
gener at or.

MR. FLETCHER: | agree that's a
possibility we have not --

CO CHAI RVAN WALLI S: You have a col d pool .
You have a cold area. You have a certain nunber of
tubes in down flow and certain nunber up, just like
t he st eam generator.

MR. FLETCHER: What you're sayingis true,
and the loops would be asymetric, but not as
asymmetric as you said a while ago when you t hought
that only one of the |oops was in the recirculation
node. They are all four in the recircul ati on node.

CO CHAI RVAN WALLIS: So a quarter of the

core being different, yeah.
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MR. FLETCHER: That's correct.

CO CHAI RMAN WALLI'S: Wthin that quarter
pi ece.

MR FLETCHER  That's correct.

CO CHAI RMAN WALLI'S:  So maybe we shoul d
get Chris to do this with CFD.

MR. FLETCHER | thought | woul d spend a
little time on two slides down on slide 14, which is
t he | ayout of the | oop nodel showi ng the split hot |eg
nodal i zat i on.

Let me say we're allowng RELAP 5 to
cal cul ate the behavior in this | oop except at certain
| ocations, and those locations are related to the
steam generator inlet plenum which is shown as

Vol unes 105, 106, and 107.

CO CHAI RVAN WALLIS: I'mtrying to think
back to -- I'"'msorry -- ny previous this. This is
like the steam generator. So you have a certain

nunber of tubes in the core with down flow and a
certain nunmber with up flow, just like in the steam
generator, or am | wong?

I n that case, |' mnot quite sure how RELAP
handles it. You don't know how many t ubes you' ve got
in down flow and how many in up flow. How does it do

t hat ?
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MR. FLETCHER. Well, as the cold stream

enters the peripheral channel of the core --

CO CHAI RVAN WALLI'S: It goes down.

MR. FLETCHER -- it goes down. There's
not hi ng --

CO CHAI RMAN WALLIS: It forces it to go

down, but does it go down on the next one, too? You

still have sort of in a much reduced configuration.
You have five passengers. It can go down in two or
103.

MR. FLETCHER  What we see is the outer
two channels are in down flow

CO CHAI RVAN WALLI S:  So you have that. At
| east you have feature.

MR. FLETCHER And the i nner two channel s
are in up flow, and the center channel goes down at
the top and then flows up through the bottomand --

CO CHAI RMAN WALLI S: Okay. So you've got
something a bit like Chris' picture, but you' ve only
got five tubes to represent the core --

MR FLETCHER  Yes.

CO- CHAI RVAN WALLI S: -- instead of the
however nmany there are.

MR. FLETCHER: Right. W also have an

eddy flow in the upper plenum W have a flow that
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goes t hrough t he upper pl enumtowards t he hot | eg, and
t hen anot her one that returns backwards in the | ower
part of the upper plenum

Movi ng on to the | oops, we've nodel ed t he
split hot | egs as conpletely separate hydraulically.
There' s no comuni cati on bet ween t he two hydraulically
as you go down the length of the hot |eg.

The only place we're really forcing the
solution is based upon the CFD results over at the
steam generator inlet plenum and by forcing the
solution we're doing it using what's called C sub V
val ues, al so know as fl ow coefficient nethods, where
the flowthrough the junctionis defined as a function
of the delta P across the junction.

So we're in essence saying that if | have
this delta P, 1"'mgoing to force the flowto be this,
ot her than allow the code to cal cul ate what the flow
m ght be through there. So by doing this and
mat chi ng, tuning these nunbers, tuning these C sub Vs
until we agree with the recirculation ratio m xing
fractions and steamgenerator powers that we have, we
can mmc, if you will, the CFD results for the
behavi or that's actually going on there.

But other than that, RELAP 5 is doing its

job as far as calculating things. So RELAP 5 is being
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used t o cal cul at e t he buoyancy dri vi ng head associ at ed
withthe different tenperature fluids inthe upper and
| ower hot I|egs, and the buoyancy driving heads
associ ated with t he st eamgener at or t ubes, one fl ow ng
in the forward direction and one flowng in the
reverse direction.

DR. RANSOM The nunber of tubes that
you've said is fromthe CFD cal cul ati on, | gather.

MR FLETCHER  That's correct.

DR. RANSOM So you pick so many in up
flow and so many in down fl ow.

MR. FLETCHER And t he sel ecti onis 50-50.
Previously --

DR. RANSOM Fifty-507?

MR. FLETCHER: Fifty-50. Previously, it
was 53-47, | believe, up flow down flow

DR. RANSOM | thought the results we saw
i ndicated a nuch smaller fraction in up flow.

MR. BOYD: That nunber changes with the
heat transfer rate. | showed you sonme with the high
heat transfer rate. It was 38 percent, and the heat
transfer rates that we feel are nore appropriate, we
got 46, 47, and 48 percent. The data showed 50
percent, and we had to stay in that range. W chose

the 50. In the end we were close to it with the CFD,
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and then we're doing sensitivity studi es to show t hat
it's not all that inportant in these kind of
di f f erences anyway.

CO CHAI RVAN  WALLI S: wel |, what ' s
i mportant are the tenperatures. Now, we saw for the
steam generator you had -- what is it? -- you had
maybe 1, 000 degrees there and maybe 1, 200 com ng out
of the core or sonething?

MR FLETCHER:  Yes.

CO CHAl RVAN WALLI S:  And t her e was mi ssi ng
in that plenum Now, if you've got 1,200 com ng out
into the hot leg, that neans that you' ve got sone
m xing i n the upper plenum So maybe you' ve got 1, 400
t here, and t hen sonewhere in the core you' ve got ot her
t enper at ures.

You need to know t hat tenperature in the
core presumably because you're beginning to get
degradati on of the core.

MR. FLETCHER: Yes, absol utely.

CO CHAI RVAN WALLI S: So you need to be
careful about this, that the flow distributions and
the mxing right in the core, as in the steam
generator so that you don't blindly say that, you
know, whatever is conmng out of +the core in

tenperature is what's going into the hot | eg because
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it isn't, because it's mxing with sonme of the --

MR. FLETCHER It's mixing in the upper
pl enum and RELAP 5 will do that.

CO- CHAI RMAN WALLIS: But that will nean
t hat the steamgenerator is colder than it would have
been, and so it's less likely to pop.

MR FLETCHER  That's true.

CO CHAI RVAN WALLIS: And the core is nore
likely to fail.

MR. FLETCHER: So if we had a mxing
process going on at the hot | eg vessel connection, it
woul d make things better froma steam generator --

CO CHAI RVAN WALLIS: And | think this is
where there has to be a perspective of the whole
i ssue. You're worried about does the steamgenerator
pop before the surge line, but also the question is
does the core degrade before either of these.

MR. FLETCHER. Ri ght.

CO CHAl RMAN WALLI S: And by how nuch
because if it started to lose its geonetry, then you
have to do sonet hing about the heat transfer.

DR KRESS: | think the chances of it
losing its geonetry are small conpared to --

CO CHAI RMAN  WALLI S: Is it going to

rel ease hydrogen?
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DR KRESS: It's goingtofail the hot |eg

in the early tubes first.

CO CHAI RVAN WALLI'S:  Well, you're saying
that as a statenent. Do you know the tenperature?

DR.  KRESS: I've seen a lot of
cal cul ati ons.

CO- CHAI RMAN  WALLI S: So you know the
tenperatures in the core.

DR KRESS: You have to get pretty high
t enper at ur es.

CO CHAI RVAN WALLI'S:  Gkay. Thank you.

DR KRESS: Before they start changi ng.

MR FLETCHER: The base case cal cul ati on
wi Il show you the core does not actually nelt.

CO CHAI RVAN WALLI' S: Do you get oxi dation
of the cl addi ng?

DR. KRESS: You start oxidizing, but you
don't really run into the --

CO- CHAI RVAN  WALLI S: That's not a
signi ficant heat source?

DR KRESS: It can be, but --

MR FLETCHER:  The oxidation source is
significant.

CO- CHAI RVAN WALLI S: Ch, so you do have to

get that right.
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MR FLETCHER  Yes, we do.

CO CHAI RVAN WALLI'S:  GCh, okay.

MR. FLETCHER The peak oxi dati on power is
335 nmegawatts, roughly ten percent of normal core
power and roughly ten tines decay heat.

CO CHAI RVAN WALLIS: So it's dom nant.

MR. FLETCHER: It's dom nant, yes.

CO CHAl RVAN WALLI'S: Better get it right.

MR FLETCHER Cot to get it right.

The point | wanted to make on the steam
generator tubes is that RELAP 5 is being used to
cal cul ate the buoyancy driving head there, the steam
t enmper atures i nside the tubes, and you real |l y have two
mechani sms going on there. The hot steamis rising
into the forward fl owi ng tube and i s being cool ed as
it goes along, and it continually is being cool ed all
the way over to the outlet plenum

And then there is a simlar cooling
process going on fromthe outlet plenum back to the
inlet plenum So you really have a differenti al
buoyancy goi ng on here where you have a difference in
t enmperatures between the tubes on the up flow side
t hat hel ps you, and you have a different tenperature
on t he down fl owside that actual |y works agai nst you,

and it's the difference of thosetwo terns that really
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defines how fast this flows.

DR. KRESS: Howyour heat syncis strictly
the netal in the --

MR. FLETCHER: On the secondary side. As
you can see, we've nodel ed the downcomer as one pass
on the right-hand side there, one dinensional, and
then the boiler is one dinensional up there as well.
So there is a steam flow that RELAP 5 cal cul ates
around that | oop in the secondary side.

We do have heat |oss off the outside of
the shell, as well, whichis afairly thick conponent.
So there is some ultimte heat sync out there.

DR. KRESS: The natural convection into
the --

MR. FLETCHER: Yes, yes. But the essence
of what we're looking at here is really very fast
heat -up that is driven by the oxidation in the core,
and the questions is how does that heat spread out
into the conponents, out into the legs and out into
the steam generator, and the heat-up rate is very
rapid, and so things like tine constants to get heat
out there, the mxing that can go on at the inlet
pl enum can significantly noderate the heat that the
st eam gener at or tubes see.

CO CHAI RVAN WALLI S: The m xing in the
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upper part of the reactor and noderate the heat of the
hot | eg.

MR. FLETCHER  Absolutely, it could, and
we're not nodeling it.

CO CHAI RVAN WALLI'S: So that's the take-
away, | think.

MR FLETCHER  Yes, right. | hear you.

The next few slides describe the nodel
nodi fications that were made since the previous base
case. I'Il hit only the major ones.

W' ve added reactor cool ant system heat
loss to the containment from the external surfaces
fromthe primary and secondary cool ant system W' ve
added a 21 gpmpunp seal | eakage in each of the punps.
We added a counter current limting nodel at the
pressurizer to surge |ine tank connection which was
not in the previous --

CO CHAI RVAN WALLI'S:  \What is gpm agai n?
This is that weird unit that means mass fl ow?

MR. FLETCHER It nmeans vol unetric fl owat
sonme - -

CO- CHAI RVAN WALLI S: Unspeci fi ed
condi tion?

MR. FLETCHER: Right. It is a dilenms,

and | ran into the dilemma. What | decided to do is
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put in a brake size that gave ne 21 gpm volunetric
flow at the initial point and then left the area the
sane t hroughout .

CO CHAI RVAN WALLIS: This is gpmat room
conditions or reactor conditions or gpmor steam or
what ?

MR. FLETCHER: Thi s woul d be gpm of wat er
at the tine the break opens up, which is early in the
event.

CO CHAI RMAN WALLIS: So it's about half
the density of water 1in that bucket at room
tenmperature or sonmething like that. It's not |ike gpm
t hat comes out of a faucet.

MR. FLETCHER: No, it's gpm of reactor
cool ant system tenperature water, 550.

CO CHAI RMAN WALLIS: So it's a lot less
dense than cold water.

MR FLETCHER  Yes.

CO CHAI RMAN WALLI'S: Pl ease do away with
this unit. It's so confusing.

MR. FLETCHER  Ckay. We've changed the
tube plugging assunption from 15 percent to ten
percent, which is the mddle of the expected range.
We' ve added thermal radiation nodeling in the hot

| egs. The previous nodel did not have wall-to-wall
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radi ati on bet ween t he upper hot | eg wall and t he | ower
hot |l eg wall.

CO- CHAI RMVAN  WALLI S: St eam gener at or
radi ati on nust be inportant. You' ve got pretty
stagnant steamon the outside. You've got hot tubes,
and radiation. | nmean, even when we're sitting here
the radiation from you is about equivalent to your
| oss by natural convectioninthis room So do you do
that in the steam generator? Do you nodel all
radi ati on between tubes?

MR. FLETCHER: No. Let ne specify the --

CO CHAI RVAN WALLIS: | would think that
woul d matter

MR, FLETCHER. Well, first of all, we only
have a single tube.

CO CHAI RVAN WALLI'S:  Onh, okay.

MR FLETCHER: O two tubes. So we're not
trying to nodel the details of what's going on there.

What we've done is we've added wall-to-
wal |l radiation for the upper and |ower hot | egs.
W' ve al so added steamto-wall --

CO- CHAI RVAN WALLI S: Excuse ne. | f
radi ati on out fromthe tubes in the steam generator
were the dom nant heat transfer nechanism then the

m ddl e woul d be hotter than the outside.
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MR FLETCHER  Absol utely.

CO CHAI RVAN WALLIS: If they all have the
sane nat ural convection heat transfer coefficient, you
predict themall to be about the sane. So it matters
what the mechani smof heat transfer is in that steam
gener at or.

MR FLETCHER: Well, and one of the
studies that we've |ooked at is what is the heat
transfer coefficient on the outside of the tubes.
What are the sensitivity of the results to that?

CO- CHAI RVAN  WALLI S: | f radi ation
dom nates, then you have a different problem You
have radiation froma tube to the tubes around it to
the tubes around that in a matri x.

MR. FLETCHER. Ri ght.

DR.  RANSOM Well, if you ignore the
radiation that's a nore conservative assunption, |
bel i eve.

MR FLETCHER  That's true.

CO CHAI RVMAN WALLI'S: Well, let's not get
t oo conservative. Yeah, the norerealistic you can be
the better. Yeah, | agree that you mnmight be
conservati ve.

MR FLETCHER: The steamto-wall radiation

we' re nodeling on the inside of the reactor cool ant
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system on the inside of the steam generator tubes,
but not on the outside of the steam --

CO CHAI RVAN WALLI'S: It doesn't hel p to be
conservative Vic because the question here is which
pops first, the steam generator or the hot |eg, and
then if you arbitrarily don't |let the heat get out of
t he steamgenerator, you're going to get too hot, and
you're going to arbitrarily make it pop first, which
is not right. It's a --

DR. RANSOM Wel |, fromny under st andi ng,
t he steam generator tubes rupturing first is worse.

CO CHAI RVAN WALLI'S:  Yeah, okay.

DR. RANSOM A bitter source term So
really it's like an error in the direction of I would
say a nore conservative result.

CO CHAI RMAN WALLI S: But, again, Chris
showed t hat when you get nore heat transfer, you get
less circulation. It's a kind of strange thing. So
|"m not sure which way it would go. So let's be
realistic if you can or as realistic as you can.

MR. FLETCHER W' ve changed the forward
and reverse flow split from 53-47 to 50-50. W' ve
revised the inlet plenum m xi ng paraneters to those
that Chris feels best represent the full scale

West i nghouse steam gener at or.
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CO- CHAl RMAN WALLI'S: What' s this forward-

reverse ST tube flow split?

MR FLETCHER: The nopdel we have has

CO CHAI RVMAN WALLI'S:  The fraction of the
tubes that are --

MR. FLETCHER: Exactly, that are forward
fl ow ng and reverse fl ow ng.

CO CHAI RVAN WALLI'S:  Up and down?

MR. FLETCHER  Yes. We've changed the
nodel i ng of the m xi ng paranmeter assunpti ons to agree
with the CFDresults. W' ve al so added a hot tube to
st eam generat or one, which is the steamgenerator in
the loop <containing the pressurizer and also
cont ai ni ng the stuck open PORV. So we're doing an on
line calculation of a single hottest tube in that
steamgenerator, representing the hottest tenperature
fromthe CFT results, which is the .625 nornmalized
t enper at ure.

So we' re using the RELAP 5 cal cul at ed hot
| eg tenperature.

CO CHAI RMAN WALLIS:  So in the previous
slide you put in these nunbers like .87, .0 -- that
came fromthe Westi nghouse thing, but we knowthat in

sonmething like the CE you get different nunbers.
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MR. FLETCHER: That's correct, and for the

CE nodel the nunbers will be changed.

CO CHAI RVAN WALLI'S:  And you know that
they are, in fact, sonehow i nfluenced by what's goi ng
on in the whole system You' ve pulled them out of
Chris' work, but infact, if youcould incorporate his
cal cul ati on with your cal cul ation as aninterface, you
m ght find that you need to cal cul ate these things
rat her than just having a target val ue because | don't
know what can happen in a -- you know, he already
showed that in the real Westinghouse thing, you don't
have a symmetrical. So you get these strange things
happeni ng.

MR FLETCHER  That's correct.

CO CHAI RMAN WALLI'S:  You know, it m ght
wel |l be that you have to calculate. You're better
of f, but we don't know how inportant this is yet for
the PRA and all of that. | think when we know t hat,
we m ght need to go back and sharpen your pencil on
t hese 87s and 81s.

MR. FLETCHER: Okay. There's a slide that
shows t he agreenent between t he cal cul at ed val ues and
the target values, which is in good agreenent, and
anot her slide that shows the conparison of the pl ant

steady state data and t he RELAP 5 cal cul at ed data, and

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

176

that's in excellent agreenent.

And t here's a sequence of events that ']
hit the high points on. At tinme zero we have the
station bl ackout event initiation. W |ose AC power.
We have reactor and turbine trips, reactor cool ant
punp trips.

CO CHAI RVAN WALLI'S: |I'mpuzzled by this
target value. Didn't you input some of the .81s and
t hings from --

MR. FLETCHER: We're back to the word
"input" being confusing. W have a target value for
the mxing fractions and the re-circ ratio and the
st eam gener at or power, but the code doesn't actually
have an input for those val ues.

Wat is done is you adjust the flow
coefficients.

CO- CHAI RVAN WALLI S: Ch, you fudge the
fl ow coefficients.

MR. FLETCHER: Right, and not only that.
It's an iterative process, that if you want to change
one of those val ues, you end up changi ng ot hers at the
sane tinme. Soit's a manual operationto cone up with
t he adj ustments needed to match the data, and that's
why we're off a little bit on sonme of these.

CO- CHAI RVAN WALLI S: Do you have 60 sl i des
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or sonething? AmIl right?

MR. FLETCHER. | do.

CO CHAl RVAN WALLI' S: Wl |, 60 slides takes
you two and a hal f hours to go through, rul e of thunb,
two and a half.

MR. FLETCHER How would you like to
proceed?

CO CHAI RVAN WALLI'S: Go ahead.

MR. FLETCHER: Ckay. The sequence of
events is given here. The steamgenerators dry out at
1,600 seconds for the generator that has the stuck
open val ve, at 5,500 seconds for the other three steam
gener at ors.

W then have a period of continui ng PORV
cycling where the val ve open and cl oses and relieves
the primary pressure because there's no other heat
sync.

At 9,062 seconds, the steam at the core
exit begins to super heat. W' ve uncovered the top of
the core, and this is when we change the nodel to
include the split hot |eg representation

Shortly thereafter, at 10,400 seconds, we
have t he onset of fuel rod oxidation. The pressurizer
enpties at 10,600 seconds. W have control rod

rupture, and then at 12, 240 seconds, | have the first
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creep rupture failure of the steam generator one
hottest tube, and probably the best way to say thisis
this is a tube that's degraded to roughly 15 percent
of its original strength, and we're applying the
hottest steamtenperature expected to that tube.

So that is the worst possible case for a
st eam generator tube rupture.

CO CHAI RVAN WALLI'S:  You don't have any
rupture of surge line or anything in here at all?

MR. FLETCHER: The surge line cones a
little later.

CO CHAI RVAN WALLIS: It cones later?

MR. FLETCHER Conmes a little later than
the absolute worst degraded tube with the hottest
t emper at ure.

The oxi dati on peak, by the way, is right
at 13,000 seconds. It's not shown on the list there.

At 13,165 seconds we have the first creep
rupture of the first average tube. In other words,
this is a degraded tube to 15 percent of its strength,
wi th the average steamgenerator tube tenperature on
the inside. It fails slightly before the surge Iine,
which fails at 13, 205.

CO CHAI RVAN WALLI'S:  Pretty cl ose.

MR. FLETCHER: Pretty cl ose.
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CO CHAI RMAN FORD: Excuse me. \Wen you

say "degraded to 50 percent” of its strength?

MR FLETCHER  Fifteen percent, yes.

CO CHAI RVAN FORD:  Fifteen percent of its
strength. Do you nean --

MR. MJSCARA: He's wusing a stress
concentration factor of seven.

MR. FLETCHER: Yes, stress concentration
of 7.5.

MR, MUSCARA: You have to put that in
context. An Msub P value of 2.3 is equivalent to a
tube with aflawthat would fail at three tinmes nornal
delta P.

CO CHAI RVAN FORD:  Ckay.

MR,  MJSCARA: So none of those tubes
should be in the generator because their |egends
(phonetic) require that tubes should neet three delta
P any tine you're in operation.

CO CHAI RVAN FORD:  Ri ght .

MR MJUSCARA: But there's a probability
it's there because of inspection reliability, et
cetera. So all of that to be taken into account when
doi ng the PRA.

CO- CHAI RVAN FORD:  Ckay.

MR MJSCARA: But, | nmean, this is a tube
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that really should not be in the generator if it's
t hat degraded, and if it is there, it shouldn't occur
very often.

CO- CHAI RMAN FORD: Okay. | wunderstand.
kay.

MR. FLETCHER: The intent of this is just
to scope where we are with respect to failure.

The hot legs fail shortly thereafter.

CO CHAl RMAN WALLIS: | have a question.
These punp seals |leak instantly?

MR. FLETCHER: Yes. There were sone
experinments run at Westi nghouse, and it was determ ned
that in a station blackout event, due to the | oss of
the --

CO CHAI RMAN WALLI'S:  Loss of the cooling
wat er .

MR. FLETCHER -- the cooling flow, yes,
that it was alnost a certainty that the punps woul d
| eak inmediately at 21 gpm was the expected val ue.

CO- CHAI RMAN WALLI' S: You | ost your service
water, too, in this?

MR. FLETCHER: Yes, you' ve | ost everything
that's AC powered.

CO- CHAI RVAN  WALLI S: So there's no

cont ai nnent cooling or anything like that.
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MR. FLETCHER: No, no. This is very

severe acci dent.

MR ROSENTHAUL: The 21 gpmis just the
normal flow rate. There's no additional failure.

MR. FLETCHER: We will | ater | ook at ot her
failures of the punp seals to | ook at hi gher punp seal
| eakage rates.

| f you | ook at the process intine, slide
24 shows that the surge line fails at 13, 205 seconds,
and if you |l ook at the results by stress multiplier
for the average and hottest tubes, you can see for the

average tube it requires astress nultiplier of twoto

fail it before the surge line fails and for the
hottest tube, it requires a -- I"'msorry. | said it
backwar ds.

For the average tube it takes amultiplier
of five, and for the hottest tube it takes a
multiplier of two to fail before the surge line.

DR. KRESS: Can we go back to slide 22 a
second?

MR FLETCHER  Yes.

DR KRESS: In between the first control
rod cladding failure and the first creepuptofailure
of the hottest tube, is that when you' re rel easi ng al

of the cesium and i odi ne?
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VMR. FLETCHER: No. This is the first

control rod failure. That's a control rod. That's
not a fuel rod. So you wouldn't be releasing at
t hat --

DR. KRESS: No, but your own set of fuel
rod oxidation is 10,406 seconds, and it takes what,
about 30 mnutes fromthere to release all of the
cesi um and i odi ne?

MR. FLETCHER: | don't imredi ately have
t he answer to your question. The peak oxidation was
at 13,004, | believe.

DR. KRESS: Oh, oh, okay. So this is a
| ow | evel

MR. FLETCHER: This is the beginning of
t he oxidation. Bel ow that you don't have any
oxidation at all.

DR. KRESS:. You haven't gone into the run-
away oxi dati on.

MR. FLETCHER Ri ght. ITs slowy

increasing starting at 10,039 and the peak is at

13, 000.

DR. KRESS: | was interpretingthat w ong.
Ckay.

MR. FLETCHER | have a nunber of slides
that show the transient results. 1'Il hit only the
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hi gh points. On the reactor cool ant systempressure,

on slide 25, we originally have a slight

depressurizati on of the RCS as we have st eamgener at or
cooling when we still have water in the steam
generators, and then late in the event we al so have a
depressurization that's caused by the punp seal

| eakage that we're assum ng.

St eam generat or secondary pressures, we
have one that's bl ow down. The other three remain at
pressure. Steam generator masses, you can see how
we' ve |l ost the water mass fromthe steam generators
fairly early in the event.

PORV flow cycling is continuous after we
get out to about 9,000 seconds or so.

The pressurizer | evel stays el evated as we
continue to bl ow water and steam out of the PORVs on
the top of the pressurizer, but then eventually we
expel sufficient liquid that the water slunps back
down into the hot legs, and we end up draining the
pressurizer shortly after 10,000 seconds, which is
before we end up with the main heat-up process here.

Looki ng at the circul ations that we have
on slide 30, we're | ooking at the hot and col d aver age
tube flows in steam generator one, which is the

af fected steam generator, and you can see we have a
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mass flow rate of nmaybe ten kilogranms per second
t hrough those tubes. |'m showi ng both the hot fl ow
and the cold down flow sides there.

On slide 31, we're | ooking at the hot | eg
circulations. W have a nass flowrate of about five
kil ogranms a second t hrough t he upper and | ower hot | eg
sections on steam generator one.

And then slide 32 shows the vesse
circulation. The black line is the central channe
flow, which is upward at roughly it looks |ike ten
kil ograns a second or so, and thentheredlineis the
downward flow in the peripheral channel at ten
ki | ogranms per second.

Vel ocities associated with all of these
are on the order of a half a meter per second. So
it's not a very rapidly flowng system but we are
exchangi ng mass at about this rate.

Slide 33 shows t he oxi dati on process. The
nunmber in the table is when it begins, and you can see
the peak is out at 13,000 seconds.

DR. KRESS: So that's about when you
rel easing the iodine and cesi unf?

MR. FLETCHER: That is when the rel ease
fromthe fuel rod to the cool ant woul d happen, yes.

DR. KRESS: And at that tinme, you' ve only
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failed -- well, you failed the -- where are the
fission products going at that tine? That's 13, 000.
Do you have one steam generator tube rupture that
you' ve --

MR. FLETCHER: But only t he nost degraded
tube and only with the hottest steamtenperature.

DR KRESS: The surge line is failing
about that tinme also.

MR. FLETCHER: Yes, the surge line fails
slightly after that.

DR. KRESS: So you've got dual pass inthe
fission product, but the surge line is probably the
easi est path to go in?

MR FLETCHER  That's correct.

In our nodel, we're not actually
stinmulating the rupture of the surge Iine other than
to say when it woul d happen. W' re not | ooking at the
depressuri zation.

DR. KRESS:. You're not |ooking for a take
on depressuri zati on.

MR FLETCHER: That's correct. We're
al | owi ng depressurizationto continue to see what the
effect on the other tube degradations m ght be.

MR. MUSCARA: Let ne al so nention quickly

that in the surge line evaluation, it really only
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uses the pressure stress. In what we'll hear about
this afternoon, we're doing afinite el enent anal ysi s
of the entire line.

DR KRESS: | see.

MR MJSCARA: So what are the stresses
that are taken into account because of therm
stresses.

DR KRESS: So it may have failed earlier
than this.

MR MJSCARA: Right.

CO CHAI RVAN WALLI'S:  So you' ve burnt off
all of the zirconiumthen after this blip?

DR KRESS: Basically.

CO CHAl RVANWALLI'S: You'veturnedit into
oxygen.

MR. FLETCHER: Yes, that's correct.

The essence of the thernmal transience
shown on Slide 34, these are structural tenperatures
in loop one. The black line is the surge line. The
red line is the hot | eg, and then the green and bl ue
lines are the average and hot tube responses.

Now, you can see the tenperatures all
start up toget her back there. The hot | eg tenperature
starts up. The surge line is delayed for a short

period of tine until we | ose the | ast bit of water out
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of the pressurizer as it's draining.

But then once that water is gone, the
surge line tenperaturerises very rapidly. O course,
the surge line is thinner than the hot leg. So the
rate it rises is going to be faster.

CO CHAI RVMAN WALLIS: So it is it dropped
when it falls down again? What does it fall down?

MR. FLETCHER: Wy does? OCh, at the top?
Wwell, first of all, we go past the oxidation peak and
power. That --

CO- CHAI RVAN WALLI S: The ot her
tenmperatures are still going up.

MR. FLETCHER: No, the other thing is we
have heat | oss off the outside of the hot | egs and on
t he outside of the surge line, and so the surge |line
isrelatively thinand the heat loss is nore effective
at cooling it down. These are average structure
t enper at ur es.

CO CHAI RMAN WALLIS: Soif it survivesthe
hottest tenperature, it's going to survive l|ater?
When does the surge |ine pop?

MR. FLETCHER: The surge line fails at --
| can't give you the tenperature it failed at.

CO CHAI RVAN WALLIS:  But it failed, but

hasn't it failed by the tine its tenperature is
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droppi ng or not?

MR. FLETCHER. Onh, yes.

CO CHAI RVAN WALLIS:  Yes. kay.

MR. FLETCHER  Yes, the surge line has
failed on the way up here on the steep part of the
ranp there.

CO CHAI RVANWALLI S: That makes nore sense
Now.

MR. FLETCHER And if we | ook at the creep
rupture damage i ndices on the next couple of slides,
it conpares -- first of all, what this is is the
useful life that's been expended going fromzero to
one. \Wen the curves reach one, that neans that the
code assunes that this structure has failed. The
dashed line is the surge line. The red line is hot
leg one, and the other three hot legs are shown
together on the trace that follows them

And if we | ook at the average tubes, the
dashed | ine, again, is the surge Iine and the col ored
curves represent the multipliers fromthree to five
and intervals of one-half. So the red line is a
stress multiplier of three, in other words, a
degradation to only one-third of its original
strength, if I'msaying that correctly.

CO CHAI RVAN WALLI S: Now, these things
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i ke a surge line and hot | eg, they have i nsul ati on on
t henf

MR. FLETCHER They have i nsul ati on on t he
outside. What we're nodeling is a constant H, heat
transfer coefficient, on the outside of it,
representative of the heat | oss at normal operation,
and we're just |eaving them constant throughout the
event.

W also haven't adjusted those heat
transfer coefficients based upon insulation being
different at different |ocations. Soit's an average
| ook at it.

CO CHAI RVAN WALLI'S: I nsul ation doesn't
deteriorate or fall off or anything before they fail?

MR FLETCHER |'msure it coul d.

MR SIEBER It's netal insulation.

CO CHAI RVAN WALLIS: It's foil netal.

MR SIEBER It's mrror type.

CO CHAI RVAN WALLIS: Mrror type, but it's
a netal .

MR SIEBER  Sheetnetal .

CO CHAl RVAN WALLIS: Sheetnetal. So it
gets pretty hot, too.

MR S| EBER: It snaps. Pretty sturdy

st uff.
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MR FLETCHER: So slide 36 shows that the

surge line fails, the surge |line which is the dashed
curve, fails between the results for a nultiplier of
4.5 and five, the finding being that if you had a tube
with anultiple of five or sonewhere between four and
a half and five, it would fail before the surge |ine,
but ot her tubes would not.

And if we look at the hot |leg we have
simlar results for nmultipliers of one, one and a
hal f, and two, and here it shows that the surge line
fails before the nultiplier tube fails.

MR. S| EBER: How certain are you? You
know, you're tal king 13, 000 seconds to 13, 200 seconds.
You know, it could go the other way, right?

MR. FLETCHER Well, the real problemis
the heat-up is very rapid, and the questionis howare
these heat transfer processes going to affect the
spread of that heat?

MR. ROSENTHAUL: Can | meke a coupl e of
conments, if nothing else because it's a public
nmeeting with atranscript? So |l want to get alittle
per spective goi ng here.

W're |looking at a station blackout
scenari o here. O course, the PRA will look at a

broader scope of events. The station blackout rule
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had a goal of three tinmes tento the mnus five for a
core damage frequency due to all station bl ackouts,
and here I'mtal ki ng about a perverse one with just
the right set of failure bouts.

So I'm tal king about a subset of that
three mnus five. So I'mtalking about a reasonably
| ow probability event.

Then when |'m talking about stress
intensity factors that go above two, three, ' mreally
t al ki ng about tubes t hat shoul d have been renoved from
service, you know, assumng that the inspection
program really does identify them So, again, |I'm
t al ki ng about a reasonably | ow probability event, and
we shoul dn't | ose sight of that.

When we see nunbers, you know, obviously
not hi ng happens for the first two hours while you're
boiling off, and then things get exciting over a
rel atively short period of tine, and we all sm | e when
we see the differences in tine because none of us
woul d bel i eve the Larson-M | | er nodel as bei ng abl e --
and the RELAP -- as being definitive on sonething is
going to go 200 seconds before sonething el se.

And that's exactly what pronpted us to do
the finite elenment analysis and hopefully the work

fromengi neering will show bigger differences intine
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t hat you can start to believe.

But, no, we're smling at these.

MR SIEBER Well, actually it takes three
days from the onset of the accident to get to the
point where you start failing these pressure
boundari es.

MR, ROSENTHAUL: Hours.

MR. SIEBER. Hours. kay.

CO CHAI RVAN FORD: Joe, could | ask a
question of you? W should really stop at the very
|atest within ten mnutes regardl ess of whether we
finish this presentation or not. Is it your wi sh that
we j ust conpact the rest of this presentationintoten
m nutes or it depends on what follows?

Are the next presentations going to be
full tinme?

MR. MUSCARA: My feelingis | don't mnd
staying late, but if wdothisinitsentirety, we'll
wind up being late this evening.

CO CHAI RVMAN WALLI'S:  Well, will this PRA
really take so | ong?

MR. MJUSCARA: They're all conplex, and
everybody has nore slides than they have tine.

CO CHAI RVAN WALLI'S: Ckay. They've al

got nore slides than tine.
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DR KRESS: |If Bill doesn't m nd staying

late, | don't think we should mnd either.

CO CHAI RVAN FORD: | agree with you.

DR KRESS: Wy don't we just get it all?

CO CHAI RVAN FORD: Now we have a noose to
t he question. G ahamhas anot her neeting he has to go
to. Do you wish to stop cold now and resume or is
t here sonmet hing you want to finish?

MR. ROSENTHAUL: |If we're going to stop,
this would be a good tine to stop. |If you would |ike
me to continue, we could do that, too.

CO CHAI RMAN FORD: Ckay. Let us recess
until 1:15, which is the time allocated for us to
start. So we've got a slightly longer |unch break.
One, fifteen, we are in recess until then.

(Wher eupon, at 12: 01 p. m, the nmeeting was
recessed for lunch, to reconvene at 1:15 p.m, the

same day.)
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AFTERNOON SESSI ON

(1:17 p.m)

CO CHAIRVAN FORD: 1'd like to come back
into session, and we'll continue.

Sorry for interrupting youto start with.

MR FLETCHER  Thank you.

I"mat slide 38, a summary of the base
case results and what we've | earned so far fromthem

St eamgener at or tube fail ure margi ns have
i mproved from what we've seen in previous base case
calculations. 1'd like to make a conment regarding
t he RELAP cal cul ation of the creep rupture failure.
We're doing this strictly to look at it in a crude
way, and we're also | ooking at nultipliers as high as
seven, which are tubes degraded so much that they
could barely exist at normal operating conditions.

So | wanted to correct perhaps the
perception that has been given here, that the first
tube failures occur very early with respect to the
surge line failure.

The actual stress cal cul ations and tube
failure calculations will be done elsewhere wth
better tools wusing the RELAP 5 pressures and
tenperatures as boundary conditions to do those

cal cul ations in anuch nore detail ed way than i s being
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done here.

On the other hand, we did want to put in
somet hing that would give us sone feel for where we
are with the thermal hydraulic results. If we just
showed you the events and their times, the question
woul d be, well, what does this nmean for rupture, and
so that's what we're trying to do here, is gain at
| east a rudi mentary understandi ng of where we are.

CO CHAI RVAN WALLI S: And we di scussed with
Chris the business of the maxi mumtenperature and the
hottest tube and the steam generator not being the
sane as the average.

MR FLETCHER  That's correct.

CO CHAI RVAN WALLI'S: And that it m ght be
sonme effort to predict that. SCDAP/ RELAP doesn't
really do that, does it? It gives you an average
tenperature in the steam generator.

MR. FLETCHER: Well, we actually have an
average tube and we have a hot tube that we're
nodel i ng. The average tube is just that. 1It's the
average of all of the tubes. For the hot tube, we're
t aki ng advant age of the CFD and t he Westi nghouse one-
seventh scale data to give us an idea of what the
inlet tenperature m ght be.

CO CHAI RVAN WALLI'S:  Ckay.
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MR. FLETCHER: That's correct, and we have

nodel ed that, but we are nodeling only one hot tube.
W' re not nodeling a distribution of hot tubes and so
forth.

On the other hand, if we did have good
data about what the distribution inlet tenperatures
m ght be, we could put in a nunber of hot tubes with
different inlet tenperatures.

W have made --

MR. SIEBER  The hot tube changes from
mnute to mnute as the flow distribution changes.

MR. FLETCHER: | n the real steamgenerat or
that is the case. MW nodel is so crude | only have

one hot tube, and | don't knowwhere it is on the tube

sheet. |'mjust making a worst case cal cul ation
In fact, all of the <creep rupture
calculations 1'm doing are for the worst case

situations. For the tubes I'mlooking at the inlet
temperature where the steam tenperature is the
hottest. For the hot leg I'mlooking closest to the
vessel where the tenperature is the highest, and for
the surge line I'm |l ooking closest to the hot |eg
where the tenperature is highest.

A major factor in the inprovenent that

we' ve seen in the tube failure margi ns has been that
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we' ve made changes in the target recirculation ratio
and mxing fractions, but that the target steam
gener at or power fraction has not changed.

So what we have i s st eamgenerators bei ng
nore effective than they were before in the original
base case because we've tried to nake -- we have made
m xi ng fracti on changes to make t hi ngs hotter, and yet
because of that we've had to sl ow down the steamfl ow
to the steam generators to keep the power fraction
where it was.

And as a result of that, the hot | egs and
the surge line tend to fail slightly sooner wth
respect to the tubes, and therefore, we gain sone
mar gi n.

And | believel've coveredtheinformtion
on that.

The |l ast part of the work here is task
two, whichis the sensitivity studies that we've done
to date. W run a series of calculations as
variations on the base case to evaluate the
sensitivity of the tube failure margin results to
vari ous probl em vari abl es, i ncl udi ng pl ant
configuration and operating paraneters, natural
circul ati on process paraneters.

And we're going to use the output of this
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study to deci de whi ch paraneters are nost i nportant to
be | ooked at in the uncertainty study.

And slide 41 shows the full list of what
we' ve done, what we have done and where we are today.
The results I'lIl present are for all except for the
| ast two, which are still in process.

Regarding the sensitivity of results to
t he st eam generator power fraction, the base case is
done at a 30 percent value. That's 30 percent of the
power being renoved to the four steamgenerators. W
will --

CO CHAl RVAN WALLI S: Doesn't this conme out
of analysis rather than being used or isn't it --

MR. FLETCHER: No, if you remenber, this
is the target value that we try to achi eve as a result
of changing the flow coefficient.

CO CHAI RVAN WALLI S:  So 30 percent of the
power goes to the steam generators. The rest of it
goes to heat up the core?

MR. FLETCHER  Heat up the core and the
hot | egs and everywhere el se.

CO- CHAl RMVAN WALLI S: Doesn't this all
depend upon all of these flows and things? You can't
sort of inpose sonething. You have to calculate it.

If you have better heat transfer in the steam
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generators, you're going to get nore heat out of
there. |1f you have no heat transfer, you get not hing,
and this rate should be zero.

So there has got to be sonething here
t hat's cal cul at ed.

MR. FLETCHER: The steam generat or power
fraction is one of the variables that define the
m xi ng process, and the data indicate that we have a
spread from about 25 percent to 40 percent in that
val ue.

CO CHAl RVAN WALLI S: s this because
you' re not nodel i ng what | was tal king to Chris about,
the way in which the flowin the hot leg really is
dependent on the buoyancy effect at the entrance?

| think it may be that you have to i nvent
somet hi ng because there's a little piece of physics
m ssi ng about what determines the flow there.

MR FLETCHER Well, we tal ked about that
at lunch and what we might do, and in fact, | think
we'll add a sensitivity study |ooking at sone m xi ng
that goes on at the hot leg to reactor vessel
connection just to see what the effect there m ght be.

CO CHAI RMAN WALLIS:  Well, | think it's
nore than that though. Again, this is sonething where

maybe you need to work it out because it seenms to ne
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you can't just take this ratio. It depends on the
whole thing. It ought to be cal cul at ed.

And if you'retrying to think about howto
doit, maybe it's out of place to get the solutionto
my question now. Just renenber that | think it is an
i mportant thing to resol ve.

MR. FLETCHER: Okay. W adjustedthe |l oss
coefficients or the flow coefficients to provide 25
and 40 percent steam generator power fractions and
sensitivities. W found the tube failure nmargin
results are noderately sensitivetothis. Theresults
are shown on the bottomof the slide there.

For the base case, the tube stress
multiplier requiredtofail the tube prior tothe tine
the surge line failed was five for the average tube
and two for the hottest tube, and you can see the
results there for the 25 percent and the 40 percent
cases.

CO- CHAI RVMAN WALLI S: Let me go back to
this thing now [If there were no heat transfer from
t he steam generator, what woul d happen woul d be you
woul d be heating up those tubes nore.

MR. FLETCHER: No heat transfer fromthe
steam -- you nean you have no heat across the tubes?

CO- CHAl RMVAN WALLI S: There's no heat
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com ng out of the tubes into the outside part, the
secondary si de.

MR. FLETCHER: Well, then the tubes are
not a probl emthen.

CO CHAI RVAN WALLI S:  They' d heat up. No,
on the outside there's no heat |eaving them

MR. FLETCHER No heat | eaving; adi abatic
on the outside.

CO CHAI RVANWALLI S: R ght, because you' ve
just got stagnant steamin there and it's not doing
very nmuch. Then that's going to be changi ng as a heat
transfer ratio. You're not going to be getting
anyt hi ng out of that.

MR. FLETCHER | think the answer is the
core nelts in place and the tubes don't nmelt because
it takes --

CO CHAI RVAN WALLIS:  \What woul d happen
woul d be that the gases fromthe core go up into the
steam generator. The steamgenerator tenperature is
nore | i ke the tenperature in the hot pl enum which you
don't want.

MR. FLETCHER: And the steamis going to
get up there how?

CO CHAIl RMAN WALLI'S: By counter current

fromthe hot |eg.
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MR. FLETCHER:. Well, the counter current

flowin the hot leg will take it to the inlet plenum
of the steam generator, but if you have no heat
transfer --

CO CHAI RVAN WALLIS: Then it goes up into
t he st eam generator.

MR. FLETCHER: But there's no heat
transfer off the outside of the tubes. You say --

CO- CHAI RMAN WALLI' S:  But you have hotter
stuff in the bottom you have cold stuff in the tubes.
The cold stuff drains out, and the hot stuff goes up
into the tube. The cold stuff then goes back to the
core.

MR. SIEBER  You have to renove heat in
order to get that to flow

MR. FLETCHER: Yeah, that was ny point.

CO CHAI RVAN WALLIS:  You don't have to
renove heat. |If you have the core hotter than the
st eam generator --

MR SIEBER  You do.

CO CHAI RMAN WALLI'S:  -- the hot gas --

MR. FLETCHER: You do, yes.

CO CHAI RVAN WALLIS:  You don't have to
renove heat to get the circulation. No, you don't.

Thi nk about it.
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You're heating up the core. You get a
hi gh tenperature above the core. The steamagenerator
isstill cold. That high tenperature steampl us al ong
the hot |eg goes up around the steam generator and
heats it up. 1In heating it up, it cools down, comes
back, goes back to the core.

The heat loss is essentially just in
heating up the steam tubes, what you call the heat
| oss. It's still got natural circulation, whichis
how t he st eamgenerat or tubes get heated up, and | say
if you're not cooling them on the outside, they're
going to tend to want to approach the tenperature at
the top in the upper plenum which is hotter than --
they' Il be about the sanme tenperature as the hot |eg.

MR. FLETCHER: What you're saying is
you'll still have tube circulation, but it would only
be there because in a transient sense you're heating
up the tube wall.

CO CHAI RVAN WALLI S: But you've got it for
that anyway. That's part of why you get it anyway.

MR. FLETCHER. Ri ght.

DR. RANSOM  Wwell, it would be an easy
cal culation for them to make. Just nmake the heat
structures of the tube adiabatic and --

MR. FLETCHER. Right, we can do that.
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CO- CHAI RVAN WALLI S: Right, but then |

t hi nk you can't inpose this paraneter here, can you?
You'd have to have a zero, wouldn't you, for the
rati o?

So | think you can't inpose this. | t
could be zero, and it could even be 50 percent
dependi ng on how - -

MR. BOYD: But this paraneter includesthe
heat-up of the tube. So it wouldn't be zero. It
woul d be that --

CO CHAI RVAN WALLI'S: But it woul d just be
going into the tubes. Okay. So thisisn't theratio
of the heat | oss fromthe tubes. It's the heat to the
steam generator. Ckay.

MR FLETCHER It's the ratio of the heat
being renmoved to the steam generator to the total
heat, oxidation and core decay heat.

CO CHAI RMAN WALLI S:  Ckay, okay. The heat
is not being -- oh, okay, okay. It's just being
renoved, and whatever fluid is going in there is
recirculating through the steam generator. That's
what you nean

MR FLETCHER That's correct, and
included in the steam generator heat here is the

heati ng of all steamgenerator that enters the steam
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generator, into the plenum into the plenum walls,
into the tube walls, anything that's delivered
t hrough - -

CO CHAI RVAN WALLI'S:  And so anyt hi ng t hat
i s being heated up.

MR. FLETCHER: Yes. What we found is the
tube failure marginresults were noderately sensitive
to this. As you would expect with a higher steam
gener at or power fraction, the tubes recei ve nore heat,
and so they're nore likely to fail

W did a sensitivity calculation to a
nunber of reactor coolant punp shaft seal |eakage
assunptions. In the base case, we've assuned the 21
gpmfor punp | eakage starting at the begi nning of the
transient, which represents a |eakage rate that's
expect ed because of the | oss of the seal cooling fl ow

We al so made four cal cul ati ons | ooki ng at
| arger |eakages that occur at two hours and 13
mnutes, at a two hour period and at a 13 mnute
period into the accident. These are the tinmes when
| arger punp seal | eakage failures were seenin tests.
The rates we're using are the expected rates during
those tests with 61 gpmafter two hours, 172 gpmafter
two hours, 182 gpm after 13 mnutes, and 300 gpm

whi ch i s the maxi numexpected | eakage per punp, after
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two hours.

CO CHAl RVAN WALLI'S: Now, this failureis
a progressive failure of the seal or do you just bl ow
t he whol e seal out the first tinme around?

MR FLETCHER: In our calculation we're
blowing it out. W' re assunming the 21 gpmflow area
for the | eakage for the first two hours.

CO CHAI RVAN WALLI'S: Why didn't you assune
300 gpn?? You've blown the seal away conpletely.

MR. FLETCHER: Wy did we assune 300 gpn?

CO- CHAI RVAN WALLI S: Wy not? In the
begi nning you had destroyed the seal and blown it
away; you've got 300 gpm

MR. FLETCHER: No, there are a coupl e of
failure nodes here. The one node is the | eakage node
resulting in the 21 gpmthat's expected. There are
al so failure nodes associ ated wi th t he poppi ng open of
t he nmechani cal seals --

CO CHAI RVAN WALLI'S:  That's what | nean.

MR. FLETCHER: -- and sone Oring failures
as well. And those are nore or |ess instantaneous,
and the tinmes when those were observed in the tests
were at two hours and also at 13 mnutes, and so
that's why we sel ected these tines.

CO- CHAl RMAN WALLIS: So it took two hours
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to blow out the Orings or whatever?

MR. FLETCHER: That's correct.

CO CHAI RVAN WALLIS: That's a long tine.

MR. FLETCHER: That's correct.

This was a set of Westinghouse data that
had bene | ooked at and revi ewed. The issue that they
were | ooking at was nmainly how |l ong does it take to
| ose enough water to uncover the top of the corein a
station bl ackout, which is not the sanme issue we're
| ooki ng at here., but the data is still applicable.

The results were found to be sensitiveto
the | eakage paraneter, and it's a function of the
| eakage rate. The higher | eakage rate |l eads to | ess
PORV flow, and therefore, |ower surge line flows,
| ower surge | i ne tenperatures, and del ayed or no surge
line failure as a result of that, but the higher
| eakage rate also leads to generally |ower RCS
pressures which delays or elinmnates the hot | eg and
the steam generator failures as well.

So the results show that actually the
wor se possi bl e case was the 61 gpm | eakage, reduced
our average tube nmultiple for failure before the surge
line fromfive to three and a half and the hottest
tube fromtw to one and a half, and for that case,

the surge line failure was delayed, and that's the
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reason that those nmargi ns were reduced.

For the higher |eakage cases, the surge
lines did not fail at all. W have so nuch
depressurization there that the surge line is not
chal l enged. The hot legs did fail, and in both of
t hose cases at 172 and 182 gpm

CO- CHAI RVAN WALLI S: So this punp seal
becones a kind of relief valve for the system

MR FLETCHER:  That's correct. That's
correct, yeah.

We did not calculate any average tube
failures for those cases because the pressure was | ow
enough. We did have sone hot tube failures, but the
mar gi ns were increased over the base case.

And for the biggest break, the biggest
assuned | eakage, 300 gpm the depressurization is
significant enough so that we didn't have any
structural failures at all, surge line tubes,
regardl ess of nultiplier or tubes regardl ess of the
steaminl et tenperature.

CO- CHAI RVAN WALLI' S: Do you nean t he whol e
system stays intact forever?

MR. FLETCHER: The whol e system stays in
the vessel. It doesn't stay intact. It then nelts

and ends up in the | ower plenum
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CO CHAI RVAN WALLI'S:  Forced down. Ckay.

MR FLETCHER  Yes.

MR. SIEBER. O beyond.

MR FLETCHER O beyond, yes.

We eval uated the sensitivity of resultsto
t ube pluggi ng. The base case was at ten percent. The
sensitivity cases are at zero and 20 percent. W
didn't find a big sensitivity of the results to that
par anet er .

Quter wall heat transfer coefficient on
t he steam generator tube.

CO CHAI RVAN  WALLI S: You assunme the
uni form pluggi ng not just in the one place? |If you
pl ugged t he tubes ri ght above the plune, it m ght make
a difference.

MR. FLETCHER Qur nodel is so crude that
it doesn't know where the plunme is. This is just
strictly what's the fl owarea and what' s t he tube heat
structure area.

Quter wal | heat transfer coefficient. The
base case i s cal cul at ed usi ng t he st andar d SCDAP/ RELAP
5 heat transfer nodels on the exterior of the tubes.
For this the code | ooks at forced convection using
Di ttus-Boel ter corrected for verti cal bundl e

configuration; | am nar convecti on; and natural
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convection, and the code selects the maxi num heat
transfer coefficient based upon those three.

However, all three of those are providing
very |low heat transfer coefficients, roughly seven
watts per neter Kelvin.

CO CHAI RVAN WALLI'S:  Now, this Churchill -
Chu, you're just assuming that there's |ike one tube
in a big environnent?

MR FLETCHER  That is correct.

CO- CHAI RVAN WALLI S: VWhich is not the
case, isit? These tubes are pretty packed in there,
interacting with each other, and there are support
plates or things that are in the way?

MR.  FLETCHER: Yes, and they' re not
nodel i ng any of that detail on the secondary side.

The point is that the heat transfer
coefficient we are using on the outside of the tube is
very small, and as a result of this we |ooked at
sensitivitiestoincreasingit arbitrarily by factors
of five and factors of --

CO CHAl RVAN WALLI S: Make it zero and | ook
at the limting case.

MR FLETCHER W could do that.

CO- CHAI RMAN WALLI S: That would be, |

think, quite -- | believe Dr. Ransomsuggested that.
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That woul d perhaps be a worst case, wouldn't it?

MR. FLETCHER: Okay. Here we find the
results are sensitive to it, and in fact, the base
case with a multiplier of one results in the |owest
margi ns of all of those cases, the reason being that
t he higher heat transfer coefficient nore tightly
couples the tube to the cooler steamthat's on the
secondary si de.

CO CHAI RVAN WALLI' S: | t hi nk when you nake
t he heat transfer coefficient zero on the outside of
the tubes and all you're doing is heating up the
t ubes, what youwill findis that your actual heat, if
you cal cul ated it, the heat ratio fromthe core to the
steamgener at or woul d be nuch | ess. There's nuch | ess
heat going to the steam generator.

Because, you know, if you had no nmass at
all, no heat could go there.

MR FLETCHER: Yes, | agree.

CO- CHAI RMAN WALLI'S: So your 30 percent
woul dn't make any sense. W' d be far overheating the
st eam gener at or.

MR. FLETCHER. Ri ght.

CO CHAI RVAN WALLI'S:  So you need to fix
that 30 percent thicker sonmehow. If you heat

something with no thermal mass, it's going to go over
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t here.

MR. FLETCHER. Ckay.

CO CHAI RMVAN WALLI S: It's going to be
high. It's going to be hotter than the upper plenum
whi ch makes no sense at all

MR, FLETCHER: |"'m still not sure what
we're going to do about the 30 percent val ue.

CO CHAl RMVAN WALLI S: Vel |, okay. |t
sol ves the whol e probl em

MR. FLETCHER:. W are forcing the answer
her e.

Thermal radiati on nodeling. | explained
earlier that we're using steanmed wall radi ation onthe
inside of the primary and secondary cool ant systens,
and we' re al so using hot | eg upper to |l ower wall wall -
to-wall radiation. W nade sone sensitivity
cal cul ations putting nultipliers of .5 and tw on what
the code was calculating for the radiation heat
fluxes, and we found no significant effect there,
which is a bit of a surprise.

This is sonmething a |l ot of earlier talks
were |looking at thermal radiation as being very
i mportant to the process here.

The next sensitivity regards surge line

depressuri zer connection, the CCFL nodeling at that
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point. The base case cal cul ati on was nodel ed as an
open pipe configuration on the bottom of the tank
usi ng a Kut at el adze correl ation and a fl ow area based
on a 11 and a half inch surge |Iine dianeter

In a sensitivity calculation we instead
| ooked at a sparger design at that connection point,
and we based the sparger design on the AP 600
pressurize sparger which we had sone data on. The
sparger has a hole dianmeter of .375 inches, and the
sparger flow area through the holes on there is
roughly 1.7 times the pipe open flow area, and we
changed the counter current flowlimting correlation
fromthe Kut at el adze formto the Wal | ace formbased on
t hat geonetrical data.

Here we found the results wereinsensitive
to the change in the CCFL nodel. Changing to the
sparger formulation of CCFL we del ayed the draining
slightly by about 150 seconds, but it still occurred
before the tine when the heat-up really got
significantly going. So there was no major effect
t here.

Reactor vessel internal circulation. 1In
past anal yses of ot her subjects there's been a nunber
of instances where RELAP 5 cal cul ati ons were show ng

circulations that did not appear to be physical. So
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we wanted to look at this. W did sone hand
calcul ations to see whether or not the flowrates in
the core were reasonable and they checked very wel
based upon the buoyancy driving heads and the flow
resi stances through the | oops.

We al so want to just force this situation
where we went in and arbitrarily increased the |oss
coefficients. W did so to reduce the flows inside
t he vessel by 50 percent, and what we found was that
inthe sensitivity calculationthe flowlosses in the
reactor vessel and the wupper plenum regions we
i ncreased themby a factor of eight, reduced the fl ows
by 50 percent, and the slower vessel circulation
results in earlier and faster heat-up within the
react or vessel and an accel eration of the core nelting
process.

In other words, if we slowthe fl ow down
in the reactor vessel, the reactor vessel ends up
being a lot hotter than it would be if the flow were
going faster, and so the core nelt process proceeds
earlier, and we end up nelting core and relocating
core well before we end up with any surge liner or
st eam generator failures.

DR. RANSOM Whereis thecirculation? Is

it down through one channel and up through another
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one?

MR. FLETCHER. Well, we --

DR. RANSOM Because the |oop seals are
not cl ear.

MR. FLETCHER: No, this is inside the
vessel, and we have five channels in the core.

DR. RANSOM Have what ?

MR. FLETCHER: Five channels, five
vertical channels. The flowis generally downward in
the outer channels that is driven by the cool steam
flowng infromthe bottomof the hot | egs, and upward
in the center two channels, and in the mddle of the
five channels, the flow starts downward at the upper
part of the channel and is upward in the | ower part of

t he channel and it then flows i nward and upward to t he

core.
DR. RANSOM Are they cross-linked so
t hat --
MR. FLETCHER Yeah, the core channel s are
cross-linked at every axial level. W also have an

axial and transverse grid in the upper plenumwth
cross-flows nodel ed there as well, and in additionto
the core circulation, there is an eddy flow in the
upper part of the vessel towards the center of the

vessel and the | ower part of the upper pl enumand away
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fromthe vessel in the upper part of the upper pl enum

And reduci ng the fl owby 50 percent caused
this to increase the multiplier needed to fail the
average tube fromfive to greater than the seven and
a half, whichis the maxi nrumwe' re | ooki ng at, and t he
hottest tube stayed essentially the same, the reason
bei ng that the hottest tube tenperature is influenced
by what's com ng back fromthe cold steam generator
tube recircul ation

| apol ogi ze for the way the next slide
ended up being in the package. It's overwittenin a
coupl e of places.

On heat |loss, containnent heat |[|oss
nodel i ng, the base case was done at four nmegawatts.
We also did sensitivities at two nmegawatts and ei ght
megawatts. These nunbers are a normal operation.

Results were found to be noderately
sensitive to this, which was sonmewhat of a surprise.
We didn't think this was going to be a major effect.
The main effect that we're | ooking at here is that we
have heat | oss on the outside of the hot |egs, heat
| oss on t he outside of the pressurizer surge |line, and
that tends to keep those structures cool er.

So i f you have nore heat | oss, you end up

with | ess tube failure margin.
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W |ooked at two things on PORY,

pressurizer PORV functioning, one where we assune t hat
t he PORVs wer e bl ocked cl osed, which would require the
pressure to rise up to the pressurizer safety relief
val ve setting i nstead, which is approxi mately 150 psi
hi gher than the PORV setting.

So essentially we have the sanme process
going on, just a slightly higher pressure, and as a
result of that we didn't see any change in tube
failure margin.

We al so | ooked at an operator i ntervention
in which the operators observed the core exit steam
temperatures, realized the situation they're in, and
there is an operator instruction to open the PORVs
when the steam tenperatures reach 1,200 degrees
Fahr enhei t.

I n our cal cul ati on we assune t he oper at or
opens both PORVs at that tinme and | eaves them open
thereafter. That tinme was 10, 798 seconds into the
base case cal cul ati on.

Wien we do so, when we open the PORVs, we
depressurize the reactor coolant system W end up
with a cunulator flowas aresult, and so we i nterrupt
the core heat-up process as the accunulators dunp

their fluid.
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But eventual |y the accunmulator'sliquidis
expelled and the core heat-up resunes. W have
roughly about 80 percent of the core nelting and
rel ocating tothe reactor vessel | ower head at 25,000
seconds.

So the heat stayed within the reactor
vessel, and we did not have any steam generator tube
failures indicated, and therefore, the calculation
i ndi cates a success of this as an accident nmitigation
strategy for preventing fission product releasetothe
St eam gener at ors.

We al so | ooked at steam generator tube
| eakage. The base case was done with no | eakage and
t he steamgenerator tube is assuned. W | ooked at 50
gpm 100 gpm and 200 gpm | eakage i n st eam gener at or
one. The | eakage is assunmed to be induced by the
failing open of the secondary side valve on steam
generator one that occurs at 190 seconds.

The resul ts of the cal cul ati ons, we | ooked
at | eakage on the hot side and on the col d side of the
tubes, and by that | mean m dway between the tube
sheet and the U bend on the tubes, on the up-flow side
and on the down-flowside; found slightly | ess margin
when t he break or when the | eakage was assuned on t he

up flow side, and that's the assunption that we used
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for the remminder of the cal cul ati ons.

We found the results of the tube failure
margins to be sensitive to the steam generator tube
| eakage. The results are shown in the table there.
We reduce the average tube multiplier requiredto fail
it before the surge line fromfive to three and the
hottest tube fromtwo to one and a hal f over the range
of | eakages that we | ooked at.

CO CHAI RMAN  WALLI S: Now, is this
consistent with what you'd expect from Chris'
observations of tube | eakage? He got somet hi ng whi ch
was not altogether intuitive perhaps about how the
fl ows worked when there was a tube | eakage.

Are you al | ow ng sonme sort of mi xi ng whi ch
woul d not quite duplicate what he observed?

MR. FLETCHER: | don't think our
cal cul ations conpare directly at all. |"m using a
sinple representation of the two paths and assum ng
the | eakage is halfway up, and in nmy calculation it
wi Il influence the average tube inlet tenperature as
a result. It will pull steam up in there because
that's the way the nodel is built, whichis counter to
what he sai d.

CO CHAI RVAN WALLI'S:  Your |eakage is in

the cold tube or the hot tube?
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MR. FLETCHER It's in the up flow tube,

in the hot tube.

CO CHAI RVMAN WALLIS: It's | eakage in the
down tube?

MR, FLETCHER: |'m sorry?

CO CHAI RVAN WALLI'S:  Was his | eakage in
the -- no, his | eakage was al so in the up tube, but it
didn't draw nore flow into itself. Right, okay.

MR FLETCHER but he has a detail ed nodel
of the region. | have a very crude nodel of the
regi on.

CO CHAI RVAN WALLI'S: | was just wondering
whet her observation that the hot plume was not drawn
to the leak -- perhaps your hot plune -- | was
t hi nki ng your hot plune m ght be drawn to the | eak by
the way you nodel ed that. That's why.

MR. FLETCHER: That's correct. W wll
see effects of the |l eak on the tube tenperatures.

MR. LONG This is Steve Long with NRR
staff.

There's two different effects here. One
is do you drawextra hot fluid fromthe reactor vessel
to the steamgenerator if you have a | eak i n the steam
gener at or. The RELAP nodel includes that, but it

doesn't change the m xi ng as you have nore hot fluid
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and less --

CO CHAI RVAN WALLIS: Wwell, | was tal king
about drawing hot fluid to the leak in the steam
generator itself. | mean, one m ght think that the
hot fluid was seek the | eak, but in fact, Chris seened
to show that it didn't necessarily do that. They
could just go up the tubes anyway.

MR. LONG Right. Wuat Chris showed was
that it doesn't change the | ocati on of where the pl une
cones out of the hot | eg and goes through the pl enum
It's the tube sheet. Chris allowed it to change the
mxing. So there are two different effects, one in
each nodel. 1t's not clear howthey go together yet.

CO CHAl RVAN WALLI' S:  Yes.

MR FLETCHER: We also |ooked at a
sensitivity to the hot |eg nozzle core bypass fl ow,
reducing it by 50 percent, and we saw no significant
effect of that change.

I n summary of the sensitivity cal cul ation
results, the tube failure margins were found to be
insensitive to the tube pluggi ng assunption, therm
radi ati on nodeling pressurizer to surge line CCFL
nodel i ng, bl ocking cl osed to the pressurizer PORVs or
the core bypass flow, and we found the results are

sensitive to steam generator power fraction,
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recirculation, reactor coolant punp shaft sea
| eakage, steamgenerator tube outer wall heat transfer
coefficient, the vessel circulationrate, the RCS heat
| oss, the operator intervention strategy if used and
t he steam generator tube | eakage assunption

So in conclusion, | would like to |eave
you with the thought that the updated base case is a
good representation of the station blackout event to
be used as a basis to | ook at remai ni ng work. We find
t hat we have noderately i ncreased t he st eamgener at or
tube failure margins as a result of the changes that
have been inpl enented recently.

The nultipliers required to fill those
t ubes on Larson-M I ler prior tothe tine a surge |line
fails are five for the average tube and two for the
hottest tube, and only steam generator tubes wth
structural strength degradations that are greater than
this would be expected to fail prior to the surge
l'ine.

The flow patterns and rates of the
SCDAP/ RELAP 5 reactor vessel internal circul ations
appear to be reasonable, and trying to slow that
circulations down resulted in increased steam
generator tube failure margins because the heat

renmai ned nore inside the reactor vessel
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The operator intervention strategy shows
that it was effective and that for carrying on the
uncertainty studies for sure we want to include the
five paranmeters | isted at the bottomof the page there
as variables in that study.

That includes ny tal k.

CO CHAI RVAN WALLI' S:  Thank you very nuch
i ndeed. That was very nice. Thank you.

MR FLETCHER  thank you.

CO CHAl RVAN FORD:  Any comrent s?

DR. RANSOM Don, in this accident
scenario, what ultimately happens in the long tern®
| mean what is assuned to happen?

MR. FLETCHER: Vell, in the long term
wi thout any intervention at all, the core is still
produci ng del ay heat and the core will nelt is what it
anmounts to.

DR RANSOM VWell, in the release
assunptions is it assumed that it just continues to
nelt and then | eak out the contai nment bypass? |Is
t hat --

MR. FLETCHER. Well, inthe long termif
the core nelts, it will fall into the | ower head of
t he reactor vessel and then perhaps nelt through that

into the bottom of the contai nment, the point being
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that if that happens, the fission product release
woul d be into containnment.

So the key that we're | ooking at here is
m ght you have steam generator tube failures that
would allow that release to be made into the steam
generator rather than into the containnent.

DR.  RANSOM Which would bypass the
contai nnent, | guess, if you assume the main steam
i ne breaks.

MR. FLETCHER. Well, the concept of the
contai nment bypass is a word that |'ve heard just
fairly recently here, but what we've been talKking
about before were steamgenerator tube rupture events
during severe accidents. The contai nment bypass
concept is that the fission products goes to the steam
generator rather than containnent. That's the whole
intent of that.

If the fission products make it into the
secondary side in this particular accident, it's open
t o at nosphere because the valve is stuck open on the
top of the steamgenerators. |f you didn't have that
failure on the secondary side, it would still gointo
t he secondary, and then it would be relieved through
t he safety val ves at sonewhere around 1,000 psi. In

both cases you have the potential for release to the
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envi ronnent .

CO CHAI RVAN WALLI'S: But your release is
in the hottest tube, which is probably sonewhere in
t he m ddl e of the tube bank at the bottom It has got
to make it through all of this tube bank and the
spacers and everything in order to get to the outside
world. | would think the renoval of aerosols in that
steam generator is going to be trenendous.

MR. FLETCHER: | guess | can't address the
fission product aspects of this.

MR. ROSENTHAUL: | discussed sone earlier
work with Raj Sadal (phonetic) because | woul d have
t hought you woul d have had huge DFs with all of that
surface area and an aerosol, and he thought that there
was some ol d EPRI experinmental work which woul d | ead
DF to ten, which is disappointing. | was thinking
100, 1,000. I nean, you know, a pool scrubbing is
10, 000 or 1,000, and that's just because of the slip
beans (phonetic), and just the flow and how the
aerosol is prepared.

And that's why we're participatinginthe
ARTI ST program so that we'll get some real data and
we' |l know, but I think that --

CO CHAI RVAN WALLI' S: What is unreal data,

by the way?
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MR. ROSENTHAUL: Excuse nme?

CO CHAI RVAN WALLI' S: What is unreal data?

MR. ROSENTHAUL: Chris' data is, in ny
m nd, nore suspect that from a physical experinent.
My bias is comng through here.

But in any case, you know, if you had to
guess on the outcome, | think you're thinking of that
DFs of ten to 100 as distinct from pool ed DFs which
are like 1,000 or nore. But that's still
consi der abl e.

CO CHAI RMAN FORD: Okay. Thank you very
much, indeed.

MR. FLETCHER: Thank you.

CO- CHAI RVAN  FORD: Wuld you like to
i ntroduce your next speaker, Joe?

MR. MJUSCARA: Yes, t he next area is the
wor k on the primary systemconponent failurein severe
acci dent conditions, and Saurin Majundar fromArgonne
will provide that presentation.

(Pause in proceedings.)

CO- CHAI RVMAN FORD:  Maybe you could tell
us. did we receive areport on these particul ar next
three itens, 34(h)(1) through (3)? | don't have a
copy of it. Does Grahanf? In which case we can al ways

bl ame t he manager at Argonne for nonconpli ance.
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MR. MUSCARA: The report is still under

revi ew.

CO CHAI RMAN WALLI S:  That's okay. W can
get draft reports, too. | was |ooking through mny
not es. I don't think | have any notes on this
subj ect .

MR. MUSCARA: You do not have, but this
item the first part of it, can be closed out. So a
report shoul d be sent out with a closure |l etter soon.

Joel, what's the status of the report?

MR. PACE: W just received the official
peer review comrents fromNRR, and we're going to be
resol ving t hem soon.

CO- CHAI RMAN FORD: Good. |tens one and

two have been conpl et ed. Item three, |arge scale
tests, that's not due to be done until '05; is that
right?

MR PAGE: |If we have | arge-scal e tests.

CO CHAI RVAN FORD:  Yeah, that's one of the
guesti ons.

MR. PAGE: |f needed. Large-scale tests,
as you know, are very expensive.

MR. MUSCARA: They're not planned at this
poi nt .

MR. MAJUVDAR. My name i s Saurin Mj undar

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

228

from Argonne National Laboratory.

As this is of use to you by now, this is
a coll aborative study between RES staff and severa
contractors. You already heard fromRES and I SL. |'m
going to tal k about the structure behavi or of pressure
boundary and t he hi gh tenperature and wi |l | be fol | owed
by the PRA work.

We al ready knowt hat we are | ooki ng at the
station blackout scenario with the secondary side
depressurized and the primary side still fully
pressuri zed, but that challenges the tubes to the
maxi num degr ee.

Now i n the NUREG 1570 study, the failure
of the pressurized surge |line was predicted before the
st eamgener ator tubes, as well as the previ ous speaker
nmentioned, the RELAP studies fromthe new base case.

The structure nodels from the RCA
conmponents were highly sinplified. It was just like
a RELAP 5. They're only considering the interna
pressure | oadings, and the other nmechani cal | oading
and thermal |oadings that are not considered in that
nodel , for exanple, the |ocal geonetry, structura
boundary condition, thermal stress, dead weight,
material variability, these sort of things we will be

consi dering under this study.
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DR WALLI S: Now, material variability,

what do you mean by that?

MR. MAJUVMDAR That neans we'll be doing
an uncertainty analysis of material variability of the
rupture strength on --

DR. WALLIS: Do you nmean by it that there
aredifferent materialsindifferent places, different
all oys or do you neanwithin a certain alloy there are
different heats and you don't quite know how it
behaves?

MR. MAJUVDAR: For exanple, we have the
average rupture property for a given alloy.

DR WALLIS: But is that good enough?

MR. MAJUVDAR: W mght as well do
uncertainty on that to see what kind of variability
you' re going to get and whether it's inportant or not.

The objective of the 2:00:44 annual
programis to i nprove prediction of the failure nodel
| ocation, failure nodes, and the times to failure of
react or RCS conponents. This equally serves hot |eg
pi pi ng, manways, PORVs and PSVs under severe acci dent
condi ti on.

CO CHAI RMAN  WALLI S: So what's your
pi peline for people |ike the previous speaker where

he's predicting things and you're taking his results
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for tenperatures and things.

MR. MAJUVMDAR  Yeah, |'mnot sure what |
wr ot e.

CO CHAI RVAN WALLI'S: Do you have to wait
until there's an approved report, or is there a
pi pel i ne where you can send your stuff right away?

MR. MAJUVMDAR  We've already gotten the
heat transfer coefficient from--

CO- CHAI RVAN  WALLI S: So you have a
pi peline of direct transfer, not sort of sendit upto
managenment and managenment goes on vacation and then
you wait.

MR, MAJUVDAR: No, no, no.

CO CHAI RVAN WALLI'S:  No? GCkay. Good.

MR. MUSCARA: That's part of the reason
for having this integration teamthat | work with, to
make sure that the information gets rel eased at the
right tine.

MR. MAJUVDAR: So basically we have two
phases in the program Duri ng phase one of this
program we did an engi neering review, and we saw t he
nost likely conponents to fail would be the
pressurizer safety val ves, bar operator relief val ves,
PCORVs, the manways, and the steam generator and the

hot leg and the surge line piping, including the
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i ntersections and the nozzles.

These conponents are identified as the
nost likely to fail during a typical severe accident.

Now, analysis of the passive conponent,
like the hot leg or the surge line, is relatively
straightforward conpared to the active components
whi ch have nobving parts, and the active conponent
failure is rather challenging. So we reviewed the
literature of failure history of valves, bolted
joints, and gaskets during phase one.

To help determne whether detailed
analysis of the active conponents was a realistic
obj ective or not, we held a workshop at Argonne with
partici pants fromtwo val ve manuf acturers, one gasket
manuf acturer, and NRC and EPRI and | NEL personnel.

Now, the participants --

CO CHAI RVAN WALLI'S: Did you have foreign
representatives or other people are working on this
problem It's just --

MR, MAJUMDAR. W tried to get hold of
foreign participants, but this was just after 9/11 and
everyt hing was cancel ed.

MR. PAGE: W have to delay the neeting
tw ce.

VR. MAJUNVDAR: So we concl uded that the
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nost |likely scenario for the PORV, for example, to
fail would be galling, but to analyze galling we
needed tolerance in tightly fighting parts.
Participants felt that the val ve manufacturers woul d
not very easily give out those detailed geonetric
information, and even if he did the analysis and
predicted failure, the feeling was it would be very
difficult to predict that the PRA would fail in the
open position or shut position or half opened, half
cl osed or whatever it is. So it wouldn't be very
useful .

Participants were nore optimstic about
anal ysis of bolted joints. So during our phase two,
our primary has been focus on analysis of passive
conmponent failure. W obtained detail ed nechani cal
and structural drawi ngs of the hot |eg and the surge
[ ine piping of the ZI ON nuclear station.

We did finite el enent anal ysis of the hot
| eg and the surge line piping, including the nozzles
of Loop 4 which had the pressurize, and the anal ysis
was based on thermal hydraulic results provided by
| SEL and NRC Resear ch.

We conduct ed a study of other RCS passive
conmponents |ike the steam generator prinmary nmanway,

and here we were really looking for the |l oss of both
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CO- CHAI RVAN VWALLI S: On the hot leg, |
nmean, in the hot |eg you have counter current flow of
pretty hot steamand pretty cold steam |s the heat
conduction in the metal fromthe cold top out to the
cold inportant?

MR MAJUMDAR: Yeah, we took that into
account. Yeah, yeah, I'll show you sone results.

CO CHAI RVAN WALLIS:  And what does that
do? Does that heat transfer -- that changed the
tenperature of the streans. | don't know if Chris
Boyd has that tenperature, that heat transfer in the
hot | eg.

MR MAJUMDAR No, he didn't have that.

CO CHAI RVAN WALLIS: The hot leg is |ike
a heat exchanger where the nmetal is sort of likeafin
or sonething. It eventually helps the --

MR, MAJUMDAR: Actually the RELAP 5
anal ysi s shows a st epped up pressure change but on the
hot si de.

CO CHAI RVAN WALLI'S: Not quite so sinple.

MR MAJUMDAR: No, but I1'Il show sone
results fromthe --

CO- CHAI RMAN  WALLI S: So is the netal

al nost at the same tenperature all around or is it
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much hotter on the top than on the bottonf

MR. MAJUMDAR: No, it's much hotter onthe
hot side of the --

CO CHAI RMAN WALLI'S: It is?

MR MAJUMDAR  Yeah.

CO- CHAI RVAN WALLI'S:  Even though it's a
good conduct or ?

MR. MAJUMDAR St ainl ess steel is not such
a good conductor, but it still --

CO CHAl RVAN WALLIS: Well, then steamis
not a very good heater either. So --

MR MAJUMDAR: Vell, I'lIl show the
results. It does smooth out the distribution.

CO CHAI RVAN WALLI'S:  Ckay. Thank you.

MR. MAJUMDAR: COkay. So we | ooked at the
primary manway, and so we were primarily | ooking for
| oss of bolt retention when the power cable lift up
and we were allowed to see --

CO CHAl RVAN WALLI'S:  You have pretentious
bol t s?

MR MAJUMDAR  Retention bolts.

(Laughter.)

MR. MAJUVDAR: And al | owt he st eaml eakage
to occur so it would depressurize the system and we

also cut the resistance to partially detect the RTD
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rail sfunintelligible due to strong foreign accent
[ UDTSFA] ), the socket rail connection of aninstrunent
like to the RTD fl ange.

We also did sone positive inpact, NRC s
for the PORV. All the work |'mgoing to discuss were
reported inthe NUREGCR-6792 and t he current NUREG CR
whi ch is under PRA review now.

CO CHAI RVAN FORD: |'ve never heard of a
resi stance tenperature detector weld. Is this just a
binetal lic wel d whichis using athernocoupl e or what?
| ve never heard of it.

MR SIEBER The RTDs are in a well.

CO CHAI RVAN FORD:  Ch, | see.

MR. SIEBER And the weld is welded into
t he pi pe.

CO CHAI RVAN FORD: | under st and.

MR MAJUMDAR: There's a two inch hole
actually. The ideais that RTD coul d be expelled from
the hot leg and create a two inch dianmeter hole
t hrough which the steam can escape and depressuri ze.

MR, PAGE: | don't think the drawi ng you
have woul d show what you're tal ki ng about, but that's
okay. It will be okay.

MR MAJUMDAR: This is basically the

sinmplified diagram of the ZION plant, and we are
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basically looking at this hot leg of this new
pressurizer. This elenent included the pressurizer
nozzl e The nodel includes the pressurizer nozzle, the
surge line, the nozzle here, the hot |eg, the reactor
vessel nozzle, the el bow, the steamgenerator nozzle.

Even though the steam generator was not
part of our study, we had to include that, the | ower
head of the steam generator in order to apply the
structural bond reconditioning in a nore conveni ent
way.

So we devel oped this final el enent nodel
for the whole system and the hot |eg and surge line
material, as | said, is 3/16 stainless steel. You've
got significant high tenperature material properties
at the level for that material, even though there is
sone lacking in the high tenperature range.

The nozzl e materials are either carbon or
|l ow all oy steels, and these materials are generally
not used at high tenperature. So we had trouble
getting mechani cal properties at high tenperature.

The high tenperature weld, all the welds
in this piping are 308 stainless steel. Now, the
dat abase is inconplete. By that | nmean that the 308
general ly has its nmechanical properties superior to

the band material, but sonmetines there are heat

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

237

affected zones that m ght have properties that are
inferior to the element itself.

W al so conpl eted sensitivity anal ysi s and
certain anal yses we are planning to do in the future.
To give you an idea, availability of the mechanica
properties data, 3/16 stainless steel exerts the
properties, tensile properties, and heat properties,
and this tenperature here neans that in the
tenperature regi me we have the nechani cal properties
unavai |l abl e.

So while the stainless steel is pretty
wel | characterized, the hot | eg material at the el bow
material is aforging material. It's not nuch data at
hi gh tenperature. We assune it is the sanme as
stainl ess steel.

The surge line to hot leg nozzle is a
forging material, again. Again, hightenperature data
are kind of limted so we had to assune they're the
sane as stainless steel

MR MJUSCARA: CF8M?

MR MAJUMDAR: CF8M

MR. MUSCARA: That's a casting steel.

MR

MAJ UMDAR: Oh, that's a casting.

CO- CHAI RVAN  WALLI S: Vell, | don't
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understand this. Oh, | guess yo nmean that the tensile
strength i s eval uat ed over t hat range of tenperatures.
The tenperature strengthisn't in degrees Centigrade.
Ckay.

And the rupturetineis somethingwhichis
al so just a function of tenperature?

MR. MAJUVDAR: Yeah, it's a function of
tenmperature and stress, and that's the tenperature
range in which the data are avail abl e.

The wel d m ddl e, as you see, there's al so
very limted data. The only exception was where data
was avail abl e was for the A508, Class 2, and this had
a very high heat, devel oped a very hi gh tenperature,
the reason being that this particular material was
tested in an NRC program that was geared toward
anal yzing the | ower head of the --

CO CHAI RVAN WALLI' S:  The hot |l eg el bowi s
different material fromthe hot |eg?

MR. MAJUMDAR. Onh, yeah, it is.

PARTI CI PANTS:  Yeah.

CO CHAI RVAN WALLI'S:  And there's a weld
t here of some of sort of --

MR MAJUMVDAR: Yeah, there are welds
there, plus the el bows have got some nore nassive --

CO CHAI RVAN WALLI'S:  You've got to | ook
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for leaks in that area

MR. S| EBER: Is this a plant wth
centrifugal cast stainless steel or forged?

MR.  MAJUMVDAR: Is that a casting or
forged, the CF8W?

PARTI Cl PANTS: Eight Mis cast.

MR. SIEBER.  kay.

CO- CHAI RVAN FORD: Now, on the previous
graph, you said you did sensitivity studies. What
were the variabl es that you put into your sensitivity
st udi es?

MR. MAJUMDAR: |'IIl cone to that |ater on.
| will talk about that.

CO CHAI RVAN FORD:  Ckay.

MR. MAJUVDAR: Okay. The properties that
we really don't have are, for exanmple, this nozzle,
t he steamgenerator and the pressurizer nozzle. This
is a cast 216, absolutely no data devel oped fromthe
mat eri al .

CO CHAIRMAN FORD:  So in your analysis,
when there are no data avail abl e, what do you do?

MR. MAJUVDAR Well, we assuned the sane
as the A508, which was the last. This material for
this cast low alloy steel, there's a lot of property

avail able for that.
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CO- CHAI RVAN  FORD: But there's no high

t enperature --

MR. MAJUMDAR: No data avail abl e.

CO CHAI RVAN FORD: -- stretch strength.

MR MAJUMDAR That's right.

MR MJUSCARA: So because there's no data,
we're assum ng sone data, and then conducting sone
experinmental work in the next phase.

CO- CHAI RVAN  FORD: So this is just a
scopi ng study at the begi nning.

MR.  MJUSCARA: W need to set up the
nodel i ng and - -

CO CHAI RVAN FORD: | understand. Ckay.

MR. MAJUVMDAR The ot her property we don't
have really that's very critical is the manway bolts,
that A193D7 bolts. We didn't find any heat properties
corrupted. That's the critical property that we're
going to develop in the next phase of the program

CO CHAI RVAN FORD:  Ckay.

MR. MAJUMDAR: Ckay. Now, what | want to
say is that the way we did the thermal anal ysis first,
now, RELAP 5 gave us the heat transfer coefficient for
t hese five control volumes and these five control
vol unes. As you know, RELAP 5 has the hot leg is

nodel ed next to i ndependent pi pes, but we had a single
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pipe. So fromthe top half we used the spare heat
transfer coefficient supplied by the RELAP 5 run
areas, and the lower for the colder half of the hot
leg. These are the heat transfer coefficients for
t hese five control vol unes.

The only problem was that in the surge
line, the sane thing in the surge line. You would
have ideally liked to have used the heat transfer
coefficient from the RELAP 5 run, but about this
program that we used for analyzing the stress and
t enperature, can accept heat transfer coefficient only
as a function of tenperature, not as a function of
time, and as | will show | ater on, the heat transfer
coefficient on the surface in flux and the interior
surface of this hot |eg shows pipes because of the
fuel oil recycling, and those pipes could not be
i gnored because if you ignore that, the tenperature
analysis will give the wong answer.

So basi cal ly you are tal ki ng about t he ol d
basel i ne case. So we have to nake sure that we don't
get confused here. The stuff that Don presented t oday
is the newbaseline case. The stuff that 1'mgoing to
talk about is based on this old baseline case
assunptions for the F5, and that is basically

encount ered here.
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The min thing is that there's on
circunferential heat conduction or radiated heat
transfer in the hot leg, and the RCP seal |eakage is
assunmed to zero. So there's no significant increase
in same tenperature.

MR. S| EBER  The nunber of tubes, that's
per steam generator, four tines.

MR. MAJUMDAR: Yeah. Yeah, 3388 total
St eam gener at or .

MR. SIEBER. For each one, yeah.

CO CHAI RMAN WALLIS: Soit's the ol d case.

MR. MAJUVDAR: The ol d case, yeah.

CO CHAI RVAN WALLI'S:  You're going to put
in some better assunptions.

MR. MUSCARA: Yeah, that's planned.

MR. MAJUVDAR: Basically, as | said, he
wanted to put in the heat transfer coefficient in the
interior surface, but this wll not accept heat
transfer coefficient as a function of tine. So as a
function of tinme, we have plenty of heat flux and
interior surface inthe hot |l eg as a function of tine,
and there are these spikes that are caused by the
surge |ine we showed you.

The spi kes are caused by t he PORV cycl i ng,

and they could not be ignored. |If you ignore them
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t hen t he tenperature di stribution became not reliable.

Initially the first table is that we need
a structural thermal conduction analysis based upon
ABAQUS file nodel, and then use these tenperature in
the distribution and stress analysis in the second
state.

Here |1'm showing the inner surface
temperature in degrees Kelvin at this tinme, 1,440
seconds, and as you can see, the hot | eg outside; this
is the upper half. The upper half is pretty hot, 1280
K. The lower half is showed by the blue here. The
bl ue here are pretty cold as you woul d expect because
the hot flow in the top and the cold flow in the
bott om

And the surge line is hot uniformy all

around. So all of these tenperatures are conputed by

ABAQUS.

CO CHAI RVAN FORD: On the tabl e you have
there, can you just -- the red is what?

MR. MAJUVDAR: The red is 1,263 degrees
Kel vi n.

CO CHAI RVAN  FORD: So it's in degrees
Kel vi n.

MR,  MAJUMDAR: Kel vin, yeah, degrees

Kelvin. Sonetimes | use Kel vin, someti nes Centi grade,
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soneti mes Fahrenheit in one case.

MR SIEBER  Thanks.

(Laughter.)

CO- CHAI RVAN FORD: It was 1, 000 degrees C.

MR. MAJUVMDAR: At that tine, 14, 000.

CO- CHAI RVAN FORD:  One t housand degr ees C.

MR MAJUMDAR  Yeah.

MR SI EBER:  Just one.

CO CHAl RMVAN WALLI S: That's why it's shown
red.

VMR MAJUMDAR: Ckay. This is the
tenperature variation in the hot leg. The top and
outer surface, the top i nner surface and bottomouter
and bottom i nner surface.

The thing | wanted to point out is that
this 4,000 seconds will actually have to add 10, 000
because the plus 10,000 seconds, nothing happens in
it. So we really started anal yzing for after 10, 000
seconds.

At around 14,000 seconds or a little
before that, the tenperature drives. There's a big
increase in the gradient from about six degrees per
m nute to 24 degrees per mnute.

CO CHAI RVAN WALLI'S:  You don't have any

conducti on between the two?
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VMR MAJUNMDAR: | have.

CO CHAI RVAN WALLI'S:  You do now?

MR MAJUMDAR  Yeah.

CO- CHAI RVAN  WALLI S: But you didn't
before, but the old case had no conduction the wall.

MR, MAJUMDAR: In RELAP 5 there's no
conduction in the wall, but this is about the heat.

Yet the heat in RELAP 5 could transfer and

anal yzi ng/ reanal yzi ng t he t her mal conduction
fol |l ow ng.

CO CHAI RVAN  FORD: | nmust have m ssed
sonmething in previous presentations. | never saw

steamtenperatures on the order of 1,000 degrees C.,
did 1?

CO CHAI RVAN WALLIS: This is a reactor.
This is a reactor. It isn't cool.

MR. SIEBER: You don't take any heat away
and just keep putting it in when you get up to --

CO- CHAI RVAN FORD:  Fi ne, okay.

MR. MAJUVDAR: Most ot her figures [ UDTSFA]
all around this point.

CO- CHAI RVAN WALLI'S: Wl |, the burning of
zirconiumis, after a while, really heating it up.

DR. KRESS: Yeah, zirconium is burning

when it takes off in a vertical.
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VR MAJUMDAR: Yeah, this is where

zirconium starts oxidi zi ng.

CO CHAI RVAN FORD:  Ckay.

MR.  MAJUVDAR: Anyway, three is about
i nner surface tenperatures over 50 to 150 degrees C.
hotter than the outer surface, and the upper half is
about 100 to 500 degrees hotter than the | ower half.
At this point the RAB i ncreases fromover six degrees
per minute to 24 degrees per m nute.

And this i's t he circunferenti al
tenmperature variation in the hot leg, the outer
surface and the i nner surface. So the RELAP 5 nunbers
wer e ki nd of a [ UDTSFA] function that has been r ounded
out by the ABAQUS circunferential conduction.

You see, because the large nmaxinmm
temperature of the reactor vessel nozzle lags that in
t he hot | eg about 450 degrees Centigrade. The nozzle
really doesn't get hot in the RV end.

The thernal conduction makes the
circunferenti al variation rmuch  snoot her t han
calculated by RELAP 5, but on the hot Ileg nax
tenperature is 1,200 degrees C. Inland tenperatureis
830 C. You see at this time again, 18,400 seconds.

The RELAP 5 calculated hot to on site

tenperature drop i s about 450 degrees C. It's about
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here, what, 375 degrees now i nstead of 450.

And now after the term nal analysis, we
come to the structural analysis part, and here we put
all of the boundary conditions onthe surge line. The
surge |l i ne has a nunber of supports to carry the | oad,
just the weight of the surge line. The hot leg is not
supported. It's supported only by the reactor and by
the [ UDTSFA] cell. There are no supporting besides
the hot leg itself.

Also the steam generator that sits on
t hese four supports that are in the bottom they are
gimbolts so they can rotate around these points.

Basically the point | want to say, bring
out here is that we nodel all the structure boundary
conditions that are applied on the --

CO CHAl RVAN WALLIS: These supports are
assunmed to be rigid? They don't pull out?

MR. MAJUMDAR No, they're not rigid. It
has been constantly --

CO CHAI RVMAN WALLI'S: They can pull out?
They can break?

MR MAJUVDAR:  No.

MR. PAGE: No, they do not break.

MR MAJUMDAR: But there is three

constants, as | said.
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MR PAGE: And also the one on the

opposite side of the steamgenerator i s very i mportant
because that's a steam generator stop, and so
basically as it grows under normal conditions, it
basically goes up against the stop. So any further
growh due to thermal is going to just be pressing
t hese things together.

MR MAJUVMDAR Yes, I'Il cone to that.

This is the typical deformati on of the hot
| eg surge line.

CO CHAI RVAN WALLI'S:  I's that exaggerated
or is that --

MR. MAJUVMDAR: It is very highly. Thisis
hi ghly exaggerated, but the green shade is the
def ormed shape at roomtenperature, and the unshaded
area is the defornmed after tenperature.

| think you will notice that the surge
line defornms quite a bit, and the other thing is that
t he independent supports, this support noves from
there to there. So basically the steamgenerator can
nove as a rigid body, heat up from the room
tenmperature to this normal operation at a full power,
but as Joel was just sayi ng, what they do is they then
put shinms against the bunpers so that the steam

generator is not about to nmove any further away from
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t he reactor.

And as | said before, | nodel ed all of the
supports, but not directly.

CO CHAI RVAN  FORD: Now, educate ne in
terms of the qualification of these defornati on codes
as they apply to these sort of tenperatures. [''m
show ng ny ignorance here because | just don't know
t he answer.

Have these deformation codes been
qualified at these sort of tenperatures?

MR. MAJUVDAR: You rnean the ABAQUS code?

CO CHAI RVAN FORD:  Yeah. ABAQUS code is
an ol d code.

MR.  MAJUMDAR: Yeah, they've done all
ki nds of creep anal ysis and validation. They've done
validation on sinple nodels. Plus a conplex thing
like that, there's no way of validating the results.
You take it on trust.

CO CHAI RVAN FORD:  That' s what worries ne.
ABAQUS code | seemto renenber as bei ng gas turbines,
and has it been well qualified under those operating
condi tions?

|'ve got a natural reserve about anybody
usi ng a code way beyond t he conditions under which it

has been qualified agai nst observations.
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MR MAJUVDAR: It's not inthe code. What

is the uncertainties are material properties.

MR. SIEBER. This is first principles.

MR.  MAJUNVDAR: Yeah, this ABAQUS code,
t hey have validated the results with known anal yti ca
results. They can validate it that way, but for a
complex thing like this, how do you validate on --

CO- CHAI RVMAN WALLI S: Your ABAQUSis an | RC
code. It's a universal code used all over the place
with all kinds of purposes.

MR. MAJUVMDAR: Yeah, yeah, yeah. It's a
pretty well known code, especially for non-Ilinear
anal ysi s.

CO CHAIRVAN FORD: | guess |'m being a
devil's advocate or being an old Jenny, but | hate to
be inasituationinsometineinthe futureif we had
a severe accident and sonet hi ng unexpect ed occurr ed,
and here we are sitting down in front of a public
revi ew and soneone says, "You never asked t he questi on
as to whether this was qualified for these
conditions."

| mean, |1'd hate to be in that situation,
and that's why |'m asking the question, and |'m
hearing all of the experts in the room here say,

"Don't worry, Peter. This is being qualified.” No
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guesti ons asked.

MR. SIEBER. No, first principles.

CO- CHAI RVAN  FORD: |'ve heard first
principles, Jack, comng out of my ears and then
somet hi ng unusual happens |i ke an Oring was quite all
right to use on this particular shuttle and somnet hi ng
happened.

MR. MAJUMDAR: But the final limt was not
the problem It was the people who --

CO CHAl RVAN WALLI S: Vell, | think if
Jack, the guy with all of the experience in the room
has to use this sort of academ c argunment that it's
all fromfirst principle, you ought to believe him
| nean, he's --

(Laughter.)

MR. MUSCARA: | understand, but | MAG NE
has been used in situations |ike this, and whether
t hey have validated the results or not --

CO CHAI RVAN FORD: Now we' re taking this
wel |l --

MR, MAJUVDAR: 1'Ill say nore. |'ve seen
some experinmental work by the Japanese who actually
t ake pi pes and heat it up under tenperature and then
nmeasure the deformation and predi ct usi ng ABAQUS.

CO CHAI RVAN FORD:  Ckay.
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VMR MAJUMDAR: Not failure, but the

def or mat i on.

MR. MUSCARA: Bill, do you know about the
| PIRG? 1t may have been used there al so when you had
sone | arge structures that were heated up and test ed.

CO CHAl RVAN WALLIS:  Wwell, the sort of
guestion you m ght have woul d be what --

MR. SHACK: As Saurin says, | nean, ABAQUS
is the standard finite element structural code for
nonl i near situations. It has been benchmarked agai nst
all sorts of analytical solutions. So | think as
Saurin said, | nean, it solves the -equations
correctly.

Now, whether the nodel we're using
describes the physics correctly is a different
guestions, but, you know, to the extent that you want
to solve a creep rupture problem ABAQUS solves the
creep rupture problemcorrectly and has been through
many, many rounds of QA, and is highly qualified
agai nst benchmarks.

So to that extent | think you woul d feel
very confortabl e usi ng ABAQUS.

MR. SIEBER There are some opportunities
for deviation between what you cal cul ate.

MR. MAJUVDAR: Oh, yeah.
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MR. S| EBER Because you don't really know
how rigid the supports are for --

MR. MAJUVDAR: There i s some uncertainty
in that, yeah, yeah

MR. SIEBER. And material properties have
some variability as to what the handbook val ue is.

MR. MAJUVDAR: Sure, sure. There's al
ki nd of heat to heat variation, welds.

CO CHAI RVAN  FORD: So all of these
uncertainties, physical uncertainties can be addressed
by this fundanental code.

MR MAJUMDAR: You have to nodel it
correctly.

MR, PAGE: W're trying to inprove
dramatically what was previously done in previous
work, and we think this does do that.

Perfect? | don't know that we'll ever
achi eve perfect.

MR. S| EBER: That's why you can't get
perfect.

MR,  MAJUVDAR: If you put garbage in,
garbage out, but do it perfectly.

CO- CHAI RVAN FORD:  Sure.

MR. PAGE: But | think these nodels, we

really sat through a couple of sessions of intensive
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assunptions on where we put the supports, what's
al l oned to nove, what's not allowed to nove, and so we
| ooked in great detail at the actual down to the
inch --

MR. SIEBER: Well, the fact is thereis no
such thing as a rigid support.

MR  MAJUMDAR: Yeah, but we are also
supposed not really though.

MR. PAGE: No, no, but you can be rigid
with respect to sonething else if this is --

MR. SIEBER Well, that's why you put in
t he nodel and t hen you get an answer that approxi mat es
what really happened.

MR. MAJUMDAR And that's the best we can
do. What else are we, other than doing a test, full
scal e test, whatever, are we going to do?

MR  PACE: Yeah, we assuned that the
reactor vessel was not goi ng to nove. That nozzl e was
going to stay in place. W assunmed that the
pressurizer nozzle was not going to nove. W went
t hrough and we had a group. W had |ike six or seven
people sitting in a roomat Oregon that were people
very famliar with designs, and we sat down and
deci ded what was this thing going to be |ike, what

were going to be the assunptions.
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And actually all of us agreed at the end
t hat those woul d be good assunptions for this nodel.
Now, we're relying that this is probably as good a
code as you're going to get at this point to do this
anal ysi s.

MR. SIEBER  You know, they actually do
test these things. Part of the testing sequence for
starting up the plant is when you heat it up, you
nmeasure where everything noves to.

MR. PACGE: Well, actually that's where
they do the adjustments on the --

VR. MAJ UVDAR: That's a sinple
cal cul ati on. There's no stress. The things nove
unconstrained. That is proved.

CO CHAI RVAN FORD: Ckay, but, Jack, what
you jut said is a very useful statenment. Actually
when t hey start out, they neasure deformati on of those
pi pes, et cetera.

MR SIEBER  Yeah, through that limted
tenperature range. Now you're tal king about --

MR MAJUMDAR Now the question is --

MR SIEBER -- tenperature changes here.

MR. PACE: When they do the neasurenents
you're talking about they go like in the earlier

pi cture a couple of slides back. You'll see sone of
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t hose seism c supports that aren't really in contact
with the pipe, but they go through, and the shinms on
the end on the stop, they nake sure all of those at
tenperature are in the correct |ocations.

MR. SIEBER:  The plant grows. It gets
bigger. It gets hotter and it get w der.

CO- CHAI RMVAN WALLI S: That's what this
means? NL nmeans normal operation here?

MR.  MAJUMDAR Yeah, it nmeans nornal
operation, yeah.

DR. KRESS: RT neans rupture tine?

VR. MAJ UMDAR: VWher e? No, room
t emper at ur e.

DR, KRESS: Room tenperature.

MR. MAJUVDAR: There's no rupture here.

DR. KRESS: So these things would be room
t enper ature?

MR,  MAJUMDAR: It does heating it wup
uni formy.

DR. KRESS: All right. At what point are
you heating this thing up to?

MR MAJUMDAR Up to nornmal operation

MR. PAGE: This is just a benchmark. This
is just a starting.

DR KRESS: Nornal operation tenperatures.
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There's no creep involved in this. This is just
t her mal expansi on.

MR. MAJUVDAR: This is thermal expansion
plus the m smat ched t hreads.

DR KRESS: Now |'ve got you.

CO CHAI RVAN  WALLI S: And there are
measurenents in this.

MR. MAJUMDAR -- not be constrained from
t he supports, | believe. The supports are allowed to
nove out.

MR SHACK: He doesn't want to introduce
an artificial constraint by Ilocking the steam
gener at or .

MR. MAJUVDAR: Too early.

MR. SHACK: It's too early. So he has to
have the realistic thermal expansion up to a certain
point, and then he's going to lock it, and it goes
into his creep anal ysis.

DR KRESS: | understand.

MR. MAJUMDAR: The question is if this
type of deformation, once you go beyond nornal
operation and severe accident remmins, then you're
going to see nore of these defornations, and consent
to that type of deformation wll cause stress, and

these kinds of stress are not included i n RELAP 5.
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So this, for exanple, reduce first in the
el astic stress. Suppose we said no plasticity or
creep, and we did a sinple elastic stress at nornma
operation again, and |'mplotting here the stresses,
and as you can see, those stresses here are very | ow
Blue, blue is pretty | ow here.

CO CHAl RVAN WALLI' S: What are those units
on those stresses there?

MR. MAJUMDAR  These are negapascal .

CO CHAI RVAN WALLI'S:  Three hundred?

MR. MAJUMDAR: Yeah, negapascal, yeah.

CO- CHAIl RVAN  WALLI S: Three hundred?
That's all?

MR MAJUVMDAR  Yeah, that's pretty high.

CO CHAI RMAN WALLI'S: It's above the yield
strengt h?

MR. MAJUMDAR: You yield 172 negapascal s.
So | ook at the [ UDTSFA] | ocated on the junction here,
and that's primarily because we are nodeling the
structure by sheer el enents.

CO CHAI RVAN WALLI' S:  Does this happen in
normal operation? You reach that and it actually
yi el ds at that junction?

MR. MAJUVMDAR: It's very local. 1t's not

general throughout the structure. Very locally, and
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that's because secondary stress, but a little
deformation will take care of that.

CO- CHAI RMAN WALLI S:  So as you heat up and
cool down, that thing w ggles and yields.

MR MAJUVMDAR:  Yeah, but basically the
whol e structure is at at pretty | ow stress.

CO CHAI RVAN FORD:  You' ve got a smal | pi pe
or relatively small pipe going into a |arge hot |eg
where there's a large stress concentration. Under
nor mal operations, do you get cracking there, fatigue
cracki ng?

MR SIEBER It's a thernmal sl|eeve.

MR. MAJUMDAR A thernal sleevein there,
yeah. There's thermal sleeve in there.

CO CHAI RVAN FORD: | wasn't thinking of
t hermal stresses, Jack. | was thinking of just --

MR MAJUMDAR Thisis adifficult stress
concentration area, but | don't think there has ever
been a case of cracking there.

MR. SIEBER. | don't renmenber any.

MR. SHACK: Again, that woul d be anal yzed
as part of the stress analysis for the piping. You
woul d, you know, do the thermal stress calculationin
a fatigue life, you know So |I'msure there's a CUF

for that joint
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CO- CHAI RVAN  FORD: My followup one

question, Bill, was that | asked for what parameters
went into the uncertainty analysis during severe
accident. So what woul d happen i f you had even a CUF
of half and there's a considerable crack in that pipe
t hat wasn't protected?

MR. SHACK: No, no, no. CUF neans there's
no crack at all. You haven't initiated a crack yet.
You design against initiationin the ASME code. It's
not a flaw tolerant design. It's a no crack
initiation design.

CO- CHAI RVAN  FORD: Certain gaps are
defined as initiation.

MR. SHACK: No, no, no, no. In this case
you're avoiding all initiation as in snooth surface.

MR MAJUMDAR: No cracks are --

MR SHACK: No cracks all owed.

MR. MAJUMDAR  Cracks are not observed.

CO CHAI RMAN FORD: Ckay. W'l discuss
that later. You' ve got todo it for the ASME code as
initiate, as we understand it, but if you had a crack
at that point where you m ght expect there to be a
crack during normal operation for start-up and
shutdown, that presence of that preexisting crack

i nput into your severe accident analysis.
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MR MAJUVDAR: No, right now we did not

i nclude that, any crack at all. W assune everything
is free of cracks.

MR. PACE: | think when we | ooked into the
crack situation, the flaws, flaws are quite a big
t hi ng obvi ously wi t h tubes because tubes are extrenely
-- these are very large, massive, robust structures.

DR KRESS: Keep in mnd, Peter, if that
thing fails, that's a good thing.

(Laughter.)

MR PAGE: Yeah.

DR. KRESS: So if they want to be
conservative --

MR. PACGE: You have to be backwards of
your normal approach. You have to say it's al npst
pristine. It's alnobst pristine.

MR. MAJUMDAR: It's under normal thinking
you want stuff to fail as late as possible. Now
you're trying to make the thing fail as early as
possi bl e.

MR. SHACK: So what you have to do i s nmake
sure we anal yze every assunpti on to make sure we don't
build a conservatismin because we're going to nake
this thing fail prematurely. So your whol e thinking

gets reversed. We're |ooking at every possible
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conservati smwe've introduced in trying to renove it
because we don't want to induce an early failure.

Early failure is good.

MR. MUSCARA: When we started out, the
presence of flaws was one consideration. Eventually
you may include flaws that you mght expect from
fabrication. From service induced, | think we've
deci ded that these conponents would not experience
very much in the way of service induced fl aws.

Soif you' re |l ookingat fabrication flaws,
t hey probably don't have nuch of an effect.

MR. SIEBER  Wel |, the temperature
differential fromone end of that lineto the other is
about 100 degrees.

MR PAGE: No, it's not very much

MR. SIEBER And there's flow through it
all the time. So there's a gradient.

MR. MAJUVDAR: Now, here you're enpl oyi ng
the effective elastic stress after the severe
acci dent has started at 14,400 seconds. So the pipes
have really noved, and the stresses are very high
and now t he hi ghest stress on this, on this point is
nore than 1, 000 negapascal . So they' re way beyond t he
yield, and therefore --

CO CHAI RMAN WALLI'S:  Yeah, that's right,

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

263

and how can you get there?

MR MAJUVDAR:  Well, the conclusion is
that plasticity will play a significant role. So you
cannot get away with elastic analysis.

Sotodoelastic-plastic anal ysis, we need
to yield the ultimte properties |ike that, and this
is a typical 316 stainless steel yield here and
ultimate strength there that are not avail abl e beyond
1089 K.; 1,500 would be the best.

Since there's none of that hi gh
tenmperature in the ultimate approach, so the [ UDTSFA]
i nformati on drops very rapidly, and for 304 stainl ess
steel, it drops to within one and five percent at
greater than 1,200 K. As you see, the [UDTSFA] in
formel ongation really drops to al nost two percent or
one percent, al though t he [ UDTSFA] product el ongation
stays very hi gh.

This is the key [ UDTSFA]. Now, we express
[ UDTSFA] the function of the power | oss to the stress,
stress nostly to the power n, and agai n, the data were
avai |l abl e up from866 t o 1089 degrees Kel vin here, and
beyond that we didn't have data. So we used this
explication to extrapol ate the A beyond 1089, and Mas
shown here.

Now, we are plotting the --
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CO- CHAI RVAN  WALLI S: That's great

precision with which you know log A, isn't it?

CO- CHAI RVAN  FORD: And you've got no
concern -- thisis arhetorical question-- you' ve got
no concern about changes in the creep nechani sm by
going that extra anount? There's not nmuch in
extrapol ati on.

Do you have concerns about changes in the
creep?

MR. MAJUMDAR  Creep nechanisn?

CO CHAI RVAN FORD:  Creep mechani sm

MR,  MAJUVDAR: But we actually believe
t hat severe accident is such a short event that | ong-
term creep mechani smthat are equated on cavitation
and stuff like that are not really applicable here.
They' re over in a couple of hours. So these are nore
or less, | guess, slow tensile rupture. \What they
call creep rupture here is really a very slow strain
of creep rupture.

You' re not tal king about cavitation and
| ong-termcreep rupture there.

CO CHAI RMAN WALLIS: It's interesting to
see a factor of E to the mnus 31 in anything other
than a PRA

(Laughter.)
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MR. SHACK: We can change that with units.

MR  MAJUMDAR: So the elastic stress
di stribution, nowthat stress, maxi numstress, is to
be 1,000 negapascals, now is down to 253 because we
have produced plasticity and creep. Here we see
el astic stresses, and if you | ook at the bottomhalf,
the bottomhalf is colder and higher stress than the
top half, which is hotter as you woul d expect where
the end stress goes down with the tenperature.

CO CHAI RVAN FORD: | ' msorry. Just going
back to your previous graph 21, boy, those stress
conmponents are really high, aren't they? So you had
better know what your stresses are.

MR. MAJUMDAR: Creep is not used for that,
but stress has to be really accurate.

CO CHAl RVAN FORD: And so that woul d be

fed into your uncertainty anal ysis, which woul d be fed

to the --

MR. MAJUVDAR: Well, we varied the creep
rate by a factor of two, | think, and then seen the
effect.

CO- CHAI RVAN WALLI S: |'s that normal ?
MR, MAJUMDAR: Under the creep rupture
that we collected fromthe literature, this is what

316 stainless steel and we've treated it with the
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Larson-M |l er paranmeter that Don was talking about
earlier. You' ve got a Larson-MI|ler paraneter as
defined here, andthe fit is pretty good actually, and
with the C, the constant is equal to 14 to get the
best fit together.

But the only caveat is that if the creep
damage was considered only if the in plan principal
stress is tensile. |If the stresses are conpressive,
you don't considered creep danage to be active.

CO CHAI RVAN FORD: Now, | seemt o renenber
that the creep equations are al so dependent on the
environnent. |'mjust tal king now from gas turbine
t echnol ogy, as well as the applied strain weight. Do
you take into account those changes?

MR MAJUMDAR Wththis stress, this test
has applied stress, applied | oad, hangi ng | oad so t hat
there's a constant | oad.

CO CHAI RVAN FORD:  Ri ght .

MR,  MAJUMDAR: So there's two stress
changes to the test, but --

CO- CHAI RVAN FORD:  Now, you're changing
t he tenperature?

MR MAJUMDAR No, this is not. This is
a constant isothermal tenperature.

CO CHAI RVAN FORD:  but if you change the
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t enperat ure.

MR MAJUMDAR  Yeah.

CO CHAI RVAN FORD:  You al so wi | | obvi ously
change the creep. It is not necessarily by that
formulation, is it, by changing --

MR MAJUMDAR: Wll, this is what --
that's a good point. W actually ranit several years
back. W had a severe accident test done on steam
generator tubes wi th constant i nternal pressure and at
tenperature ranp, and then we used this linear tine
fraction damage to predict rupture of that simlar
tube. Usingthis loss simlar paraneter for Al oy 600
tubes going up to 16, and we were able to predict the
failure rupture of those tubes quite successfully.
That was a condition of constant stress with the
ranpi ng tenperature.

CO- CHAI RVAN  FORD: So you have done
separate studies of the effects of known i sothernal
creep conditions.

MR. MAJUVDAR  That's right. Alloy 600
t ubes.

MR. SHACK: An, again, that m ght not be
true if we had a true creep case, you know, of a real
desi gn situati on where you' re tal ki ng about t housands

and t housands of hours, but again, we're tal ki ng about
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situations inwhichthe tine of interest i s an hour at
nost sort of thing, that, you know, you're really in
the creep regine.

Once this thing starts heati ng up and you
start creeping, the tenperature is ramping up and
everything is going very rapidly.

CO- CHAI RVAN  FORD: Well, | think that
stuff that Soji (phonetic) does and ot her peopl e have
done, you t ake t hese exhausti on t heori es of creep, and
now you start to change things in terns of it's non-
isothermal or it is changing stress conditions, and
you just cannot add --

MR. MAJUVDAR: Wel |, there's a bi g debate,
| nean, if time fraction is good or what, and that's
a di fferent argunment, but we have used the linear tine
fraction rule for Alloy 600 tubes under a constant
hoop stress with a rising tenperature and predicted
t he rupture of both flawed and non-fl awed tubes quite
successful ly.

CO CHAI RVAN FORD: Ckay. So prototypical
condi tions have been used.

MR. MAJUVDAR: Then we're tal king about
pi pes, big pipes here.

CO- CHAI RVAN FORD:  Yeabh.

MR. MAJUMDAR:  Ckay.
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CO CHAI RVAN WALLI'S:  Sonething failed in

the quality control of pioneering science and
t echnol ogy on your vertical axis there. You' ve got
two ones and two twos and two threes. There's no way
t hat can be.

MR. MAJUMDAR. That's really 2.5, 3.5.

Okay. Nowwe covered our |ife prediction,
creep rupture, failure prediction. Creep failure of
exhaustion of material creep ductility, all by the
accunul ati on of creep danage. Either way, we devel op
these historically either the exhaustion of ductility
or damages [ UDTSFA].

Fai | ure by exhausti on of creed [ UDTSFA] i s
when the affected heat strain is in sone critical
val ue which we call the creep ductility. Wile the
time tofailureis insensitive to the actual val ue of
the creep ductility, |I'm not sure why, because the
[ UDTSFA] it doesn't matter whether creep [UDTSFA] is
20 percent of [UDTSFA]. Tine to rupture i s [ UDTSFA].

The [UDTSFA] danmege rule is linear tinme
fraction damage [ UDTSFA]. This is what is used in the
A-74 in the Subsection [UDTSFA]. Wat we are finding
istimeto failure predicted by either nmethod, either
by the [UDTSFA] exhaustion or the damage rule is a

pretty simlar feature. There's not nuch difference,
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20 to 25 percent [UDTSFA] and damage [UDTSFA]

prediction.

So in our analysis we really attenpt to
predi ct [ UDTSFA] satisfied in the average nenber and
stress that nmust be tensile for a significant portion
of the structure, andif there is conpression, then we
don't consider it as a creep failure. Thus, it would
be tensile, and the whol e t hi ckness of the -- so there
cannot be one point that is the damage which i s one,
and we don't consider that the failure unless the
whol e section reaches a val ue of one.

Now, the question in the piping analysis,
the driving force was stress, i s expansi on of the pipe
due to tenperature rise that creates the stress, but
as your tenperature rises, it tends to relax all of
the stress. So there are two conpeting nechani sns.
One is driving the stress up. The other is drivingto
try to relax the stress.

Now, if the creep deformation is not fast
enough to relax the stress, then failure can curb a
tensile rupture. That nmeans there could be tensile
[ UDTSFA] .

At  high tenperature stainless steel
[ UDTSFA]. As | saidearlier, two percent beyond whi ch

[ UDTSFA] | ocalization occur. So what we said that if
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true thickness average tenperature tensile plus the
strain issues a value of two percent or nore before
creep damage i s just a value of one, then the section
is considered to have failed by tensile rupture.

So the failure can have either tensile
rupture or [ UDTSFA] rupture dependi ng on which one is
i nvol ved.

Here plotting the tensil e and creep damage
accunul ation of the [ UDTSFA] bid surface at this tine
[ UDTSFA] to 580. |If you' re wondering what's magi cal
about this nunmber, this is the nunmber at which the
ABAQUS prints out the output. So that's where it
started. There's nothing magical about this tine
her e.

CO CHAIRMAN FORD: I'msorry. | didn't
hear you. What was nmagi cal about 147

MR,  MAJUMDAR: There's not hing magi cal
about --

CO- CHAI RMAN FORD:  Not hi ng.

MR MAJUVDAR: -- this tinme here. It's
just that point ABAQUS printed out the data.

Now, the effective plastic strain |I'm
plotting on this side and on the m d-surface, as you
can see, the very high plastic strain right near the

reactor nozzle, not in the nozzle itself, but in the
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hot leg next to the nozzle, the nozzle stays very
cold. So there's not really nmuch deformation at this
st age.

And t hi s maxi mumof four percent here, and
inthe surge |ine, the maxi numkey damage occurs near
t he bend, 17 percent damage [ UDTSFA], but the inside
damage is highest in the hot |eg near the reactor
vessel nozzle here. The key damage [ UDTSFA] surge
i ne bend area.

[ UDTSFA]in elastic strain accumul ation,
that nmeans -- by that | nean both plastic and creep
strain accunul ati on. In the stop [UDTSFA] circle
here, that's the [UDTSFA] creep in the hot leg. And
the hot leg is an expansion of tine. This is, again,
[ UDTSFA]. So that's 14,000. That's 14,200, and so
on.

This is the variation of the [UDTSFA]
plastic strain maxi rum [ UDTSFA] plastic strain hot
| eg, around 14,400 it starts goi ng up, and two percent
i s reached around 14, 500. So the two percent tensile
menbrane stress i s accunul ated i n hot | eg after 14, 500
seconds.

At that point the creep strainis pretty
low. It's not yet --

CO CHAI RVAN WALLI'S: How does this 14.5
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appear on this graph?

MR, MAJUVDAR: It is [UDTSFA] five.

CO CHAI RMAN WALLI'S:  You nean there's a
one in front of those fours?

MR. MAJUMDAR  Pardon?

CO- CHAI RMVAN WALLI S: There's a one in
front of all of those fours?

MR. MAJUMDAR:.  Yeah, this 4,000 here.

CO CHAI RVAN WALLI'S: It shoul d be 14, 0007

MR. MAJUVDAR: Fourteen. They add 10, 000.

CO CHAI RVMAN WALLI'S:  This i s anot her one
of those quality control things.

MR MJSCARA: No, no. He started the
anal ysis at 10,000 seconds.

MR MAJUVDAR: At 10, 000.

CO CHAI RMAN WALLI'S: Wl |, but you've got
to be consistent with your two.

MR. MAJUMDAR: Yeah. So the hot leg fails

at -- is predicted to fail at 14,500 degrees at 500
seconds. At that sanme point, the hot leg creep
damage, if younotice, that it is pretty small, pretty
| ow.

CO CHAI RMAN WALLIS: It goes so rapidly
that noving things around doesn't really change it

very nuch.
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MR. MAJUMDAR: That's right. It startsto

pick up really rapidly here.

I f you | ook at the surge |line, the surge
line, plastic strain, that's the blue |ine here. That
was just two percent here, around 14,550. |It's only
50 seconds later the surge line is predicted to fail
at the end area.

CO- CHAI RVAN FORD:  So just to nake sure |
under st and, at 14, 000 seconds, the tenperature has not
i ncreased that nmuch at | east as far as the exponenti al
creep.

MR. MAJUVDAR That's right. At 14,000
there is a break in the tenperature ranp. Renenber |
showed you t he ranp, slow, ei ght degrees per mnuteto
24 degrees per mnute.

CO CHAI RVAN FORD:  Ckay.

MR. MAJUVDAR: Si x degrees per mnute to
24 degrees per mnute. So this is where the
tenperature really starts taking off.

CO CHAI RVAN FORD:  Ckay.

MR. MAJUVDAR: And that's where the creep
starts [UDTSFA] actually noving and plastic starts
actually noving at that point.

CO CHAI RVAN WALLIS: So this is where the

tenperature starts taking off everywhere.
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MR MAJUVMDAR:  Yes.

CO CHAI RVAN WALLIS: So this is sort of a
race between this is howlong it takes to creep and
how long it takes to --

MR. MAJUMDAR: That's right. It's arace.

CO CHAI RMAN WALLI S:  -- sonet hing el se at
t he st eam generator.

MR. MAJUVDAR: How long this tenperature
is going up is the driving force is going up because
t he pi pes are expanding pre-load. So there is stress
devel oped, and the creep and plastic is trying to
relax the stress out. So there's conpetition between
t he stressing and the rel axi ng, and whoever w ns out
gets to --

CO CHAI RVAN WALLI'S:  Now, when it breaks,
does it just open up a fish mouth thing or does it
snap?

MR. MAJUMDAR: It's goingtobelocally --

CO CHAI RVMAN WALLI S: Does it separate and
bounce so far because of the --

MR MAJUVDAR: That's a hard thing to
predict. Wat we are predicting, does it locally --
not a poi nt division, but sone vol une area, the damage
is [UDTSFA], and we predict that locally therew | be

sone kind of rupture in the [ UDTSFA] and they open up
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a gaping hole to which the steamw || escape.

CO- CHAI RVAN  FORD: So essentially your
mtigationstrategy inthis wholething, wthout being
flippant, is that you want everything to | ast okay out
to at | east 14,500 seconds, and then you're going to
rely on this to be your safety relief valve.

I"mtrying not to be flippant.

MR,  PAGE: I think to say it nore
precisely, we don't expect anything to happen before
you enter this w ndow here. So this is just a
snapshot when all of the action takes place. There's
no reasonable thoughts of a loss, a rupture of
anything prior to that, at | east of these conponents.

CO CHAI RVAN FORD:  Yes, okay.

MR. PAGE: Now, the reactor cool ant punp
seal s, maybe, but not sonmething like this or even the
manway mght open up a little bit. That's not
necessarily a creep type failure, but I'msaying the
actual --

CO CHAI RVAN FORD: | notice that second
sentence. Containnent isn't bypassed, is it?

MR. PACE: The contai nment isn't bypassed,
but I'msaying up until the beginning of this w ndow
here where we started that therereallyis noactivity

that to drawit out this long. This is really where
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all of the action is for the piping, for the piping.

MR. S| EBER Wll, you end up with an
i nteresting thing onthe manways. You know, those are
flexitalic gaskets which are --

MR MAJUMVDAR: They cover the manway.
[ UDTSFA] on the nmanway.

MR. SIEBER: And you get that hot enough
and they will nelt, and then you get a leak. It's not
a rupture, but it's a pretty good size |eak, which
reduces the stress throughout the system

MR PAGE: Well, not only that, but even
if it wasn't a huge leak, we'll get toit inalittle
whil e, but we were al so wonderi ng about the possible
di sturbance of the flowin the mxing in that chanber
area, which could be affected and could affect how
fast the tube heats.

MR. S| EBER That's right. It would
change that flow because the manway is right there,
and that looks like a pretty delicate --

CO CHAI RVAN WALLI'S: But if youarereally
concerned with this probl emand you weren't sure which
woul d break first, then you could conceivably put in
sone device like this feasi bl e thing made out of sone
other material, which at 1,200 degrees K would

separ at e.
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MR MAJUVMDAR:  Sure.

MR. PAGE: You could build a rupture disk
out of the el ectrosl eeve material that's two inchesin
di aneter and back it up with a block valve |ike PORV
has got a --

CO CHAI RVMAN WALLI S: Thi s m ght not be al |
t hat conpli cat ed.

MR MAJUMDAR |If we have electricity --

MR. MJUSCARA: A nunber of us have been
recommendi ng that for years, but it's not sonething --

CO CHAI RVAN WALLI S:  Ckay.

MR. MUSCARA: The utility m ght decide to
use sone indication. This could be one of them It
has been suggested. |'mnot sure how serious it has
been taken.

DR. KRESS: It probably won't pass the
[ UDTSFA] .

CO CHAI RVAN WALLIS: Well, it's going to
be --

MR PACE: No, you're probably right
because of the probability picture. The probability
picture is solow However, in generic safety issues,
whi ch you probably have seen several of those in the
past, when you did the regul atory anal ysis and you di d

t he cost benefit, at the end of the anal ysis you al so
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had this thing called "other considerations.”

Usually that nmethod -- this is alnost
i mpossi ble, but if it does happen, you're really going
to -- when the wing really does fall off the plane,
you know, you do want a parachute.

CO CHAI RVAN WALLI'S: It m ght be cheaper
than continuing to do all of this analysis.

MR. PAGE: You nmean to put in the rupture
di sk?

CO- CHAI RVAN WALLI S: Your cost benefit
shoul d include the cost of continuing to do a | ot of
expensi ve research

MR. PAGE: Yeah, but we're doing that, not
the utilities.

CO CHAI RVAN WALLI'S:  Maybe that's not our
poi nt of view

MR SIEBER  The sane view.

MR, MAJUVDAR: (kay.

CO CHAI RVAN  FORD: | got you off the
track. Sorry.

MR. MAJUVMDAR: Just to show t he damage,
[ UDTSFA] | ooks at that. [It's still 17 percent. So
it's not anywhere near rupture, but it's starting to
take off in the hot leg and the surge line. They're

beginning to take off. So if the tensile rupture
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didn't [UDTSFA], the [ UDTSFA] rupture would fall off

pretty soon.

CO CHAI RVAN WALLI S: W shoul d put fins on
this thing to cool it. The heat plug has a big
defect. Take off the insulation.

MR, MAJUMDAR: In some sensitivity
analysis, first of all, we reduced the thernal
conductivity of stainless by 20 percent.

CO- CHAl RVAN WALLI S: Vell, surely the
i nsul ation has a factor of two on heat flux at | east.
|s there insulation on the surge |ine?

MR MAJUMVDAR: No, it's [UDTSFA] fully
adi abati c. There's no heat transfer now on the
out si de surface.

CO CHAI RVAN WALLIS: But if you took off
the insulation. The surface heat flux on the surge
line? |Is that what you nmean by that?

MR. SHACK: You want this to heat up and
fail.

CO CHAI RVAN WALLI'S:  The second bullet?

MR MAJUVDAR: In the case of - this is
what |I'm doing on the inside, interior. Wat we'd
really like to do is to increase the heat transfer
coefficient just to see all --

CO- CHAI RMAN  WALLI S: Ch, this is the
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i nsi de heat transfer.

MR. MAJUVMDAR  Yeah, yeah. W wanted to
see what the effect of changing the heat transfer --

CO CHAI RVAN WALLI'S: Well, that's harder
to do, | think.

MR. MAJUMDAR:  Yeah, very hard. But |
would say in ABAQUS we couldn't input the heat
transfer coefficient directly. So we are devel opi ng
i ncreased surface heat flux that was given to us by a
factor of two, and that is a bigger face than that
because that changes the tenperature history
significantly as you can see in the flux here.

CO CHAI RVAN WALLI' S: | wonder how wel | we
know heat flux in these situations where there's al ot
of tenperature variation.

MR MAJUMVDAR: That's why I'm in a
di scussion with Chris on them W decided a factor
of two would be --

CO CHAI RMAN WALLI S: This is where you
coul d do sonme nore fluent stuff because you can't just
blindly use sone standard Denni s-Bolter or some kind
of sem -correlation. It doesn't work. You' ve got --

MR. MAJUVDAR: Hopefully in the future
we'll get uncertainty in the heat flux fromDon, from

the round that he does.
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CO CHAI RVAN WALLI'S:  Ckay.

MR. MAJUMDAR  Ckay. The next itemthat
we | ooked at is the manway. The manway, this is a hot
|l eg manway, and we included the lower half of the
steamgenerator so that it nade the application of the
heat as a special bonding condition sinpler, but we
i ncluded the insert of the cover, the cover plate of
16 bolts and the gasket in the final analysis.

Actually we did not include the gasket
because the gasket is so soft it does not affect the
stress that much, but the gasket would affect the
| eakage area once it has [ UDTSFA] and dependi ng on how
much spring-back there is.

Now, we nodel ed t he pretensioning at room
t emper at ure and t he manway was uni formly heating. The
gasket, as | said, was negligible. Fai l ure was
defined as the creation of floor [UDTSFA] two inch
di ameter hole, lifting of the collar plate.

At sone point the bolts would | ose all of
their tensions, the tension in the bolt, and then the
cover plate would start lifting up and all owthe steam
to escape, and when the | eakage area woul d accumnul ate
the two inch dianmeters hole, call that a failure of
t he gasket or of the nmanway.

CO- CHAI RMAN FORD: | take it these never
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| eak?

MR MAJUMDAR  Pardon ne?

CO CHAI RVAN  FORD: These gaskets never
| eak?

MR. SIEBER. Yes, they do.

CO- CHAI RMAN FORD:  They | eak, boric acid
corrosion?

MR. SIEBER: Wl |, usually when they | eak
it's right after refueling. Sonebody is bolting it
on, and there’s damage to it or they didn't get it in
there right, and as soon as you try to do the hydro or
design pressure test, it |eaks and you know it.

MR. MUSCARA: It's the secondary water.

MR. SIEBER: No, it's onthe primary side.

MR MAJUMDAR This is the primary side.

MR. PAGE: In that picture of the hot |eg
it’s comng in at the other 45 degree angle. It's
comng in hitting the separation plate.

MR. SIEBER: There, the secondary side.

CO CHAIl RMAN WALLI S: No, | think the
concern is --

MR. SIEBER. One on top and then there's
t he handl es.

CO- CHAI RVAN WALLI S: Jack, do you get sl ow

| eaks in these that woul d gi ve you boron, boric acid,
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corrosion of the bolts?

MR. S| EBER: Theoretically, yes. ' ve
never seen it.

CO CHAl RMVAN WALLI S: You' ve never seen
rusty bolts on these things?

MR. S| EBER: Not on the manways. It's
sonmet hing you go in every outage, and so because of
all the steam generator inspections, the people who
wor k on those manways real | y know what they' re doi ng.
There's, you know, a reg. that places it in place and,
you know, new gaskets all the tine.

|"ve seen rusty |ooking bolts, but I've
never seen the deterioration to the extent that it
woul d cause ne to believe that it would be subject to
an early failure.

MR. MAJUVDAR: Qur primary concern was the
bolt relaxation, bolt |oad relaxation. Here |I'm
showi ng t he bolt | oad rel axati on wi t hout creep because
there's no creep in the bolt. You don't allow creep
to occur, and there is some relaxation due to the
change i n the nodul us el asticity of the bolt materi al.

|'m plotting tenperature with the bolt
| oad here. On the other hand, if you allow creep in
the top right here, then the bolt |oad rel axes by

about 14, 000 seconds agai n, whi ch corresponds t o about
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435 degrees Centigrade. At pretty |lowtenperature the
bolt --

CO CHAl RMAN WALLI'S:  Now, when the bolt
rel axes and creeps, presumably the first thing that
happens is the gasket | eaks.

MR MAJUMDAR: Well, once this -- it
doesn't go down to zero, as you notice that, because
the steel has to support the pressure acting out of
power . Beyond this point the cover plate starts
lifting off, and you start getting --

MR. SIEBER. And the gasket | eaks.

MR. MAJUMDAR: The gasket woul d | eak. You
m ght even get bl ow out of the --

MR. SIEBER: Well, the gasket is a spira
wound netal --

PARTI Cl PANT: Flexitallic.

MR. SIEBER. It's a Flexitallic. There's
a big backing ring which gets us to about this big
that holds it all together so that it won't boil out.

MR. MAJUVDAR: Now, in this figure | show
that all of the 16 bolts are prel oaded to exactly the
sane preload. In other words, this | ower figure, what
|"ve said is that after the bolts are prel oaded to 85
percent of the design preload and the others are 100

percent, then the bolt relaxation follows these two
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curves. Bolts one and five can lower the load. It
will start rel axing here, but both sets of bolts rel ax
to zero or to the final value at about the same tine,
14, 000 seconds.

So that means they adjust the variability
in the bolt preload will not change the rel axation
poi nt significantly.

Now, here, plotting the left figure here,
|"mplotting the contact pressure on the junction of
t he pl ate and the bolts around t he circunference, and
this is at room tenperature. Once the bolts are
tightened, it gets a contact pressure distribution,
something like that, and as you increase the
tenperature, the contact pressure reduces, as you can
expect, and by about 450 degrees C. the contact
pressure is reduced to zero. That's been the junction
starts openi ng up.

On the right side I'm plotting contact
openi ng versus the opening displacenment here.

CO CHAI RVAN WALLIS: It opens up a lot.

MR. MAJUVDAR  And so by 450, it starts
openi ng and - -

CO CHAI RVAN WALLIS: It's a huge anount.

MR. MAJUVDAR: -- because we start getting

a pretty large --
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CO CHAI RVAN WALLIS: And a quarter of an

i nch opening all around?

MR. MAJUVMDAR That's right, yeah. It's
predicted to be that nmuch. That's 640 C., 650 C.
It's a pretty high tenperature.

CO CHAI RMAN WALLI S: What's the gasket
doing when it is opened up a quarter of an inch?

MR, MAJUMDAR: Anybody' s guess. The
gasket probably gets bl own out, but the main thingis
that there's a big | eakage there.

CO CHAI RVAN WALLI'S:  There's an enor nbus
| eakage presumably. That's to be avoided, isn't it?

MR. MAJUMDAR: One thingis certainisthe
bolt properties, as | said, the bolt creep properties
we really don't know that good. So we're going to do
sone tests and nail it down.

MR, MJUSCARA: But they're not high
tenperature material s.

MR. MAJUVMDAR:  Yeah, they're not.

CO CHAl RVAN WALLI S: So t he t enper at ur e of
this plateis determ ned by Chris Boyd' s recircul ation
pattern in the bottom of that steam generator.

MR. MAJUMDAR: Actually it doesn't take
much of a plastic strain to relax the bolt |oad out.

Al'l you have to do is relax the elastic strain, and
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that takes very little plastic strain.

DR KRESS: Wiere's your rupture disk?

CO CHAI RVMAN WALLIS: It nmay be, but it's
in the wong pl ace.

MR. PAGE: No, this will be a great place.

CO- CHAI RMAN WALLI S: There's a good pl ace
her e?

MR. MAJUVMDAR: Oh, yeah.

MR. PACE: Because if you can take a 19
inch hole and |ift it up enough to equate to a two
inch hold in a reactor coolant system you've bl own
down t he whol e system

CO- CHAI RVAN WALLI S: Oh, yeah, this is
still in the containment. Ckay, good.

MR. PAGE: You're tal ki ng about sonet hi ng
this big around, you know.

CO CHAI RVAN WALLIS:  Onh, | guess you're
right.

MR. SIEBER: It would blowit down pretty
fast, but the chances of it failing and unzi pping are
pretty | ow conpared to | eaking.

MR. PAGE: Yeah, we're just tal ki ng about
[iftoff. W' re not talking about --

CO- CHAI RVAN WALLI S: Liftoff would be

somet hi ng el se.
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MR PAGE: No, no. | mean, |'m just

t al ki ng about --

DR KRESS: W woul d have a whole new
cont ai nnent .

MR. PAGE: These are not rupture bolts
like in a rocket ship, but I nean, if you can just
give a space in there and start blowing out, it
shouldn't take a |ot.

MR. S| EBER It's sort of a delicate
bal ance anyway because the pre-tension of the bolt is
designed to withstand the force of 2,500 pounds of RCS
pressure, which is the design pressure limt, and
still keep the gasket prel oaded, but you know, as you
heat up the plant, you know, sone of that bal ance of
force is thrown away.

CO CHAI RVAN WALLIS: So when does this
happen? At what seconds?

MR MAJUVDAR: This is at a tine. It
devel ops the tenperature. | don't have it right now,
but it's around 14,000, slightly --

CO CHAI RVAN WALLI'S:  Everything happens
around the sane tine.

(Laughter.)

CO CHAI RVAN WALLIS: So this is |ike sort

of the final five seconds of the Super Bow .
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DR KRESS: More like half time.

MR. SIEBER. This is half tine, yeah.

CO- CHAI RVAN WALLI S: Ch, | don't know.
This is nore like the end. Which teamwns is all
decided in a few seconds.

MR. MAJUMDAR: The next thing we | ooked at
is this registered [ UDTSFA] detector, and the welds
"' mtal king about, this is RTD. The scope sits here
on the hot leg, and the welds, full transition welds
on the water |oad, OD and the ID surface, and this is
the OD weld and that’'s the ID weld, final elenent
nodel. That's the RTD.

So we nodel ed both the RTD. W include
t he whol e i nsi de, and the wel ds and the hot | eg. Now,
remenber the upper half is hotter than the | ower hal f.
So we put in the heat transfer coefficient for the
upper half and the corresponding heat transfer
coefficient for the lower half and did a thermal
conduction analysis first, then used that tenperature
and pressure failing the stress anal ysis.

CO CHAl RMAN WALLI S: Have these RTDs
al ways been in these hot |egs?

MR. MAJUVDAR: Wel |, yeah, there are three
of them actually.

CO CHAI RVAN WALLI S: These are the ones
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that excited the staff at TM when they got too hot,
presumably? | didn't know they were there.

MR. MAJUVDAR  Yeah, it was there in the
el bow

MR. SIEBER: Yeah, they were there in the
very earliest plants, before conmerci al

CO CHAI RVAN WALLI S:  So when t he staff got
all excited about super heated steamin the hot |eg,
this is what was reading it?

MR  SI EBER: VWl |, the RTD, everything
else is thernocouples, and the RID is the only
accurate instrunment you have. If you want to know
what the outlet tenperature is because it's the
hottest tenperature other than in the pressure.

MR. MAJUMDAR  They say that the concern
here is that the pressure is acting on this hope and
trying to force this out of the --

CO CHAI RVAN WALLIS: Trying to bl ow out
the RTD?

MR. MAJUVDAR: The whole RTD. Once it
blows it out, then there's a two inch dianeter hole
right there.

CO CHAI RVAN WALLI'S:  Which is desirable.

MR. MAJUMDAR: Ckay, and the next iteml'm

going to discuss later on is there's a socket weld
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around here that’s also volatile to failure.

CO CHAI RVAN WALLI' S:  And t hese never | eak
with boron either?

MR, MAJUVDAR:  Liquid?

MR. SIEBER | have never seen it happen.

MR. MAJUVDAR:  Again, | define failure.
Now, the failure we're tal king about is the failure of
the interface within the weld and the RTD. That
failure woul d cause it to blowout, and the failureis
either --

DR KRESS: Sheer failure.

MR. MAJUVMDAR  Sheer failure, but what we
do is the average effective plastic strength, two
percent or 40 percent average creep strain, [ UDTSFA],
and then we say it's fail ed.

CO CHAI RVAN FORD: But, again, thisis a
smal | tube welded into a | arge body.

MR. MAJUVMDAR: That's right.

CO- CHAI RVAN FORD: W th high [UDTSFA]
residual stresses presumably. The analysis doesn't
take into account they nmay be defected.

MR. MAJUMDAR: No defects, no defects, no.

CO- CHAI RVAN FORD:  No, no. You're saying
no defects, but what would the uncertainty analysis

indicate if there were a defect?
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MR MJUSCARA: That would make it fail even

sooner. So if this fails, that's the end of the
story. You don't need to know who the fail --

MR. MAJUMDAR: That wouldn't be the
conservative assunption in this context.

MR. SIEBER. That woul d be a good deal .

CO CHAI RVAN FORD: Wl I, thisisthe first
time |1've heard a cracked body is a good thing.

CO- CHAI RVAN WALLI S: Ch, it is in this
case, very nuch.

MR MAJUMDAR In this context it is.

DR KRESS: Well, you get a small break
LOCA. It's not as bad as this.

CO CHAI RMAN  FORD: kay. | learn
somet hi ng every day.

MR MAJUMDAR: Ckay. So that's the
tenperature profile in RTD at 14,000 seconds, the
magi ¢ nunber. Now, perhaps it's hotter than the | ower
hal f.

The RTD tip actually heats up pretty
rapi dly because there's nore nass and approaches t hat
other tube as it approaches the hot | eg.

MR. SIEBER: Actually, the RTDi s nodel i ng
the fluid streans.

MR. MAJUVDAR: The tip is in the fluid

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

294
[ UDTSFA .

MR SIEBER  When you take the RTD out,
you don't get a |eak.

CO- CHAI RMAN WALLI'S:  You' ve got to answer
my questi on.

MR. MAJUVMDAR: You don't get a |eak?

MR SIEBER No. It'sinawld It's a
thinble, and the thinble -- otherw se you woul d never
be able to replace it.

MR. PAGE: Wll, the RTD we got draw ngs
of, the thinble, which is a cone, came down into the
flow stream but it had like five holes drilled into
it.

MR SIEBER Ch, |'ve never seen that.

MR PACE: Well, I'd be willing to show
you the drawing. That's the one we got.

MR SIEBER Al right. [UDTSFA].

MR. PAGE: No, no. | nmean, | wondered,
too, but it seened --

MR. SIEBER: |'ve never seen one nmade |i ke
t hat .

MR. MAJUVMDAR: | guess the scope sits --
this is what we are calling RTD. It's really the
scope, right?

MR. PAGE: Yeah, thisis calledthe scoop.
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MR MAJUVDAR:  Scoop.

MR. PACGE: It's like afairly substanti al

netal thing, but it had five holes drilled in it that

were what, quarter inch dianmeter? It was about
four --

MR. SIEBER. -- inch?

MR. PAGE: It was about five inches down

in the flow stream

MR SIEBER  Ch, quarter inch.

MR. MAJUMDAR It's stickingintothe flow
stream about four or five inches, yeah.

We al so got a drawi ng for the generic RTD
for Westi nghouse pl ants which are quite different from
this design. This one was provided specifically for
ZI ON pl ant .

MR. S| EBER: There m ght be sonething
uni que about that plant, but you could take the RTD
out of the plants I worked in and it would not | eak.

MR, PAGE: I think we're talking about
three different things here. | think one is the
scoop, which is what we had in mnd, and then the
t hi nbl e sticks down, and then the RTD, | think, sticks
down in the thinble.

The thinble is actually quite thin, the

one you're talking about. It'safairly thin surface,
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and they have had failures of sone of those, and so,

| nmean, | --

MR SIEBER Well, they nmay have.

MR. PAGE: | talked to the RTD guru, |
guess, and we still haven't literally figured out the

details of the innards of this thing, but this was a
first cut of |ooking at the welds thensel ves.

MR. MAJUVDAR: But the welds are clearly
defined on the drawi ng though. These two welds and
whatever it's called. | don't knowthe RTD scoop. |If
those welds fail, then this thing is going to be --

MR. SIEBER: Yeah, it is welded in place.

MR PACE: That would be a two i nch hol d.

MR. SIEBER: Yeah, right.

MR, LONG Just to clarify the structure
there, that used to be a scoop. There are three of
them and it was actual |y sanpling and taki ng fl ow out
to a ring header that went to an RTD bypass nani f ol d.

MR. SIEBER. Oh, yeah. They elimnated
t hat .

MR. LONG They elim nated t he manif ol ds,
but they then used these things as RTD wel ds, but the
poi nt was they wanted fast, you know, heat transfers.
So they needed to put holes in there to get the fluid

totouch the RTDnore directly than t hrough t hat wel d.
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MR. SIEBER  Strangely enough, those RTD

mani f ol ds were sl owrespondi ng t o t enper at ure change.

MR LONG That's why they went to this.

MR. S| EBER: Correct. That's why you
couldn't rely on themfor protection.

MR LONG Well, it's too bad that they
don't have themnow if you really want sonething to
fail because scooping the hot flowout into the thin
pi pe and taking it down by force |load to the reactor
cool ant punp seal |eak woul d have been treat at the
nonent, but --

MR. SIEBER  Yeah, right. You refreshed
my nmenory. That was a strange design.

MR. MAJUVDAR: The aver age t enper ature of
both t he wel ds actual |y fol |l owal nost the sane profile
withtine. Thisis typical stress distributioninthe
ID weld and RTD interface, and the stresses are not
really that large so large scale plastic ending is
not predicted.

CO CHAI RMAN FORD: Sorry. Just to nmke
sure | understand, on that previous plant, these are
t he stresses associated with a constant di spl acenent
weld; is that correct?

So you're |l ooking at the changes -- the

stresses at that particular tine.
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MR MAJUVDAR: This is at that tine onthe

| D wel d.

CO CHAI RMAN FORD: Is this the residua
stress?

MR. MAJUVMDAR: Ch, no. This is the stress
due to the tenperature, pressure, everything.

CO CHAI RVAN  FORD: And the residual
stress.

MR. MAJUMDAR Wl l, no, not the residua
stress. Welding in the -- we did not assune any
wel ding in these residual stresses.

CO CHAI RVAN WALLI'S: So what's the bottom
i ne here?

MR. MAJUVDAR: Wl |, the next figure shows
the stresses inthe IDweld starts out hi gh, conpared
to the OD rails, but we did creep, relaxes faster
because the IDis slightly hotter, and the OD wel ds
will follow this pattern.

There is a peak there in the stress, and
this point is that 14,000 again. There is a change in
the rate fromsi x degrees per m nute to 25 degrees per
m nute, and right before that, the creep trend takes
of f. You can have very effective creep strain versus
time. Pretty lowup tothat point, and thenit really

expl odes.
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CO- CHAI RVAN  FORD: And that's purely

because the very high activation enthal py for creep?

MR. MAJUVDAR: Well, plus the tenperature
is going up rapidly.

CO CHAI RVAN FORD:  Now, on your | eft-hand
si de you show a hi gh dependency of stress, but you' ve
al so got a high exposure to stress on the creep rate.

MR. MAJUMDAR  Yeah, there's a high --

CO- CHAI RVAN  FORD: So if there's any
uncertainties ineither the stress, cal cul ated stress
or the cal cul ated tenperature, you coul d be way to the
left or right of that.

MR. MAJUVMDAR Wl l, that's a good point,
and we have to do the uncertainty anal ysis to see what
we' ve done.

CO CHAI RVAN FORD:  And can you bring down
the thing to 500 seconds?

MR. MAJUMDAR: |'msure you coul d nake t he

heat | arge enough. | would show sone of the heat
rate.

CO CHAI RVAN FORD:  Ckay.

CO- CHAI RVAN WALLI S: What you're going to
find here because this is just the |law that things
never work out too well is when you put all of the

uncertainties and all of these things; they all
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overlap; and you can't really tell which is going to
happen first.

MR PACE: Unless you find the silver
bullet that is 500 --

CO CHAI RVAN  FORD: This could be the
silver bullet.

CO CHAl RVAN WALLI S: Make it out of silver
and it will probably pop out.

DR. KRESS: | think the proper, good
uncertainty anal ysis that shows you t hat overl ap woul d
be extrenely useful because t hen you coul d factor that
into the probability of the failure and then check the
consequences and see if you -- per a significant
nunber of these plants, whether or not you exceed t he
safety goals. | suppose that woul d be t he approach on
how to deal with this issue.

You m ght not be able to confidently say
that it's going to fail RCS before it fails in the
steamgenerators, but you can get sone sort of idea of
t he probabilities.

MR. MAJUMDAR That's what the PRA does,
and | think that's their responsibility, not ours.

MR. MUSCARA: W need to keep in m nd t hat
this is the old base case, and the tenperatures are

changing. They're getting hotter. So these nunbers
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|"'mconfident will drop. So we have the input. W
just don't have a programin place yet to get the work
started, but very soon we should be able to get the
work started, use a new base case to rerun these
things. Then I think we'll see nore separation, and
at that tine with the new base case, we can do the
sensitivity anal ysis.

This is the other instrument |inel tal ked
about before. It sits on the total RTD flange, this
wel d. Again, the effective -- if this weld fails,
thenthislinewll expel and there will be a one inch
di ameter hole, and the creep strain along those two
interfaces are, again, pretty low up to 14,000 and
t hen takes off.

So | made a summary of the failure tines
summary. The first rowis a reference case. That is
t he reference ol d baseline case. This is the hot |eg
will fail by tensor rupture at 14,506 seconds. The
surge line bend, again, tensile rupture, 14,550
seconds. The hot leg to surge line nozzle, slightly
earlier, 14,250 seconds.

You don't predict any failureinthe el bow
because the el bowis under conpression all the tine.
Now, this RTD to hot leg weld, that's predicted to

fail at 13,890 seconds. That's the earliest failure
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we predict, followed by the instrunent |ine socket
wel d here.

The manways is the | ast actually, 16,726
seconds. That's when it lifts up and [ UDTSFA] weld
into a two inch diameter hole.

Now, the bottom two rows of the
variability check, wuncertainty check, we first
increased the creep rate by a factor of ten. \Wat
will it do? The failure of these two or these three
are the creep rate dom nated, and in that case the
failure time woul d be reduced from3,890 to 3, 710, and
so the headline would fail 100 seconds earlier,
whereas the manway would be failing a lot earlier,
about 1,000 seconds earlier.

CO CHAI RVAN WALLI S:  \Wher e does the steam
generator tube fail?

PARTI Cl PANT:  Thirteen thousand --

CO- CHAI RVAN  WALLI S: Thirteen, five
hundr ed?

MR. MAJUMDAR Well, we still don't know
t he exact failure point of the steam generator.

CO CHAI RVAN WALLI S: Yeah, but it'sinthe
same range as these nunbers.

MR. MAJUMDAR: The sane range, yeah. It

will be near the area, yea.
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PARTI ClI PANT: But there, again, we're

conmparing the old case and new case.

MR MAJUMDAR  Yeah, we have to | ook at
the tube failure in nore detail.

CO CHAI RVAN WALLIS: So the | owest thing
you nention here that's possible is the hot | eg nozzle
failure.

MR MAJUMDAR No, the lowest is RTD.

CO- CHAI RVAN  WALLI S: The earliest is
12,750 at the bottomw th a sensitivity study.

MR. MAJUVMDAR  \Which one? Ch, this one,
yeah. This is a the heat flux plate, too.

CO- CHAI RVAN WALLI S: So you're making
occur the double ended guillotine break, which is
i npossible? No, it isn't inpossible yet.

MR. MAJUVMDAR: The single ended --

CO CHAI RVAN WALLI S: Not wunder severe
accidents, yes. So that would be interesting if you
did that, as to what actual |y woul d happen. How woul d
it break?

MR. MAJUMDAR That's different. This is
the initiation of the failure.

CO CHAI RVMAN WALLI'S: Right. Does it just
make a little hole that noves over a little bit?

MR. MAJUVDAR: Wel |, the tenperature, high
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enough under -- there's enough |oad acting |oad so
they' || probably open up.

CO CHAl RVAN WALLIS: We're al npost at the
end, | think.

MR. MAJUMDAR: So that's where | said the
di scussion that all of the failure stops at close to
14, 000 seconds. That's the tine where the steam
tenperature ranp actually goes from .3 to 3Ds per
second, and the failure time of the conmponent wll
al ways be cl osed no matter how detail ed the anal ysis
and in formng nore than 15 m nutes apart.

Failuretofocus onfailuretenperature or

the relative failure tinme between the tube and the

conponent .
MR SHACK: Fifteen mnutes is forever.
MR MAJUVMDAR: Fifteen mnutes would be
900. That's 2,700 degrees heat. | think this would
be less. | think maybe ten m nutes woul d be best,

five to ten

MR, SHACK: We're being optimstic.

MR. S| EBER: O course, if one thing
fails, then [UDTSFA] that, right? It stops.

DR. KRESS: It changes everything.

CO CHAl RVANWALLI'S: What's this hot inlet

pl enunf?
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MR MAJUVDAR: This is still one of 500

degree wap that was m xi ng. Whatever is done hereis
done.

CO CHAI RVAN WALLI'S:  \Where is that?

MR. MAJUVMDAR: That was --

MR. SIEBER. It's in the steamgenerator.

CO CHAI RVAN WALLI'S: Well, it just seened
to be a much | ower tine, everything else.

MR. MAJUMDAR: One, oh, five, this is 105
her e.

MR, SIEBER: \Were? Ch, okay.

CO CHAI RVAN WALLIS: So it's the hot |eg
going into the steam generator.

MR. MAJUMVDAR: But wi thout m xing.

t hi nk before m xi ng.

CO- CHAI RVAN WALLI S: So that's the one
that could fail before anything else, significantly
bef ore anyt hing el se.

MR, MAJUMDAR: Yeah, actually Don's
reconmendation was to use the 106 because that's --
the initial level is using that Iine. W have an
early failure.

CO- CHAI RVAN WALLI S: Why does that fail so
early? 1It's not the hottest part.

MR MAJUMDAR: But this m xed nean inlet
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pl enum that's the cell he wanted us to use for the
| ower head. Actually the CFD cal cul ations show a
little less than this.

This conclusion is, again, the RTD weld
that failedfirst, the difference case, and connecti ng
follow ng instruments, socket welds, the surge line,
hot | eg nozzle, the hot leg itself, the surge |ine
t hen, manway, elbows. There was no failure. It's
under conpression.

Conpl eted some sensitivity anal ysis that
was showed the major factors controlling the failure
of surface [UDTSFA].

[ UDTSFA] on the tensile properties.

| have one slide of planned future work.
Duri ng the next phase of the program we are proposing
to do sone tests on the bolt material, some gaskets
and sone nozzle material, and we'll do analysis, the
final analysis of the hot leg to the new baseline
case. W try to treat some here a little nore
rigorously, and we try to estimate | eak rate versus
time through the manway once it lifts up.

Also there's an RCP | eakage analysis to
eval uate the three RCS pi pi ng.

CO- CHAI RVAN WALLI S: You don't plan to

anal yze the CE systenf?
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MR. MAJUMDAR: Yeah, the last one is the

CO CHAI RVAN WALLI'S:  Ch, you do. Ckay.

MR, MAJUVDAR: Not in the sane detail,
finite elenment, but some average.

MR, MUSCARA: Yeah, | should clarify.
There is work going on to address the CE issue. O
course, the CFDi ndi cated that that's a nuch different
situation, but the general idea of the work is to
devel op a nmet hodol ogy and an i nfrastructure on howone
would do a good PRA for this severe accident
situation.

So we don't intend to do the CEin detail,
but we're going to do qualitative analysis both from
a thermal hydraulics point of viewand the materials
poi nt of view and conpare that to the one where we're
doing the detail. So with the Westinghouse Mdel 51
and what we get there with respect to the failures.

CO CHAI RVAN WALLI S: Well, this | ooks like
a case where the nodel uncertainty is very, very
i mportant in the PRA

MR S| EBER: Is there anything unique
about B&W plants that would nake this kind of
analysis, the thermal hydraulic analysis, nore

difficult?
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MR. LONG If you do get the right size

seal, we make a cool ant punp seal leak. You tend to
start drawi ng up fluid down t hrough the tube when you
start |eaking the tube. The big | eak (speaking from
an unm ked position). It doesn't nmake the tube very
hot. So you have just the right size | eak as part of
the detail, and it has a | ower probability.

CO CHAI RVAN WALLI S: You need to be
tal king into a m crophone.

MR LONG Oh, I'msorry.

CO CHAI RVAN WALLI'S: Did the recorder get
what he sai d?

CO CHAI RMAN FORD:  Okay. You have one
| ast slide?

MR. MAJUVDAR. No, that's it.

CO CHAI RVAN FORD: Joel, I'd like to take
a break at this time for 15 mnutes. So if we can
cone back here -- it's just after 22 -- we'd
appreciate it, and then we'll have the last talk on
the PRA and then general comrents.

CO CHAI RMAN WALLI S: Is it okay to say
that was al so a nice presentation? Thank you.

MR. MAJUMDAR: Yes, yes, yes. Thank you.

(Wher eupon, the foregoing matter went off

the record at 3:24 p.m and went back on
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the record at 3:44 p.m)

CO CHAl RVAN FORD: Okay. We're back in
sessi on.

| pass it on to you.

MR. MUSCARA: Ckay. | don't know if we
shoul d say we saved the best for |ast, but at |east
this is what everybody has been waiting for.

CO CHAI RVAN FORD: That's exactly right.
W' ve been saying we need the PRA now.

MR.  MUSCARA: Actually we considered
having this presentation at the beginning, and |
decided it would be best at the end because by this
time we will have heard about all of the inputs that
need togointothis. Nowyou will see howthe inputs
get integrated.

So the last presentation for today's
session is on the PRA, and Dave Bradley fromSAI Cwi | |
make the presentation.

MR, WOODS: Okay. | wanted to start as
say just a very few words. |'m Roy Wods of the PRA
Branch in Research, and | was going to just briefly
i ntroduce the people |I have with ne. | did that
yest erday norni ng.

But on ny imediate left here is Dave

Bradl ey from SAIC. He's a subcontractor to Dave
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Kunsman, who is the next person to nmy left, who is
with Sandia National Laboratory.

And then finally down at the end is Paul
Am co, also of SAIC. The two SAIC guys are based up
i n Aberdeen, which is convenient because one or both
of them have been particularly -- Dave Bradley has
been down here a nunmber of times -- particularly
hel ping us a great deal with that plan for bringing
everything together onto one Mcrosoft projects
schedul e, which was an extrenmely useful exercise.
He' s al so been doi ng sone of the prelim nary nodel i ng,
not just PRA, but materials failure type things that
we're building into our own nodel .

Dave Kunsman is holding it all together
from Sandia, and Paul Amico has been primarily
concerned, | think, with getting together the PRAthat
we have obtained fromthe plant which we'll go into
and getting it up and running so we can actually use
it.

Unl ess you have any questions for nme, I'm
going to turn it over.

CO CHAI RVAN  FORD: |'ve got an overal
guesti on. I nformal | y anongst us, we've been maki ng
a conmparison between this particular project and the

PTS project, and it involves certainty nmeasurenents
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and uncertainties and materi al s degradati on, thernal
hydraulics, et cetera. 1|s that a good anal ogy?

MR WOODS: Absolutely. In fact, | was
wonderi ng whet her to say this or not. The whol e i dea,
| think, of assigning ne to do this particular PRA
coordi nating functionis not because |' ma PRA expert,
which I'mnot, but because | did the same or amdoi ng
t he sane function for the PTS project, and that was a
t renendous | ear ni ng experi ence for the contractors and
for the staff in howyou do a nulti-discipline effort
like this.

In this case, it's very simlar, only
maybe a little nore so. W have got two different
materials aspects on this one. W've got the steam
generator tubes, and we've got everything el se that
Joel was tal king about, you know, all of the other
conmponents that mght fail before the tubes.

In the case of PTS, of course, you're just
worryi ng about the vessel failing.

CO- CHAI RVAN  FORD: So drawing on your
experi ence of the very successful PTS program how do
you viewthis particular programin terns of the order
in which things are done?

You have a never ending back --

MR. WOODS: There isn't any order. W' ve
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| earned that you can't drawit as alinear thing. You
can start anywhere you want in the circle, but it's a
continual feedback, and we'll actually get into a
little bit of that.

CO- CHAI RVAN FORD:  Good.

MR WOODS: So if that's okay --

CO CHAl RVAN FORD:  Yes.

MR WOODS: -- I'll turnit over to David.

MR. BRADLEY: Good afternoon. |'m Dave
Bradl ey from SAl C

Thr ee obj ectives t oday for t he
presentation refers to kind of describe to you howwe
pl an to approach the PRA; second, to provide a status
of where we are right now, and actually we're fairly
new at this effort. Clearly, if you look at the
vi ewgraphs, there aren't a lot of results that are
i ncluded. So we're just beginning the effort, and we
can tell you where we are and where we plan to go.

And then also -- and Roy allude to this --
| want to describe a little bit how we plan to
interact with the other el enents of the program the
t hermal hydraulic fol ks, the material s response fol ks,
et cetera.

So et me nove on to the next slide.

The scope of the study is limted to
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severe acci dent induced contai nnent bypass scenari os
only, that 1is, driven by steam generator tube
failures. The initial efforts in this area were to
devel op a met hodol ogy that was part of our original
scope.

We developed a draft methodol ogy and
produced that nethodology in draft formin June of
2003. O course, without an application of the
net hodol ogy, it's kind of difficult to know that
you've actually described a nethodology that's
wor kabl e.

So at this point we're undertaking an
application of the nethodology that we provided in
draft formto full power internal events. The sanple
pl ant that we've selected for this analysis at |east
the first go-round is a Wstinghouse --

CO CHAI RMAN WALLIS: Well, can | ask you
about this? You devel oped a net hodol ogy or sort of a
way of going about the problem and now you're going
to apply it to Westinghouse four |oop. Mybe PRAisS
a little different from other areas, but thinking
about what, say, Chris Boyd told us, he coul d probably
sit down in an eveni ng and sketch out his methodol ogy
and how he's going to approach the problem and then

it takes hima year to do all of the work.
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| s PRA sonehow different fromthat?

MR. BRADLEY: No. | nmean, it's very
simlar tothat. In fact, what we're finding is that
the issues are nore conplicated than we had thought
initially when we drafted the net hodol ogy. So | know
right now the nethodology is going to change
drastically, which is why as you'll see we plan on
updating that report when we produce t he application.
This is actually the way we did it.

So I've indicated here in the | ast bullet
on this slide that we do plan to extend the
net hodol ogy to other plant types, external events,
| oner power and shutdown states as well. That's
downstream quite a ways downstream The initial
efforts will be devoted towards t hat Westi nghouse f our
| oop sanple plant.

CO CHAIRVAN FORD: |'msorry. |'mgoing
to ask you a sinple question on the first sub-bullet.
"No steam generator contai nment by part before core
damage begins. Coming into this on the DPOissue, |
assune that the sequence of events was a nain steam
| i ne break, depressurization, secondary side, rupture
t he tube, and t hen subsequent events after that. That
is not the only thing we're tal ki ng about.

MR. BRADLEY: No, in fact, the nmamin steam
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l'ine break --

CO CHAI RVAN WALLIS:  You mx it up with
sonet hi ng.

CO- CHAI RVAN  FORD: Yeah, that's what
l"m-- carry on.

MR. BRADLEY: So this is just severe
accident initiated.

CO CHAI RVAN FORD:  Ckay.

CO- CHAI RVAN WALLI S: This is a station
bl ackout .

MR. BRADLEY: Well, station blackouts are
simlar.

CO CHAI RVAN WALLIS: It stops and then it
heats up. This isn't a LOCA or anything |like that.

MR. WOODS: The intent is to hopefully
expand this to other aspects of steamgenerator tube
problens, but the initial effort that we were able to
fund and staff or whatever at the start here was the
severe acci dent i nduced st eamgenerator tube rupture.
So that's just where we are at the nonent.

MR. BRADLEY: Okay. This chart shows a
si mpl e schemati c of kind of the project flow, at |east
the way we initially envisioned it. The first step
was to clearly define the issue. What we' ve

assuned - -
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CO- CHAl RMAN VWALLI S: This | ooks like a

generic chart, apart froma few specifics.

MR. BRADLEY: Yeah, it's afairly generic
fl ow.

What we've assuned is that the severe
accident is containnent bypass would be a risk
i nformed application, and what that nmeans i s t hat t hat
inplies that you need to | ook at something like the
ASME standard to determne what capability
requi rements you have for a PRA and | ook at the PRA
that's avail able to deternm ne whether it's capable to
do the job.

Clearly there are specific needs of the
steamgenerator tube failure type scenarios that wl|
requi re enhancenents to exi sting PRAs, and so we want
to also identify what those enhancenents woul d be as
wel | .

Now, to do that, we've drawn heavily on
t he work that has cone before, the NUREG 1570 anal ysi s
t hat was done, the thernal hydraulic anal yses sone of
which were reported earlier, the materials response
anal yses, the tube integrity anal yses, et cetera, that
were done before to try to identify what we thought
when we drafted the nethodol ogy report, things that

woul d be inportant to include in the PRA
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Again, |I'm sure that those things wll
change and probably growin scope as we go t hrough t he
nmet hodol ogy itself.

Shown i n the yel | ow box which fortunately
does appear on the overhead is where we are now.
We' ve got an exi sting PRA whi ch we consi der capabl e of
doing the job or at |east a good starting point.
We' re | ooki ng at i mprovi ng that PRA as needed for this
application. W want to apply the PRA

Al so, the other aspect of this analysis
that we're |l ooking at is devel oping the conditional
probability of tube failure before failure of other
RCS conponents for a given accident sequence. So
that's al so part of the application, the nmethodol ogy.

It's a big part of the methodol ogy.

Well, then after we've applied the
nmet hodol ogy, as |'ve indicated, we'll revise the
nmet hodol ogy docunent. We'll produce a draft and a

final docunment with the application included so that
t he reader can see exactly what we did.

| wanted to point out theinteractionthat
we see at the bottomof the chart. As Roy alluded to
and | nentioned earlier, there's alot of interaction
with the other elenents of the program W need the

tube integrity analyses to tell us what pressure and
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temperature conditions can threaten the tubes. W
need the thermal hydraulic analysis to tell us what
sorts of systenms and human failures or human errors
can get us to those conditions, and of course, we need
t he anal ysis of the other RCS conmponents to know when
t hose failures m ght happen before the tubes would
fail.

There is a continuous | oop, a continuous
interaction that we envision throughout the life of
the PRA, and we've initiated that effort, but we've
got a long way to go.

As | indicated, that draft nethodol ogy
report was issued in June of last year. The
net hodol ogy was based on Sebraxt on (phonetic) i nduced
St eam generator --

CO- CHAI RVAN WALLI S: | thought SAl was
Sci ence Applications International.

PARTI Cl PANT: Used to be.

MR. BRADLEY: Well, SAIC. W' ve assuned
that this would be a risk informed application and
t hat caused us to | ook towards the ASME standard for
the capability requirenments for a PRA and when
enhancenents would be needed for this particular
appl i cati on.

Sone of the enhancenents that |'ve |listed
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are such things as partial failures. Mybe it's got
a partially stuck open relief valve or sonething of
that nature that isn't traditionally considered in a
PRA.

You may have state changes where you' ve
got arelief valve that's stuck open and then it heats
up and it starts to -- it recloses at sone point.
It's sonmething outside of what a human -- what an
operator mght do to initiate a reclosure.

We've also got errors of conmssion,
t hi ngs that an operator m ght do that coul d make the
accident worse, could make it better. Those aren't
traditionally included in risk assessnents. So we've
referred to those as enhancenents.

O course, we al so want to incorporate the
results fromstudi es of phenonena that are unique to
severe acci dent i nduced st eamgenerator tube failures
and RCS failures. For exanple, we want to | ook at
failures that could prevent containnent bypass,
failure of the manway, for exanple, or hot |eg surge
line failure.

So those are also aspects of the
nmet hodol ogy.

Now, there's nothing very too earthshaki ng

wi th the PRA approach the way we' ve outlined it here,
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and actually the way we envision it is going to draw
very heavily on what was successful PTS program
W' ve got a first step, which is defining the
sequences of interest.

A very inportant second step is bending
t hose sequences. W've got a |ot of quantification
that has to happen. W've got a lot of therma
hydraul i c anal yses that may have to be done. W want
to only anal yze t hose sequences that really need to be
anal yzed. So we want to do a | ot of sequence bending
i f possible, and the bendi ng woul d be done based on,
for exanpl e, accident scenarios that m ght get you to
simlar sorts of threats to the tubes or simlar sort
of threats to the tube integrity.

Once we've identified and bend the
sequences to the subset that we really need to track,
we want to do quantification to determ ne accident
sequence frequencies, and then in addition to that,
the probabilities that the tubes would fail before
failure of other RCS conponents. That' s anot her

aspect of the quantification.

The PRA itself wll tell us the
probability of accident sequences. W then wll
coupl e that to a secondary anal ysis which will | ook at

t he conditional probability that the tubes will fai
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bef ore any of the other RCS conponents fail.

As far as the first step in the process,
sequence definition, again, we've indicatedthat we're
going to assume that the starting point is a capable
Level 1 PRA. W feel like we found the capabl e Level
1 PRA that we're going to use as our starting point.
"1l talk about that in just a second.

W then would like to use sonme what we
call high level or scoping tube integrity analysis to
define the pressure and tenperature regimes of
interest; use high level or scoping thermal hydraulic
anal ysis to determ ne what conditions would get us to
t hose pressure and tenperature regi nes, and then from
t hat we coul d defi ne the conbi nati on of events that we
need to consider in the risk assessnment, and |'ve
indicated to the extent possible we'd | ove to screen
sequences that woul d gi ve us prior RCSfailures. This
is avery difficult thing to do, but if we can, we'd
like to be able to screen out those sequences for
whi ch a tube failure would not occur.

The second step, sequence bi dding, | have
indicated -- | discussedthis alittle bit earlier --
t he obj ectives to bin sequences have produced sim | ar
chal | enges to steam generator tube integrity. The

objective here is to reduce the size of the Pier A
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(phonetic) nodel, but we don't want to adversely
af fect either the nodel accuracy or its conpl eteness.
So we need to be very careful in how we bend the
sequences. W don't want to bend a sequence that
could give us a very high probability of containnent
bypass wi th t he sequences that give us | owprobability
of contai nment bypass.

CO CHAI RVAN WALLI'S:  Wien | heard these
ot her presentations, | got the inpression that there
was nore or | ess one sequence t hat they were concerned
with. They seenmed to be a |inear thing.

MR. BRADLEY: Well, it was one sequence
that they were concerned with because that was, |
t hi nk t he dom nant sequence i n NUREG 1570. Now, we're
going to | ook at what the Comanche Peak PRA which is
the PRA that we're going to be using as our basis,
what sequences are dominant in that, and | would
i magi ne that we'll have additional thermal hydraulic
calculations that will need to be done, and one of the
things we're going to doin the very near futureisto
take a | ook at the Comanche Peak PRA and identify the
addi tional inportant accident sequence.

CO CHAI RVAN WALLI'S: This i s the Comanche
Peak PRA that was prepared by Comanche Peak?

MR. BRADLEY: Prepared by Comanche Peak.

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

323

So they' ve actual |y been very hel pful in getting that
to us.

MR, KUNSMAN: This is Dave Kunsnan,
Sandi a.

I"d like to say it's not one sequence
t hey' ve been | ooking at. They' ve been | ooki ng at one
vari ation of one sequence.

CO CHAI RVAN WALLI S: Well, it seened to be
very much restricted to one story.

MR.  KUNSMAN: But one of the things we
have been taking advantage of during the breaks and
t hat we have been tal king a | ot about are the things
that we may be requesting of them which we will be
comng out with to themvery quickly.

MR LONG This is Steve Long, too.

We' ve been through a few cycles of this.
So back in the 1990s when we were doing the 1570 PRA
wor k, the thermal hydraulic nodel at that time cane up
with somewhat different results, and at that time we
had a | ot of input fromthe sequences where the RCS
bl ew down because t he react or cool ant punp seal | eaks,
and the current nodel makes those | ook nuch |ess
i mportant. So maybe we'll actually get sonme
sinplification for the current nodel and have fewer

sequences.
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but we do have to look at a bunch of
t hings that could be depressurizing the RCS at the
sane tine that the core is nelting. The pressure
rises earlier were okay. If it depressurizes well,
the core is nelting. For whatever reason, the
dynam cs gets fairly hairy.

MR. BRADLEY: And before noving on, | did
want to point out that the sequence binning is
sonething that the PTS fol ks told us would be a very
key aspect of our analysis because they had simlar
sorts of i ssues with anal yzi ng nore acci dent sequences
than were needed because, again, they have
computationally difficult problenms that they're
anal yzi ng.

Wel |, the next step after you' ve got your
fault trees and event trees together, you need to
assign probabilities to different events. W' ve got
typical failures that are handled in traditional PRAs
and for those who would use the standard databases
t hat are avail able, and in fact, those dat abases were,
of course, used in Comanche Peak PRA.

W' ve al so, as | indicated, have a nunber
of data enhancenents for which we'll have to devel op
probability data. W' ve got, as | indicated, partial

failures, such as a valve | eakage. W'Il|l have to try
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to devel op sonething for that. State changes, again
sonething for that will have to be devel oped.

Another very inportant area of the
anal ysis is anal ysis of human actions. This, again,
for the PTS program was very critical, and they
devel oped some very useful procedures inthat program

We hope to use those same procedures to
t he extent possible. Wat they found was that it was
critical to have a good cooperation with the utility
staff, and they' ve been cooperative so far. W'IlIl see
if they' re cooperative when we get to this step.

VWhat we'll do is we'll reviewthe severe
acci dent managenent gui delines which are guidelines
and aren't very prescriptive. So we'll have to kind
of interpret what we think the operators mght do
under certain severe accident conditions, try to
assign probabilities to those different actions.

And then the other nmjor aspect of the
quantification stepis this probabilistic analysis of
tube failures before fail ures of ot her RCS conponents.
That particul ar aspect is something that 1'mgoing to
be responsible for, and I' mfindi ng out as days go by
that it's alot nore conplicated than | thought it was
to start with.

Wll, where do we stand as far as t he PRA
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i s concerned. Vell, we've got a PRA nodel |'ve
indicated that Texas Utilities was kind enough to
provide tous. | believe it's the 2002 update of the
Comanche Peak | PE nodel .

CO CHAl RVAN WALLI' S: | PE?

MR. BRADLEY: 1t's the updated version of
their earlier |PE nodel. It's much better in our
opi ni on than what they had before.

W felt like it was probably the nost
capabl e of the available PRAs. Now, we've got two
terns here, capabl e and avail able. W don't have the
full spectrumof all PRAs that were produced or have
been produced that woul d be available to us. This is
one that was avail able to us and was al ways capabl e;
it was al so capabl e.

| wanted to poi nt out that our application
isonly atest to the nethodol ogy. The results of the
application will not apply strictly to Conmanche Peak.
One of the nain reasons is that we're using THresults
in RCS conmponent failure analyses that are based on
desi gn pl ant.

Sinply | think there are a nunber of
reasons for that. Those nodels existed. The work was
wel | underway. The data had been coll ected, and so we

decided that it woul d probably be nore worthwhile to
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do this sort of a pseudo plant rather than to try to
focus specifically on Comanche Peak and try to gat her
data and prepare new nodels for the Comanche Peak
conponents.

So clearly we've got a potential m smatch
here between conponents and we'll have to deal with
t hat when we cone to those issues |ater

MR. WOODS: We | ooked very seriously at
that. The alternative was to get the materials fol ks
to start over on Comanche Peak, but they had been
wor ki ng on the ZI ON for years. W couldn't get a ZI ON
PRA because ZION hasn't been operating in quite a
nunber of years. There's no up to date PRA avail abl e.
There woul d be no staff tointeract with, you know, to
incorporate the human factors or any of the
interactions that we would |ike to have, that we did
successful |y have on pressurized t hermal shock, and it
just look, and it just |looked like it was the only
viable alternative that we had was to do sort of a
hybri d. W didn't like that, but we didn't see a
better alternative.

CO CHAI RVAN FORD: Is there a possibility
because of the m smatch between the PRA and the data
source that would go into that PRAthat at some future

date soneone is going to turn around and say this is
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not vi abl e?

MR WOODS: Vell, we're trying to
denonstrate a nethodol ogy, to fill up a nmethod that
could be used for a particular plant, and in fact,
that's alnpst an advantage. Vell, it is a
conmpensati ng advantage, and you know, it doesn't
really apply to any plant, and no plant is stuck with
the |icensing i ssue when we get finished.

But, yes, you know, we're not goingtotry
to say this is the result for any plan. W' re going
to try to try to say this is the kind of result you
woul d get. We hope it's typical, but you woul d have
to apply it to several plants to see if it's typical.

CO- CHAI RVAN FORD:  Maybe | could turn the
qguestion around. The PRA probably --

DR. BONACA: Howdifferent arethe plants?
How di fferent is Comanche Peak from ZI ON?

MR SI EBER Twenty year.

DR. BONACA: No, just in --

MR AMCO This is Paul Am co from SAlC.

Basically they're both for a |oop
Westi nghouse plants. The differences are val ve si zes
that are a little bit different and, you know, punp
sizes that are a little bit different, but you know,

it's not that significant. They' re approximately the
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sane power |evel, and the sanme nunber of conponents
and that type.

So | don't see a significant issue with
t hat .

DR. BONACA: So you would expect, for
exanpl e, certain transient analysis to be simlar to
what you woul d get for Conmanche Peak?

MR AM CO  Right.

MR. ROSEN: How about the reactor cool ant
punp seal s?

MR. KUNSMAN: Dave Kunsman, Sandi a.

To the best of ny know edge, 'l put
about 95 percent on this. They are the sane. |'mnot
going to put, say, 100 percent.

MR. ROSEN: No, I'Il just say that the
reactor coolant punp seal design has evolved
consi derably since the days when ZI ON operated, and
t he new seals are nore robust.

MR, AM CO. Yeah. Actual ly, our plan
would be to use the probabilities of |eakage and
amount s of | eakage from Comanche Peak and sinply tell
the thermal hydraulic people, "Assunme these | eakages
when you're running the thermal hydraulics.”

MR. LONG Okay. The kinds of things that

may be different are where the surge line attaches to
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the hot |leg, you know, the stop |ocations and that
sort of thing. So sone of the detailed analysis from
conmponents would probably have to be redone for a
particul ar plant each tinme you used the net hodol ogy,
but in general, it should give you an i dea of roughly
what's going to | ook inportant.

MR. BRADLEY: As |'ve indicated, we've got
t he Comanche Peak PRA nobdel in house. W've run it.
W' ve conpared the results to what Texas Utilities
reported, and we can duplicate their result, whichis
good.

We're currently reviewing the Comanche
Peak nodel against the ASME standard to see what
enhancenents wll be needed to apply to severe

acci dent induced steam generator containing bypass

scenari os.

We're alsoinitiating work on HRA rel at ed
enhancenents that will be needed and al so sonet hing
else | wanted to add to this. We're currently

devel oping a |l i st of acci dent scenarios that will need
thermal hydraulic analysis. | think | nmentioned that
earlier, but that's another activity that we have
ongoi ng.

Now, | wanted to describe briefly the

probabilistic approach that we envision for
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determning the conditional probability of tube
failure before or actually conditional probability of
cont ai nnent bypass for these accident sequences.
wanted to indicate its conceptual approach. As |
| earn nore, the approach keeps evolving in nmy mnd,
and so it's conceptual right now, but likely to change
as we | earn nore.

The probl em keeps getting nore and nore
conplicated. |'m hoping at sonme point we can nake
some sinplifications, but right nowit just seenms to
be growing in conmplexity.

For a given pressure and tenperature set
of results fromthe thermal hydraulic conditions which
we will determne for a particular acci dent sequence
that cones out of the PRA, we will do the analysis
assum ng a gi ven pressure set of results. W' re doing
it for a particular plant. So there will be assuned
steam generator flaw characteristics. Here we're
| ooking at not only the size of the flaws, the
| ocation of the flaws because we saw earlier that
whet her they're |located -- the position that they're
| ocated in the tube sheet, to one side or another of
the hot tube, is inportant. \at position axially
along the tube is also inportant because the

tenmperatures that those flaws would see would be
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drastically different.

MR. ROSEN: How are you going to pick the
flaws for the plant? Just fromwhat they found in an
i nspection?

MR. BRADLEY: \What they found, that is at
this point something that we're assuming wll be
provided to us to do the analysis. | think ny
di scussions with Steve along with that say yes.
Probably a little bit of a weakness.

MR ROSEN. Well, Comanche Peak is two
pl ants actually. Both units are different. The units
are different. One has one kind of steam generator,
and one has another. So the question is: which unit
are you going to use?

MR. BRADLEY: Well, for this application
we may, 1in fact, choose just a generic flaw
di stribution. So, again, we get away from the
Comanche Peak specific.

But what we'd liketodois start withthe
flaw distribution that |ooks |ike sonething that a
real plant would see. W don't want to create
somet hi ng out of the bl ue.

MR. ROSEN. | don't think going back to
flaw di stribution that the plant recorded inits | ast

i nspecti on makes any particul ar sense. First off, the
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two units at Comanche Peak are different. So you're
i medi ately presented with a question of whichunit to
use if you take that approach.

| nstead of that, | would recommend t hat
you find sone typical distribution for a plant that
has been in service for sone tine. Don't say this is
necessarily a Comanche Peak Unit 1 or 2 distribution.

MR. BRADLEY: Yes.

MR. MUSCARA: Let ne address that alittle
bit. You know, prior work, we devel oped t hree generic
flaw distributions based on field inspection data.
These generic distributionsrelate to a plant that has
amldIlevel of degradation, an internediate | evel of
degradati on, a heavy degraded plant, and we' ve used
that in past work. W intend to use this again.

I n addition, we've devel oped net hodol ogy
for predicting the flaw distribution fromin-service
i nspection results and the POD kind of results that
you' ve seen over the |ast day.

So there's a statistical nethod that's
devel oped, conbining in-service inspection results
with the probability of detection curves for those
results and generating the flaw distribution
essentially in the plant.

So these are two areas we will be | ooking
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at, the generic flaw distributions and then how does
one determne a specific flaw distribution from
i nspection results.

MR. ROSEN: WIl the result depend
critically on whether or not you find that a plant has
| ots of degradation or little degradation or will you
have to do this paranetrically?

MR MUSCARA: | think it will make a
di fference because --

MR. BRADLEY: Potentially.

MR. MUSCARA: -- a mildly degraded pl ant
may al so nean that the flaws are not very deep versus
an i nternedi ate where you have nore flaws and | arger
flaws.

MR,  ROSEN: So you may come out wth
results for a plant with severely degraded generators
that are not good, and the results for plants or
generators that are not very badly degraded that are
okay, and it could be different.

MR. MUSCARA: So | think we need to | ook
at those three --

MR. ROSEN: The plant is also here going
to be different because all of these plants wth
severely degraded generators are being replaced with

new generators. Al of that stuff you know, but I
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just don't know how you're going to handle it all

MR BRADLEY: | would envision that we
woul d try to bracket the realistic range of plants, as
Joe said, severely degraded, not nmuch degradation

DR KRESS: | suspect that if you do the
one w thout any degradation first, that that my
answer your question for you.

PARTI Cl PANT:  May?

DR. KRESS: You already get too nuch
overlap for the curves probably, and soit's not going
to help you to go to the -- at least that's the
approach I would take. That's the approach |I would
t ake, you see.

MR. BRADLEY: We would take a severely
degraded pl ant and fi nd out the probabilities are | ow,
not necessarily a |ikely outcone, but --

DR KRESS: Well, that's the other
approach, but ny guess is you've got to go the other
route first.

MR, WOODS: Well, the frequency of these
t hi ngs may be sufficiently | owto conpensate for what
you' re tal king about. You know, a really severe fl aw
will pretty likely fail in sonme of these transients,
whi ch are probably infrequent.

DR. KRESS: Yeah, but ny point was | think
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the pristine tubes are going to give you a probability
overlap that's already too big.

MR. MUSCARA: Yes, but we pretty nmuch know
how the pristine tubes are going to behave already.
So that | guess anot her comment, if youreally want to
tailor the flawdistribution to the Comanche Peak, we
need to | ook at service experience, and these flaw
di stributions were developed in the past. A flaw
distribution for different kinds of degradation
processes at different locations inthe plants. Soif
we really want to match it to Comanche Peak, we coul d
see what its history is and then choose the cl osest
flaw di stribution for that.

DR KRESS: That woul d be another route,
yeah.

MR. KUNSMAN: | caution everybody about
things |i ke that the nunber m ght be too high. W are
devel opi ng a nethodol ogy. W are having great
cooperation unofficially froma utility. W are not
calculating arisk fromthis. If they think we are,
we | ose that cooperation.

DR. KRESS: kay. You may not be
calculating it, but I am

(Laughter.)

MR KUNSMAN: Ri ght.
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MR. AM CO | guess fundanental ly | guess
the point you were really making is we could do
different distributions. It could turn out that the
results are not significantly different for your
different flaw distributions.

DR KRESS: That was ny point.

MR. AM CO That was your point, yeah, and
time will tell

DR. KRESS:. Yeah. |'mjust specul ating,
of course.

MR. BRADLEY: Well, the real crux of the
analysis is a Mnte Carlo type of approach that
factors in or attenpts to factor in all of the
different wuncertainties that we've heard about
yest erday and today i nto an esti mate of an uncertainty
distribution for the time at which the | eakage rate
woul d reach a condition that would constitute a |l arge
rel ease.

Again, we're interested in a high rate of
| eakage that would be viewed as a LERF

CO CHAI RVMAN WALLI'S: Now, this is nore a
technical analysis than a PRA, isn't it?

MR. BRADLEY: Yes. This is sonethingthat
we' ve tackled because it's probabilistic, but it's

really kind of inadditionto the anal ysis of acci dent
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sequences.

MR. AM CO Yeah. | mean, we need to get
a probability sonmehow. So what we do with the Mnte
Carlo is, you know, we have distributions on various
paranmeters and that gives you a distribution, a
probability distributionon failure tinme, and you get
that for the tubes. You get that for the other RCS
conponents, and to the extent, as you nentioned, the
way t hey overl ap gi ves you t he condi ti onal probability
that the tubes will precede the RCS.

CO- CHAI RVMAN WALLI' S: Many PRAs are rat her
sinplistic in the way that they nuddl e what happens.
They just put in probabilities and advanced PRA so
that it has a conplicated nodel of certain key things
goi ng on, which is sonehow i ncorporated into it, and
that's what seens to be happeni ng here.

MR. KUNSMAN: Along the lines of, if you
will the old axial progression of entries after you' ve
got a frequency of core danage, now you go through
what' s happeni ng i nsi de t he cont ai nnent, bal anci ng t he
contai nment failure probability versus the contai nment
| oading and that wll overlap and whatnot, our
acci dent progression in this case is challenging the
t ubes so that steam generators.

MR. BRADLEY: COkay. The approach woul d be
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tocalculateinitially the failure tinme for each fl aw
that is in the distribution. Wen | first |ooked at
this problem | thought, well, that would be where we
woul d stop. We would have a flaw. It would proceed
to failure. W would say that that was a tube
rupture.

Well, then we decided that, you know, it
could be a flawthat's small and produces a | eak. So
you' ve got a leak. It's not a rupture. It's not a
| arge rel ease yet. So you need to keep cal cul ating.

So what we plan to do is calculate the
failure type for each flaw as the additional flaws
happen, accunul at e t he | eakage and cal cul ate t he crack
openi ng and the | eakage rate, accunul ate the | eakage
until we get to atine at which the | eak rate woul d be
substantial and would constitute a |arge rel ease.

MR.  MJSCARA: The reason we made this
change, in the past we | ooked at the first tube that
burst and then the anal ysis was done and it was over.
To address the DPO issue, for exanple, and they're
concerned about thousands of tubes |eaking small
anounts, and so that we do need to track the failure
of each tube, howmuch it | eaks and track it with tinme
and accunul ate the |eakage, and when we get to a

certain | eakage, then one makes a deci sion whet her
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we' ve had enough | eakage to cause a bypass or not.

MR. ROSEN:. You have anot her conceptua
difficulty inthe definition of alarge early rel ease
in that early release is defined as a rel ease that
occurs before substantial evacuation measures have
been undertaken. So it's not a nunber. It's related
to emergency response.

So you have to have sone sort of nom na
ener gency response in mnd.

MR AMCO Andthisis definitely an open
i ssue. It's something that we just recently
di scussed, and we haven't settled on exactly howwe're
going to approach it.

DR KRESS: The station bl ackout sequence,
for exanpl e, proceeds rapidly enough that if you fail
enough of these tubes, you had a | arge early rel ease.

MR AMCO Well, and the Comanche Peak
PRA has a definition of large early release, and
they' ve created essentially a nunmber of LERF plant
damage states and that they've defined them and you
k now, our initial goingin positionis goingto beif
it was good enough for their IPE, it is good enough
for us.

MR. ROSEN: It may not be generic though

because other sites may have a nore challenging
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definition of large early rel ease than a site in the
rural area of north Texas. | nean, |I'mthinking of a
close insight to an urban area. It would be a nore
chal | engi ng definition.

MR LONG | think we're going to have to
be careful not to get hung up on a sort of |egal
definition of large early rel ease because what we're
really talking about is whether or not it's a
contai ned accident or it's an uncontained accident
with sone | evel of rel ease, and you know, nine-tenths
of a LERF is probably just about as bad as LERF.

Unl ess you're real ly saying kill sonmebody
with an acute dose or not, there may be a boundary
t here.

MR ROSEN: Just pointing out the
conceptual difficulties you' ve got, and you're going
to have to solve themwith sone sort of neaningful
generi c approach.

MR LONG Vell, we can use sort of a
Level 3 approach as opposed to a LERF/ non-LERF
approach to make sure it's not a hard edge on the
t hought process.

MR. MUSCARA: That's anissue we struggl ed
with, andin fact, | wanted to stay away fromLERF, to

beginwith. | would like to have a definition of what
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is |leakages of interest so we can say we have
contai ned bypass or we have avoided a contained
bypass. And at this point we don't know exactly what
that is, but any input you can give us on that would
be useful.

DR KRESS: Well, let ne ask you a | eadi ng
guestion then. Suppose | took sonme sort of generic
set of plants to do an anal ysis and forget all of this
calcul ation and say that when | automatically get a
cont ai nnent bypass for this sequence, for this set of
sequences; just forget whether it fails first or
sonething el se fails first. Just say, okay, it's going
to fail first

You can do the risk cal culation and then
conpare that risk with some acceptance criteria which
in nmy guess would be something |like one-tenth of a
pronpt fatality safety goal, would be a good start
because that's what's used in PTS, right?

And if you met that goal already, why do
this? Wthout goingto all of this trouble, you could
al ready deci de with some uncertainty anal ysi s whet her
or not you've nmet an acceptance criteria.

MR. WOODS: | don't think we can use PTS.
W were still in the process of determning what

acceptance criteria --
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DR. KRESS: Wwell, you know, a good

acceptance criteria would be one-tenth of the pronpt
fatality safety goal. | think you could sell that to
nost peopl e.

MR. LONG Well, we've sort of triedthat,

DR. KRESS: Ch, you'vetriedthat already?

MR. LONG And sort of what we're going to
need then to do with a good PRAis figure out what the
frequency of the sequences are that |ook |ike they
coul d be a chall enge.

MR. BRADLEY: that's what's done in the
PRA.

MR LONG That's right, but it hasn't
been done very well. | mean, Bob Paul o (phonetic) and
| triedtodoit, and then we tried to get sone better
PRAs than the 1150 work that we started with, and we
were getting widely different answers because the
|icensees were doing it with their own PRAs, and we
checked and we could easily find additional things.

DR KRESS: | think that would be the
first thing that | --

MR LONG That's one main question.

DR. KRESS: Yeah, | think that would be

the first thing.
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MR. LONG The second though is there are

a few things that aren't tracked in the usual PRAs
t hat are i nmportant here, |ikethe probability that the
secondary side becones depressurized by a valve
sticking open. They | eak down by operator error of
conmi ssion or intentional action under the SAMs. So
these are things that they need to put into the PRA
now to start asking what's the frequency w th which
the thernal hydraulic challenges need to be
consi der ed.

Ri ght nowit | ooks |ike we are a coupl e of
orders of magnitude higher than we could say is
clearly where we could stop. Now, if we can reduce
the frequencies with these other considerations from
what we know the station blackout frequencies are,
wel |, yeah, but the secondary side doesn't
depressuri ze.

You know, if you can get it down |ow
enough with just the PRA work will stop

DR KRESS: kay. You'll do that part.

MR LONG We've tried before and we
couldn't stop. So if we stop this time, we wl]l

DR. KRESS: | didn't realize you had done
t hat, yeah.

MR BRADLEY: Well, the other inportant
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aspect of this is sonething we heard just a short tine
ago, was about the probability of failure of other
RCS conponents. \hat Saurin presented were failure
times or specific failure tines, and we tal ked about
t he uncertainty in the nodels, the uncertainty in the
t hermal physical properties of the materials.

VWhat you're going to end up with is a
probability distribution, not asingletine, andit's
possi bl e that those distributions will be wi de enough
so that there will be a significant probability that
the tubes will fail first, even though the nmean of the
di stribution may i ndicate that the fail ure woul d occur
after.

DR. KRESS: Evenif it's .5, you've still
got a probl em

MR. BRADLEY: Ch, yeah, a |l ot of problens
if it's .5.

So if we roll the tw sets of
di stributions together, we end up with a conditi onal
probability that the tubes would fail first, and you'd
have cont ai nnent bypass for a given acci dent sequence
because the accident sequence wll, of course,
determ ne t he pressure and tenperature conditions with
t he tubes and the other RCS conponents we'll face.

One of the major uncertainties we view as
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the thermal hydraulic input into all of these
analyses, | think it's inportant that you cannot
consi der the pressure tenperature curve that you get
out of the thermal hydraulic analysis as the real deal
and that you actually | ook at the uncertainty in that.

And it may actually extend to | ooking at
ot her thermal hydraulic nodels. For exanple, the MAAP
code gives you different results. W' re not sure why
t he MAAP gi ves you different results, but it does, and
it's an accepted industry tool.

So we need to understand the sensitivity
of the predictions to the uncertainty in the thernal
hydraulic inputs. So that's sonething else that we
need to do as well.

CO- CHAI RVAN  WALLI S: Well, there are
probably sone physics that the MAAP code does not
nodel very well.

MR. BRADLEY: That woul d be sonet hi ng t hat
woul d be inportant to determne, but | think in sone
early conparisons of MAAP and SCDAP/ RELAP, we found
out that there was sone physics in SCDAP/ RELAP t hat
one thing handled well and so the --

CO CHAI RMAN WALLI' S:  There are sone funny
t hi ngs about m xing that maybe SCDAP/ RELAP does as

wel |, but I think MAAP does sone weird things about
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m xi ng phenomena in places where flows cone in and
m X.

MR. MUSCARA: Chris has left, but | know
he has a programin place to do an eval uati on of MAAP
versus RELAP. So we hope to learn from that and
update our code if it needs to be updated.

MR. BRADLEY: O get themto update MAAP
if it needs to be updated. It would be nice to get
sone conver gence.

DR, RANSOM Certainly 1 think the
uncertainty in this analysis is huge. You know, when
you look at it fromthe standpoint of going fromthe
one di nensi onal hydraulic transi ent codes t hrough even
non-severe accidents and getting into the point of
core heat-up, core damamge, nmultidinmensional flow
t hrough the system

Then when | listen to the structural
cal cul ati on or presentations, as well, as far as how
it woul d behave, uncertainty in sone of the structural
properties, it just seens I|like there's a huge
uncertainty as to which way you go. You know, do the
tubes fail or does sone other part of the systemfail?

And | don't know how you plan to
i ncorporate that, but | sort of support Dr. Kress'

feeling that that uncertainty may dom nate the whol e
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t hi ng and, you know, what really governs risk is just
whet her or not you have an event that | eads to this or
not .

MR. BRADLEY: | nean, if we end upwith .5
for the conditional probability that you get
cont ai nnent bypass al nost regardl ess of the scenari o,
then clearly you need to focus on the accident
sequences and try to do sonething there. At this
poi nt we don't know, but that's certainly an outcone
that's possible.

CO CHAI RVAN WALLIS: Point, five is sort
of the guesstimate when everything is overl apped so
much that you can't sort it out?

MR. BRADLEY: We don't know. Flip a coin.

As far as the nodel i ng of tube failure and
| eakage, | think Saurin discussed a little bit about
the creep rupture nodels that Argonne devel oped for
crack pop-through, that is, failure of the renaining
ligament for part through-wall cracks. There have
been previous studi es that Argonne has done to | ook at
the various tube failure nodels, and they devel oped
their nodel, and it appears to be the best of the
avai l abl e nodel s. Their nodel conpares very well to
test data, and soit's the nodel we' ve adopted for use

in our probabilistic analysis.
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It's also fairly sinple and anmenable to
t he kinds of things that we need to do. It predicts
afailure time based on the creep danage i ndex of one,
the same sort of thing that we heard earlier.

There are al so tube | eakage nodel s that
Argonne has devel oped that we're going to use for the
second phase where we try to accumul ate the | eakage
fromthe failed tubes. These nodels have al so been
benchmar ked agai nst test data.

Now, t hose nodel s apply primarily to tubes
t hat have part-through wall failures. For through-
wal |l cracks you can do a limt |oad analysis to
predict burst of tubes, and that's the sort of
anal ysis that we'll use for tubes that have through-
wal | cracks.

VWhat we would like to do is consider the
full range of uncertainties. |'ve identified some of
the key ones on this slide. As far as flaw
characteristics, we want to knowthe distribution for
the length and depth of the flaws. W want to know
t he distributions for the nunber and | ocati ons of the
flaws.

CO CHAI RVAN WALLI S: Isn't this one of the
areas of greater uncertainty?

MR. BRADLEY: It is. It definitely is.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

350

The i nspections provi de sone i nformati on, but they're
not 100 percent accurate. So we need to do sone
extrapol ati ons.

CO CHAI RMAN WALLIS: At |east you have
i nspections. It's not |ike PTS where you have to nmake
nor e assunpti ons about where the fl aws are an dhow bi g
t hey are.

MR. BRADLEY: That's true.

A paraneter that has turned out to be very
inmportant in ny initial studies is the Larson-M Il er
creep rupture paraneter. There's a distribution that
Argonne provides --

CO CHAI RVAN WALLI'S: That's the one that
has powers of ten and things like that and is very
sensitive?

MR. BRADLEY: Yes, very sensitive, and
Argonne provided a distribution that they used. I
t hi nk that seens appropriate.

CO- CHAI RVAN WALLI S: s this sonething
which is a standard n the materials area? Everybody
knows where it is and --

CO CHAI RVAN FORD: Larson-M 1l ler? Yeah.

CO CHAI RMAN WALLIS:  It's not sonething
that has just been invented for a new year.

CO CHAI RVMAN FORD:  Oh, no. They've run a
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l ong time.

MR. BRADLEY: Anot her paraneter that's
used in the Argonne nodel is the stress nmultiplier.
That's the Msub P. There's some uncertainty in that
val ue based on | guess it's the uncertainty in the
fl aw characteristics or what produces that, Bill?

MR,  SHACK: Assum ng we know the flaw
characteristics, it's not a perfect correlation. So
it would be sone --

MR. SIEBER. Can't hear you.

DR. KRESS: Wbul d you use the m crophone,
pl ease?

CO CHAI RVAN WALLIS: Wuld you identify
your sel f?

DR KRESS: ldentify yourself.

(Laughter.)

MR SHACK: Bill Shack.

Even when you have well characterized
flaws, you know, it's not a perfect nodel. So there's
sone uncertainty, but that is, in fact, characterized
inan Argonne report, adistributionfor that inherent
error that has to be, again, added on top of the
uncertainty you have when you're dealing with rea
flaws and you have uncertainties in the depths and

shapes of those.
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MR. BRADLEY: There's al so, of course,

sone variation in the tenperature that the tubes see.
W' ve got radial variations that Chris tal ked about
this nmorning, and of course, there's also an axial
variation as you nove up the tube. The tenperature
tends to drop. So we need to factor those into the
anal ysi s.

CO CHAI RVAN WALLI S: Well, the whole
temperature distribution in the steam generator is
rat her inconplete because you don't know nuch about
what' s happeni ng on t he secondary slide. W nentioned
t hat this norning.

| think that's an area where sonebody has
got to go away and figure out better what's happeni ng
on the secondary side.

MR. BRADLEY: Yes. There are also sone
uncertainties related to tube burst and tube | eakage.
W haven't pinned those down yet, which is why it's
shown as to be determ ned, but again, we want to nmake
sure that we consider all of the inportant
uncertainties. So we'll address those as well.

| mentioned the pressure, the thernal
hydraul i c conditions are uncertain. The variationsin
t hermal hydraulic paranmeters, such as those that Don

t al ked about this norning; variations caused by use of
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di fferent conmputer codes, sonmething else | alluded to
earlier.

CO CHAI RVANWALLI'S: Tricky. You're going
to run a whole lot of different conputer codes?

MR. BRADLEY: Wll, | think what we
envision is trying to get the TH experts to say,
"Ckay. This is our nedian estimte of the pressure
tenperature history. W think it could be this or
this, you know, based on their experience running
their nodels, and we'll attenpt to reflect that
uncertainty in the nodel.

CO CHAI RVAN WALLI S: | think you' ve got to
be careful here. |If you run TRACE and RELAP and sone
Westi nghouse code and all of that, you nmay be
surprised at the difference you get.

MR. BRADLEY: | suspect that therew Il be
| arge differences, but again, it's nodel uncertainty
that is there, and we need to try to consider that.
It may nmake the distributions extrenmely wi de, but so
be it.

And then, of course, the nodels for
failures of other RCS conponents were subject to alot
of the sane uncertainties that tube failure are
subject to and quite a bit of additional ones, |I'm

sure. So we need to make sure that those are cover ed.
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And what we woul d envisionthereis trying
to get the experts, again, to tell us what they view
as the uncertainty in the tine of failure.

Now, it's always difficult todothat with
experts. They tend to want to think that their nodel s
are accurate, but we'll do our best totry to get them
to be realistic in representing the uncertainty in
those tinmes to failure.

CO- CHAI RVAN  WALLI S: The experts go
through a kind of life span when they start out and
t hey becone first experts, and they think they know
everyt hing, and then as they get nore and nore expert,
their uncertainties tend to increase, to w den.

MR,  SI EBER Until they're totally
hum |i at ed.

(Laughter.)

CO CHAI RMAN WALLIS: I'mreal ly inpressed
by the breadth of stuff you' re undertaking here.

CO- CHAI RVAN FORD:  And to be conpl et ed by
the end of 2005, as | understand it.

MR. BRADLEY: That's why | said |’ mhopi ng
that we can nake sone sinplifications because right
now it just |ooks fairly overwhel m ng.

CO- CHAI RVMAN FORD:  Chal | engi ng

. MR BRADLEY: Chal | engi ng, very
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chal | engi ng.

MR, MJSCARA: But also, a lot of the
i nputs and buil ding blocks are there.

CO CHAl RMAN FORD:  Yes.

MR. BRADLEY: Well, we have actual |y done
sone work in nodeling tube fairly. |"ve put the
Argonne creep rupture nodels into Excel. ' ve
benchmar ked the Excel nodel agai nst the Argonne test
resul ts and agai nst t he nodel predictions that Argonne
has reported, matched to both of the test results and
t heir nodel predictions.

The reason why we've sel ected Excel for
this is that there's an Excel add-in called Crystal
Ball that can be used for Mnte Carlo sinulations.
You can i nput uncertainty distributions for any i nput
paranet er of the nodel. There's a stream ine way for
doing that within Crystal Ball.

Crystal Ball then does the |leg work and
does the statistical analysis and reports nice plots
of probability distributions for the output paraneters
t hat you sel ect.

So I've used it in the past. It does a
very good job. You can either do |ight Hyper Cube and
Monte Carl o at your selection. 1've done sone of that

al ready, and |'ve gotten sone distributions for tinme
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to failure. Unfortunately |I don't have any of that
information that | brought with nme. | think I've got
it on a laptop if anybody woul d be interested.

The nodel calculates the tinme of pop-
through failure for each flaw, and you can input
uncertainty distributions for the fl awdepth, the fl aw
l ength, the tenperature, the location, and it wll
produce an uncertainty distribution for the time of
pop-through failure. But, again, that's just the
first step.

Next we need to try to incorporate verse
failure for those flaws that are through-wall
initially and to incorporate nodels for tube | eakage
into the spreadsheet. Now, we need to build a
framewor k for aggregating the | eakage as consecutive
tubes or tubes fail in sequence and for sonmehow
identifying the time at which you ve reached that
critical | eakage rate, which is yet to be determ ned.

We' Il then use Crystal Ball to produce the
uncertainty distribution for the tinme at which that
critical | eakage | evel has been reached, and t hen what
we'll do is then, as I've indicated, run a series of
calculations to determine the sensitivity of those
predictions to those uncertainty in the thernal

hydraul i c i nput conditions
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Sothisis ny sutimary slide. W devel oped
a probabilistic approach for assessi ng severe acci dent
i nduced st eamgener at or cont ai nnent bypass scenari os.
The underlyi ng assunption again is that the anal yses
will be part of a risk informed application so that
the starting point of the PRA needs to be a capable
PRA wi th capabilities that we've attenpted to define
based on the ASME standard, along with enhancenents
that would be required for this particular one.

We' ve prepared a graph net hodol ogy and an
application of methodol ogy is currently underway. W
fully expect the nethodol ogy to change as we proceed
t hr ough our application.

The methodol ogy wuses traditional PRA
nmet hods. There's nothing too exotic. W draw heavily
on the experience of the PTS group and use a | ot of
t he techni ques that they devel oped.

CO CHAI RVAN WALLIS: How could it not be
arisk infornmed application? How el se would you nmake
a decision on sonething like this?

MR. BRADLEY: | don't know.

MR. AM CO | nmean, it's just the
construct of where we decided to cone fromsince the
ASME standard had been issued and there was a

framework for doing a risk informed application,
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nmeani ng, you know, an application to the NRC that's
ri sk inforned.

CO- CHAI RMAN  WALLI S: It's really
qguestionable stuff. How else could you nmake a
decision on this issue except sone risk informed
basi s? You don't have a standard criteria for this
ki nd of an event.

MR LONG Well, you really can't do it
wi t hout being risk informed because the design basis
for the reactor cool ant systemdidn't include a high
pressure core nelt. You know, the ECCS is to prevent
that. When you go the contai nment where core nelt is
part of the design basis, it was unfortunately a | ow
pressure core nelt. So the only thing that chall enges
t he tubes in the design basis is, you know, the iodine
spi ke given the main steam |ine break, which isn't
really from a risk standpoint anywhere near as
i nportant as a core damage sequence.

CO CHAI RVMAN WALLI S: If youdidn't want to
be risk inforned, you have to wite a new regul ati on
with deterministic regulations in it sonewhere.

MR. LONG Exactly, and you need a backfit
analysis todoit and we need this analysis to justify
the back fit. So we have to do this to get anywhere.

MR. BRADLEY: We've got an updated
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Comanche Peak PRA. W're using it to do the initial
application of the nethodol ogy. W're going to
enhance it to meet the needs of this particular
appl i cati on.

We will use the enhanced PRA to determ ne
t he frequency of conditions that could | ead to severe
acci dent induced steam generator containment bypass
scenari os.

Work, as |I've indicated, is al so underway
on an approach to estinmating the probability of steam
generator contai nnent bypass for a given accident
sequence. It involves a Monte Carlo anal ysis that
will reflect the full range of nodeling uncertainties
and paraneter uncertainties, and wll give us an
estimte of the uncertainty or the probability of --

CO CHAI RVAN WALLI S: That's difficult.
Excuse nme. That full spectrumnodel i ng uncertainti es,
| nmean, you touched upon it, but there are basic
uncertainties in predictions of a code |ike RELAP
having to do with the assunptions in the code and all
sorts of the ways it's structured and so on. And
they' re not universal. | mean, they shoul d depend on
t he application.

For certain problens it does a good job.

For ot her problems, lots of uncertainties. And

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

360

answering the question about how uncertain is RELAP
for this particular problemisreally avery difficult
guestion to answer.

MR. BRADLEY: And we're going to do our
best to try to capture it, but you're right. It's
very, very difficult.

MR AMCO | nean, to a large extent, we
have to do -- it's going to be an elicitation process
of the uncertainties as people view them not unlike
the way it has been done in seismc analysis. | think
we' re probably in a problemthat has got about as nuch
or as conplicated an uncertainty structure as a
seismc one, and | nean, our intent will be to use
expert elicitationto hel pdeterm nethe uncertainties
we need to address.

CO CHAl RVAN WALLI S: Wl |, ask the experts
who have never actually run a code to solve this
particul ar problem and to guess what mght be the
uncertainty. | think that's a very risky business.

MR. KUNSMAN:  ['msorry. Could you --

CO CHAI RVAN WALLI S:  You can take -- wel |,
maybe ny col | eague Vic Ransomcoul d answer -- but if
he were an expert asked to estimate the uncertainties
in this kind of a prediction, |I think unless he had

actual ly run the code for the kind of conditions we're
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t al ki ng about here and found out what ki nd of probl ens
he got into, he would have a great difficulty giving
you any kind of a figure for uncertainty.

DR. RANSOM Well, ny uncertai nty woul d be
one, | think.

CO CHAI RVAN WALLIS: It woul d be as big as
possi bl e?

DR.  RANSOM I'd assune the worst
situation and take the best.

CO- CHAI RVAN WALLI S: Wll, that's too
much.

DR. RANSOM When | say that |' mi ncl udi ng
the cal culation beyond, you know, the dry-out and
sever e damage and heat-up and thi s natural circul ation
t hrough the steamgenerators that we've been tal king
about today.

When you coupl e al | of that together, just
it would boggle nmy mndto put any ki nd of uncertainty
estimte on that.

DR. KRESS: Well, you know, there's al ot
of uncertainty in howthe core heats up and nelts down
and stuff, but I think all of that uncertainty gets
wr apped into both parts of the thing, and you can
al nrost ignore that and | ook at, well, now |I've got

t hi ngs uncovered and |'ve got steamgoing by and |I'm
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lighting off the zirconiumfire.

It's fromthere on, the fl owrates you get
and the tenperature excursions, you know, the
certainties that are inportant because everything
before that is going to --

MR. BRADLEY: It gets you to a point in

DR KRESS: It gives you a point intine,
isall it does, and you don't care about that really.
It's the difference in the time fromthere on

So, you know, | have sonme hope that they
coul d get an uncertainty out of this, and it involves
this counter current flow crap that -- not crap, but
| think tha's where the uncertainties are going to
lie.

CO CHAl RMAN WALLI'S: It's nmuch easier than
many of these cal cul ati ons because it's single phase
steam fl ow. It's not as if you' ve got two phased
phenonmena, which really screw up a lot of these
probl ens.

DR. KRESS: Yeah, and that cuts down on
your --

CO CHAI RMAN WALLI'S:  So that gives you a
good basis, but then these mxing patterns and

circul ati ons and so --

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

363
DR. KRESS: Yeah, well, that's where the

uncertainty is.

CO CHAI RVAN WALLI' S:  That's why you need,
| think, really good CFD, which has, | think, probably
much | ess uncertainty than just a RELAP nodel wth
some guess at m xing. That's where | think really CFD
has hel ped us a great deal.

DR. KRESS: But | have sone hope that you
could come up with a fairly reasonabl e uncertainty.

CO CHAI RMAN WALLI S:  Yeah. Chris Boyd can
nodel the turbul ence different ways and so on and get
some range of uncertainty. Don't ask the expert who
hasn't done that. | think one expert like Chris, who
is believable, is better than ten guys who have run
RELAP and are guessing.

MR LONG One thing we need to do with
this to help us use the result is to ask ourselves
what's the sensitivity to the | evel of uncertainty in
certain things because if we just take an uncertainty
distribution and foldit intothe answer, you know, if
it was a guess at the uncertainty distribution, it
woul d have been just a |l ot cheaper to guess t he answer
i nst ead.

And so we need to get sonething out of

there that will work, and that woul d be to say that if
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you can be this certain about it, then you can nake
this decision, but if you have a much broader
uncertainty, thenit woul d maybe change your deci si on.

CO CHAI RVAN WALLI S: Does NRR oper at e t hat
way? | nean take ten experts to guess the answer.

MR,  LONG Well, there's a lot of
summari es of experts guessing the answers in NUREG
1150, which is what we work a lot from right now
We're hoping to get sonething that goes beyond that
with this effort.

VMR, BRADLEY: The only other thing |
want ed to say before closing was that the | ast bull et
on this slide is clearly the work that we're doing
will require very close interaction with the other
aspects of the program which is why we've set up
these fairly regular neetings, to get together and
have technical information exchange.

So agai n, that's sonething that we drawon
t he experience fromthe PTS fol ks where that sort of
i nteracti on was necessary.

CO CHAI RVAN WALLI'S: So someone is inthe
manager's seat. There's the chi ef engi neer nmaking al |
of this happen and all of the interacti ons and naki ng
sure that the progress is being nade.

VMR, MJSCARA: That's been a function of
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the integrating all of the work in the Research
Ofice. | plan to have neetings every two nonths
with the teamand contractors as needed.

CO- CHAI RVMAN WALLI S: Every two nonths?
Thi s nust be happening every day on this.

MR. MUSCARA: But between the individual
peopl e, but when the whole group gets together and
make sure things are going on the way they shoul d be
goi ng on.

CO- CHAI RMAN WALLI S: Vell, it's very
important to get a kind of noral e going where peopl e
talk to each other very quickly as soon as they find
somet hi ng.

MR. MUSCARA: Sure, and that's already
goi ng on.

CO CHAl RMAN FORD:  And that was | essons
| earned fromthe PTS program another nulti-technical
t hi ng whi ch worked very wel|.

Are there any nore questions on this
particul ar tal k?

(No response.)

CO- CHAI RVAN FORD:  Joe, woul d you like to
make any endi ng statenents?

MR. MUSCARA: Well, sinply I've enjoyed

interaction over the last two days. I think in
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| ooki ng at the DPO and whether the issue is close, in
effect, formally the issue is closed because we have
this activity and because the ACRS and the staff has
concluded that it's not a safety concern.

| woul d recormend that we have this kind
of neeting annually so that we can keep you updat ed on
t he progress of the work if that's what you would | i ke
to have.

CO CHAI RVAN FORD:  Yes, i think that woul d
be a very good idea.

MR. ROSEN: Did you plan to go around and
ask us questions?

CO- CHAI RMAN FORD: | pl anned to do that,

St eve.

Normal ly  at this time at t hese
subcomm ttee neetings we go around the table. [|'d
just like to remind us that this was billed as an

i nformational nmeeting. No | etter has been request ed.
The informati on was to address nore specifically the
progress being nade on our reconmendati ons in NUREG
1740 on the DPO issues, where it was goi ng, what was
nearing conpletion, what was conpl eted.

Sol'dlike to ask the menbers to address
two questions, please. First of all, do you see the

need for a letter? And if so, what topics should be
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covered?

And the second request is to give the
staff a guidance as to how to nost efficiently run
t heir two-hour session tonorrow on what has been gone
through in the two-day item

MR. SIEBER. Talk real fast.

CO CHAI RMAN FORD:  So, Jack, we'll start
with you and go around the table.

MR S| EBER: ["m not sure | can answer
your first question first, which is do you need a
letter., but | thought all of the presentations and
t he wor k done so far was very good wi th one excepti on,
and that's the iodine spiking i ssue, which basically
| don't knowif we're at the stage of a di sagreenent
or not, but apparently we have an opi ni on about how
that should be treated that differs fromthe staff,
and to ne it's unresolved at this point in tine.

But otherwi se, | think the work that has
been done so far is good work. There's a couple of
things | need to think about alittle bit just to nake
sure that | understand it properly, and I' msure that
if I come to sonme adverse conclusion, | will make that
concl usion known, but right now | don't have that
feel i ng.

CO- CHAI RVMAN FORD: Okay. In ternms of the
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advice to the staff for tonmorrow s nmeeting, it's ny
under st andi ng, Joe, that you are going to essentially
confine yourself to the summary slides. You're going
to confine the nunber of presenters, and that you are
going to have back-up information on the iodine
spi king and on the PRA

Since the nmenbers -- you just arrived,
Steve and Mario, but also George Apostol akis is not
here today. So he hasn't heard this presentation, but
t hat was, | think, the going plan that you had at this
time. So if you could give them further advice on
that basis, it would be appreciated, |'m sure.

Mari o.

DR BONACA: Well, with regard to that
first question, should we have a letter or not, at
some point we will need to have a letter. | mean
clearly, the ACRS raised a nunber of issues on the
DPO, and | think the work we have seen here, | nean,
| only participated yesterday and then sonmewhat this
afternoon, but the work | sawyesterday had i ncredibly
addressed sone of the issues that were raised by the
ACRS.

| think that there were some convincing
cases made for the kind of delta Ps across the pl ates.

| nmean, there were issues there of concern regarding
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what the consequences of a steamline break woul d be
or the steam generator. | think those have been
addressed, and | think that | cannot conment on that
at this point because | mssed that portion of the
presentation, but | think at sonme point we will have
to address howthis work is satisfactorily addressed
in the issue before the ACRS.

| think we have already sufficient
information to address sonme of that.

Regarding the PRA, clearly, it'saworkin
progress. | nmean | think it's a challenging issue.
| think it's a very interesting endeavor. | think
that just the issue of address failure of passive
components is intriguing to ne now and how you're
going to treat it.

But, again, there is no need for
commenting on that. W can just note that there's
work in progress.

On this issue of the conpeting facts of
either -- | nean, which wll fail first, steam
generator tubes for the bypass (phonetic) or not?
That's again a work in progress. W don't need to
conment on t he out cone except for whatever insights we
have.

So a letter could be developed at this
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stage that may close some of these issues that we
rai sed.

| nsof ar as the presentation tonorrow, it
seens to ne that for those nenbers who are not here,
particularly Dana Powers, | would expect that this
focus of attentionis going to be those i ssues that we
raised in the report and how t hey' ve been addressed.
So it would be nore focusing on the results and how
t hey address those questions or issues that we rai sed
on the ACRS.

| mean, yesterday is alot of information
on details of howthe cal cul ati ons were done and what
results. | would focus on those results because two
hours is not nuch of a time for presentation.

CO CHAI RVAN FORD: Is it possible in your
summary slides -- | nmean, your sunmary slides, if it's
based on today, is not just on the issues raised in
t he NUREG 1740, but, for instance, the use of the POD
of .6, the database for seven-eighths tubes, the
spi king factor for iodine. These are all issues that
were quite clearly either concluded or reconmended in
the final section of NUREG

So maybe when you go t hrough your sumary
slides you could enphasize those particular itemns.

For instance, PRA does not appear in NUREG 1740
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That's what essentially you' re recomending, is it?

DR. BONACA: Well, PODis a good exanpl e.
| mean, except the statenment was made, and | think an
answer has been provided regarding POD and the
dependency of POD on a nunber of paraneters, and |
t hi nk you' ve made a convi nci ng case.

" monly saying what | expect to see.
realize that the presentation covers nore ground t han
t he observations we nade. |'monly saying that for
the presentation to the ACRS you probably wll see
sone focus on those issues that were raised in our
report.

MR. MUSCARA: M thought had been that |
would sinply nmention that, you know, there was a
concern about the fixed value of POD, and that we've
done work to characterize the entire POD curves and a
nunber of paraneters, but | wasn't pl anni ng on show ng
any of the data.

DR, BONACA: No. In fact, | rmean, you
won't have the time anyway because, you know, in two
hours that woul d i ncl ude al so di scussion on the part
of the ACRS. You won't have the tinme to show how t hey
wor K.

MR. S| EBER: | think there is sone

interesting outcomes from the round robin on the
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probability of detection, you know. Not only do we
learn that it's not a fixed nunber, but a
di stribution, but the distribution is a function of
flaw size which gives confidence that if you have
sonet hing significant out there, you're goingto find
it.

| think that's inportant, and | thought
that was a pretty good effort, too.

DR.  BONACA: You can always pull out
slides as needed if you get additional questions.

CO- CHAI RVAN FORD:  Steve?

MR. ROSEN: Yes. |'mSteve Rosen, an ACRS
menber .

As far as a letter tonorrowis concerned,
| really don't have any comment on that. | wasn't

here yesterday. So | heard 50 percent of what you did
today. | was in and out all day today. So | heard
not hi ng nore than about 25 percent plus or mnus ten
percent of what you' ve done. So | really have no view
on that.

And so | have no guidance for you on
tomorrow s session either, except to say that there
will be some of us who really haven't heard nuch of
this at all. So you need to put a franmework about it.

[t's not on the ACRS when the NUREG 1740, is it, was
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witten? So | have background there either.

| do have one technical question which
cones back to the matter | raised earlier, which was
on t he assunption of instantaneous failure of the RCP
seals at tine zero. | asked that question and was
told, oh, yeah, that's what it showed. That's what
t he Westinghouse anal ysis shows.

But | wonder about that because what does
operating experience on the behavior of reactor
cool ant punp seal s given a reactor cool ant punp trip
tell us. Every tine we have tripped a reactor cool ant
punp have we | ost the seal s?

MR PACGE: No.

MR. ROSEN: | rather doubt that.

MR. PAGE: This is Joel Page.

The 21 gpmis not a seal failure. That's
just flowng in the other direction. |In other words,
it cane from GSI 23 basically where you |ose sea
cooling and sonebody finally realized that w thout
failing the seals, the delta P associated with that
will flowin the reverse direction.

So it's not really the failure of the
seal .

CO CHAI RMAN WALLIS: O flow through the

seal without failing it?
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MR PAGE: Wthout failing the seal.

The other flow rates --

DR KRESS: These are el aborate seal s?

MR PAGE: They're actually the three-
| evel seals, and they actually have three different
| evel s that they go to. Some go up

But |1' msaying that the 21 gpm the | onest
level, is not actually a seal failure. I[t's just
actually flowing in the other direction.

MR. ROSEN: Back through the seals into
t he conponent cooling water systen?

MR. PAGE: There's two or three different
directions they goin. They're actually a very, very
conmplicated seal package on those things, and so |
don't have the drawing right in front of me, but like
| said, the 21 gpm does not constitute a failure per
se. It's just because of the large delta P normally
you're punping into the seals at about five or six
gpm but nowthe delta P situationis nuch |arger, and
so all you're doing is flow ng back in --

MR.  ROSEN: So you're losing reactor
cool ant out through the seal package.

MR PAGE: That's correct.

MR. SIEBER. And you're getting the sea

package up
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MR KUNSMAN: This is Dave Kunsman.

| thank you for bringing this back up
because | do want to correct sonething. Paul rem nded
nme when | responded to your question, | was only
t hi nki ng of the 21 gallons per m nute one. | did not
t hink about the 163 or the 183 that's in their
presentations earlier, and | do not know if they
appl i ed the Comanche Peak at all. The 21 gallon per
mnute one I'mfairly certain does.

MR. ROSEN: Does it matter, all of this
di scussion of 21 versus 163? Do we know whether it
sends the final result, which is the horse race,
between failure of the RCS versus failure of the steam
generator tube? Does this seal | eakage behavior early
in the transient matter?

MR, KUNSMAN:  Yes.

MR AM CO You mssed the earlier
presentation that ISL did this norning, and they did
a sensitivity on that and they actually did show t hat
the margin to the tubes failing before the surge |line
changed based on that.

CO CHAI RMAN WALLI S: Wth a big enough
| eak, the problem goes away.

MR PAGE: That's correct.

CO CHAI RVAN WALLI S: It beconmes a LOCA.

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

376
MR. ROSEN: So what you want to do is just

exactly the opposite of what the utilities have done,
whi ch is build nore robust seals.

MR. PAGE: Actually we could ask themto
t ake the Log 2000 seal s out and put the ol d ones back
in.

CO CHAI RVAN WALLI S: No, but there are

other nore likely events for which you need a good

seal .

MR. ROSEN: Well, | think what all of this
says is that 1'd like to see sone really good
anal ysis, nechanistic analysis. Forget about

probability. Just tell nme what you think is really
going on with | eakage early in this transi ent because
at least there |l don't have to thi nk about a whol e | ot
of things that are indeterm nant and uncertain.

| know what the delta Ps are. | know what
the seal designs are. | can pretty well tell where
the water is going to go.

MR. PACE: Actually the seal investigation
we're doing, which we're launching now, soon,
unfortunately was delayed because originally the
original assunption we went with were zero | eakage,
and when we wer e pi cki ng conponents to i nvesti gate, we

said, "What are the tine tenperatures at the seal
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area?" and they weren't that high. They weren't that
hi gh when we | ooked at the Log 2000, you know, report
in generic safety issue 23 resol ution.

So we didn't pursue themthen. Subsequent
tothat tinme, it |looked Iike they were going to be at
| east 21 gpm It started changing the picture. It
| ooked Ii ke a route now of hot gases into the seals
comng fromthe cold | eg side actually which we had
not investigated. W had really concentrated on the
hot leg, but the cold | eg side that | ooks |ike access
comng directly to the seals rather early in the
scenari o.

So we do want to pursue that.
Unfortunately we're just nowreally getting into it
nmechani stical ly.

CO CHAI RVAN FORD:  Graham

CO CHAI RVAN WALLI'S: Well, | was pl eased
with what | heard today. 1've already say that in a
few i nst ances.

And the question is: how do we best add
value to this operation, these tasks? Should we wite
aletter?

Well, why would we wite a letter? 1 can
think that inthe letter we m ght give the Comm ssion

and t he NRC nanagenent sone assurance that the work is
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on track if they want to know that, if they need sone
assurance of that type.

W mght wish to evaluate the work,
various pieces of the work, nmake suggestions for
i mprovi ng the anal ysis or changes in direction and so
on.

| think at the end that we would want to
enphasi ze that what's very inportant is what we just
heard here, and what we said at the beginning of this
whol e show was it all has to conme together sonmehow,
and that's a | ot of work.

When you try to bring it together, then
you may find out the relative inportance of all of
t hese things, and then what it was that you needed to
know better and what ot her things you spent a | ot of
time on and you didn't need to know so wel |.

Now, ny inclinationis to say | think that
t he presenters fromthe staff and contractors I i stened
to us very well and responded to us very well. I
don't want to bel abor the things we didn't |ike about
the work in a letter. | think we have given the
nmessage to the staff that we didn't |ike the rather --
how shall | say? -- not very conplete or whatever
argunent s about iodine spiking or the seven-eighths

tube correlation and so on. That nessage we al ready
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got across.

| had some points for Chris Boyd. 1 think
there are certain parts of his analysis that he needs
tol ook at and do differently. | think he has got the
nessage.

Now, do we need to put that in a letter
specifically? 1'd like to feel we didn't have to.
It's all in the transcript anyway. | f people are
serious about interactionw ththe ACRS, they've heard
what we've said. It's inthe transcript, and witing
somet hi ng which praises sone and faults others or
appears to do so in a letter, I"'mnot sure | really
particularly want to do at this stage.

|'d rather say you have adifficult jobto
bring it all together, and when you' ve brought it all
together, I'dreally like to seeit. Then we wite a
letter.

My col | eagues nay feel differently. Oten
we do wite letters sinply to say we put sonmething in
the record so that we can cone back to it and say,
"Yeah, we made this point and you didn't pay attention
toit."

l"d like to feel that in lots of these
cases the staff and the contractors listen to what we

say and take it into account and do a professional job
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and we don't need to say, "W asked you to do
sonet hing," because then we get into what set this
whole thing going, is the ACRS sort of saying, "W
don't like this. W don't like that. W don't
i ke --you ought to go do sonme work," and off you go
on this trenmendous program because of just what we
sai d.

So I'minclined to say |1'd rather not
wite a letter, but if we did, | think there are
certain things we could put into it.

DR. BONACA: That's why, by the way, | was
focusing purely on the coments we have nmade before
and not on the whole actual plan. W did critique
what we have done today and till then by the staff,
and they may be interested at the level of the
Conmi ssion to know what we think of the work that is
bei ng done to address that. That would be the focus
of what | would wite.

CO CHAI RVAN FORD:  (Ckay. Tom

DR. KRESS: I"'minclined to -- are you
through? Did you want to say sone nore?

CO CHAl RVAN WALLI'S:  No.

DR. KRESS: GCkay. I'minclined to agree
with Mario that a letter m ght be appropriate at this

time for the sane reasons.
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| also agree with Jack on the iodine
spi king i ssue. |'msure Dana will be anxi ous to hear
about that, and he'll be anxious to hear about how we
dealt with all of the issues.

So you know, at some point in your summary
you will want to say, "Here's an ACRS issue in the
1740. Here's howwe dealt withit,"” and then only go
into detail later. So | think that has to be part of
t he presentation.

Wth respect tothe steamgenerator bypass
stuff, I may have a different view than nost of the
comm ttee. I view it as somewhat akin to the
al  owance of containnment over pressure in the net
positive suction head problens. W're allow ng the
progression of a severe accident to get us out of
trouble or to be sure our systens work right.

To me that's a principle that bothers ne

sonewhat, and | suspect if we go that route, which it

| ooks like we're going that route, we'll get grief
from intervenors, from outsiders. They won't |[ike
this at all.

What? You're going to allowthe primary
systemto nmelt through first, to depressurize?
You know, we're going to get sone grief

fromthat, |I think, and with respect to the very nice
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outline of the work that I see on the PRA, | encourage
you to continue in that direction, but personally
think I would start out by assuming | have a |arge
early rel ease, that these sequences, a certain nunber
of these sequences are goingto lead to failure of the
steamgenerator tube, and I woul d make ny refinenents
on the frequency of these and the consequences of
t hese, and see if they don't already neet sone sort of
accept ance st andards.

And ny choice for acceptance standards
woul d be one-tenth of the pronpt fatality safety goal
which if that didn't work, then proceed onrefiningto
see if you can do better by getting the actual
probabilities that this is a large release.

But | would do the other first. But even
then | have a suspicion that you're going to get
over| appi ng probabilities that are too high al ready.
You might as well forget about the probability of
failing the primary systemprior to failing the steam
generator tubes. That's just a personal -- you know,
it's a bias | have already because | have a bias
agai nst using severe accident progression to get ne
out of trouble.

So, you know, that's the only --

MR. ROSEN: Per haps even wi t hout that bias
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one can drawt he conclusion that the uncertainties are
so large on so many sides of this problem

DR. KRESS: That you shouldn't rely onit.
Yeah, you could do that probably.

DR. BONACA: Although | agree with that,
I still am -- | nmean, the project is very
i nteresting.

DR. KRESS: OCh, yeah. | don't want them
to stop on the project.

DR BONACA: No.

DR.  KRESS: Because | think it's very
useful stuff that's going to useful just to get the
overal |l risk contribution of these sequences, peri od.
| think it would be very useful for that.

So | think it has nultiple uses.

CO- CHAI RVAN FORD:  Vic.

DR. RANSOM Well, this issue predates ne.
Sol really ama little bit at a loss to know what to
say about it, but | would have found it very
i nteresting to have known what t he big picture | ooked
i ke, you know, what sort of thing potentially does
this sequence present, and | would hope, like Dr.
Kress has nentioned, that the probability of that
occurring woul d be small enough that the risk of the

overall situation, even if you do bypass the
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cont ai nnent, woul dn't be a great threat to the public.

And so the PRA effort that was presented
at the end really to me woul d have been better right
at the front, you know, and maybe sone nunbers put to
what the risks are.

| thought the technical work was very
interesting, of course, and we saw some CFD work
which is astep forward in terns of | ooking at some of
t he mul ti-di nensional effects that can occur in these
situations, but at the same time, | think it clearly
showed you that CFD is not the total answer yet sine
you can't represent the entire system

And so you still have to depend on these
approxi mat e net hods for boundary conditions, and all
of this kind of leads nme to like looking at a
mat hemati cal problemthat's ill posed. You know, a
little perturbation can push it this way or that, and
you have this huge wuncertainty, which is the
perturbation, and I would just hope that it doesn't
matter if | go in the worst direction.

As far as the letter is concerned, |
really don't have any comment as far as whether it
woul d be needed or not, except it mght provide an
"atta boy" for, you know, certainly alot of good work

that's going on, progress report.
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And as far as tonorrow is concerned, if
people were like nyself, of course, 1'd |ike to hear
the big picture first and then work down into the
details, whereas this one was pretty nuch -- and
yesterday the other way around. W started out with
t he details and kind of worked up to the end.

CO CHAI RVAN FORD:  What | proposetodois
-- | thank you for all of your comments -- what i
propose todois | will wite a draft letter which we
may or may not use, essentially nmaking the observation
that all of the issues that we raised in NUREG 1740
are being addressed or in sone cases have been
finished, but nost of themare being addressed. Sone
of them have not been fini shed.

W are satisfied in the main with the
progress and t he approaches that are bei ng taken, but
all of those i ssues are being nelded into the current
steamgenerat or action plan for severe accidents, the
i nt egr at ed net hodol ogy t hat we made t he anal ogy to t he
PTS program

But | think all of us have also been
concerned that the response to our issue on the
spi king factor i s not adequate, and so with Tomls help
"1l draft up sonething to follow up on that concern

mai nly because it is a non-conservative safety i ssue,
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t he approach that they seemto be taking.

And it will be a short letter. It will be
addr essi ng t hose i ssues. The detail ed advi ce t hat has
been given through these last two days are in the
transcript, and | think they've been all well heard
and hopefully gratefully received, and | think maybe
rather than make a long letter with all of these
suggestions, we can rely on the transcript to have
that as a comuni cation tool .

That's my proposal at this stage. | wll
draft that tonight and give it to you all so you can
mull it over before we get to the actual letter
witing.

DR. KRESS:. Sounds good.

CO CHAI RVAN  FORD: Nut those are the
sal i ent notes.

DR BONACA: If 1 could nmake one nore
commrent .

CO CHAl RMAN FORD:  Sure, yes.

DR. BONACA: Just sinply, you know, one
thing that we already wote up, and | think Vic Ransom
di scussed this issue of starting with details and now
getting nore of the big picture, when I | ook at the
work you presented, it's a huge anobunt of work, and

sone of it, it's inpressive insofar as the
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t hor oughness, the treatnent, results you're getting,
information you're gathering fromit.

And | realize between today and t onorrow
it's inpossible for youto devel op that, but certainly
i f one had sone ki nd of presentation on what is called
the big picture, I would al so that al nost a deci sion
tree that |eads you to each one of the pieces, it
woul d be a nuch stronger sal es job.

| mean, it took us two days or a day and
a half or whatever to realize how nuch around you'd
cover, and | think if you had just at the beginning
ten minutes of review of the thought process behind
all of this, it would be really inpressive.

It's just a suggesti on.

MR. ROSEN: Perhaps alittle history al so
on how we got to needing this effort.

CO CHAI RVAN  WALLI S: That would be
somet hi ng Joe woul d present presumably.

DR. BONACA: Yeah, and it would be
i mpressive, and nost of all, it would be al so useful
because at tines, you know, in ny mind it was al ways
t he question of are they covering all of the ground.
|s there anything they're mssing there? And so you
go back to what are they trying to do.

And maybe it is because we have a limted
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view of the steam generator action plan, and that |
t hi nk our involvenent has been nostly with the DPO
that was nore limted on a nunber of issue, not all of
t hem

But, again, | nean, it seenms to ne that
you're addressing the issue of the ability of that
barrier to withstand chall enges during design basis
event s and non-desi gn basi s events, and you have a | ot
of cascadi ng work that you're | everagi ng there, and |
think that it would be wuseful to have that
per specti ve.

As | said, by tomorrow | think it's
i npossible to do that, but --

MR. SIEBER: One of the things that coul d
be done to nake it a little nore systematic is the
concl usi ons and recommendati ons i n 1740 are about two
or three pages at the end of the book. Now, Dana
wote a letter based on neetings that he had with the
staff that woul d cone out about Cctober 2003 t hat gave
a status report that's not a lot different than the
status that was presented here over the | ast two days,
and | think conparing that status or what we've seen
in the last two days versus what we concluded and
recommended would tell wus really where we are,

because, you know, this is sort of a building block
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kind of an exercise, and they aren't to the bottom
line yet.

And so there's nore to go, and part of the
bui | di ng bl ocks may change shape a little bit in the
process, the iterative process of comng to a fina
concl usi on.

So I honestly think with the exception of
t he i odi ne spi king issue it would be premature to give
our final blessing for some of these building bl ocks.

CO- CHAIRVMAN FORD: |'msorry. Oneiteml
didn't mention. Al we're saying is that we think
that the progress that has been made is inpressive,
but we can't judge the adequacy of what's been done
because we don't have the input fromthe PRA and the
uncertainty analysis as to how good has this got to
be.

So we don't have a way of metricizing our
adequacy.

MR. SIEBER. Well, you can't judge whet her
you | i ke the answer or not because you don't have the
answer .

On the other hand, | think that you can
make an infornmed judgnent about whether the approach
and the met hods are adequate, which I think they are.

The problemw th the iodine spiking even
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phenonenol ogically -- it seens backwards to ne -- is
you're getting pretty close to Part 100 sonepl ace
along the line, and to take a position that | don't
see anything in the data that would lead you to a
different nultiplier when you run the risk of being
criticized because you're getting close to the Part
100 limt; I think it really requires nore
justification than a one or two page neno.

CO- CHAI RVAN  FORD: Ckay. Any ot her

comrent s?

Joe, have we hel ped?

(Laughter.)

CO CHAI RVAN  FORD: Okay. W are
adj our ned.

(Wher eupon, at 5:25 p.m, the neeting was

concl uded.)
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