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UNI TED STATES OF AVERI CA
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+ + + + +
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MEETI NG OF THE SUBCOMM TTEE ON THERMAL- HYDRAULI C

PHENOVENA

+ + + + +
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NOVEMBER 19, 2003

+ + + + +
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Rockville, Maryland, at 8:30 a.m, Dr. Gaham B.
Wal lis, Chairman, presiding.
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P-ROGEEDI-NGS
8:33 a.m

CHAI RVAN W LLIS: The neeting will now
cone to order

This is a meeting of the Advisory
Conmittee on Reactor Safeguards Subcommttee on
Ther mal - Hydr aul i ¢ Phenonena.

| am G aham Wallis, Chairman of the
Subconmi tt ee.

The Subcommi ttee nenbers in attendance are
TomKress, Victor Ransom Jack Sieber and Peter Ford.

Dr. Sanjoy Banerjee is attending as a
consultant to the Conmttee.

The purpose of this neeting is to hear
presentations fromthe NRC staff and its supporting
contractors about the devel opnment and use of use of
the TRACE thernual-hydraulic conputer code. Thi s
Subcommittee wi | | gather i nformation, anal yze rel evant
i ssues and facts, and fornul at e proposed posi ti ons and
actions as appropriate for deliberation by the full
Commi t t ee.

Ral ph Caruso is the designated federal
official for this neeting.

The rules for participation in today's

nmeeti ng have been announced as part of the notice of
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this neeting previously published in the Federal
Regi ster on Novenber 13, 2003.

Atranscript of the meetingis being kept,
and will be made available as stated in the Federal
Regi ster notice.

It is requested the speakers first
identify thenmsel ves and speak with sufficient clarity
and volume so that they can be readily heard.

We have received no requests from any
menber of the public pertaining to make an oral
presentation.

| have a fewprelimnary remarks before we
start.

The NRC has a long history devel oping
computer codes to analyze the behavior of nuclear
reactors. As part of his regulatory mssion to
eval uate and assess to conputer code to be used by
i ndustry to denonstrate t he saf e operati on of nucl ear
power plants, the NRC has devel oped several of its
code. And the ACRS has been very supportive of the
NRC having its own codes.

About ten years ago during the review of
several advanced reactor designs and wth the
burgeoning availability of advanced conputer at

greatly reduced cost, the staff deci ded to consol i date

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

6

its support for a nunber of separate computer codes
into one code that could performmultiple functions.

They al so decided to take advantage of
i ncreases in conputer power to restructure the codes
to reduce mmintenance and inprove the ability to
i ncl ude newi nformation or nodel i ng t echni ques as t hey
devel oped.

We understand that the result of this
effort is now known as the TRAC RELAP Advance
Conput ati onal Engi ne, otherw se known as TRACE or
TRAC- E.

As part of its oversight function, the
ACRS reviews anal ytical codes devel oped by both the
staff and the industry. This Subcomm ttee neeting
today is the first in a series of nmeetings to acquai nt
the ACRS with the progress that the staff has made
with the devel opnment of TRACE. During these neetings
we expect that the staff will provide the menbers with
i nformati on about the technical foundations of the
code, its inplenmentation, assessnent agai nst
experimental data and its application to regul atory
i ssues.

At the end of this process, we envision a
nmeeting with the full Conm ttee and appropriation of

aletter providing our advice to the Comm ssion on the
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program The Committee will also enter interim
letters if it decides that an i ssue rai ses a question
that requires nore i medi ate acti on.

On a personal note, |'ve been on this
Commttee for six years, and this effort has been
going on while I've been on this Commttee. And |
woul d very much like to be able to report a nmjor
success story, either today or in the near future.
And if there are things that are preventing this being
a maj or success story, we would Ii ke to knowthemnow.

Wth that, | will now proceed with the
neeting. And | call upon Dr. Jack Rosenthal of the
O fice of Nuclear Regul atory Research to begin.

DR. ROSENTHAL: |'mJack Rosenthal. |'m
the branch chief of the Safety Margins and Systens
Anal ysis Branch of the O fice of Nuclear Regul atory
Research. And | was asked to nake a few i ntroductory
remar ks, and then ny staff advised nme not to say too
much because they have a ot to say in the next two
days. They thought that woul d be better. But | just
wanted to say just a couple of words on process and
coupl e of words on product.

Process wise, it nust be at | east a year
ago we had one of these one day nmarat hon meetings on

all things calculational and experinmental. And at
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that point, Dr. Wallis advised us he wanted to get
nore involved and in greater depth.

Over the spring we did bring in sonme of
our contractors to discuss the experinmental program
and it was pieceneal. And theninreality, we begged
off on briefing the Commttee while we were busy
wor ki ng on the code. But now we're ready to nove
forward with briefing the Commttee. | think you'll
find this meeting of substance.

And then what 1'd like to do is when you
identify related areas that you want to hear nore
about; a specific nunerical treatnment, an expanded
expl anati on of some experiment, we'll keep a |ist
going. And then over the course of the winter we'l|l
schedul e ot her neetings and attenpt to go into those
areas that you want. So we'll be able to get through
t he presentation.

But we | ook forward t o worki ng with you on
t he code substance w se.

NRR used t he RELAPS t hat RES devel oped to
do the audit cal cul ations of AP1000. W have used
TRACE t 0 do ot her audit cal cul ati ons of AP1000. W are
devel opi ng capability for TRAC to do ES-BWR audit
cal cul ati ons. So the code is a promnent role in

i ndependent anal ysis to guide the decisions.
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We use the code to resolve or to work on
GSI 188, which invol ves hydrodynam c bl ow down of a
steamgenerator. And we used at | east t he PARCS aspect
coupled with RELAP in this case to work on an issue
called -- on boron dilution issue, GSI 185.

So we really are using these products to
address safety issues directly and to perform audit
calculations with other work presented to us. So it
really is inmportant to us.

| think that we've come a nm | estone now.
We consi der the consolidation effort conpleted. And
now we can spend our efforts at making the code
better. That is sonething that we're all anxious to
doandit's starting to happen, soit's quite exciting
time.

Wth that, let ne turn the m ke over to
Joe.

CHAl RMVAN W LLI'S: Can | ask you sonet hi ng
before Joe starts?

DR. ROSENTHAL: This is what he warned ne
about. |'msorry.

CHAl RMVAN W LLI'S: Maybe | shoul d be aski ng
just the group in general.

This is a design task, meking sonet hi ng.

Usual |y one starts out with a sort of specification.
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Say | want this thing |I'mcreating to do A, B, D, F,
G  And you have pretty clear statenents that it's got
to be ten tinmes as fast as previous codes, do away
with certain problens with all codes which are |isted,
and so on and so on.

And you al so have neasures of success,
whi ch says, you know, it's got to be running on this
ki nd of computer at this speed or sonet hi ng, sone sort
of thingit's got to do.

And t hen when you' ve designed it and built
it, you check has it done all the things we set out to
do? Is it, in fact, ahead of specs? |Is it doing
better than we thought it would do or is it way
behi nd? You' ve got sone kind of neasure of how well
it's doing.

Is that the sort of thing we're going to
hear from Joe?

DR. ROSENTHAL: Joe has sone of that in

hi s presentations.

CHAI RVAN WLLIS: Well, 1'll be Iooking
for it. | hope it's there. Thank you.

MR, STAUDENVEI ER: Ckay. I'm Joe
Staudenneier. |1'm head of the Codes and Models
Devel oprment Group in Jack's branch. |I'mgoing totry

to give you a brief overview of other things we're
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doing and then nostly concentrate on TRAC code
devel opnent .

The obj ectives | hope to acconplish today
is to provide an overview of our activities going in
the branch in terns of thermal-hydraulicing system
code devel opnent and get feedback fromthe Conmittee
on topics that they would like to see nore details on
in the future.

As you know, thisisthe first ina series
of meetings that we're going to have di scussi ng TRAC.
And today is nore of an overview |l evel type neeting.
| think we have quite a bit of technical detail, but
it'"ll show you enough to get a feel for everything
going on. And we're in the process of setting up
future neetings where we go into alot nore detail on
topi cs of your interest.

CHAl RMVAN W LLI S: Now you're not just
going to tal k about devel opment? You're goingto talk
about what it can do, aren't you?

MR, STAUDENMEI ER Yes.

CHAI RVAN W LLI S: As it has been
devel oped, | understand?

MR, STAUDENMEIER:  Yes. W're going to
tal k about what it can do.

Okay. First, give you an overvi ew.

NEAL R. GROSS
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(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

12
Even t hough we' re devel opi ng TRAC, RELAPS

has di sappeared off the map. Right now it's in a
st abl e mai nt enance node with sone |imted devel opnent
going on. It's main priorities in devel opnent are
fixi ng outstandi ng bugs. There's never any shortage
of outstanding bugs in these codes. And we're also
putting in |l evel trackinginto RELAP5. That was a big
request from our CAMP nmenbers, which is our
international code applications and nmaintenance
program So that's being inplenented into the code
al so.

CHAl RMAN W LLI S: These bugs are bugs t hat

have been around for 25 years or sonething?

MR. STAUDENMEI ER: | think nbst of them
are recent. | mean, you fix a bug in one place, new
ones pop up. | don't think we have any that are 25

years old on the |ist.

CHAI RVAN W LLI'S: Well, the codeis pretty
ol d.

MR. STAUDENMEI ER: | think RELAPS, well
Vic knows better than I. | don't know, maybe |ate
'70s or early '80s.

DR RANDOM 1975 it started out.

MR. STAUDENMEI ER:  Yes. The current, |

guess, renovation of it RELAPS5 nod 3 was early '90s.
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CHAI RMAN W LLI'S: So these are bugs in the
genes, sonet hi ng.

When you say a "bug," is this a bug that
gi ves you the wong answer, the nunerical answer, or
is it just a conputational glitch?

MR. STAUDENMEI ER.  Sonetines it gives you
wong nunerical answer. It could be nunerical
instability, lots of oscillations or it could be
somet hing that makes the code outright die and stop
runni ng.

CHAI RVAN W LLI'S: Ckay. | understand the
| atter. How do you knowthe former, the wong data is
wWr ong?

MR. STAUDENMEI ER: Well, generally it's
peopl e notice these bugs in assessnent cal cul ations
where they' re conparing to experinmental data and they
see sonet hi ng, wong behavi or of the code conpared to
the data trends or sonething |ike that, or heat
transfer coefficients off by a factor, sonething that
t hey know i s wrong.

CHAIRMAN WLLIS: So it's wong agai nst
dat a?

MR.  STAUDENMEI ER: Agai nst data or
nunerically. | mean, it could be lots of oscillations

where it should be snooth behavior, sonething |ike
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t hat .

CHAl RMVAN W LLIS: Ckay. Ckay.

MR. STAUDENMEI ER: Ckay. Future
devel opnent for RELAP. RELAP isn't going away in the
near future. | think it's going to be around at | east
for the next four or five years. |It's going to be
mai nt ai ned i n stabl e mai nt enance node, anyway, fi xing
bugs and finishing |evel tracking. And there'll
probably be sone, after level trackingis finished, if
t here may be sone next feature that CAMP nmenbers want
in the code that happens in the next few years, that
may go in.

CHAI RVAN W LLI'S: Well level tracking is
sort of, to me, going fromliquid to gas or sone
vapor. But actually you have another kind of Ievel
tracki ng where you go from say, a bubbly pool to a
drop suspension. Is it fine between reginmes rather
than a real |evel?

MR, STAUDENMEI ER: That's the |evel
tracking we're tal ki ng about from --

CHAI RMAN WLLIS: Between regi mes?

MR. STAUDENMEI ER:  -- liquid continuous
regime to vapor continuous regine.

CHAl RMVAN W LLI S: Sonmething like that?

Ckay.
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MR. STAUDENMEI ER:  Yes. Fromli ke bubbly

flowto m st or something |ike that.

CHAI RVAN W LLI'S: But it could be the end
of an annular filmor something Iike that, too?

MR. STAUDENMEI ER: It coul d be. Qur | evel
tracking isn't that smart yet to know where t he end of
an annular filmis, but that coul d be enhanced in the
future.

MR. BANERJEE: Are you going to tell us
nore about any of this or just give us a list?

MR, STAUDENMEI ER: For RELAPS, |'m not
going to tal k anynore about RELAPS.

MR. BANERJEE: Do those probl ens al so cone
up wi th TRACE?

MR. STAUDENMEI ER: TRACE, | woul d say, has
many of the same type of problens that RELAP 5 does.

MR. BANERJEE: You'll discuss it there?

MR. STAUDENMEI ER. Sure. We'll be tal king
about problems with TRACE. And you coul d probably
| ook through the problens and there are essentially
classic problens that conme up in two phase flow s
codes.

DR. RANDOM One thing in the past year on
PTS, was saw sone deficiencies identified, you know,

i n RELAPS but no plan to correct those? Is that still
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t he situation?

DR. ROSENTHAL: Yes. Right there as this
neeting is going on there is a pressurized thernmal
shock review neeting, and Ivan Catton is discussing
all these issues with the staff. And sone of those
issues will be--1 think we're addressing the issues.

DR RANDOM Did you say lvan Catton?

DR, ROSENTHAL: Yes. He's --

DR. RANDOM A consultant or --

DR ROSENTHAL: As a consultant to us.

Now |'m tal king too nuch. | apol ogi ze,
Jeff.

W have a peer review ongoing of the
pressurized thermal shock program It's a nmulti-day
reviewin greater depth than we could doit with ACRS.
And he's addressing those issues with them And is
bei ng provided with the ACRS transcript, so he knows
t he concerns that you raised.

And even yesterday we agreed to rerun
actually fracture nechanics calculations with the
different heat transfer coefficient to see what the
sensitivity was.

But if we could -- PTSis going on on the
tenth fl oor of the building, I guess what |I' msaying.

CHAIRMVAN WLLIS: So | guess the answer is
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you haven't fixed the probl enms, but you're working on
t henf

MR. STAUDENMEI ER: Okay. | guess ideally
we would like by the end of maybe the next four or
five years, that TRAC would run RELAP decks so well
that everyone would want to use TRAC instead of
RELAP5, and we have a snooth program for people to
nove over that. But we'll assess a need for
mai nt ai ni ng RELAP5 beyond that tinme or when we get to
that time.

Current NRC use of RELAP5, AP1000. It's
been used for sonme prelimnary cal cul ati ons for ACR-
700, | believe, PTS and operating plant cal cul ati ons.

CHAl RVAN W LLI S: Are you goi ng to show us
that TRAC is better than RELAP5?

MR. STAUDENMEI ER: W' re goi ng to showyou
that it's at least as good as it later on, in alater
presentation. And not for everything yet, but |I'd say
a lot of applications. There's sone still some bugs
remai ning to be worked out.

MR BANERJ EE: Vel |, ACR- 700, the
dormtory is conpletely different in many features.
How are you using that for that?

MR. STAUDENMEI ER Wl |, the reason RELAPS

is being used for sonme prelimnary cal cul ations, the
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Kor eans through our CAMP program have contributed a
RELAP5 conponent call ed Can-Chan, that's supposed to
be a CANDU channel that did some small nodificationto
| think the horizontal flow regine map for rod
bundles. | don't know howgood it is. It wasn't done
with a detail ed devel opnment process | don't think. I
think it was sone sort of a first nodifications you
woul d t hi nk about doing. But ultimately, | think for
CANDU anal ysi s there's probably going to have to be a
new hori zontal fl owmap and rod bundl es devel oped, and
ot her conponents that are different in CANDU than in
typi cal pressurized or boiling water reactors. So
that' Il be being | ooked at over the next couple of
years to prepare for when CANDU cones in for design
certification that there will be a programl ooki ng at
what code devel opnent and what test data has to be
taken to get in a CANDU anal ysis capability into the
codes.

MR. BANERJEE: WIIl you use RELAPS5 or
TRACE?

MR, STAUDENMEI ER° TRACE wil | ultimtely
be used, and essentially the deck is being devel oped
in RELAPS. We'll use the translation capability
t hat' s bei ng devel oped to run RELAPS decks in TRACEto

run that deck in the future in TRACE. But right now
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si nce RELAP5 has t hat Can- Chan conponent, it's going
to be used for sone prelimnary calculations, is ny
understanding. | haven't been involved in the CANDU
effort, but I think that's what's goi ng on.

Okay. PARCS is our 3-D reactor kinetics
code that we have coupled to both RELAP and TRACE

Sonme recent devel opnents in PARCS is we
now have burnup capability to burn out a fuel cycle.
Currently 2.5 is our current version, it's under
active devel opnent. Current prioritiesis to conplete
t he docunentati on.

Users manual is in pretty good shape
We're working on a theory in programers nanual for
PARCS. Right nowit's coupled through PYM a parall el
virtual machi ne, sone software devel oped at OCak Ri dge
for | oosely coupled cal cul ati ons.

We found that we'retaking runtine hitsin
that as the processors have gotten faster, we're
spending nore tine in comunications. Soit's gotten
to the point where 20 to 30 percent of the CPUtine is
bei ng used i n essentially the overhead of using PYMin
PARCS. So we're going to be replacing that with sone
tighter coupling into TRACE. Sone direct subroutine
calls there is a library call.

Recently we've inproved the runtine by

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

20

al nost a factor of two within the [ ast nonth or two,
ot her than the PVM coupling tine.

W' re doing assessnment with PARCS and
TRACE coupl ed toget her agai nst Peach Bottom turbine
trip data. In the future, we'll probably do Peach
Bottomstability data. R ght nowwe' re doi ng Ri nghal s
plant stability data, that was neasured as part of an
i nternational standard probl em

And right now, | guess the main thing
we' ve seen with these coupl ed cal cul ati ons for BWRSs,
at least that there's no real good way to do reduced
channel mapping |ike reduce the nunber of neutronics
channels to thermal -hydraulic channels. W've been
runni ng wi th 30 t hermal - hydraul i cs channel s but found
that when you do this mapping, it gets kind of
arbitrary, and you start mxing thermal-hydraulics
channel s together that aren't really behaving alike
because they're close together neutronically. So
we' re noving to a one-on-one channel mapping. Wthin
t he next fewnonths we're going to be runni ng Ri nghal s
with all 648 channel s.

CHAl RMVAN W LLI S: Wll, that's an
i mprovenent, isn't it?

MR. STAUDENMEI ER:  Yes. Well, right now,

| mean it's not really going to cost us rmnuch in
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runti me because PARCS takes 10, you know 20 tines as
much time for tinme steps as TRACE does with 30
channels in the code. So, | nmean we could go to 300
and be even.

CHAI RVAN W LLI S: So the thernmal-
hydraulics is nore efficient than the kinetics?

MR. STAUDENMEIER: It was surprising to
me, too. And that's why we're al so | ooking at PARCS
speedup efforts to see if there's nore perfornmance we
can ring out of PARCS al so.

DR. RANDOM W passed in a one day your
poi nt kinetics. So, you know, the neutronics part has
al ways been a trivial part.

MR. STAUDENMEI ER:  Ri ght.

DR. RANDOM So nowit's grown to quite a
significant burden in the conputational sense.

MR, STAUDENMEI ER Yes.

DR. RANDOM What woul d you say, |ike half
and half or nore?

MR. STAUDENMEI ER:  Well, PARCS is about
ten times as nmuch now with our current noding. I
woul d have expected about half and half with our
current nodi ng based on sone past reading kinetics
calculations |'ve seen wi t h RAMONA and al so sonme TRAC-

B coupled 3-D kinetics. But I'mnot sure where the
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performance prograns are in PARCS or why it's taking
so long per tinme step. But we're starting to ook in
to that, do sone performance profiling of the code and
speeding it up. And we're also | ooking at parall el
processing within PARCS itself.

CHAl RMVAN W LLI'S: How does this conpare
with the comrercial codes or the codes used by
i ndustry? And PARCS i s an NRC devel opnent, isn't it?

MR, STAUDENMEI ER: | know there's a
Studsvi k product called the S3K where | think they
have a very fast code. They nodel every channel inthe
code hydraulically. And I think they do things |ike
| ot ejections inunder a mnute, and things |Iike that.

CHAI RVAN W LLI'S: But Studsvik, that's a
Swedi sh gover nnent - -

VR,  STAUDENMEI ER: This is Studsvik of
Anmeri ca that devel oped t hese codes. Studsvikis still
centered in Sweden, but their fuel mnagenent and
transi ent analysis software is devel oped at Studsvik
of America. They have an office in Boston and | daho
Falls, and in Gaithersburg now because Studsvi k and
Scanpower nerged toget her and Scanpower has an of fice
in Gaithersburg.

DR.  RANDOM What do they use for the

t hermal - hydraul ic part?
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MR. STAUDENMEI ER: Wl |, they' renmovingto

RAMONA because Scanpower had the RAMONA code and
they're looking at integrating the Studsvik's
neutroni cs with RAMONA t her mal - hydraulics. But they
devel oped sone t hermal - hydraul i cs i n-house, which is
essentially equilibrium nodeling.

CHAl RMVAN W LLIS: So how do you conpare
with something |ike what Westinghouse or GE uses?

MR. STAUDENMEIER: |'mnot famliar with
Westi nghouse's 3-D kinetics. | don't think they have
highly cut -- | don't think they have their 3-D
coupled to a sophisticated thermal-hydraulics code

because PWRs you don't really need that for a |ot

ej ection.

CHAI RVAN W LLI'S: | think GE' s working on
it.

MR. STAUDENMEI ER: CGE has 3-D kinetics in
TRACK G | don't know the runtinme performance of
their code with 3-Dkinetics. |'ve seen cal cul ati ons,
but I don't --

CHAl RVAN  WLLI S: They wuse for a
benchmark. And yet they saw we can do t hus-and-so in
this time, you can conpare with what you can do.

MR. STAUDENMEI ER: Yes. You coul d ask the

NRRthat in a proprietary neeting or a cl osed neeti ng,
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since they have the code in-house they can run
sonet hing for you.

CHAI RMAN W LLIS: Ch, yes. |It's a good
nmeasure of your performnce. | mean, if you can
really say | have sonething which does nore quicker
than industry, then that's an achi evenent.

MR. CARUSO A question about, you're
going away fromPVM Are you going to -- one of the
i deas behi nd going to TRAC was to be nore nodul ar, to
all owyou to plug newtechnol ogies intothe code. W |
goi ng away fromPVMconpromn se the nodularity at all?

MR. STAUDENVEI ER: No. Actual 'y, what
there will be, inside the code there wll be
essentially a 3-D kinetic solver interface, call
i nterface that shoul d be general enough that you coul d
plug in any 3-D kinetic solver underneath that, or
that' s what our design goal is on that anyway. And |
don't see any reason why that can't be done. And it
woul d be either linking to a PARCS |ibrary or using a
PARCS nodul e in the code and Fortran 9 determines if
you had a program - -

DR. RANDOM  This coupling between the
neutroni cs and thermal -hydraulics aninplicit type of
coupling or --

MR. STAUDENVEI ER: Yes. Not right now,
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it'snot inplicit coupling. And that's sonet hing that
will have to be I|ooked at, especially for BWR
cal cul ati ons where you get strong coupl i ng between t he
voi ds and the Kkinetics.

| guess another thingis PARCSIlimts the
time step size, too. TRAC can take bigger tine steps
t han PARCS, but it gets to outrun PARCS right now.

John Mahaffy wants to say sonethingonit.

DR. MAHAFFY: Yes, this is John Mahaffy.

| am aware that there is a research
project at Purdue in which they are doing an inplicit
coupl i ng between PARCS and TRAC. They really haven't
put out any kind of concrete results from that. |
don't believe it's even funded by the NRC. | think
that's a side project as part of sonebody's thesis.
But that work is in progress.

MR.  STAUDENVEI ER: Yes. When t hings
settle down, that's definitely something we're
interested in, especially getting inplicit coupling
between the voids and the kinetic solution for PWR
cal cul ati ons.

CHAl RMAN W LLIS: Right.

MR.  STAUDENVEI ER: Ckay. The future
devel opnent for PARCS, Cak Ridge is developing their

TRI TON cross section generation suite, which in the
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past it's been call ed SCALE and sonet hi ng el se before
that. And the newthing about TRITONis they now are
going to have a lattice physics solver so that they
can actual | y have better devel opnent of cross sections
for reactive fuel bundles.

So PARCS is going to be able to hook into
that in the future. Right now it can read HELICS
cross section files, which was a Scanpower code,
| atti ce physics code and we shoul d be abl e to connect
it up to CASMO, which is the Studsvik | attice physics
code and we'll look at that in the future.

DR. RANDOM HELIGOS is that database? O
HELI OS al so happens to be the nanme of a server at
Pur due.

MR. STAUDENMEI ER:  Oh, yes, | don't know
about that.

DR. RANDOM But it doesn't the data file
stored there. That's not the neaning of this, right?

MR.  STAUDENVEI ER: Probably not. No.
HELI OS i s t he nanme of a code, a Scanpower code as part
of their fuel managenent package.

Ckay. Finally on to TRACE. TRACE stands
for track RELAP advanced conputational engine. And
it's the current focus and future focus of NRC

t hermal - hydraul i ¢ system safety code devel opnent .
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The goal s of a noderni zati on project were
to devel op a nodern mai nt ai nabl e and ext ensi bl e code
that had all the capabilities of our previous codes
RAMONA, RELAPS5, TRAC- PAR, TRAC- BVWR.

CHAI RMAN W LLI S: s there sonething
i nconpati bl e about saying |I'mgoing to nake a nodern
version of an antique? | nean are there sone
di fferent characteristics nowthat codes coul d havein
a nodern worl d that the ol d codes never had? It's not
just a question of enconpassing their capabilities?
There are some things that nodern codes coul d do t hat
t hey could never do before?

MR. STAUDENMEI ER:  That's right. And --

CHAl RVAN W LLI' S: Have you found out what
those are and detail ed those and set those as a part
of your objectives?

MR. STAUDENMEI ER: | nean, TRACE will do
many things that those codes never could. | guess,
anot her code you could add to that list of things it
he COBRA series of codes, COBRA-TF, COBRA-TRAC or
COBRA-NC has you'll see in a |later side --

CHAI RMAN W LLIS: If you had a custoner
here, | woul d say that the goal s of a project ought to
be to neet sone needs of a custoner. And you have the

list of what the custoner wants. And | don't see that
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here at all.

MR, STAUDENMEI ER: Vell, | think the
mnimumlist is to have the capabilities of all these
codes.

CHAI RMVAN W LLI'S:  You nean that they were
neeting the needs --

MR. STAUDENMEI ER: And t hen go beyond t hat
fromthere. But that's the base |evel of needs that
we have, is to --

CHAI RVAN WLLIS: But if there was sone
sort of -- if you could sort of |ook at the needs of
t he agency and say in the future we're going to need
to do this, this and this, was want to run a Mnte
Carlothingwith 10, 000 di fferent code runs i nstead of
just the five or ten we could do in the past; then
you're going to have to devel op that capability.

MR. STAUDENMEI ER:  Ri ght.

CHAI RVAN W LLIS: But | don't see that.

Did anyone go through that sort of
intellectual -- not even that, intellectual. | nean,
at the hearing --

MR STAUDENMEI ER: At the start of the
project there were a list of views or capabilities
witten down.

CHAl RMAN W LLI'S: That youtry to aimfor?
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MR STAUDENVEI ER: Al ot of themwere nake

t he code nore robust, make it faster. There were sone
addi tional capabilities listed|ike dissolve gasesin
the liquid to | ook at gas comi ng out of solution one
on accunul at or depressurei zes. | don't know the
complete list. But this code will be well suited.
It's well suited to do everything the past codes can
and it also gives aplatformor a devel opment pl atform
that's easy to add future needs.

As you know, this is mainly a reactive
agency. We react to things that happen outsi de and we
can't --

CHAI RMAN W LLI S: There's now risk-
i nformed regul ation. In the old days when you had it
t he other way, we just had to nmke one cal cul ati on.
It's determnistic.

To do risk-informed, you may want to do a
whol e spectrumof stuff in order to say, well, you' ve
got to mmke sone probability assessnents and
statistics and so on. It's a different world.

MR. STAUDENMEI ER. Ch, vyes.

CHAIl RVAN W LLI S: So we need sonething

MR. STAUDENMEI ER: And | think you'll see

we're developing things to do those type of
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sensitivity studies you're tal king about.

CHAI RMAN W LLI S: Yes. So it may nean
orders of magnitude inprovenment and capability. But
it may mean carrying the uncertainties al ong while you
do the calculation and actually not just giving a
result, but giving uncertainties where they're
unsol ved.

MR. STAUDENMEI ER And that is a goal that
eventual | y. W don't have an uncertainty analysis
nmet hodol ogy buil ding yet, but that's sonething we're
going to be doing in the future, we have pl anned.

CHAI RVAN W LLI'S:  You see what |' mgetting
at? |It's going to be a nodern code.

MR, STAUDENMEI ER Yes.

MR. BAJOREK: Joe? Just one other point
to add on that.

This is Steve Bajorek from Ofice of
Resear ch

Another one of the nmajor goals was
oriented towards resources on each of these codes.
Each one of these RELAP TRAC-P, TRAC-B took it's own
mai nt enance group in order to keep the code up to
date, add nodel s to that as technical i nprovenents are
made to -- grid spacers are one. You would have to

add it to all of those codes. By conbi ning these
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codes and doi ng the code consolidation, it's enabl ed
the agency to focus its resources on one set of
codi ng, nmintaining one code so that as inprovenents
to the nodel s are nade, we can do it across the board
and benefit all types of analysis; |arge break, smal
break, PWRs, BWRs and have one teamthat's abl e to use
t hat sane code to extend it to things that we really
don't understand at this point, |like the ACR-700 and
ot her types of reactor systens.

MR. STAUDENMEI ER:  Yes. | mean the first
goal of this was to enconpass all the capabilities and
al so noderni ze the software architecture sothat it's
easy to add new nodels into. And | think we've had
great success in doing that. The code is nuch earlier
to develop for than any of those predecessor codes.
You' |l see that later in John Mahaffy's talKk.

A lot of the things that you used to have
to do by hand |i ke menory nanagenent of conponents and
setting pointers within a big gl obal container array,
sof tware conpil ers can do t hat for you because Fortran
95, which we' re using, has dynam c nenory al |l ocati on,
derived variable types. So we have nanmes for
everyt hing everywhere and we don't have bi g cont ai ner
arrays and pointers into that, which was a source of

alot of errors in these codes in the past.

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

32

So, | nean the first part of this success
i s getting anodern maintainabl e software architecture
wher e you can add new nodel s to the code and extend it
inthe future with things you haven't thought of yet.
And | think we've been very successful in that and
very successful in enconpassing the capabilities of
the original code. And you'll see that we're now in
active devel opnent of things well beyond that in one
of my later sides.

MR. BANERJEE: What was the reason to stay
wi t h Fortran historical when nost nodern CFD codes are
witten in C now, all the commercial ones?

MR. STAUDENMEI ER: | think part of it is
t hat we have a | ot of people that know how to program
in Fortran. Fortran 90 or 95 is, | think, is a |lot
cleaner to programin than Cor C++. It doesn't et
you wonder off into bad areas because C++ is a very
bi g | anguage and there's a |l ots of things you can use
in that poorly.

Fortran 90 or 95 has essentially all the
things that we need for our code in it.

MR. BANERJEE: So why do Fluent and Star
CD and CFX use C?

VR,  STAUDENMEI ER: | don't know. You'd

have to ask them
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MR. BANERJEE: So you decided that you

know why you' d use Fortran in spite of all these other
guys doing --

MR, STAUDENVMEI ER: I know why we use
Fortran, yes. And | don't know why they use C or C++.
But | think it was a good choice to use Fortran. Now
t hat Fortran 2000, the next iterationis goingto have
object oriented features. So anything that we would
have |iked about C++ that that would have that we
would like to us, we could use that and add it into
the code. But | think we have a nice clean readabl e
code now in Fortran 90 or 95. | nean, there's not
really any features that C++ has that | think we
really need to use.

| mean, you could think of features that
you could use just to use, but | don't think we've
been really limted in our code devel opnment by the
| anguage.

MR. BANERJEE: You had a point, John?

DR. MAHAFFY: Yes. This is John Mahaffy.

The decision, infact, it wasn't sonet hing
that was arbitrary. Vic Ransom nmay renenber, there
was a commttee of illustrious experts that was
conveyed, what was it, seven eight years ago?

DR. RANDOM Seven, | think. Yes.
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DR. MAHAFFY: Yes. And the purpose was to

begi n setting sone of the paraneters for sone of this
code devel opnent.

Two of the people on that conmittee were,
in fact, conmputer scientists. But Lloyd Le Broc was
one of themand there was an illustrious guy fromUCLA
whose nane that |'m bl anking on right now.

But, they both agreed with the idea of
Fortran 90. And the fellow fromUCLA, the way he put
it was that Fortran, at that time 90. W're into 95
now and novi ng i nt o 2000 what ever. But t he way he put
it was the | anguage i tsel f, as Joe sai d, contai ns what
you need to know, but it's nobre conpact | anguage.
There's less you need to know to be expert. Hi s
advi ce was that unless you have a core of people who
are doing the programcontinuously all the tinme, you
don't want to deal with C++ because it takes a greater
effort to maintain the kind of | evel of expertise you
need in C++.

And the NRC was tal king about, and if it
gets intothis easily maintai nable, easily extensible
architecture, you' re goingto berollingin engineers
for a nodul e here, a nodul e there. And, you know, you
can't guarantee they're C++ gurus. That's touch to

do.
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And 1've been there. |'ve alnost done
that. And |'ve been back. And I think that advice
was good.

We have wi thin our own history, there was
afellowthat worked | argely on the architecture that
we'll be discussing inalittle bit here, named Skip
Dearing fromLos Al anbs. Skip Dearing, you know, nost
of his adult professional lifewhileit was avail abl e,
programmed in C++. His conclusion after working on
this was we were better off sticking Fortran 90.

So, | nmean there are bits and pieces of
sound evidence that, you know, first of all the
decision was not arbitrary. And secondly, it was a
good decision. It's given us sonething that's easier
within the context of the NRC to keep up and extend.

MR. BANERJEE: Is it because the nuneri cal
framewor k of the systemis pretty invariant? Nothing
changes much, whereas in nost codes you tear out the
nunerics and replace it sonewhere, the internal
proj ection nmethod?

DR MAHAFFY: No, no. The nunerics
varies. | go in there and change things fromtine-to-
time, other people do. Fortran 90 is an easily
nodul ari zabl e | anguage. There's lots of things you

can do there. Again, as Joe said, the things you need

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

36

that are in C++ are in Fortran 90. W're able to do
it.

| mean, we can sit down. This is probably
not the context. You could have a |later neeting to
|l ook at programming details of this, if it's
interesting toyou. But it's held up very well for us
over the years.

MR. BANERIJEE: Ckay. And it's easily
paral | al i zabl e?

DR. MAHAFFY: Yes. And I'l|l address that
when | get up and talk to you

MR. STAUDENMEI ER:  Yes. | don't know if
you' ve | ooked at Fortran 95, but | mean t he vector and
array language, and it is very powerful and it can
make for very clean prograns.

MR. BANERJEE: 1've worked with 90, yes.

DR. SI EBER: What | anguage are they
t eachi ng young engi neers in coll ege these days?

MR, BANERJEE: C.

MR, STAUDENMEI ER: Java.

DR SIEBER  Java.

MR. BANERJEE: Java and C, that's what
t hey' re teaching.

DR SIEBER.  Ckay.

MR. KELLY: Joe Kelly from Research
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And the decisionto stay with Fortran is,
as they said, a rational one although | did |obby
against it at the tine. But it's also part of a
substantive of a larger decision. And the [|arger
deci sion was to consol i date these capabilitiesinto an
excel l ent code rather than starting from start and
doing a conplete total rewite not having a single
line of code the same, which is exactly what woul d
have happened i f we had deci ded t o nake such a radi cal
| anguage switch as going fromFortran to C++.

Once the decisionto stay with a code was
made, that all owed one really strong positive, was we
al ready had an operating code. So that as we upgraded
the architecture and mgrated to Fortran 95 we coul d
make a change in the way the internal conmunications
was done and conpare the answers, and it better be
identical to what it was before. [If not, we knew we
had a problem

So al | al ong t he devel opnent path as we're
maki ng t hese drastic changes to t he code architecture,
the code was testable. \Wereas, if we had started
fromscratch and had to do a conplete total rewite,
it woul d have been years before we got to the position
where we had a code that could do cal cul ati ons.

So there were a lot of positives for
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sticking with Fortran 95 including these capabilities
into an existing code.

CHAl RMVAN W LLIS: Okay. Joe, could we
nove al ong?

DR. RANDOM One thing further on that,
there was at the tinme the decision was made, there
wasn't a revol uti onary nodel that came to surface t hat
woul d replace, say, the two flow nodel that was
enbedded i n these codes. And so there wasn't a | ot of
notivation for starting over again, | don't believe.
As far as | know, that's still the situation today.

MR. STAUDENMEI ER: Ckay. Yes. | think--

CHAI RVAN W LLI'S: The only thing I'd add
to this slide here is does this code fulfill the
requi renents as spelled out inthe Reg. Gui de and SRP
t hat you guys wote?

MR. STAUDENMEIER: 1'd say not yet. W
haven't done an extensive review of the physical
nodel s, an assessnent of the physical nodels yet.

CHAI RMAN WLLIS: At |east you should be
consi stent with your own guidelines.

MR. STAUDENMEI ER: W wi || be doi ng t hat.
And we will be consistent with that Reg. Cuide.

CHAl RMVAN WLLIS: So we can | ook at your

gui dance and we can check off the direction, it did
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run, said had to be done at that point?

MR. STAUDENMEI ER: Right now I'd say no,
because we' ve stuck with the existing correlations in
the code to keep it a running code. W're going to be
exam ning the correlations in the future. You'll see
sone presentations tonorrow from Joe Kelly about
devel opi ng new physical nodels. And | think you'l
see that his devel opnent process and his physical
nodel s is follow ng things as statedinthey're stated
in the Reg. Quide.

DR. RANDOM Joe, one thing I'd like to
hear nyself as you go along, is how peer review has
been brought in to kind of guide the overall project.
Certainly in the past, the NRC utilized peer reviewa
great deal. | nean, sone of the people m ght not have
liked it, under the Tomregi ne and what not, but it was
pretty powerful in terns of keeping everything
acceptable, | guess, within the technical conmunity
and across the board. And |1'd be interested i n what
has been done al ong those |lines as you' ve evol ved t he
code and what your plans are for the future on that.

MR. STAUDENMEI ER:  Yes. In terns of peer
review, other than the initial neeting where they
tal ked about -- well, there was an initial neeting of

the experts, then there was a neeting in Annapolis
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where worldw de people convened to talk about
requi rements for future codes.

Beyond that there really hasn't been nuch
peer review outside sone use of the code by CAM
menbers or NRR and provi di ng feedback based on that.
So this is our first venture into, | guess, peer
review or outside review of a code. | think it's an
i nportant part of the code devel opnent, and | thi nk we
really -- once we get our first assessnent on hand, |
think we really need to go out and have everything
peer revi ewed and | ook where to go beyond that for the
future.

And O fice of Research within the past
year has initiated nore of a peer or a push to having
i nportant office products peer reviewed. And | think
that's a good idea. And, hopefully they' Il put the
noney behind it to go out and actually do that. And
I"mall for that.

DR. RANDOM Wl |, certainly when you | ook
at sone of the docunmentation, | nmean you can't get a
two or three day neeting. A person has toreally sit
down with themthat material and ki nd of pour over it
if they're to provide anything neani ngful in the way
of feedback.

MR STAUDENVEI ER: The docunentati on wil |l
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actual |y probably be thelimtingthinginwhen we can
actually go out for a peer review Al the
docunentation is in draft formessentially now.

DR RANDOM Ri ght.

MR. STAUDENMEI ER:  And needs t o be updat ed
toafinal formso we can actually give it to outside
people to | ook at and provide conmmrents on.

MR. BANERJEE: In particular, the peer
view for the correl ations used and everythi ng which
relates to physics is very inportant. So, inthe past
t hese things have been pretty ad hoc. Somebody saw
some relationship inthe literature and stuck it in,
and then it would cone up front of this advance core
review group or sonmething, and see that there are
ot her possibilities.

So, it's pretty essential to do that.
Because if | recall, a lot of the correlations even
today are pretty arbitrary anyways. They're chosen
because sonmebody knows they exist, or they may not be
the best. And then they've been tuned.

| can give you a couple of exanples off
l'ine.

MR. STAUDENMEI ER:  Yes, |'msure. | know
that's been true in the past. | nean, we definitely

want technically defensible correlations that are
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recogni zed as good correl ati ons and t hat neet t he t est
agai nst experinmental data, code assessnent agai nst
experinmental data. So that is a good area for a
detail ed peer reviewor in the future we could have
a presentation where we present the whole closure
nodel package that's used in the code.

MR. BANERJEE: And howit's inplenented,
actual ly.

MR, STAUDENMEI ER: Ri ght. How it's
i mpl enented is inportant in many cases on how you
average quantities over cells and what density you
actually feed in or what void fraction you feed into
eval uate the correl ati on. There's many ways you coul d
average or pull nunmbers in to get nunbers back out. So
that is very inmportant in these types of codes.

Ckay. I guess a second goal of this
proj ect was nmmintain our investnent --

CHAI RVAN W LLIS: | think we've all read
this.

MR.  STAUDENMEI ER: | nput nodel s, okay.

Are there any nore questions? Provided productivity

enhanci ng graphi c anal ysis environnent, all in --
CHAI RVAN W LLIS: | think that when you
say as good as or better, you need -- there are

probably several netrics, it's not just one netric in
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terms of conparison with data. |It's other things.

MR. STAUDENMEI ER:  Ri ght now, | guess our
netrics are a conparison wth data and code
robustness, is what I'd say. And we haven't worried
so nuch about one tine yet, but that's sonething we're
going to start |ooking at now.

CHAl RVAN W LLI'S: And the adaptability to
different platfornms and things |ike that?

MR STAUDENMEI ER  Right. Okay.

DR SIEBER: So this was run on somnet hi ng
ot her than a 1950s workstation, right?

MR. STAUDENMEIER: Right. [It'Il run on
your W ndows PC.

DR. SIEBER  kay.

CHAI RVAN W LLI'S: Does it run on the Mac?

MR, STAUDENVEI ER: Yes. Joe Kelly
devel ops on a Ml ntosh. Mac OS10, not OS9. And so if
you have OS10 you can run it.

DR. RANDOM  Anot her thing that woul d be
interesting on, from reading the NRC s research
program and whatnot, it's amazing the nunber of
organi zations involved inthis. | nmean, you have | SL,
you have Penn State, you have the NRC peopl e wor ki ng
onit. You have Los Al anbs working onit. Howdo you

coordinate all that, you know? And certainly fromny
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experience inthe past, | knowtoday with the i nternet
and things l|ike that, comunication is better,
certainly. But still, it's whois the driving force,

you know? Who ultimtely makes the decision as to
what; we're going to do it this way or that way?

MR. STAUDENMEI ER: | nmean the NRCis the
driving decision, essentially. We have periodic
codevel opment neetings where we gather everyone
t oget her, hash out issues and come up with a way to
nove forward. So --

DR. RANDOM Do you resol ve differences
anong t he di fferent devel opers that are workingonit?

MR. STAUDENMEI ER:  Yes, peopl e throw out
i deas for what -- what their ideas how to solve it,
ot her people wi |l provide feedback and naybe say, "Ch,
| think this is a better direction to nove on that."
And it works surprisingly well.

| mean, Jennifer Unhle was carrying the
| oad essentially by herself for quite along tinme in
this devel opnent project. | nmean, right now we're
probably at our peak nunber of in-house NRC
devel opers. |I'msureit was -- it gets fairly chaotic
at times now with all the people involved. And I
really don't know she handled it. She did an enornous

job in just keeping the project noving forward when
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she was in charge of it, because she was essentially
carrying --
DR. RANDOM How nmany peopl e do you have

wor king on it in-house?

MR. STAUDENMEI ER: Well, 1'1l get to that
in a slide.

DR. RANDOM (kay. CGo ahead.

MR. STAUDENMEI ER:  But we have -- okay.

DR RANDOM ['Il wait until then.

MR. STAUDENMEI ER: Yes. Actually SNAP,
SNAP won't run on Mac OS10 yet. There's sone Java 3-D
libraries that haven't been ported to there yet or
aren't fully running yet. | think | sawthat there's
beta versi ons of those out. So within the next year,
SNAP wi | | probably run that, too.

DR KRESS: SNAP an acronynf?

MR, STAUDENVEI ER: SNAP is synbolic
nunerical -- | don't know.

CHAl RMVAN W LLI S: W have a whole
presentation. W have two hours presentation.

MR. STAUDENMEI ER:  Yes. You'll see plenty
of SNAP in the afternoon.

But essential |l y our nodel of conputer SNAP
is our frontend, and it's a graphical user interface.

It's essentially a conmputing environnent for all the
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NRC codes. You' Il develop nodels in SNAP, nodify
them clip a nenu itemin SNAP that says go run this
nodel . It will either runit locally on your machine
or it can connect to a Linux cluster sitting off
sonewhere else, or any other nachine sitting off
sonewhere el se. Run the job and come back and post-
process answers w thin SNAP

You'll seeit this afternoon. It's avery
power ful environnent. | don't know the last tine
you've seen SNAP. But it's very nuch inproved.

DR. RANDOM \Who is devel opi ng SNAP now?

MR. STAUDENMEI ER:  Ken Jones at APT. He
has his own small conpany call ed APT.

DR RANDOM So it started out on | SL and
then it's mgrated to Ken Jones?

MR. STAUDENMEI ER: It started out as | SL.
| think Ken at the tinme was working at either |ISL or
it was Syntec, | guess, at the tine.

DR. RANDOM  Yes.

MR. STAUDENMEI ER: And Ken was working in
maybe one of their subsidiaries or as a contractor.
Ken's back here. He can answer that this afternoon
when he cones up to tal k about his history.

DR. RANDOM He was the XMGR devel oper,

wasn't he?
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VR. STAUDENVMVEI ER: He did a |lot of work

with XMGR, yes. Ckay.

CHAl RVAN W LLI S: And you' ve already
tal ked about the rest of it.

MR. STAUDENMEI ER:  Yes. W' re supporting
coomodity platforns because you really can't beat
price performance and even outright perfornmance,
t here's not nuch performance to gain. By spending ten
ti mes as nuch as you spend on a PC, you don't get nuch
performance gain by that extra anount of noney.

We're supporting standard progranm ng
| anguages to make everyt hi ng portabl e and net wor k and
software file formats, Fortran 05, Java, there's sone
bridge code in C and C++ that's |inked in.

Yes, Java, SNAP is witten in Java now.
Oiginally that was witten in C++ and it was noved
over to Java a few years ago.

Usi ng standard networ ki ng protocols.

CHAI RVAN W LLI'S: So npbst peopl e can use
it; that's really the nmessage here?

MR. STAUDENMEI ER.  Ri ght.

Standard file formats we're sticking to
because there's | ots of openly avail abl e soft ware and
tools to manipulate this file formats. So we don't

want to reinvent anything. W want to |leverage all
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that work out there that's done by ot her people.

CHAI RMVAN W LLIS: You don't want to get
sonet hing which is just peculiar to the NRC?

MR. STAUDENMEI ER.  That's right.

CHAl RVAN W LLIS: Ckay.

MR,  STAUDENMEI ER: And when | started
here, | mean all the codes, a ot of codes relied on
essentially proprietary software packages |i ke SPLAY
or things like that you had to pay $20, 000 a year for
a license or things like that. And we want to nove
away fromthat.

I n my opinion, our tools are much better
t han t hey were t hen and t hey' re usi ng openly avail abl e
software protocols.

TRACE devel opment team The internet and
deskt op workstations has made it possible to devel op
a code like this without the physical infrastructure
of a national |aboratory. Back in the '70s or '80s
you essenti al | y needed a super conputer to devel op and
run these codes on. Now PCs are fast enough and for
our codes, they're essentially as fast as the fastest
comput er you can buy. Because your codes don't really
t ake advant age of the advance architectures that are
in what are called super conmputers right now.

CHAl RMVAN WLLIS: Okay. W canread this
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one, too, | think.
MR. STAUDENMEI ER: Ckay. I n- house, we
have five people, five separate bodies, |1'd say about

hal f of our tinme we spend on code devel opnent. Quite
a few contractors have been involved in the effort.
Appl i ed Programm ng Technol ogy i s Ken Jones' comnpany
on SNAP. 1SL, Los Al anps and Penn State and Purdue.

DR. RANDOM s University of Maryland
hel ping out? | saw something in some of the research
stuff that | ooked Iike they were invol ved.

MR. STAUDENMEI ER: Uni versity of Maryl and
had been doing sone code assessnent for us. And
Prof essor Wl fe retired in the last year or so, so
there's no one there to |lead the assessnment effort
anynore, so we don't have work being done there now.

DR. RANDOM \ere is that?

MR. STAUDENMVEI ER: Uni versity of Maryl and.

DR. RANDOM Maryland? Right.

MR. STAUDENMEI ER: Yes. And t he professor
there that, | guess, headed t he assessnent effort, he
has retired so we don't have work there anynore. But
we have had work there in the past for assessnent.

DR. RANDOM  Ckay.

DR KRESS: Was that where the transient

area nodel was bei ng devel oped?
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MR. STAUDENVEI ER: Excuse me?

DR. KRESS: The interfacial area nodel,
was that where that was bei ng devel oped?

MR STAUDENVEI ER: No. That was bei ng
devel oped at Purdue, the interfacial area transport,
| believe. | don't know. Is that correct, Joe? kay.

DR. RANDOM Al so, UCLA they're doingthe
subcool boiling nodel devel opnent. But | don't know
how closely that's tied in with this.

MR. STAUDENMEIER: ['Il cover that in a
| ater side.

DR. RANDOM  kay.

VMR, BANERJEE: But one of our concerns
when we saw that presentation was not the quality of
the work, but the quality of the tie-in with TRAC

MR. STAUDENMEI ER:. OF whi ch?

MR. BANERJEE: O TRAC or whatever.

MR.  STAUDENVEI ER: The subcool boiling
nodel ?

MR. BANERJEE: Yes.

MR. STAUDENMEI ER: Well, it isn't tiedin
with TRAC yet, but it will be.

DR. RANDOM  Yes.

MR. STAUDENVEI ER: And 1"l get tothat in

one of these slides.
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DR. RANDOM And you'll also cover how

this work at Purdue will get --1 actually don't have
anything on that in ny slide, because that's not in
our near term plans to integrate interfacial area
transport, at least | don't think it is. But
eventually we're | ooking at integrating that into the
code to eventually to replace all standard --

CHAl RVAN W LLI' S:  Qur recommendati on when
we | ooked at this work and the Penn State work and the
ot her work, was don't have a research program where
they develop it there way and then assunme that five
years fromnow sonebody's going to translate it into
TRAC. TRAC has got to go along with the work they're
doing so that they' re developing paraneters and
structure which is capable with TRAC from day one.

MR, KELLY: This is Joe Kelly from
Resear ch

And that's very true. And at |east for
t he Purdue work, I'mgoing to be doing that over the
next couple of years. And | have a design to task to
develop a small pilot code. And the purpose of that
pilot code is to determne what is the nost
efficacious way to inplenent an interfacial area
transport withinatw code framewor k. Because there's

certain different ways you can do it. You need two

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

52

bubbl e nonment um equati ons or can you get by wi th one.
| f so, how do you -- and so and so forth. So that's
the idea, is to have a research tool. And | wll be
wor king to do that.

MR. BANERJEE: When are we going to revi ew
t hi s progranf? Because that are controversial aspects
as to whet her such an approach actually can work? And
if it does work, what does it buy you? So | think it
woul d be interesting to have that up for sone revi ew.

CHAl RMVAN W LLIS: Yes. W'll do that.

MR. BANERJEE: Because it's been goi ng on
for along tine --

CHAl RVAN W LLI'S: W haven't heard about
it for a long tine.

MR, STAUDENVEI ER: And we can put in a
request as wanting to see details of that experi nental
programin it. W would try to accommodate that.

Confi guration control is maintained at the
NRC. Later presentation today will show essentially
our configuration control and testing.

Current status. Architectural change is
nearly conplete. W're trying to work out the | ast
bugs in the RELAPS translation in running.

We' re debuggi ng exi sting nodels. W have

i mprovenents in physi cal nodel s and nunerics in active
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devel opnent .
CHAIl RVAN W LLI S: How about the input

text? Can you just take RELAP input text and use

t henf

MR. STAUDENMEI ER: Ri ght. You can do t hat .
"1l go to the next slide -- not everyone yet, but we
have - -

DR. RANDOM You have to do that through
SNAP, right?

MR STAUDENMEI ER: Through SNAP, yes.

DR. RANDOM One question that would be
interesting is the sort of trade off between SNAP
exclusively and inproving the input capabilities of
TRAC, say, which have been quite crude from the
beginning and | think still are probably not very user
friendly.

MR. STAUDENMEI ER:  And that's right. |
mean, SNAP has al ways been seen as the new input
processor. Essentially SNAP is -- right ASCI | input
processing and TRACE is still there in essentially
TRACE format which is very simlar to TRAC P fornat
and TRAC-B format. | guess we see as phasing that
capability out over sone period of years, that SNAP i s
to the point now where | think al nost anyone woul d

want to use SNAP. There's still some remai ni ng bugs to
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be sorted out. But SNAP has t hese capabilities you' re
tal ki ng about Iike | oop closure and things |ike that.

DR RANDOM Wll, are you eventually
going to -- why not just integrate these two together,
you know, so that basically SNAP provides the
interface to TRACE on the sanme machi ne?

MR. STAUDENMEI ER: That's what is goingto
happen. SNAP is essentially going to devel op your
i nput nodel in SNAP. It dunps a file. TRACE reads
that file in and you don't -- right now there's an
ASCI| format fileits dunping. Inthe future for RELAP
it dunps a binary format file that TRACE sone readi ng
of. But in the future you probably, ten years from
now, woul dn't even thi nk about ASClI| input decks or --

at | east peopl e | earning the code fromnow on probably

won't think that nmuch about ASCI|I input decks.
They' || see SNAP as their input processor.
And you'll see in this afternoon's

presentation that SNAP is now very powerful and
there's very few reason why you woul dn't really want
to use. | mean, there's sone snmall bugs to be worked
out, but it's very powerful for nost uses and greatly
i ncreases productivity during renodding -- well, |et
me tal k about that in ny |later.

Okay. Current priorities, conplete RELAP
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file support, conplete interimreflood nodel, which
you' Il hear about from Joe Kelly tonorrow. Sone
condensati on work, Joe Kelly is al so working on, he'l
tal k about tonorrow.

CHAl RMAN WLLIS: This is available for

use?

MR. STAUDENMEI ER: TRACE i s avail abl e for
use. Interim reflood nodel isn't into the base
ver si on.

CHAI RVAN W LLI'S:  Yes, but it's avail able
wi t hout these inprovenents, is it?

MR. STAUDENMEI ER: Right. It is avail able
wi t hout these inprovenents. And people are using it.

CHAI RVAN W LLI'S: How about the runtine?

MR, STAUDENMEI ER:  Well, 1'I1l tal k about
runtime in a couple of slides com ng up

CHAl RMVAN W LLI'S: Okay. Let's talk about
all these things |ater so we can nove on then.

VR. STAUDENMEI ER: Yes. Current
priorities. W need to add a rod bundl e interfaci al
drag nodel and conplete nodularization of the
interfacial drag. That's one thing we're mssing in
our correl ations package that TRAC-B and RELAPS had.
That's a sinple addition. It's going to be a best

correlation for rod bundle interfacial drag and
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bubbl y- -

CHAI RVAN WLLIS: So if you haven't done
t he second bullet, how do you know it's any good?

MR. STAUDENMEI ER: Wl |, we have done sone
prelimnary assessnments so we know what the big
probl em areas are and we know where it does fairly
well right now And Steve Bajorek will talk about
that in a talk tonorrow. But we need to get to the
poi nt where we'll stabilize the code. It's al npst at
t hat point now. We'l|l stabilize, go through nore
conpl ete assessnent and then identify things after
we' ve done this last bit of nodel inprovenent and
stabilization.

CHAI RVAN W LLI'S: So you'll stabilize but
not fossilize?

MR, STAUDENMEI ER: Correct.

MR. KELLY: Joe Kelly fromResear ch agai n.

And | can give a little bit nore
i nformation onthe rod bundl einterfacial drug because
it actually was the code assessnent that was done at
the University of Miryland that identified a
deficiency in the high pressure PAR smal|l break LOCA
type conditions in the current TRACE nodel s.

And they also went in and put in -- and

checked it for those conditions. Then when | was
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doing the interimreflood nodel, | ran into the sane
probl ens and | checked it for those conditions for the
| ow pressure |l evel swell conditions and it did a nuch
superior job to anything we had now. And so that's
when t he deci sion was nade to go ahead and put it in
and redo all of the assessnent with that nodel.

MR. STAUDENMEI ER:  Yes. And we've al so
done sone BWRrel ated cal culations with -- includedin
speci al code versions, and it's done a better job in
those -- predictingvoidprofilesinthose situations,
t 0o.

DR. FORD: Excuse nme. The second bullet.
WIl we be seeing a denonstration of sone of these
cal cul ati on versus physical data?

MR. STAUDENMEI ER:  Tonorr ow St eve Baj or ek

has sone.

MR. BAJOREK: Yes. Yes. Tonmorrowl'dlike
to try to go through a summary of all of the
assessnments that we' ve done i n the past year. |'mnot

going to go back to 2002 and | ook at the interfacial
drag, but between now and tonorrow I'Il try to get a
little bit nore on that. But | want to give an
i ndi cation on howthe code is perform ng with respect
to t he code consolidation, showsone of the fl aws t hat

we need to fix and what our planis for the next year,
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and what assessnents we're going to be picking up on
inorder totry to get the job of inproving the code,
proving its accuracy and quantifying what we' ve got
t here.

MR. STAUDENMEIER: | think that's a good
topic for maybe a future neeting where we coul d have
afull two day neeting on just show ng code assessnent
results. | mean, you could easily fill up a two day
nmeeting with that.

DR. FORD: And how nuch is the runtine
i nproved? You say "inprove runtinme performance.” A
factor of ten?

VR, STAUDENMEI ER: No. The runtine, a
priority is to inprove the runtime performance. In
some nodel s it actually runs faster than the ol d code.
|"d say, nost cases it runs slower right now But we
haven't concentrated on runtinme inprovenent and
optimsmyet. W' rejust concentratingon stabilizing
the architecture and getting the code working
robustly.

DR FORD: Wasn't that one of the --

MR, STAUDENMEI ER: That is one of the
final goals, and | think that we will be getting big
runtinme inprovenents. And actually, | have a slide

comng up where | just fix the physical nodel that
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i mproved runtimes greatly. | think the things -- we
have to worry about fixing our physical nodels first.
| think they're causing a lot of runtinme and
robust ness probl ens.

And in running these codes, usually the
bi ggest performance hit isn't actually the actual
runtinme for tinme step. Evenif it was a factor of two
greater. | mean it's parts sonetines during these
cal cul ati ons where the code just bogs down and runs at
real lowtime steps and have a solitary behavior, and
it's usually due to bad physi cal nodel s or buggi ng t he
code sonewhere and not the actual tine per time step
taken in trying to refer to the tinme step.

CHAI RMVAN W LLIS: Are you talking about
runtimes of days or something like the old codes
rat her than m nutes?

MR STAUDENMEIER: If you mmke a big
enough nodel , you can meke it run as | ong as you want.
| nmean, nost things that we |ook at, | nmean --

CHAI RMVAN W LLI S: Regul at ory needs sonmeone
wants to sit down with this code, have a question and
get an answer within the hour, not next week.

MR. STAUDENMEI ER:  And | t hi nk nost t hi ngs
you can get answers within the hour

DR.  FORD: Well | thought in the very
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begi nni ng of the program as you had nentioned earlier
on as to what your expectations were, that (a) an
absolute is that it nust predict the physical
phenonena. But the other thing | would have thought
is that you nust decrease the runtine.

MR. STAUDENMEI ER: Yes. And as | said, we
are going to decrease runtine and that is a goal of
ours.

CHAl RVAN WLLI S: Orders of magnitude.
Conputers inprove by orders of magnitude every,
whatever it is, 2%years or sonething. You should be
doing the same thing with this code. It's ten tines
faster every three years.

MR. STAUDENMEI ER: | nean, the code does
followMIler's law It doesn't violate MIller's | aw
As conputers get faster, it gets alot faster with the
conputers --

MR. BANERJEE: But nothing in the code
follows MIler's | aw

MR. STAUDENMEI ER: | nean, sone things it
does -- you'll see, John Mahaffy will tal k about sone
paral | el processing capability that you coul d get runs
i ke wal | cl ock speed ups on, not reduci ng the actual
total CPUtinme. But there's other advanced nuneri cal

stuff that we're looking at that could increase
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runtinme inplicitness of the nunerical nethods, that's
where we think we'll see a big runtine increase.

But | think right now our biggest runtine
increase is going to be debuggi ng our physical nodel
package - -

CHAI RVAN W LLI'S: |'s soneone goi ng t o show
us?

MR. STAUDENMEI ER: You'll see a slide in
a couple of mnutes if you just wait, where |I'll show
you how i nmprovi ng a physical nodel will inprove your
runtine.

CHAI RVAN W LLI S: Ckay. So you're
actually going to showdata. On all these neasures of
success, you're going to give us evidence?

MR. STAUDENMEI ER:  That's right.

CHAl RVAN W LLIS: G eat.

MR. STAUDENMEI ER:  Legacy deck support.
| nput decks fromthese codes will run with little or
no nodi fication.

Okay. SNAP. You'll see plenty of SNAP
this afternoon, so I'Il skip over this.

Ri ght now we' ve finished pretty nmuch the
corridor oriented details and we're noving towards
nore of an engineering oriented interface, and you'll

see exanples of that this afternoon.
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CHAl RMAN W LLI S: Sonme nenbers of the

Conmittee, not necessarily those who are here, don't
understand why you use SNAP rather than going for
sonething that's commercially avail abl e.

MR, STAUDENMEI ER: Well, SNAP's at a
commerci al conpany and it is avail able now.

CHAl RVAN W LLI S: I know. But it's
specific for this -- than something that's there
already for other purposes and out there in the
mar ket pl ace.

MR. STAUDENMEI ER: | don't know of any
products |ike that. I mean, we'd have to contract with
-- do a sole source contract with sonme software
conmpany that has a simlar product, |I guess, and get
themto adapt it to all our codes that we want to put
in. But actually nowyou'll see SNAP has created this
open environment that pretty much anyone can take
their code and wite a plugin for SNAP w thout
nodi fying the core of SNAP and nake their code with
SNAP if it has this sort of a conponent junction type
of paradi gm

So soneone coul d take RETRAN and wite a
SNAP plug in for RETRAN and RETRAN coul d use all the
infrastructure of SNAP or any other code that | ooks

li ke that could use the infrastructure of SNAP
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DR. RANDOM Does SNAP al so handl e the

out put display, |ike the XM3ER?

MR. STAUDENMEI ER:  SNAP goes wel | beyond.
SNAP right now uses XMGR. It's now called AcG ace.
XMER has becone an open source project on the internet
called Gace. And then AcGrace is all virgin of it.
That links to all the NRC codes. But it's going to go

wel |l beyond that in the next few years. It does

ani mations. Right now, it doesn't do it yet, but
it'll essentially take your graphical input mask and
it will animate that in output. I1t'll do what the MPA
did or it wll connect off and do interactive

capabilities with calculations. You can make masks
i ke MPA nmasks and ani mate that mask.

DR. RANDOM Well, in that sense then is
TRACE than just a nodul e of SNAP?

MR. STAUDENMEI ER It's the conputati onal
engi ne.

DR. RANDOM  All right.

VR. STAUDENMEI ER: | mean SNAP is the
front end and back end, and that's what it's advance
comput ati onal engine. It feeds -- or TRACessentially
into the conputational engine post-process results.

DR. RANDOM  Well, that seems |ike the

| ogi cal way to go.
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MR.  STAUDENMEI ER: | mean, it would be
nore of that -- | nmean essentially the original idea
was to renove all input processing fromTRAC, but it

turned out we are limted in the nunber of Java
devel opers we had and had nore Fortran devel opers, so
nore of that was kept in TRAC. In the future, we'd
i ke to nove nore of that i nput processing out of TRAC
and nove it all over into SNAP and have it just --
TRAC j ust picks up this binary snapshot of this data.
The system at the begi nning of the cal culation runs
through it, dunps this out. But SNAP post-processes
this stuff. So | mean the ASCII interface wll
essentially di sappear in the future.

DR. RANDOM In that sense are you able to
observe the calculation as it's proceedi ng?

MR, STAUDENMEI ER Yes.

DR. RANDOM In a graphical sense?

MR, STAUDENMEI ER Yes.

DR. RANDOM  Yes.

MR. CARUSO |s SNAP goi ng to be al so used
for CONTAIN and rmaybe MELCOR - -

MR STAUDENMEI ER: CONTAI N support wil |l be
finished the end of Decenber, |I think is the current
schedule. MELCOR is sonetine next year.

MR CARUSO  Ckay.
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MR.  STAUDENVMEI ER: O parts wll be

i ntegrated i nto SNAP.

MR. CARUSO  kay.

MR. STAUDENMEI ER:  Okay. Now we get to
runti me performance. Everybody's been asking about
runtine.

DR. KRESS: Before you go there, you know
one of the traditional ways to inprove runtine is to
| engthen the finite difference tine step at the
expense of accuracy. Wen you conpare, say, these
runtinmes to different codes |ike TRAC, are you using
the same tine step or are you getting the sane
accuracy, or how --

MR. STAUDENMEI ER: We're getting the sane
accuracy and there's sone time step controlling sizes
that limts tine step sizes based on rate of change of
stated variables in the code.

DR. KRESS:. Yes, you have --

MR. STAUDENMEI ER: We don't truly limt by
truncation error yet. That may be something to | ook
at the future as havi ng a nmeasure of truncation error.
W don't ook at that yet. If things are changi ng
fast in our variable, it limts the rate of change of
how f ast the vari abl e can change and reduces the time

step based on that.
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kay.

CHAI RMVAN W LLIS: Soit's |l onger than the
code that you had before?

VR. STAUDENVEI ER: For runtime
performance, actually the small nodel whichrunreally
fast and you don't really care that they've slowed
down so much right now, run slower than the --

CHAI RVAN W LLI'S: This may surprise you.
| must be conpletely naive because, again, | start
with the assunption that you' re trying to nake orders
of magni tude i nprovenent rather than just run as fast
as it did before

MR. STAUDENMEI ER: The orders of magni t ude
i nprovenrent were never in tinme for time step. They
wer e al ways | ooked at being able to take larger tinme
steps and decreasing the nunber of time steps in a
cal cul ation. And work is being done --

CHAl RMVAN W LLI'S: The tine isn't conputer
time. 1t's the physical tinme being nodel ed.

MR. STAUDENMEI ER:  Ri ght.

CHAl RMVAN W LLIS: And if the conputer can
make the same nunber of calculations faster, if it
can, now it nust be able to run the code quicker?

MR. STAUDENMEI ER:  Ch, yes. | nean, if |

conpared this to the nachine that was it running on
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when we started the project. This is on the sanme
machi ne, essentially, that the two different codes--

CHAI RVAN W LLI'S: Ckay. But if you | ook
at machines --

MR. STAUDENMEIER: This is two different
codes on the same machi ne.

CHAl RVAN W LLI'S: GOkay. But if you | ook
at machi nes, you' ve probably got an i nprovenent which
is really significant?

MR. STAUDENMEI ER: | nean, that woul dn't
be a fair conparison

CHAI RVAN W LLI'S: How much is that?

MR. STAUDENMEI ER:  To take either one of
t hese codes and conpare it to how fast it ran on a
conputer seven years.

CHAI RVAN W LLIS: Yes. If a guy fromNRR
wants to run a calculation with this thing, how nuch
faster can it be run today than it could be run when
you started?

MR. STAUDENMEIER:  And | can't renenber
what was available seven years ago. But the
cal cul ati ons are nuch faster.

| knowwhen | ran cal cul ati ons seven years
ago, they took a lot longer time than they take now.

CHAIRVANW LLIS: Isit ten percent faster
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or ten tinmes faster? What is it?

MR. STAUDENMEIER: Well, I'dsayit's nore
on the order of five toten tinmes faster noww th the
conput er speed.

DR MAHAFFY: This is John Mhaffy.

Figure a factor of ten.

CHAl RVAN WLLIS: A factor of ten. Yes.

MR BANERJEE: Wiy is the time going up?

MR. STAUDENMEI ER: Why is the tine going
up? We haven't tracked down what the big runtinme hit
iS. This is measuring truly performance per tine
step, essentially. So it's for the small problens,
the small one do problem

MR. BANERJEE: The tine steps are the
same?

MR. STAUDENMEI ER: Time steps are the
same, essentially. | nmean, they're slightly different
because we're having little bugs fixed here and there
to make the progression of the calculation slightly
different.

So essentially we'retaking 1.7 times nore
per tinme step on sinple calculations.

Fortran 90, dependi ng on howyou i npl enent
interfaces and call interfaces, different conpilers

have different hits, runtine hits. This is in a
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specific conpiler, specific conputer. And these
nunbers may be different on a different conputer and
a different conpiler.

This is on our -- conpiler on an AM
At hlon chip --

DR SIEBER This is all 32-bit.

MR. STAUDENMEI ER: Right. It's as 32-bit.
The code is double precision, but it's 32-bit chip
essentially.

DR. SIEBER: Yes. On the other hand, with
t he new 64-bit chips you got al ot nore of addressabl e
menory. So, you don't have to use virtual menory.

MR,  STAUDENVEI ER: No. We're not using
virtual nenory yet.

DR. SIEBER. Oh, you aren't.

MR. STAUDENMEI ER: Qur cal cul ations are
well within the limts of 32-bit menory addressing.
Except for maybe post-processi ng and graphi cal out put
files.

DR. Sl EBER These codes are intering
codes, right?

MR.  STAUDENVMEI ER: Yes, you'll see a
presentation on that, the nerits and how t hat works.

DR. SIEBER So is doubl e precision good

enough to allowthe itering to occur without hunting
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on a PC?

MR. STAUDENMEI ER:  Yes, we think so.

DR. SI EBER Okay. Have you ever sat down
and | ooked at the answers to see where the iteration--
how the iteration converges?

MR. STAUDENMEI ER: | haven't specifically
done that. | know John Mahaffy has done that, and he's
added sonme new checks i n | ooking at residuals as they
converge versus tine sets. And you coul d possi bly ask
hi m about that during his presentation.

DR, SIEBER.  kay.

DR. FORD: | just want to make sure that
| understand. You said that the tinme steps are the
same between that used in TRACE as conpared to TRAC,
therefore the accuracy is the sanme?

MR, STAUDENMEI ER Yes.

DR, FORD: The accuracy in terns of
observation versus cal cul ati on?

MR STAUDENMEI ER: Well, | nean, 1'll
cover that in the next slide. | nmean, we fixed sone
bugs and nake t he answers better, but essentially the
accuracy is close to the sane, yes.

DR FORD: And so this --

MR.  STAUDENMEI ER: It'Il lay curves

essentially over the top of each other, in nbost cases.
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DR FORD: And so this increaseinruntine
is due purely to the difference in conpl exity between
TRACE and TRAC?

MR. STAUDENMEI ER: Well, | think it's due
largely to the ability of Fortran 95 conpilers to
optim ze code. And they're sensitive in sone ways of
transferring data between -- in subroutine calls and
things |ike that. And we have to track that down and
see what's going on. But it's been denonstrated in
the past that different conpilers don't handle some
t hings very well and we have to go back through and
| ook and see how we're transferring data. And
essentially, we're going to have to do sonme runtine
code profiling and see where this extra tine is being
taken up in the new code and | ook at what we can do to
fix that. But | think we should be able to get the 1-D
t hi ngs back down to the TRAC, Fortran 77 level. W
just have to find out what's slowing it down now.

And if you see down at the bottom of the
list, the |largest problens are running faster inthis
code per tine step, and that's partly due to a new
matrix solver that's in the code. So when you have
mul ti ple vessels or even just one |arge vessel and
multiple 1-D connections to that vessel, this new

matri x sol ver speeds things up quite a bit.
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CHAl RMAN W LLI S: If | want to run a

reactor nodel as to BWR stability or something, and |
want to run a nodel, every channel instead of having
just hot channel and the rest, that's a trenmendous
increase in the nunber -- amount of things |I'mgoing
to conpute.

MR. STAUDENMEI ER:  Ri ght.

CHAI RVAN W LLIS: | nean, it's a hundred
times as nmuch or something. So you need to have a
correspondi ng increase in speed in order to say wel |
now do this.

MR. STAUDENMEI ER: Well, | don't think it
will be a problem | think we'll be able to with our
Peach Bottom and Ringhals work. Like turbine trip
nodel i ng every channel in the core, we're going to do
calculations in under an hour. | think. [''m
confident of that. Because we do themvery fast now.

MR. BANERJEE: Where is the code spending
its time?

MR. STAUDENMEI ER: | don't know yet. W
have to do some runtine profile. W haven't gottento
that point to track down where the performance hits
are.

MR. BANERJEE: Where does TRACP- F77 spend

its time?
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VMR,  STAUDENMEI ER: It depends on the

probl em Like this last problem the AP-600 with
mul tipl e 3-Dconponents and many 1-Dto 3-Djuncti ons,
the last time | checked, which was when | was doing
AP-600 calculations, | did profiling and actually
found a performance i nprovenent at the time with how
some matrix nultiplications were being done. It was
spending essentially half it's time on the matrix
solution for that every time step. And | put in a
small nodification and it cut it essentially, the
matri x solution tinme down in half and we spending a
quarter of its time in matrix solution then.

So, | would expect that this new matrix
solver, since it's faster than the old code, it's
spending less of its time in the matrix sol ution and
noreinjust fillingupmatrices with the coefficients
of the equations and things |like that and transferring
dat a back and forth between conponents and t hi ngs t hat
need it.

DR. RANDOM Was the level if inplicitness
seen between the old version and the newin terns of
interface drag and treatnent --

MR.  STAUDENVEI ER: Yes, the level of
inmplicitness and those things is the same. One thing

that's been inproved is if you had flow | oops, 1-D
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flow | oops that came out of, say, a radial face and
t hen went back around after a whil e and connected i nto

an axial interface, you had to use sem-inmplicit

nunerics in the vessel. But noww th the new matri x
solver, it's been changed that you can run sets
everywhere with those type of connections. But

essentially it's the sane level of inplicitness in
ever yt hi ng.

W have some work ongoing that's | ooking
at increasing the inplicitness first in interfacial
heat transfer. And then wall heat transfer and fully
implicit 1-D conmponents. And then nove on to | ook at
full inplicit 3-D conponents.

DR. RANDOM Thi s drop i n performance nust
be due to the change in the way you nodul ari ze the
code, | guess, and conmuni cati on bet ween t he di fferent
parts of it?

MR. STAUDENMEI ER: Yes. That's what it is
and how Fortran 95 optimzes these new code
constructs.

| know of sone places in the 3-D vesse
wher e st eppi ng through matrices i s done i n wong order
in IJK space in a multi-dinensional array. That's
steppi ng through the | ast i ndex first and | ooked at - -

you can probably get |ike ten percent speed up on the
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| arge vessel problens in that case for that. W have
to search through the code and | ook for where the
runtine is. | mean, that's all it conmes down to, is
we're going to |l ook through and study it and try to
solve it.

DR. FORD: W're never going to let you
get off this graph, I'm afraid.

|'ve got a higher |evel question.

MR. STAUDENMEI ER.  That's too bad. The
next one --

DR. FORD: |Is there an easy answer to the
guestion as to what's the val ue of TRAC? The accuracy
you say is the same. The individual codes that it's
nodeling, like TRAC-P and things like this, and yet
the runtinme is greater. So apart fromthe academnc
enj oynent of having an all seeing, all dancing code,
what's it val ue?

MR STAUDENVEI ER: As | said, it's not
finished yet and the runtine will get faster. Right
now it's at the stage of the project where we've
conpl et ed t hese archi t ect ure enhancenent and debuggi ng
things. And you'll see on the next slide it runs nuch
faster, it some cases with some bug fixing --

DR. SI EBER W may not get to that slide.

MR STAUDENVEI ER: Here it cones. TRACE
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Robust ness. Prelimnary code assessnent results have
identified some robustness and physical nodel
probl ens.

| recently had sonme error corrections to
the annual-m st interfacial drag in critical flow

nodel and we've greatly inproved robustness.

CHAl RMVAN  WLLI S: It's not j ust
robustness. It's not just robustness when it's just
reducing its tine steps. |Is that when you nean by

r obust ness?

MR. STAUDENMEI ER: Wl |, robustness al so
neans the code used to just shut down sonetinmes with
mnimmtinme steps. It's the mnimumtine step wants
to reduce it further, but it can't because you've
l[imted the mninmumtinme step you can run at. So
robustness is one way to characterize that is how
stably it makes it through a cal cul ation.

And after these inprovenents, the code
gi ves better results in al nost every probleml’' ve seen
and vastly better results in lots of problens.

Li ke, you can see, TLTA took 142000 tine
steps before these corrections. Nowit's down to 17000
time steps. SSTF, another BWR LOCA test, nore than a
factor of 40.

CHAI RVAN W LLIS: So you'd expect --
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MR. STAUDENMEI ER: Browns Ferry nore t han-

CHAl RVAN W LLI S: --run tinme, wouldn't
you- -

MR. STAUDENMEI ER: Well, yes, this wll
vastly -- these weren't the tests that | used to check
runti me.

Sem - Scal e, reduces it by -- | don't know,
like on the order of less than 10 percent but the
i mprovenent i n accuracy of what PCT vastly i mproved in
t hat cal cul ati on

LOFT, about 30 percent decrease for a
smal | break.

Here's a case where the LOFT cal cul ati on,
a large break, wouldn't meke it through the
calculation with these i nprovenents. It runs through
and it's running faster up to the point of where the
ori gi nal code stopped running al so.

And ot her than interfacial drag, there's
a bug | suspect sonewhere ininterfacial heat transfer
causi ng sone sim | ar robust ness probl ens i n sone ot her
cal cul ati ons. Actually, Joe Kelly | think has
identified at |east one place in interfacial heat
transfer. And we'll go assessnent or else |ook

t hrough our other correl ati ons and see where t he code
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i s causing problens and you coul d see sonme ot her step
change in runtime inprovements when we get out the
clutches in our correl ati ons package.

DR. FORD: Not being a conputer guy, but
what's the benefit of this? You' re show ng that
there's a decrease in the tinme steps to do a specific
calculation. Well, so what?

MR, STAUDENVEI ER: You can do nore
calculations if you runit 40 times as fast. You may
be able to do nobre sensitivity calculations on the
accident that you're | ooking at or things Iike that,
or you just get the results back faster. It could
change from being Iimted by how fast it takes the
code to run sonething to being Iimted by anal yzing
the results. But also sensitivity calculations for
uncertainty anal ysis, you can nmake | ots of paraneter
vari ations, and | ook at how sensitive the results are
to the things you' re | ooking at and changi ng.

DR. FORD: Yes. Andthere's lessthingsto
go wrong, presumably. But that's not born out by your
previ ous graph.

MR STAUDENMEI ER: As | said, this is
totally different runs and --

DR. FORD: Ckay.

MR, STAUDENVMEI ER: Before you were
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conplaining it wasn't running fast, nowl showit runs
fast and now it's sonmething else. What good is it
when it runs fast?

DR. SIEBER. He's never satisfied.

MR. BAJOREK: Joe, this is Steve Baj 9orek
agai n.

| think what m ght be being m ssed is the
i mprovenent overall between what the code does and
what it's doing on the new pl atforns.

If we look at the last three cases on
here, the LOFT and the Sem -Scale, | can't renenber
t he exact nunmbers, but Sem -Scale, for exanple, |
think is running i n a couple of hours or so to get one
of the transients done.

MR STAUDENMEI ER: It was about 300
seconds, actually. But at least this one. There's
anot her Sem -Scal e one | didn't run that may have been
taking hours. If it was taking hours, | think it'l]
run nmuch faster nowif | run it.

MR. BAJOREK: But the Sem - Scal e cases are
running in arelatively short period of tinme. |I don't
know if it's mnutes or a couple of hours. But
running simlar cases with a vendor's code severa
years ago, running Sem -Scale cases of simlar

conmpl exity took days, closer to a week.
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LOFT, the |l arge break and al so the snal |
break, again | think they are running nowin a couple
of hours or, you know, an afternoon, sonething |ike
that. Again, when we had done assessnents with a
different code to run simlar cases, in fact the L3-1
in particular, it took days to run.

You know, so we don't have exact nunbers
on that, but if we're | ooking at the overall increase
in performance, we're now running assessnents that
same day, that same afternoon that had previously
taken us quite a long tine.

Now, one of the other things that I think
is very inportant, is we do have sone cases that are
still taking days to run. And as we're getting away
fromcode consolidati on and spending nore tine on the
constituent nodels, we're finding the bugs and
clutches. And | think the first three cases are good
exanpl es of when we've had the tinme to |ook at the
nodel s, find the bugs and fix them we're taking those
remai ni ng cases that have been t aki ng days to run, and
t hose are al so goi ng back to the point where they can
run in hours or m nutes.

DR. SIEBER: Rat her than dwell on runti e,
| think there's another thing that you said that nmakes

me curious, and that is that you get better answers,
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which | interpret neani ng nore accurate answers. How
do you know t hat answer Ais nore accurate than answer
B?

MR. STAUDENMEI ER: Most of the cases |'ve
showed, we have --

DR SIEBER  You can adjust --

MR. STAUDENMEI ER:  We have experi nent al
data, so nost of these |'ve showed are test
facilities. So a big conparison in test facilities.
And there's other nmeasures of the calculation, like
one may be very oscillatory, that's an obvious
nunerical instability. When you fix it, it gives you
snmoot h curves.

DR SIEBER. Right. 1 don't think of that
as accuracy, though. It's nore of a stability issue.

But you can adjust the answer you get, right, to sone

extent?

MR. STAUDENMEI ER: | nean nodal i zati on you
can adj ust .

DR SI EBER  Yes.

MR. STAUDENMEI ER. The answer s sonewhat by
changi ng nodal i zation. O her thanthat, |like goingin

and changing the correlation paranmeters, you can't
really adjust the things. | nmean, we have a

correl ations package that's been developed and
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conpared to separate effects data. And we run them
agai nst these integral type test facilities which I
showed for these runs to show that the whole code is
hol di ng t oget her.

| think with a pass codes | i ke REPLAP4 had
a |l ot of adjustable paraneters --

DR SIEBER That's right.

MR. STAUDENMEI ER:  -- that you could set
in the input. Things |like RELAP5 and TRAC and t hose
codes, the big step in those was renoving all these
adj ustabl e paraneters i nthose so that the users can't
have a big inpact over the answers.

DR. S| EBER: But the correlation
coefficients are really just nobs. You only set them
once, though.

MR. STAUDENMEI ER:  That's right. | mean,
they're nobs -- | nmean, sonme of them are purely
enpirical correlations, sone of them are sem -
enpirical based --

DR. SIEBER Right.

MR.  STAUDENVMEI ER: -- on sone sort of
physi cal nodel . And you have to set those
coefficients in the thing, | mean we're not at the
poi nt where we can -- it's too conplex to get themfor

first principles. You have to set themw th sone sort
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of test data, conpared to sone sort of test data. And
then you live with themfromthere on, though.

DR SIEBER That's right. They're built

MR. STAUDENMEI ER:  Ri ght.

DR. SIEBER One final question in this
area, if | accept that it is nore accurate and you're
basi ng that on test data, how accurate is it really?
Are we talking five percent, ten percent? And what
paranmeters, output paranmeters tend to give you the
worst | evels of accuracy?

MR STAUDENVEI ER: Wl | Steve Baj orek will
cover that in nore detail and show you sone act ual
plots. | don't have plots here to show | probably
shoul d have threwin a plot or two. But | was show ng
actual results for Steve tonorrow.

MR. BAJOREK: Well, we'll go into that
t onmor r ow.

DR SIEBER Al right.

MR. BAJOREK: That's been an i ssue in code
devel opnent for a long time, what matri x should you
use to try to gauge the accuracy of a code.

DR. SIEBER. That's right.

MR. BAJOREK: |'mgoing total k about that

t omorrow and show how we're going to try to get away
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froma sinpl e subjective approach whi ch has been used
t hrough t he code consolidation and upto nowtotry to
get some quantifiable matri x on the code performance.
And that's an inportant part of our focus over the

next few years.

DR SIEBER Ckay. Well, I'minterested
inthat, sol'll be eager to |isten tonorrow.
MR,  STAUDENMEI ER: Specifically for

refl ood, Joe Kelly will be goi ng over refl ood nodel i ng
and show you what's inportant and show you plots of
i mportant paraneters.

CHAI RVAN W LLI S: The code is keeping
track of uncertainties. It'll give you a best estimte
predi ction and uncertainties and so. And you can see
if the data are within these uncertainties.

MR STAUDENVEI ER: Yes. We don't keep
track of uncertainties now But that's sonething --

DR S| EBER: Well, do that. Then you
m ght know what to nmake of the fact of the scatter.
That' s the ul ti mat e panacea, because once you knowt he
uncertainties, you can make a judgnent as to what the
accuracy really is.

MR. STAUDENMEI ER:  Yes, that's part of our
future goals is to --

DR. SIEBER. That's a keep.
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MR. STAUDENMEI ER:  Yes. Is to inplenent

some neasure of uncertainty into the code so that
you' Il get a neasure of uncertainty out with your
cal cul ati ons.

Docunentation, they'reall indraft form
Users guide input format is up to date. W need to
change that to recogni ze that SNAP exists and wl|
becone the user interface essentially.

Need work on nodel i ng gui del i nes.

Theory manual , nostly update. W will be
revising it as correl ati ons packages get revised.

Assessnent. It's out of date. It'll be
revi sed when new assessnent is conpl eted.

Programrers manual .

CHAl RMAN W LLI S: Well, | guess we're
going to tal k about this, but in the theory fromwhat
we' ve seen i s that peopl e take sonet hi ng |i ke nonent um
equation, and declare thisisit. And sonetinesit's
a justification which is a little hooky. But they
declareit. And then they go and work trenendously on
the details of the coefficients in the correlations.
But the nodeling of this conservation of sonething
al so has nore i dealizations. And there's no attenpt to
paraneterize that or correct it, or anything at all.

That may be one of the major sources of error the way

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

86

you' ve reduced maybe a stokes equation to sonething
whi ch descri bes a box, which it doesn't | ook Iike the
real geonetry and all that. There's a |lot of
assunptions in there, a lot of errors introduced by
doing that. They're not quantified in anyway at that
st age.

And then there's a lot of stuff on how
accurate is sone correlation for heat transfer, which
is little detail really conpared with this big
simplification of some conservation | aw.

So really, there ought to be sone
attenpts- -

MR. STAUDENMEI ER: Yes. W don't address
that in detail. | guess we al ways thought it has been
taken care of in our assessnent cal cul ati ons agai nst
i ntegral experinments that have these errors in that
t hey show good results.

CHAl RMVAN W LLIS: If you make it, say, a
one dinensional analysis of sonething which is
mul tidimension, is that you're introducing errors
which may be a factor of two right there.

MR, STAUDENMEI ER Yes.

CHAI RVAN WLLIS: And if that's inherent
in the structure of the code, you're not going to

catch it by tweaking all these correl ations.
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MR. STAUDENVEI ER: Yes, that's correct.

And | guess one thing is to use the correct tool for
the problem And if you need real multidi nmensiona
type of effects, you're not going to get it in these
type of codes.

CHAI RVAN W LLI S: You need to put in
sonet hi ng el se.

MR.  STAUDENMEI ER: You need to go to
sonet hing |i ke CFD.

CHAl RVAN W LLI S: Pl us factor or sonet hi ng
whi ch is correl atabl e?

MR. STAUDENMEI ER:  Possi bly, yes. Well
that's one thing that we'll look at in our theory
gui de. It doesn' t really talk about t hose
sinmplifications and approximtions, but including
docunentation on that. Because |l knowwe'l| be pushed
on it fromhere. But, yes, | think it's a good idea
to have that even w thout being pushed on.

CHAl RMVAN W LLIS: Well ny old approach
used to beto say | start the docunentation and if the
first ten pages | ook hooky, |I don't need to read the
rest of the docunment at all.

MR. STAUDENMEI ER:  Actually, we're also
addr essi ng anot her one of your concerns, whichis to

get rid of TRAC-Es in the theory nmanual instead of
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what the variable name in the code is for interfacia
drag or heat transfer coefficient to say this is the
interfacial drag coefficient defined Iike this.

Ckay. Deficiencies. Docunmentationis not
yet conplete is one major deficiency. Sonme things
t hat have been identified through cal cul ations that
have been --

CHAl RMVAN W LLI S: Is that not vyet
conmpl ete, because there's sonething i nadequat e about
parts of it or isit not conplete becauseit's m ssing
conmas and punctuation marks, or that type?

MR. STAUDENMEIER A lot of it is it just
hasn't been detailed review. Like the users guide is
nostly accurate. It's mssing user guidelines.

CHAI RVAN W LLI'S: But you know what's in
TRAC. And the original TRACis developed in the old
days. | mean, when it first was developed |
under st and docunentati on was so bad that no one who
wasn't a devel oper of it knew what really happened.
And it was major effort to wite down clearly what is
actually in the code and why.

MR. STAUDENMEI ER.  Ri ght.

CHAl RVAN W LLI'S: But you're not at that
stage. You really know what's in the code and why?

MR. STAUDENMEI ER.  Yes. My under st andi ng
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is the code was revised or docunentation was revised
greatly after CSAU offered to docunent this --

CHAl RVAN W LLIS: Wwell, after they found
what the code really was.

MR, STAUDENMEI ER Yes.

CHAl RVAN W LLIS:  Yes.

MR. STAUDENMEI ER: And that's the current
state of the documentation. | nean we've changed
formats sone and --

CHAl RMAN W LLI'S: But nowit makes sense.

VR. STAUDENMEI ER: W make error
corrections.

| think it makes sense. | mean, there's
still sonme TRAC-Es that has to be renpved, but that
will be upgraded as we nove on. I nmean, the

docunentation --

CHAI RVAN W LLI S: But the outsider can
|l ook at it and say this nakes sense to ne?

VR.  STAUDENMEI ER: | think so, for the
nost areas. | nmean, there's sonme areas where it
probably needs better explanations. But | think for
t he nost part it's understandable to at | east soneone
that's working in the field.

DR. RANDOM |'veread alittle bit of the

t heory manual, and | say that | atest version that cane
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out in 2002 | think is a great inprovenment over past
docunentation. It's very readable. | haven't got far
enough todiginto alot of the appendices to know how
conmpl ete the expl anati ons are.

And a lot of it is very up front, as a
matter of fact, in terms of what the effect of the
nunerics are on stabilization and that type of thing,
and what it's done, which often tines has sort of
slipped under theruginthe past. And | think that's
a step in the right direction, too.

MR. STAUDENMEIER:  Yes. And | think it
also tries to show basic correlations in the code and
where they' re bad or not doing very well.

DR. RANDOM  Yes.

MR,  STAUDENVEI ER: So | think that
docunentation, even though it's draft, it's fairly
conplete and it's readable. But we need to nmake
i mprovenents.

| mean, the biggest thing -- nbst out of
dat e docunent nowis probably the programers manual ,
because t hat was done a fewyears ago and there's been
substantial changes to that. But we see that as the
| ast priority because t he devel opers have been wor ki ng
and are famliar with it. But thento turnit over to

soneone el se that hasn't seen the code, that's where
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we really need the programrers nmanual so soneone, a
new person that gets added to the project can pick
this up. He needs to change part of the code, he can
| ook in the programrers nanual, see what needs to be
changed, what you're not supposed to touch

Like I know a big conplain of John
Mahaffy's is the code's architecture has inprove so
much, it's too easy to find out what's going on and
nodi fy. And people keep breaking his parallel
processing part of the code because of that, because
they' re not | eaving stuff al one that they should. And
the coding is very accessible now and it's easy.

DR. RANDOM You're tal ki ng about nenbers
of the team doing this?

MR, STAUDENMEI ER: Yes.

CHAl RMVAN W LLI S: Now, we' ve had
presentations of the nmonmentum equation by other code
devel opers which would get a G or a D as a grade.
Let's hope it doesn't happen with yours.

MR. STAUDENMEI ER: Well, we're not going

togive -- | mean, we're going to cover code equati ons
today. | think a detailed presentation on nomentum
equation -- no, we've heard concerns about the
nonment um equati on and we will be docunenting --

CHAl RMVAN W LLIS: Are you doing the sane
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thing as they did?

MR. STAUDENMEI ER: W wi || be docunenti ng
it and making sure it's well docunented.

CHAI RVAN W LLI'S: At | east it doesn't show
t he strai ght pi pe as a punp or sonething |ike that, or
a bend as a punp?

MR. STAUDENMEI ER:  No, it doesn't show a
bend as a punp.

CHAl RMAN W LLI S; So it's not as bad as

t hat .

DR SIEBER  Just done once.

DR. FORD: When wi || these deficiencies be
resol ved?

MR. STAUDENMEI ER: All of then? |I don't
know. | nean, we'll work on them as we can and

prioritize them But giving a schedul e on resol ving
all these issues is just awld guess based on not hi ng
-- Wi |l d guesses as surrogates for facts, | don't know.

CHAI RMVAN W LLIS: Arbitrary judgnent.

DR. FORD: A deficiency to nme neans that
you buyer beware. In other words, it's not correct in
certain aspects. And yet you're using it, you say,
for AP1000. What's the risk associated with using it
with these current deficiencies?

MR. STAUDENMEI ER: Wel |, | guess the key
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t hing i s understandi ng what the deficiencies are and
if they're inportant in your cal cul ati on. AP1000 has
sone robustness problens that |'m | ooking at that |
think are going to be traced to condensation and
interfacial heat transfer. |'m not sure yet, but
that's ny feeling for it.

So, up to the point where it has the
problenms, | think the code is doing okay. And the
cal cul ati on beyond that point, who knows. But | thin
that that will be fixed and we'll be doing sone
assessnment agai nst test data for that, too.

Essentially it's understanding the
limtations and what it's okay to use the code for
ri ght now and what it's not okay to use the code for.

DR SI EBER These passive plants that are
the driving forces for various denom nators are so
smal | that accuracy is critical, inmy view If you
have a safety systemthat's a punp system you know,
the forces are very |l arge there and you know t hat when
you turn the punp on, the water's going to flow
provided there's water there to flow

And so | think that as you go through this
process, you really have to pay close attentionto the
accuracy that you're getting. Because it could nean

the difference between an interfering phenonena
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exi sting and not existing.

MR. STAUDENMEI ER: Yes, | agree with that.
That's one reason why we have passive and integra
t est dat a.

DR SIEBER Yes. Right.

MR. STAUDENMEI ER:  And we're going to do
det ai | ed conpari sons agai nst that before decl aringthe
code i s good.

DR. SIEBER Right.

MR. STAUDENMEI ER. For ESBWR, NRR s usi ng
it for some calculations. They've had sone success
with at |east getting to the point of m ni mumvessel
inventory and beyond that. W haven't really noved
into the long term phase of the accident.

DR. SIEBER.  kay.

MR, STAUDENMEI ER: It could be talked
about in a future neeting on ESBWR

MR. BAJOREK: It's alsowhat's drivingthe
order in which many of these are getting resol ved.

At this point RELAP is being used to base
the regul atory decisions for AP1000. W' ve done a
fair nunber of AP1000 cal cul ati ons wi th TRAC and t hey
actually conpare quite favorably with the RELAP
cal cul ati ons.

DR. SIEBER. Ckay.
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MR BAJOREK: Which is a bit of a

assessnent in and of itself.

DR. S| EBER Yes. A secondary order
assessnent.

MR. BAJOREK: Yes. Yes. You get into
t he question of which code you start to believe at
t hat point.

DR SI EBER  Yes.

MR. BAJOREK: But we don't have the tine
and the schedule to do all of the assessnents that we
woul d want to do with TRACE to quantify its accuracy
for AP1000. That's why NRR has gone with RELAP for its
work with AP1000.

ESBWR, however, we're going to be using
TRACE version coupled with CONTAIN in order to get
better dynam cs between what goes on in contai nnent.
Because of that, nost of the near termwork is going
to focus on getting the condensati on nodel s correct.
Because those are going to be the nost inportant in
t hat anal ysi s.

DR. SIEBER Right.

MR. BAJOREK: Things like the horizontal
flow maps, the interfacial drag in the core, which
woul d be very inportant for AP1000, can wait a bit.

kay. Just because they're at a lower priority
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because it's covered el sewhere.

DR SI EBER  Yes.

DR. FORD: So on slide 11 where you say
that TRACE is being currently or planned to be used
for ESBWR AP 1000 and ACR-700, what you're really
saying is that you're already using RELAP. And
there's a difference bet wen TRACE and RELAP, you use
RELAP, is that right?

MR. BAJOREK: That's right. And right now
we woul d say that RELAP has the better assessnment base
for what's going on in AP1000. The results from
AP1000 TRACE cal cul ations are useful. They help us
with assessnents. In sonme cases we use themto help
eval uate the plant, but we woul dn't have to depend on
t hose because we have anot her avenue for eval uation.

DR FORD: Right.

MR. STAUDENMEI ER:  Yes. Because like for
AP-600, | think probably on the order of 50 to 100
man-years of work was put into maki ng RELAP work for
AP-600 if you count in all the code assessnent and
fixes and analysis was done for that. It was an
ast oundi ng anount of people working on it.

So to reproduce that in a short period of
time with any code woul d be i npossi ble. But, | nean,

we're going to | ook at assessnent against sone of
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those sane things. W're not going to do -- we're
goi ng to have to spend that total anount, probably, on
assessi ng a new code just because of all the things we
| earned during t he past project, we'd be smarter about
doi ng sone things. W were just feeling our way al ong
back then. But we'll be assessing against key test
data that was done part of that program

CHAI RVAN W LLI S: When you say this
deficiency, | wonder what the neasure is of that? |
mean, you say the horizontal two face fl ow nodel s are
defici ent. Does that nean that at the separate
effects | evel when you conpare with a sinple test, you
get the wong answer or does that nean sonet hi ng el se?

MR STAUDENMEI ER:  Just that there was
never a lot of effort put into the TRAC hori zont al
flow nodel, mainly because of its past enphasis on
| arge break LOCA cal cul ati ons.

CHAI RMVAN W LLIS: So howdo you neasure it
to the --

MR STAUDENVEI ER: For small| breaks, |
mean hori zontal flowregi me map becone nore i nportant
for small breaks and there wa never a | ot of enphasis
put on that.

CHAl RMVAN WLLIS: Yes. Let'sjust takeit

t ake horizontal two phase flow nodels. | nean, | can
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take the nodels in TRAC.

MR. STAUDENMEI ER:  Ri ght.

CHAI RVAN WLLIS: And say I'll now use
themto predict what happens in oil pipeline. And off
from the pressure drop by a factor of five or
somet hi ng. That doesn't sound very good for oil
pi pelines. And yet it nmay be that when you use it a
nucl ear reactor it doesn't matter.

MR. STAUDENMEI ER:  And it could be. But
currently we haven't even assessed the horizontal two
phase flow map yet.

CHAI RVAN W LLI'S: But the old excuse for
not inproving these has been oh it has no effect on
PCT or sonet hing, even thoughit's got the physics all
wrong and so on, and it doesn't work for all pipelines
and ot her applications. It doesn't have any effect on
PCT, so we don't worry about it. But the danger there
is you say okay now we've got the code, we'll use it
to predict something el se like water inventory in the
passi ve systemand it may turn out it has a trenmendous
effect on that.

MR. STAUDENMEI ER:  That's right.

CHAI RMAN W LLI'S: But these errors have
been accepted over the years because they didn't seem

to effect some neasure of success.
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MR. STAUDENMEI ER:  That's right.

CHAI RMVAN W LLIS: It's now no |onger the
nmeasure of success.

MR STAUDENMEI ER: And we know - -

CHAI RVAN W LLI'S: W have to be careful,
| think, about what you mean by --

MR. STAUDENMEI ER: We know applications
where it is inmportant and RELAP has better hori zontal
fl ow mappi ng than TRACE does.

CHAl RMVAN W LLI S: Dependi ng on what
nmeasur e?

MR.  STAUDENMEI ER: On what neasure?
Conpari son to experinmental data agai nst phenonena.

DR. RANDOM Is that part of that the out
take nodels, for exanple you know in horizontal
stratified flowif you had the break on the top of the
pi pe, the side or the bottom well you got different
flowsplits. | don't know whet her those nodels are in
TRAC or not.

MR. STAUDENMEI ER:  Yes, they have t he sane
nodel that RELAP has.

DR. RANDOM Well, they do in the current
one, | know | read.

MR. STAUDENMEI ER: Yes. The current. It's

beenin there for at | east the last ten years, | know.
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DR. RANDOM What is it? Mre the

transition fromstratified flow to slug flow, that
type of thing and it's not conparable or --

MR. STAUDENMEI ER:  Yes. Looking at hot
| eg |'i ke when you have voi ded water or water in a hot
leg and looking at entrainment up in the steam
generators or things like that. | think that's the
cases where in small break LOCAs and you get into |ike
condensati onal reflux nodes that TRACE or TRACreally
hasn't been assessed agai nst experinmental data. But
| mean these are the type of things we're going to
| ook t hrough our correl ati ons package, identify pl aces
where it's deficient and repl ace the nodel s or i nprove
the nodel s that are there. And it's just going to be
a process, a structure process of going through

review ng them identifying deficiencies andreplacing

t hem

Ri ght now Joe Kelly's doing that with the
rethread nodel. He'll be doing it wth sone
condensati on he's working. And we'll |ook at other

correl ati on packages in the future.

The ot her deficiencies --

CHAI RMAN W LLI'S: Well you al ways get the
guestion, though, fromthe engi neering types who say

"Well, you're just being acadenmi c. You're | ooking for
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sone perfect correlation or perfect.” Well, that's
not what we're doing. It doesn't matter from our
engi neeri ng purposes. Sonething crude is okay. But
you have to be able to answer that, because they have
some truth to what they say sonetines.

MR. STAUDENMEI ER:  Yes, there is. | nean,
you don't want to spend time -- | nmean we have limted
devel oper tinme and we don't want to spend that
devel oper tine defining uninportant details. W want
to spend that developer time inproving the places
where the code needs the nbst inprovenent.

CHAI RVAN W LLI' S:  You have to have a code
which lets the user detect this. | nean, when it's
bei ng used for a new application, there's got to sone
way that the user can run the code quickly enough and
cone in say ah-ha, for this particular use, this
particul ar part of the code is giving ne trouble, and
can recognize that. Oherwise if it's just used
blindly, it mi ght have defici enci es which are not even
seen.

MR. STAUDENMEI ER:  That's true. | rmean,
to do that you have to understand the phenonena it's
goi ng to happen i n your acci dent and recogni ze whet her
t he code has nodels in to cover that or not, or maybe

they weren't neant to cover that, but it still does
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okay.

CHAI RVAN W LLI'S: Wwell, you have to have
that sort of curiosity and you have to have a code
which lets you pursue your curiosity.

MR STAUDENMEI ER Yes.

MR.  CARUSO Does the code -- are you
including, | want to say intelligence inthe code that
alerts the user if he beconmes too creative in setting
up his nodels with nodels |ike horizontal heat
transfer? I mean, that tells him well, you are
setting up a nodel that's outside the range of
applicability or you' re getting into areas where this
is uncertain or there are probl ens?

MR, STAUDENMEI ER: Wll, the theory
manual s ideally will docunent that and show you the
range of where the correlations have been assessed
over.

SNAP i n ternms of nodeling, plant nodeling
was working on putting the expert w zards type of
things in there to help you set up a plant nodel and
nodalization that you need for what type of
cal cul ation you're doing and things like that. So we
are trying to build in -- give the wuser the
i nformati on he needs in order to help himalong with

this type of calculation he's doing.
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| guess if | go into every one of the
deficiencies, | think we'll be over schedul e here.

CHAI RVAN W LLI'S: So, | understand.

MR.  STAUDENMEI ER: If you have any
particul ar ones we could --

CHAl RVAN W LLI'S:  Maybe | ater on sone of
you can do a presentati on on one or two deficienci es,
so we can at |east see the approach.

MR. STAUDENMEI ER.  Ckay.

CHAI RVAN W LLIS: Isn't that true, there's
going to be a presentation somewhere on --

MR, STAUDENVEI ER: Vell, reflood heat
transfer, you'll see past deficiencies in the code --

CHAI RVAN W LLIS: And the condensation
nodel and things --

MR. STAUDENMEI ER:  Ri ght.

CHAl RVAN W LLIS:  Sure.

DR. Sl EBER Everything is tonorrow
af t er noon.

MR. STAUDENMEI ER:  Yes. People foll ow ng
me will answer all of your questions. You'll need to
ask them

Future devel opment work. Ri ght now
t here' s devel opnment i n progress adding adroplet field

t hat eventual |y coul d be used i n entrai nnent nodel s or
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better reflood nodels. But the structure is going in
the code to add a droplet field to the code.

DR.  RANDOM At another velocity field
t han you' ve put in?

MR STAUDENVEI ER: Ri ght . It'1l be a
liquid continuous phase and a droplet phase, so
there'll be, yes, separate equations tracking the
droplets fromthe film

ATLATS offtake nodel, coding has been
conpl eted. One of our interns working under Steve
Baj orek that cane from OSU where ATLATS facility is,
i npl emented a correlation for the ATLATS offtake into
the code. It's not in the mainstreamversion yet. W
still have to put it through some nore testing and
assessnent.

DR. RANDOM W ever resolve what the
of ft ake behavi or was due to? You know, there was sone
qguesti on whet her there was sl ugs goi ng back and forth
or whether it was true entrainnment.

MR. STAUDENMEI ER: | don't know. |'mnot
famliar with the experinmental program But |I'll have
to becone famliar with it --

DR. RANDOM | hate to have a correl ation
for a phenonena that's not there, incorporateinthe--

MR. STAUDENMEI ER: 1t' Il be sonet hing t hat
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the user has to fit the ATLATS offtake nodel on, so
it's not sonething that's going to be on by default.
Soit's sonmething that you'll have to nake a consci ous
decision to set it on and, presumably if you do make
t hi s consci ous deci si on, you know sonet hi ng about t he
nodel .

DR. RANDOM O willing to go back again,
i ke you nmentioned, it's wise to try to avoid those
kind of things if you can.

MR, STAUDENMEI ER Yes.

DR. RANDOM Because that all ows the user
then the option of --

MR. STAUDENMEI ER: Yes. Eventually we'd
like to get rid of these type of options and have the
code decide automatically, but it's not at that state
NOW.

Steve, do you want to say sonet hi ng about
it?

MR. BAJOREK: | think fromthe tests and
the visualization it was clear that a lot of the
entrai nnent was comng fromtransition to a slugging
and oscillatory behavior in the region between the
of ftake and the steamgenerate inlet plenum | guess
we woul d sort of | ook at that as sone type of a change

inthe flowpattern that's going on in that regi on of
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the hot |l eg as opposed to a change in the kind of
entrainnents that | thinkis typically thought of |ike
inthe Schrock type correl ations, dropl et shear off of
a smooth stratified or wavy interface.

Wil e we have the coding set up so that
you coul d use the correl ation that was devel oped from
ATLATS, we think that in the long run proper
i mpl enentation of that is going to nean | ooking at
that in conjunction with the horizontal flow pattern
matters to make sure it's inplenmented only for the
right conditions as opposedtojust blindly turningit
on or off for a particular transient.

CHAlRMAN W LLI'S: Right. Joe, yougoingto
go a few m nutes nore?

MR, STAUDENMEI ER Yes.

CHAI RMVAN W LLI'S: | think we can probably
read the slides.

MR. STAUDENMEI ER.  Ckay.

DR. SIEBER. There's only one left.

DR FORD: The last one bullet. Has
anyone done an anal ysi s of what the net val ue of doi ng
this is? For instance, the cost of devel opment nust
be consi derabl e versus the benefit? Has anyone sat
down and done what's the net val ue of doing this?

VR. STAUDENMEI ER: To having an
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i ndependent assessment capability for reactor
regul ation, is that what you're --

DR. FORD: No. The coupling of TRACE to
t he ot her NRC codes?

MR. STAUDENMEI ER:  Ch, coupling of TRACE
to other NRC codes? | nmean, some cal cul ations | nean
you just get to the point -- | nean it speeds user
productivity that he doesn't have to transfer data by
hand. But there's sone cal culations where it goes
beyond j ust bei ng a conveni ence to becom ng necessary
where you get tight feedback between the different
things that you really need to solve a couple of
calculation for it. So, for that | nean the benefit
is you're actually able to solve the true physical
probl em

And the cost you'd have to look at, |
guess, is what your uncertainty would beinsolvingit
i n a detached manner and naki ng approxi mati ons versus
solving it in a true coupled manner. But the cost
isn't actually going to be very much to couple like a
fuel rod code to TRACE. Now with our new EC
capability. Like CONTAIN was coupled to TRACE in a
matter of a couple of nonths, essentially. And
essentially no nodifications to TRACE except add sone

addi ti onal vari abl es that CONTAI N wanted to see. But
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essentially it was dropping a few subroutines into
CONTAIN and then it was magically able to talk to
TRACE and they're able to conmmunicate and run
together. So in terns of code devel opnent, it was a
very small|l cost.

| mean puttingthe ECl infrastructureinto
TRACEto beingwith was afairly large i nvestment, but
t hat was known up front and t hat was one of the design
requirenents is we wanted to be able to comuni cate
with other codes to do these sort of coupled
cal cul ati ons. And add couple capability fairly
qui ckly then have to integrate this whol e FRAP code
i nto TRACE, we can have this conmuni cations interface
present in a quicker manner.

DR. SIEBER: | understand the niceness, if
you |like, for the requirenent to conbi ne nodels for
two different physical entities where physically
there's a joint. But if that's to be done at the
expense of increasing the runtinme by a factor of ten
because of conplexity, you know, you have to cone into
some val ue judgnent. Has that been known?

MR. STAUDENMEI ER: Well, | mean, | don't
think it's going to increase runtime by a factor of
ten. But, yes, you'reright it does have to have sone

sort of judgnent on that. But mainly we're being
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driven by user requirenents. Everything users ask us
to do, | nmean if it's totally crazy and think, oh,
it's going to take a mllion dollars to do this and
you're only going to use it for one cal cul ati on, that
doesn't matter, then we woul d reconmend not doing it.
But for sonething that's of general use and interest
to a wde nunmber of people, then we make the
investment and do it to gave capability to our user
comunity that they need for doing sone sort of
anal ysi s.

CHAIRVAN WLLIS: 1'dlike to take a break
at 10:30. But if there's sonme high | evel questions.
W' re going to get into lots of detail later.

Do you have a high | evel question?

The runtinme for your presentati on was two
hours, and that is what we have achieved.

MR CARUSCO | have one high |evel
guesti on.

CHAI RVAN W LLIS: A final question.

MR.  CARUSO Is any of the TRACE
devel opnent work aimed at gas reactors or nonwater
cool ed reactors?

MR. STAUDENMEI ER: Wl |, there was work in
TRACE in the gas reactors. It was thought they were

adding nodifying their 3-D kinetics to be able to
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nodel the gas reactor geonetry. So it was nore PARCS
wor k. There woul d have been sone nodels that would
have had to be added to TRACE for |i ke a pebble bed
core heat transfer thing and maybe sone pressure drop
correlations through a nedica |like that.

That wor k was st opped. Yes, | don't know.
Someone | think probably -- | think it was decided
maybe that MELCOR woul d do nost of the cal cul ati ons.

MR, BAJOREK: Yes. Joe?

Yes. We | ooked at the situation and since
t here wasn't anything driving HTGRto the gas reactors
in 2003, we decided to stop the work on TRACE and nmade
t he deci sion that inthe future because those reactors
are actual Iy going to need a newregul atory franmework,
a better avenue would be to use MELCOR because that
has t he vari ous tracking for fission products, fission
product release. It can handle single phase and it
| ooked as though it's going to be a lot easier to
teach MELCOR to do the heat transfer in a pebble bed
or a single phase prismatic core than it would be to
try to get TRACE to do fission product rel ease and
track multiple constituents through the containnment.

CHAl RMAN W LLIS: GCkay. Can we --

MR. STAUDENMEI ER. W have packages added

to do liquid nmetal heat transfer. Sone people have
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used it for that. Qut at Los Al anos they're using for
that for |ike accel erator production.

kay. We're using experinmental data --

CHAl RVAN W LLI S: W' ve read all that
al r eady.

MR.  STAUDENMEI ER: Okay. Summary of
upconi ng presentati on.

CHAI RVAN W LLI'S: Yes, we know that.

MR. STAUDENVEI ER: You' | | see the
presentations.

CHAl RVAN W LLI S: Yes, we know that.
W' ||l see that. Take a break until 10:45.

Thank  you, Joe, for being very
comuni cati ve and robust.

(Wher eupon, at 10:35 a.m a recess until
10: 48) .

CHAI RMAN WLLIS: GCkay. Let's get back
into session. W're going to hear fromProfessor John
Mahaffy from Penn State.

DR. MAHAFFY: Well, good norning. | was
asked to present sone material that's going to be
review for at | east two of you that | recogni ze here,
just to bring some other Committee nmenbers up to
speed.

| had provi ded a | arge anount of nateri al .
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| would say nost of it you'll see nme flash by the
vi ewgraphs. Junp up and yell if you want to ask a
guestion onit, but I don't want to cover all of this
unl ess there's sonmething key that you want to go
t hr ough.

|'"m going to talk, first of all, in an
overview of the architecture of the code. But let ne
cone back to sonewhere that Joe began.

The architecture of code was driven by
three high level requirenents that were sent before
any of us laid down any work on this thing that we now
call TRACE. The coding had to be readable and
under st andabl e; the codi ng had to be nmai ntai nabl e; it
had to be extensible.

And let ne rem nd you of sonething based
on sone of the questions.

There was an oh, by the way, when you're
done we want it to run faster than the previous
appl i cati ons.

But these are the primary driving itens,
and it's difficult to do check boxes on these things,
but we try to do it for you.

Sonme of the things that help you out,
we' ve heard discussion fromJoe. 1'Il talk alittle

about the evidences in the recent devel opment. Now
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you have peopl e goi ng i n doi ng things that those of us
who have been devel opi ng code for 30 years have sone
idea of what it took to do it in the old days and
what's happeni ng now. And these things are working a
| ot better in terns of devel opment efforts. Bringing
i n engi neers, getting specific nodelsinplenmented, the
engi neers go away and do sonet hing else. And they're
not necessarily part of the core team of devel opers.
Conputer science nodular and object
oriented. The curious thing here, and | didn't really
t hi nk about this until rather recently, afellownaned
Bill Reed, sone of you may know froma long time in
Las Al anps, he actually used those words when he was
pi tching what becane the TRAC code. And there is
enough of that that survived in TRAC, | think drove
t he decision as that's the point where we're going to
start an evol utionary approach t hat Joe tal ked about .
It was anot her design decision. Do we wite from
scratch or do we evol ve?
| think history has shown that the
evol uti onary approach has paid off for us. W have
sonmet hing that is not recogni zabl e as TRAC anynore.
DR. RANDOM One comment on that, though.
DR MAHAFFY:  Yes.

DR. RANDOM It seened |li ke the read nade
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it nodular by conponent, meaning steam generator
pressurizer, thistype of thingandit specializedthe
nodel ing to those conponents.

DR, MAHAFFY:  Yes.

DR. RANDOM That turned out to be a
m st ake because of its inflexibility and later was
nmodi fi ed.

And | don't know, are you still at that
poi nt in TRACE where it's nodul ar by conponent.

DR. MAHAFFY: What you see, there are
different levels of nodularity in TRACE. The
nodul arity by conmponent, and let's just use this as an
opportunity to nove forward. Let's see if there's
anyt hi ng here.

Yes, |l et me answer that question a mnute
down the line, can | do that for you?

DR. RANDOM Al right. Sure.

DR. MAHAFFY: \When we get to the right
Vi ewgr aphs.

General characteristics of code. The one
thing | want totalk to you about is that as tinme goes
on here, people are not going to be thinking in a
public level in terms of this acronym TRACE. It was
al ready said before; it beconmes a nodul e contained in

t he synbol i ¢ nucl ear anal ysi s package, all right? 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

115

this will take a mnute. Here's our little sketch of
what's going on in this package.

We've got a bunch of progranms that can
talk to each other. SNAP is really the overall
driver. And |'ve SNAP a lot. | used it as a basis of
a course, and it is a very powerful tool. Even now
when they tal k about bugs, yes, there are still bugs
inthere. But even w th the bugs in that for sonebody
whose been devel oping i nput nodels for a long tine,
this is incredibly powerful. You know, | can do a
whol e nore with SNAP until | hit some bug that limts
me, and | have to go off to a text editor, than I
coul d ever do before.

But you |look at it, there's a
conput ati onal engine. This actually has this picture
we' ve shown the i nput processing that used to be done
for TRAC pulled off. And at one point we had these
things physically separated for a brief noment in
history. They're actually tied nore tightly together
at the nonment than they ought to be. But if you | ook
at the flow of what's going on, the old TRAC series
stuff conmes in through an ASCI | processor and it noves
into the conputational engine. RELAP5 is coming in
through SNAP, that's what ought to be happening

anyway. There some i nformati on fromRELAPS t hat noves
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into something that | ooks Iike this to get converted
alittle nore, as was discussed. That's a history in
avai |l abl e devel opers. And then this conputational
engi ne can operate in parallel. W'IIl talk about that
| ater with other support applications. 3-D neutron
ki netics is one of them

But in terms of the future, all this
stuff; these bl ocks through here, thisis just sothat
we don't waste -- you know, Lord knows how many
hundr eds of thousands of man-years of effort in these
archi val input nodels of plants and experinents. But
when you' re doi ng sonething new, and this stuff goes
away, you're comng straight into the Mdel Editor
interface that you'll see later and it's talkingin a
little different way with its own i nput checking and
what not, with the conputational engineer. Al right.

DR. RANDOM Qut of curiosity, what kind
of file exists after you get through going to SNAP in
terms of an input file? | assume you can give it a
nane and call it --

DR. MAHAFFY: It's called a TPR, it's a
pl atf orm i ndependent binary file. Are you going to
tal k about that, Ken?

MR JONES: Yes.

DR. MAHAFFY: So | et Ken take care of that
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file for you.

DR. RANDOM It's nothing that they use or
woul d | ook at directly, though?

DR. MAHAFFY: No, it wouldn't. And, you
know, if the user gets nervous this thing can spit out
ASCI I  input decks if you want to go | ook at them
There are no plans in any foreseeable future to
destroy ASCII| input decks. But us old guys that get
nervous about this stuff have all retired and have
gone onto greener pastures somewhere. And the young
kids that don't care and have nore faith in this
visual stuff, nove on. And then you'll see it go
away. But, yes, it's here.

DR. RANDOM It seens |like both a benefit
and a danger, though?

DR MAHAFFY:  Yes.

The interesting thing, listento Ken tal k
about sone of the checking. There's sone interesting
stuff that goes on that builds up a heavy -- there's
a lot of things you can do in terns of feedback that
gi ves you a high degree of confidence of what's into
SNAP and gotten past to the code and back again.
There's a | ot of power in cross checking to make sure
that what the code is seeing in its internal data

structure is what you neant it to see in terns of the
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geonetric representation. But |I'mnot going to talk
about that.

Now, your question. Here is part of
nodul arity. You still see loops driving certain
generations that go through pi pe conponents, channe
component's, punp conponents. And under that you m ght
be doi ng special things interns of your heat transfer
correlations for a pipe wall versus a channel. And so
there is this nodul arity by conponent that all ows you
within physical regions to do different things as
appropriate in terns of your correl ated i nformation.
All right. So that's there.

DR. RANDOM  You say | oop driving? You
nmean- -

DR. MAHAFFY: In terns of the code, okay?
Right up here there is -- in Fortranland it's a DO
| oop. All right. There's a DO | oop that runs over al

conmponents in the system

DR.  RANDOM And then it'll call and
sequence?

DR.  MAHAFFY: Yes. And each conponent
it'"ll work it's way down and it'Il be able to access.

From a practical standpoint, a lot of this stuff is
t he sane. Ckay. The fluid physical properties are --

well, we're not going to talk about that today. |
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nmean you can have i sol ated | oops i n a systemwhere one
loop is aliquid sodiuml oop and one loop is a water
| oop. So, you know, these conponents may in fact be
using different fluid properties, dependi ng on where
t hey are.

DR. RANDOM Well, | assune there are nore
conponents like trols, trips?

DR, MAHAFFY:  Yes.

DR. RANDOM  Neutronics?

DR MAHAFFY: Trols and trips. The
neutronics really is that block called parts. W're
really not doing --

DR. RANDOM -- higher yet?

DR. MAHAFFY: Yes, let's go back up. It
doesn't want to back for nme. There we go.

Neutronics really is isolated off in

anot her conputational package. There are point
kinetics calculations that can still be done, but
we're pretty much steering away fromthose. It was

i mportant historically, but npost of the interesting
cal cul ati ons now you want to do a better job in your
neutron kinetics. And that gets passed and you have
to worry about where this occurs inyour conputati onal
flow I'll talk about that a little bit |ater on.

So that's the kind of nodularity by
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conponent .

There's al so a nodul arity by conput ati onal
mesh. And coming from RELAP5 world, you probably
recogni ze that sort of thing nore than the conponent
nodul arity. So that there are a | ot of cal cul ations
going on at a low level on the hydrodynam cs that
you' re seeing.

Okay. Here are the things we operate on
for (1) the hydrodynam c sol ution. Here are the
t hi ngs we operate on for 3-D hydrodynam c sol ution.
Here are the things that operate in the conduction
space for the walls. So there's another class of
nodul arity there.

Data structure. A lot of the data still
gets stored by conponents and we're using sonething
call ed a derived type. And this probably doesn't nean
anything to you unl ess you' re a Fortran 90 progranmer.
It looks like a structure in C But for each
component it has a conponent array that marches to the
conmponents and then wi thin the conmponents you specify
properties.

There are also global arrays that are
accessed for the solution that | ook nore |ike your
mesh dependence. But |I'mnot going to go --

DR. S| EBER: Are these the indices that
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you' re show ng, you know, of the schematics --

DR. MAHAFFY: |'ve got an i ndex here over
conmponents.

DR SI EBER  Yes.

DR. MAHAFFY: And here's the index over
vol umes wi thin the conponent. Now, we have -- agai n,
when you get to the global array and you see nore of
this with some recent stuff that's not inthe official
code. When you get out to the gl obal solution, you are
seeing data structures that al so | ook nore |ike what
you're used to in RELAP5 where you stream through
every variable in the whol e system

DR SIEBER Like for one point.

DR MAHAFFY:  Yes.

DR. S| EBER But here you're saying
through all the pressure for all the cells in that
particul ar --

DR. MAHAFFY: Yes. Basically you' ve got
an array of pressures, all cells in a given conponent
are grouped together. That sort of nodularity occurs
in the conponent data structure.

" mnot going to go into this unless you
guys have sone conputer science questions. You can
| ook at this. This tells you how data gets passed

ar ound.
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Here's aninportant featurethat's newand
it has to do with the |anguage, and we use it very
strongly. We have this thing called name based poi nter
assi gnment . Pointer is an object in any kind of
advanced | anguage.

What we have, and we build it into the
data structure of TRACE, any kind of variable that's
accessi ble within the code, we have subroutines that
when passed an ASCI|I nanme that's unique to a given
variable, they wll return a programrng pointer
object that points to the location in nmenory where
that variable is available. So actually | lied. You
got to give a nanme, a conponent, a cell or sonething
like that to get at it.

But we now have a capability to do a | ot
different. Wat was the old conputational science
tern? You know, it's data driven conputingis what it
is. So it can do sone interesting things there.

DR. SIEBER: Wl | are you saying by this,
that if you want to couple another code to it, that
you can link it by giving it the --

DR. MAHAFFY: We'll seethiswiththe ECl.
This started with the ECI. | can send an ASCl |
request into TRACE that says give ne void fraction

and | give it a nane. | call it ALP, but you can
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change your dictionaries.

Here's the conmponent where it is. Here's
the cell where it is. Set up alink so | can punp
this out at certain tinme intervals. And it's very
cogni zant of this sort of stuff. But we also do it
internally.

For instance, when | need to set up by
boundary conditions in a given conponent space so it
knows what's going on next door, we no |onger have
hard wire code that really is saying, all right, you
got to nove this, this, this and this. What we have
is very generic code that's punping informtion based
on an tabl e of pointers, okay. And those pointers are
assigned by lists in a nodule in our code. So that if
| need to add a new variable that needs to be noved
bet ween t wo conponent s or vari ous ot her things, | just
add it to one or nore of these lists that tell ne what
needs to be noved and when. |t nakes things a whole
ot simlar in terns of progranmers comng into this
code and doi ng sonet hi ng useful .

And here's a sanple if you want to get
intoit. I'mgoing to skipit. O howwe set up sone
of these pointer assignment routines based on ASCI
names.

Here's how we nove data, and really the
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bottom line, this set of lines is inportant. Once
we've set up all these pointers totell you where the
data's coming fromand where the data's got to go,
that's all done at initialization before the
comput ati on gets runni ng away, noving datais areally
tight small programm ng structure. It is very, very
fast. It's not one of our timng problens in this
code.

O her features. Okay. Everythinginhere
is allocatable. There are no fixed chunks of menory
in here. We assign nenory on fly based upon the
structure of the input.

Anot her thing that was i nportant. Wen we
noved fromthe old Fortran data structures, which are
t hese ugly container arrays with variables that tell
you where things are to the new data structure, this
was all done in a scripting constructs. And it was
done in a way that the data structure now has very
uni que patterns and nanes in it so that if we cone
down the line five years fromnow wi th enough nor phs
in the | anguage or better w sdom about how our data
shoul d be laid out to take advant age of speeds of new
generations of conpilers, it's not that nuch work to
gointhere and do really massive surgery on this data

structure.
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Now, you want everything to go from a
conponent orientated data structure to a purely
RELAPi sh data structure that you know and | ove from
the old days, in fact |I've done that in a half a day
wi t h some experinents, just running sone strips. It's
qui ck.

We've got a rich set of information.
Par don t he TRACEese here. |'ve given you sonme nanes of
some arrays if sone of you ever want to dig into it.
But there are arrays of information that tell you in
all kinds of flexible ways whose tal king to who and
how.

MR. CARUSO Did you discover very nany
bugs in the old TRAC contai ner arrays when you took
t hem apart?

DR. MAHAFFY: Yes. And this is something
| want to talk to you about. We'Ill do it now.

Thi s whol e busi ness of evolution versus
revolution. GCkay. Wen we started with the hold TRAC
code and we went through -- we do things in two ways.
W try to isolate this. There are steps when you're
novi ng and advanci ng the code, and there are | ess of
t hese happeni ng now t han there were over the | ast six
years -- there are steps where you know in principle

t hat what you have done to that code shoul d change not
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a single bit in the answer. These are what we cal
null results. And as a progranmmer | know that |'m
about to engage null results. |1've rewitten the
nunerical schemes in |l arge ways in various pl aces, and
| know null results or | know that it's a round off
area results and | can put netrics on bounding on
t hat, too.

And | go in and we run the previous
version of the code. W run the new version off of a
basi s set of assessment that Chris Murray has pulled
t oget her over the years. Every time | create an
update to the code, |I'mrunning over a thousand test
probl ens to prove to nyself that | have not under m ned

sone capability that's already in that code. Ckay.

And I'Il run that set of a thousand test problens.
And if | get non-null answers when | believe I
shouldn't, I"mgoinginthere and |' mfinding out why.

And the why is often bugs that have been in there.
Wthin the last six nonths, |I've found two bugs that
| know have been in there for 25 years.

This evolutionary approach has done a
remarkable job in terns of cl eani ng out bugs that had
been i nherited fromthe predecessor code. And the way
i n which we're doing our testing, | can tell you that

|"ve put a -- you know, I'mnot going to claiml've
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put zero bugs in that code over the |ast six years.
| undoubtedly have. |It's the nature of progranmm ng.
But I will tell you that |I've put by two orders of
magni tude less bugs into that code than over a
compar abl e peri od of six years 25 years ago because of
t hese testing procedures.

DR. RANDOM  John, one quick question
This new structure and all, is this your brain child
or did you work with other people or did it --

DR. MAHAFFY: No. Thi s was a col | aborative
effort and there's dangers with design by comm ttee,
obviously. Yes, | contributed significant anounts,
ot her peopl e did significant things. Skip Dearingdid
wonderful things for us during this period of tine.

DR. RANDOM Now he's at Las Al anos.

DR MAHAFFY: He's a Las Al anpbs. He's not
even i nvol ved i n react or safety anynore. He's noved on
to ot her things.

DR. RANDOM Any others that --

DR. MAHAFFY: Yes. | nean, Skip Dearing
was i nvolved. |In terns of actual programmers, Susan
Wbodruf f was i nvol ved. Paul G guere. You can | ook at
the whole set of code devel opers. Agai n, we have
t hese coordi nati on nmeeti ngs and we' ve had t hem si nce

t he begi nning. And people sit down and they | ook at
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what's being done. And you can |ook at anybody who
was on the |ist of code developers in this project
over a wde range, you ve seen the various
or gani zati ons. If you sit down, these things get
present ed. People kick them around a little bit.
They get changed.

So you're not going to find one person
that's done it. It's been a remarkable collegial
experience. People have been very friendly in the way
they've dealt with these things.

DR. RANDOM |'mjust trying to get a feel
for whether this was one person's brain child or
whet her there was sone diversity.

DR. MAHAFFY: A lot of the data structure
that you're seeing here if you look for a dom nate
personinit, it was probably Skip Dearing. He's the
guy that applied it. Before there was Skip -- before
we real ly started codi ng, there was a group of us. |
was i nvolved, Chris Murray was involved alittle bit,
| believe, and the cluster at Las Al anbs where we
| ooked at a whol e range of potential data structures
and we did timng studi es based on existing conpilers
to see what was reasonabl e and what wasn't.

And this is one of the reasons | put this

caveat. You know, if we don't like this data
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structure, we can change it. Because the conpiler
capabilities have changed. You' ve heard this before.
The conpilers as they change with tinme deal wth
different things at different |evels of efficiency.
And fromthe very beginning we wanted to be able to
produce something that if we have to nmorph it into
anot her formto take advant age of sonme new generation
of compilers, we can do it and we don't have to spend
six months at it. As | say |'ve done some mgjor
changes on this in six hours.

DR. RANDOM Wl |, the underlying thing,
| guess, is driven by conputer science considerations
and, | guess, flexibility you just mentioned.

DR MAHAFFY:  Yes.

DR. RANDOM Were those the notives for

DR. MAHAFFY: Those are the notives, and
again the back -- you know, readability,
mai ntainability, extensibility.

DR. RANDOM  Yes.

D R . MAHATFTFY

You know, we've sat down there. That's
Farouk talking. He's laid those. He chiseled those
in stone tablets and he brought those down to us and

we' ve kept those in our mnds ever since.
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DR. RANDOM Nowyou say radiability; this

has to do with things like indices, pointers,
under st and what they are?

DR. MAHAFFY: I ndi ces, pointers. And,
again, you l ook into that array you sawthat vi ewgraph
set. Let's go back and peer at this thing.

DR RANDOM Also there was sone
di scussion of Fortran, and | would guess that one
reason for sticking with Fortran is it's from an
engi neering point of view, quite readable.

DR. MAHAFFY: That's right. That's can
wite readable C. | can wite -- you know, every year
there's an international obfuscated C contest. Al
right. And believe ne, you can obfuscate C a whol e
| ot better than you can Fortran.

I"m gquilty of witing sone really
obfuscated Fortran, as sone of the people sitting in
this roomcan attest, and | make a conscious effort to
clean things up. And | think everybody has. W kick
each other around if things get out of Iline.

But, yes, it's readable. And you had the
comment about sonme conplaints. You want to hear the
dark side of things. It is so easy to find data in
here that every now and again you'll get a devel oper

whose in a hurry, decides to take a shortcut to get at
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sonme data, and they violate the rules that |I've laid
down in ternms of data flow to maintain parallel
cal cul ation capabilities. You know, "Gee, | know
where that is, I'Il just grab it.” Well, you can't
grab at this point in the conputational cycle because
it's not a synchronization point.

And we have all kinds of automated
services that are |ist driven that nove t he data when
it needs to be noved. You want data noved from one
part of the calculation to another, you adhere to
certain standards of populating lists and |letting our
service to nove data take care of it for you.

Extensi ble architecture. The one thing
that | want to inpress on you is that we have | ooked
ahead in this process. W're not sitting here with
blinders about reproduce the <capabilities of
predecessor codes. There are enough of us who t hought
about these probl ens over enough years t hat we' ve gone
in there. And |I've just produced a |ist of sone of
t he hi gh obvious itens.

W want to be able to eventually to
i npl enent  hi gher order numerical methods. The
nunerical nethods in any of our reactor safety codes
can't be published in a reputable journal anynore,

right? They want at | east second order accuracy.
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More inplicit numerical nmethods. |'ve got
a nunber of tasks working on that. W' re noving up
from the old sem-inplicits in the sets to fully
inmplicit where necessary.

DR. RANDOM When you say "hi gher order,"
| don't knowif you want to tal k about this now, but
on time, for exanple, it's only first order --

DR MAHAFFY: That's right.

DR. RANDOM -- and space --

DR.  MAHAFFY: We're pushing the space
first. We'll look at the tinme |ater.

DR. RANDOM Wiy is that? [|'m curious
because you run hundreds of thousands of tine. You
woul d think that the --

DR. MAHAFFY: Yes. You know, the reason
for that is personal experience as anything. W had
a mpjor effort in the TRAC program circa 1980, where
we put a nunber of man-nonths into taking that thing
up to second order accurate in time. And the anount
of difference it nmade in runtine and accuracy was
m ni mal .

Now, we had a nuch poorer assessnent set
in those days. Let's face it. The capabilities now
for running a large set of test problens have

radically inproved. And we want to revisit that
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issue. Okay. For anuchnorelimted -- what we were
runni ng, maybe 50 st andard assessnent probl ens t hat we
do over and over again; for those we didn't see
i nprovenent results. And that's, you know, a persona
bias and | kind of step back fromthat.

In terms of higher order nmethods, one

thing here. 1've got a graduate student working on
that. You can, for instance, there's a nethod out
there called Quickest. It's a Leonard nethod. It

advertises itself as both higher order and space and
time. Well, if you look at that, ny student ran for
nme a Ri chardson extrapol ation sensitivity study on all
of that. And despite all the clains, it still boils
dowmn to a first order accurate in tine and space
because of little details that it forgave that Leonard
doesn't nmention in his papers. | expected them But
it's got alower order that it defers to and then stay
at an upwind different schene. So it's still
somet hi ng usef ul

DR. RANDOM Maybe you want to tal k about
this later sonmetine, but when you have a code with
di scontinuities buried withinit like void fractions
going fromzero to one.

DR MAHAFFY:  Yes.

DR.  RANDOM Why those points tend to
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[imt the accuracy you can achieve.

DR MAHAFFY: That's right.

DR. RANDOM And hi gh order net hods don't
do you nmuch good.

DR. MAHAFFY: Well, what you do is, you
know, in a high order nethod is you have to -- a high
order nmethod by itself is pretty usel ess. You've got
to at the very l|east have some kind of a flux
correction nmethod in there to capture the
di scontinuities. And you have to be willing to stand
up in front of people and admt up front that, you
know, when | get a discontinuity, folks, I'mfalling
back to somethingthat's fornmerly first order accurate
because that's the best | can do.

You know, | could wave ny hands and do
fancy mathematics, but it's going to boil down to
first order accuracy to handl e those discontinuities
robustly.

Yes, Sanjoy?

MR. BANERIJEE: Yes. A couple of
guesti ons.

Al'l these higher order methods and space
work if you're really dealing with PDEs and things.
But when you get to the sort of nonmentum equations

that we' ve seen where there are junctions and things
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com ng into boxes, and flying out of them

DR MAHAFFY: Yes. And again --

MR. BANERJEE: Weird angles. How do you
do hi gher order for those things?

DR MAHAFFY: At sonme point you don't.
kay. And if and when we're ready to conme and tell
you folks that we believe we have a higher order
met hod that is robust enough to survive in this kind
of environnent, you'll see qualifiers onit.

CHAI RMAN W LLI'S: But do you ever do it
for things |like these boxes that Sanjoy is talking
about; only one di nensionalize, idealized concepts?

DR. MAHAFFY: The really idealized stuff,
okay, you're right.

CHAI RMVAN W LLI'S:  You can't.

DR. MAHAFFY: If I've got a plenum what
| can do for you is that | can tell you that on a
purely mathematical basis that each of the fluxs
comng into that box | have evaluated to check into it
for accuracy. But what does that nmean in terns of
everything getting mxed up in that box, you know?

You' ve lost it. Sure.

MR. BANERJEE: One of the problens that
Graham had, and | had with sone of the previous

presentations was that even at very |low order it was
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very hard to have a rational schene for preserving
mass nmoment um and energy in these boxes. Mybe mass
and energy --

DR. MAHAFFY: Mass and energy, but
noment um

MR. BANERJEE: Is very hard?

DR. MAHAFFY: Yes. And you're going to
see, as | go into another talk on the mesh topol ogy,
that we have not resolved that yet. And I'Il talk
about that later, if you'll allow ne to delay that
particul ar issue.

MR, BANERJEE: Sure.

CHAI RVAN W LLI'S: | think the NRC should
offer a prize to the first person who resol ves that
i Ssue.

MR. BANERJEE: Well, | think it has to be
mul tidi mensi onal .

DR. MAHAFFY: No. | nean, the resol ution--

MR.  BANERJEE: Because this is a
mul ti di mensi onal system

DR. MAHAFFY: Here's your answer. Ckay.
If you want to resolve that issue, if you want to
resolver alot of the things that you worry about and
| worry about on nmonment umequati on, and what you want

todois get the NRCto sign up to be a participant in
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t he Neptune Project, which France ki cked off a coupl e
of years ago, and that is nodel the whole thing with
CFD. Right. Ckay.

VR. BANERJEE: These are truly
mul tidi mensi onal conponents.

DR MAHAFFY:  Yes.

MR. BANERJEE: And to try to nmake them
wor k by one di nmensional doesn't work.

Let nme say one other thing about higher
order schenes. There are schenes hi gher order which
wi Il handl e this discontinuities, |ikevariance of the
INNO schemes where, you know, you sense the
di scontinuity and you take -- you never take a
di fference across it.

DR MAHAFFY: That's right.

MR. BANERJEE: So that's not the problem

DR. MAHAFFY: 1It's another flavor of nesh
mat chi ng. Peopl e give these things different nanes
and they wave their hands a bit. But these techni ques
are old and they just keep getting resurfaced in a
nunmber of different ways.

MR. BANERIJEE: Ri ght . But the real
problem is the physics of how to do this across
conpl ex geonetries whi ch are i nherently

mul ti di mensi on.
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DR. MAHAFFY: And the answer is you're

doi ng some kind of CFD. That's what it does.

The other thing we can do for you --

CHAI RVAN W LLI'S: And you can beat it to
death with nunerical nethods, but if you got sone
f undament al gross approxi mationinthe physics, you're
not going to get any better accuracy.

DR, MAHAFFY:  Yes.

DR.  RANDOM Vll, | think that's an
i mportant point. And as we nove towards sone of these
ri sk-informed nmet hods, you know, uncertainty fit into
t hese becones a key issue. And how to evaluate the
uncertainty of one thing versus another. And | think
sone of these probabalistic nmethods that are evol ving
are very powerful in that direction where you feed in
all the sources of uncertainties, do your 60
cal cul ati ons.

DR MAHAFFY:  Yes.

CHAI RMAN W LLI S: If you have all the
uncertainties.

DR RANDOM Right.

CHAl RVAN W LLIS: But in many cases you
don't.

MR. BANERJEE: You nean | et your nonentum

go over 360 to --random nunber generator.
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DR. MAHAFFY: Yes. But you can have a

whol e two day neeting on uncertainties and still not
cover that.

CHAI RMAN WLLIS: So this is your |ast
slide on architecture?

DR MAHAFFY: | hope so.

CHAl RVAN W LLIS: Ckay.

DR.  MAHAFFY: Ot her things, additional
field equations. I'"'m in the business of putting a
dropl et equation in now. Wat we've done as served us
wel | for nmaking that easy.

| mprove solution procedures. W' ve
i sol ated the equation solvers fromthe generation of
the terns inthe equations. It's easy to slap in a new
solver. You'll see nme putting a Priloft nmethod in
there pretty soon.

Addi ti onal conponent nodul es. That's been
happening. People do it. There's a procedure for
doing that. W actually even have on our devel oper's
page, you have access to that.

CHAI RVAN W LLI'S: That will be sonething
like a T?

DR. MAHAFFY: Well, we're hoping to get
rid of the T. 1'Il talk about that. But there are

vari ous components. Somebody in the audience could
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tal k about some of the things that are going on for
the ESBWR.  But --

MR. BANERJEE: Let ne ask you before you
go, you'reusingstill sone pressure vel ocity coupling
type of formulation for the nunerical map?

DR. MAHAFFY: At the heart of it we're
using what's called a sem-inplicit nethod.

MR. BANERJEE: Right.

DR. MAHAFFY: And if you trace that back
far enough, it's the old ICE nethod from Hirt and
conpany.

MR. BANERJEE: Now, howeasy is it for you
to i ncorporate a nethod where you have sonet hing |ike
a Jacobean |i ke CATHARE?

DR. MAHAFFY: It better be easy, because
|"ve got to get that done in the 1-D within the next
year.

MR. BANERJEE: Ckay. So you'll actually
cal cul ate that Jacobean --

DR MAHAFFY:  Yes.

MR. BANERJEE: By al gebra sonehow?

DR. MAHAFFY: No. That's not ny proposal.

MR. BANERJEE: Okay. Wy not?

DR. MAHAFFY: If you look at it, there's

a lot of literature on this. And if you ook at it
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froma rational conputational basis, ideally you' ve
got todoamx. But if youthink about it, there are
certain, in effect, functions and regards to their
constituent relationship that gives you interfacial
heat transfer, a surface. Think of that as sonme
function of ny primary system vari abl es.

Froma purely conmput ati onal standpoint it
is quicker for nme on those types of functions,
certainly, to evaluate it twice for two different
val ues of pressure, take a difference and divide by
the difference in pressurethanit is goes through and
get the algebraic --

MR. BANERJEE: But woul dn't you have to do
t he al gebraic once by using Mathmatica?

DR. MAHAFFY: No, no. no. |I'mtelling you
after 1've done that -- yes, | understand that. | al so
use mat hmatica to generate ny al gebrai c derivati ves.
That's the way | do it. 1've done that for a |ong
tinme.

You know, right now you use Mathmati ca,
you used to use Maxi na.

But that's done. It's in your code. What
I"'m telling you is you look at the code that
Mat hmatica spit out to give the derivative of

interfacial heat transfer on the vapor side wth
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respect to pressure.

MR. BANERJEE: Right.

DR.  MAHAFFY: Ckay. And you do an
operation count. The operation count in that is
hi gher than if | just evaluate the function tw ce, do
ny two differences and ny division.

MR. BANERJEE: That's by --

DR. MAHAFFY: Yes. You're just doing a
finite difference anal ysis.

MR. BANERJEE: So you treat it together as
t he nost --

DR. MAHAFFY: \What we're trying to do,
yes.

MR. BANERJEE: (Okay. So you are going
t hrough a Newt on- Raphson sort of procedure?

DR MAHAFFY:  Yes.

MR. BANERJEE: That makes nme happy.

DR, MAHAFFY:  Yes.

MR. BANERJEE: Because |'ve always the
pressure velocity coupling to be difficult to --

DR. MAHAFFY: Be careful. The pressure --
we have always within the pressure velocity coupling
schenme, what we call sem-inplicit, it's the sane
sem -inmplicit method that's been used. W'Il| | ook at

this in RELAPS5 with a couple of differences. But the
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difference that we're followingis that youlook at it
-- we're not doing a single linearization. The sem -
inmplicit method represents a set of coupl ed non-1Ii near
equations. \Wen solved properly they will rigorously
conserve mess --

MR. BANERJEE: In total or for each
conponent ?

DR. MAHAFFY: For each volune they were
ri gorously conserve mass.

MR. BANERIJEE: How do you do that by
adj usti ng one pressure?

DR MAHAFFY: Well, vyou' re adjusting
t enper at ures, too.

MR. BANERJEE: It doesn't work. You have
to adjust the volunme fraction as well as the
pressures, which is your --

DR MAHAFFY: You're adjusting all of
t hose things. W can look at it. Those were slides |
wanted to skip in the numerical method, but if you
want to, we'll | ook at them

MR. BANERJEE: You can do all tine. But
Brian Spalding tried this and she put a outer |oop
wth --

DR. MAHAFFY: Yes, yes. Brian Spal ding,

| sat down with Patankar, circa 1980, and | told him
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what was wong with their nmethodol ogy. And | think he
finally caught on. But --

MR. BANERJEE: Anyway, the whole thing
beconmes academic if you are going into the Newt on-
Raphson proceedi ng.

DR. MAHAFFY: We are doi ng Newt on- Raphson.

And | can convince you, we rigorously conserve nmass

ri ght now

MR. BANERJEE: For each phase, not for the
total ?

DR. MAHAFFY: For each phase. Yes.

MR. BANERJEE: kay. You can do that.

DR MAHAFFY:  Yes.

CHAI RVAN WLLIS: Can we nove on to the
next .

DR. MAHAFFY: Yes, let's get on.

DR. RANDOM  John, just a clarification
here. Accomplishing that by an iterative schene.

DR  MAHAFFY: Accomplishing it by an
iterative scheme. You know, we're taking what's in
RELAPS, but we just keep reiterating.

DR. RANDOM Yet, but you told nme you're
tal ki ng about --

MR. BANERJEE: You're tal king about a

iterative scheme at the converters.
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DR. MAHAFFY: Yes. And we converge. And

it is structured as a Newton-Raphson -- | |ike to say
when | grew up Newt on- Raphson was a net hod t hat didn't
update to Jacobean. And Newton updated to Jacobean
each iteration. W do a Newt on schenme within that way
of definition. Al right.

Let's tal k about the field equations. |
want to go through this quickly. You guys interrupt ne
when there's sonmething you want to see.

Basi cal |y there's sone general background
histories here. And the background is that in the
begi nning, | can renenber being at neetings with Vic
at various tinmes, and RELAP5 woul d be doi ng one t hi ng
because they were the code that was designed to run as
fast as possible and they were trying to capture the
approximations in as little bit of equations as they
coul d.

TRAC was the code that was supposed to
just only be run once every three years to double
check RELAPS5 or whatever you needed. And it was all
ki nds of detail that was supposed to be in there, and
per haps wasn't. But the inportant thing is there was
a convergi ng evol uti on between these things. And the
thing that's worked for us is that if youl ook there's

not a lot of difference between the actual field
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equations in RELAP5 and TRAC. And we tried to | ook at

t hose.

And a | ot of what goes on, you know, | can
talk to in terms of sinplified equations. I f you
really | ook at when you go to 1-D nodeling, this is
what you get in ternms of converting your divergence
operator over to 1-D averagi ng.

To me, the equivalent of this in the
nonent um equati on i s where you get into your biggest
error problens. Okay. And |I'mnot going to satisfy
you in any kind of near term situation because |I'm
stuck with this area averagi ng conventi on.

CHAI RMAN W LLI S: This is sinply a
definition of divergence, really.

DR. MAHAFFY: Yes. But the idea -- the
other thing it involves here, it's right here. GCkay.
When you do this, and you do your error averaging
there's this assunption that the product of the
averages is equal to the average of the products.
That's what kills you in any of these equation sets.
That's the biggest source of error in --

MR. BANERJEE: But you can al ways put a
di stribution coefficient.

DR. MAHAFFY: You can put a distribution

coefficient in. And we can | ook at that as tine goes
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on.

MR. BANERJEE: Wy do you use, just as a
matter of discussion, the nmonmentum equation is a
vector equation. And Brian -- | mean G-ahamand | and
many of us has probl ens because when you go i nto t hese
volunes and things like that, it's very hard to do
this properly interns of thelinear nonentumequation
because your directions were changi ng.

DR. MAHAFFY: Yes. \Wat you want to do,
didn't reproduce it here. | didn't have tinme and we

don't have tine to talk about it. But if you | ook at

this -- | suspect Vic's been through this exercise,
t 0o. But if you take this equation and you do a
rigorous -- the easiest way to look at it is you do a

vol ume average of equation --

CHAI RMVAN W LLI'S:  You reach a pl ace where
you can't solve it.

DR. MAHAFFY: What you do is you end up
with these distributionfunctionsthat youdon't have.

CHAI RMAN WLLIS: But even then you have
forces fromthe wall you don't know, all kinds of
things. But that's not get into that.

DR. MAHAFFY: | can get rid of those walls
forces, but that's another tine. |'ve gone through

t hat exerci se.
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MR. BANERJEE: |'ve actually changed this

to a nechanical energy equation, which is a scalar
guestion. But at theendof it it doesn't really help
you very nuch either

DR MAHAFFY: No.

MR. BANERJEE: You see, you end up nore or
| ess at the same point.

DR MAHAFFY: This is sonething --

MR. BANERJEE: W knewit canme fromnulti-
di nensional ity.

DR. MAHAFFY: W can spend a whol e day
tal ki ng about this.

CHAl RVAN WLLIS: W've got to nove on

DR MAHAFFY:  Yes.

DR. RANDOM Well, there are two points
here, actual ly. There are rmultidi nensional
applications for multidi nensional treatnent and t hen
there are 1-D. And if you tal k about, an exanple, oil
pi pel i nes or cheni cal plant systens, you are not goi ng
totreat those multi-dinmensionally. And consequently,
if youreduce it to one di nension, these are no | onger
vector equations. They're actually scal er equati ons.
The only thing that has any vector property is the
body force. And the only conponents that's left is

the one that's projected on the spacial dinension.
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CHAI RVAN W LLI'S: There's no way you can

get sonething | i ke the nomentumequations for a T just
by witing down sone averaging law. It doesn't work.

DR. RANDOM That's right.

MR. BANERJEE: We coul d even in pi pel i nes,
we' ve nmoved to 3-D conponents wherever their terrain
changes and drafts and --

DR. MAHAFFY: Well, but sonmewhere you have
t o have boundary conditions that are taken fromthe 1-
D, you know. So you match them up there.

MR. BANERJEE: But that's thetrick howto
do that.

CHAI RMVAN W LLI'S: Let's nove on.

DR. MAHAFFY: Yes. Again, you want to set
up a day where we can discuss nomentum equati ons,
that's fine. But we shouldn't mess with it here. And
| will concede that, you know, there are things we can
do to inprove it, and I'll be happy to sit down with
you and show you how we get what we get. And then
where | see the places where we coul d do sonething to
i nprove it. But, again, | go back to the Neptune
Project if you really want to get this right.

MR. BANERJEE: O wll you be able to
incorporate in this structure 3-D conmponents if we

found out |aws of howto get the distribution froma
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1-Dto a 3-D and vice versa?

DR. MAHAFFY: Yes. That's the big issue.
And you' ve seen it before in Joe's presentation. |'m
going to talk about it again. One of the ideas with
this whol e code coupling issue is we want to be able
to couple this so that TRACE in effect becones
boundary conditions to a CFD code. And you hit the
nail on the head. The real trick in that, and |I'm
i nvol ved wi t h sone OECD wor k where we' re tal ki ng about
benchmarks on this and whatnot. The real trick is
getting that distributiontoconvert your 1-Dsol ution
into sonmething useable as an input to a CFD where
you're going from --

CHAI RMAN W LLI'S: Here's what you shoul d
do. You shoul d have straight pipes or a sinple 1-D
But when you get into, say, going into the downcomer
with a T, with alittle piece of CFD there.

DR, MAHAFFY:  Yes.

CHAI RVAN W LLI' S: Then you have -- pl enum
and you have a piece of CFD because that's what you
need to nodel what's happeni ng.

DR. MAHAFFY: The code is structured so
that if you need to, you can do that. W don't have
speci fic coupling onthis specific code to sone CFD - -

it's doable, it's a formality.
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MR. BANERJEE: But you can plug it in?

DR MAHAFFY: You can plug it in.

MR. BANERJEE: Provi ded you get these
rul es, okay, to do.

DR MAHAFFY:  Yes.

CHAl RVAN W LLIS: Ckay.

DR.  MAHAFFY: Again, the other thing
that's interesting in TRACE is that we actually
quietly have two sets of flow equations. We do
something alittle different when we switch into 1-D,
and it's done in a conservative way. You guys have
seen all this stuff.

CHAI RVAN W LLI'S: These are differenti al
equat i ons.

DR MAHAFFY:  Yes.

CHAIl RMVAN W LLI S: And you're going to
apply themto boxes, right?

DR. MAHAFFY: The boxes are in the
sol uti on net hodol ogy, all right? W just --

CHAIRMAN WLLIS: It always bothers ne.
| mean, you want to start with the box and wite the
equation for the box.

DR. MAHAFFY: Well, when sonebody tells e
field equations what | want to dois | want to wite

the differential equationis that | then average over
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volunes to get the boxes. Once | average over the
volunmes, |'m starting to get into ny nunerical
net hods, really. But --

CHAI RVMAN W LLI'S: Wen you average over
t he vol une, you get what you coul d have got by writing
t he equation for the box right away.

MR. BANERJEE: That's just a met hodol ogy.

CHAl RVAN W LLIS: Ckay.

MR. BANERJEE: Let's get onwith them |If
you want to do.

CHAl RVANW LLI S: Because the differenti al
equations came fromlittle boxes.

DR. MAHAFFY: Yes, they did.

MR. BANERIJEE: Either one way or the
ot her .

CHAl RVAN W LLIS: Ckay.

DR. MAHAFFY: We can solve it all, you
know. The conputers are getting big enough at some
poi nt we just solve the Boltsman equation and we're
done.

MR. BANERJEE: It all came froman acti on,
pure and sinpl e.

CHAl RVAN W LLI'S:  Who phased fl ow. Ckay.

DR. MAHAFFY: Okay. Here's one thing I

wanted to highlight, something that remains to be
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done. If you look at RELAP5, it's going to allow you
to calculate any nunmber of non-condensable gas
species. Right now TRACE is inherited fromthe old
TRAC code a schenme where it supports a w de range of
non- condensabl e gases, but you can only track one at
a tinme. You make a decision up front, you're tracking
nitrogen in a systemand that's what you do.

There is work that's actual ly | argel y been
conmpl eted out at LANL, and it's based on sone stuff
that was |ost years ago to get back to the full
capabi lities RELAPS did.

One thing | will say, it looks |ike we
need to get extra stability topushit alittle beyond
t he nunerical representation that was done i n RELAPS.
We can tal k about details of that if you want to.

The other thing that is in TRACE are trace
speci es. You can put any nunber of nass equations in
there you want as long as it's a trace species that
there's an interact --

CHAI RMVAN W LLIS: So you can do chem ca
reactions and things like that?

DR. MAHAFFY: Yes. As long as they're not
interacting thermal -dynam c. You got towatchit. If
you' re doi ng chem cal reactions and that contri butes

t hermal -dynamically to the system we're not going to
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do that for you.

CHAI RVAN W LLI'S: It doesn't appear inthe
ener gy equati on.

DR. MAHAFFY: As long as it's not enough
energy to contribute to the energy equation we're
okay. But, for instance, |'ve got a project through
t he DOE where we' re doi ng water chem stry. Okay. And
we got all these trace species and we can put in
what ever chemicals we want, and we can follow them
around. And you can exchange. You can set up things
so that you have a trace species inthe liquid and it
cones out into the gas. But it's not going to do your
di ssol ved nitrogen problem because it's a trace
species. It doesn't --

CHAI RVAN W LLIS: So it'll boron? It'l]
do boron, for instance.

DR. MAHAFFY: Well, boron's already there
in a special field anyway.

MR. BANERJEE: But boron wi |l have a vapor
pressure, too, right?

DR. MAHAFFY: You could do it, but at no
poi nt do we do anything wi th boron that contributes to
t he thermal -dynam cs of the system

CHAl RMVAN W LLI S: Energy equations you

mean?
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DR. MAHAFFY: Boron just sits thereandit

does what it does. It plates out. It interacts.
Well, it contributes to the thermal-dynam cs of the
systemto the extent it interacts with the neutron
kinetics. But that's where boron's inportant.

MR. BANERJEE: But |et ne understand why
it's so difficult to put sone of the stuff into the
t her mal - dynami cs. | mean, it's just a chem cal
reaction, right?

DR, MAHAFFY:  Yes.

CHAI RVAN W LLIS: \What's the problenf

DR. MAHAFFY: It's easy to wite mass
equati ons, okay, that stand alone. G ven a velocity
field froma full set of your fluid equations that
you've solved, it's easy to generate any numnber of
mass equations where your densities are being
propagat ed around by a predeterm ned velocity field.

MR. BANERJEE: Speci es condensati on
equati on.

DR. MAHAFFY: Yes. Yes. That's easy to
do. As soon as these species start feeding back into
t he pressures, |'ve got sone dissolved nitrogen in a
liquid, it conmes out into the gas, there's enough
comng out into the gas, it's noticeably changed the

pressure. Ckay. Then 1've got to add coupling

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

156

equat i ons- -

CHAI RVAN W LLI'S: So you don't do parti al
pressures?

DR. MAHAFFY: W do partial pressures.

CHAl RMVAN W LLIS: Ckay.

DR. MAHAFFY: Okay. But we're not -- we
don't have that coupled in yet. And these are tasks
| ater down the line. But I'mtelling you --

MR. BANERJEE: Do you see any problens in
principle or just that you wanted to defer that task?

DR. MAHAFFY: No. It's a task that hasn't
been done yet.

MR. BANERJEE: (kay.

DR. MAHAFFY: This was an easy thing to
do. There was a need for people at tinmes to | ook at
trace species, whether you' re doing water chem stry,
you're doing radionuclides that you're trying to
follow around, it was an easy thing to put in the
code. It's in there. 1'm just meking sure you
understand that there's a class of these things that
we don't have yet.

MR. CARUSO \hat defines a trace?

DR. MAHAFFY: What defines atrace species
isthat it does not interact thermal-dynamcally with

the rest of your system
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MR CARUSO And there's a netric to

determ ne that so it doesn't raise the pressure by--

CHAl RMAN WLLIS: It's an inert gas --

MR. CARUSO -- nore than one percent?

DR MAHAFFY: You coul d define what ever
metric you want. | nean, ny netric is that | don't
care what's going on, it won't interact thermal-
dynamically with this system

MR. BANERJEE: It's a passive scal er that
sits in the liquid.

DR. MAHAFFY: Yes, that's right. It's a
passive scaler that sits in the vapor.

MR. CARUSO. All you solve for is the mass
fraction.

DR MAHAFFY: That's all you're doing.

MR CARUSO Right?

DR MAHAFFY: That's all you're doing.
It's there, it's useful, but it's not as useful as--

MR. BANERJEE: But doesn't transfer from
one place to the other.

DR. MAHAFFY: It will transfer. Ckay.
Agai n, you can have a passive scaler --

MR. CARUSO So can you do the --

DR  MAHAFFY: -- in a liquid. It can

transfer to a passive scaler in the vapor. But in
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doing so, it can't effect the total pressure of that
vapor .

MR. CARUSO So you can't calculate
openi ng a soda can?

DR, MAHAFFY: Not now.

MR. CARUSC Not yet?

DR. MAHAFFY: Not yet. That's sonething,
one of the NRC guys can tell you about a schedul e on
that, but it's sonething we failed wth.

CHAI RVAN W LLI'S: Because if | shake up
the -- | get different answers.

DR, MAHAFFY:  Yes.

DR. RANDOM A point of clarification. If
you inject nitrogen into the system though, it is
considered to be -- it's partial pressure detracts
fromthe steam --

DR. MAHAFFY: Yes. See, the nitrogen is
followed by this special non-condensabl e equati on.

DR. RANDOM (Ckay. So you have a speci al
vapor conponent ?

DR. MAHAFFY: Yes. There is an equation
for the nitrogen

MR. BANERJEE: Yes, you see on the right
hand side which has to be <changed if you're

transferring fromone place to the other.
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DR. MAHAFFY: That's absolutely correct.

That's right. And that hasn't been inplemented in
that. You' ve seen the stack of things we had to do,
and this wasn't even on sonebody's |ist that you saw.
It is on lists that do exist.

Phase change terns. Everybody uses heat
conduction limted nodel. That's what's still in
t here. Al right. Energy equati ons. They' re
nonconservative in form W have a project schedul ed
to nove to a fully conservative energy equation. |
don't know when that's going to happen, but it's not
too distant in future.

Wal | energy -- yes?

DR. RANDOM What do you nean backed by
the prinmes on the h, and h;? You say you've gone to
a donor type --

DR. MAHAFFY: Yes. It's the sanme donor --

DR. RANDOM So you don't superheat the
vapor ?

DR MAHAFFY: That's right.

DR. RANDOM  Yes.

DR. MAHAFFY: Everything you're famli ar
with RELAPS | and in ternms of donored enthal pi es goes
on TRACE. And I will tell you, if you' re | ooking for

physical flaws, the reason -- is everybody here
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famliar with this gane of donoring enthal pi es?

If you go back to your heat conduction
nodel, all right. And you've got your source of heat
to the interface and you' re dividing by your |atent
heat of vaporization in effect. Those prines tell you
it'snot really alatent heat of vaporization. If I'm
boiling, so I'mtaking liquid and |I'm naki ng vapor,
| "' mdoi ng what Vic refers to as a donor ent hal py. The
ent hal py of the vapor, the vapor is appearing at the
interface soit appears at the saturationtenperature.
But the liquidcoefficient, it's donored fromthe bul k
liquid. That liquidenthalpyis evaluated at the bul k
liquid tenperature.

If I don't do that --

CHAl RVAN W LLI S: You don't conserve
energy if you don't do it right, do you?

DR. MAHAFFY: Well, you conserve energy.
Okay. But what will happen is you can get into
situations where you think of it as you' re taki ng away
just a limted spectrum of your Maxwellian curve.
Ckay.

|'ve got aliquid at a tenperature of 300
degrees and |I'm pulling off liquid at 450 degrees.
Wl |, what happens is liquid starts cooling dowmn and

you can get into these runaways where your |liquid gets
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col der, your steamgets hotter.

Now, what | maintainis that this artifact
really is aresult of inperfections inny know edge of
the interfacial heat transfer areas and heat transfer
coefficients.

CHAl RVAN W LLI'S: Because of your | unpi ng
or your averaging, or whatever? You're using the
liquidasif it's at some tenperature whichis not the
sanme as the interface tenperature. But that's all you
can do.

MR. BANERJEE: But then | have a probl em
Basically the q there, let's say the q,,.

DR, MAHAFFY:  Yes.

MR. BANERJEE: |Is calculated as being a
heat transfer coefficient into a difference of
tenperatures, right.

DR MAHAFFY:  Yes.

MR. BANERJEE: So the tenperature of the
liquid is what you would call a h prine. CPTL is
equal to h prime L. It has to be.

DR MAHAFFY: Be careful. These h --

MR. BANERJEE: No, |'m saying the h on
t op.

DR.  MAHAFFY: This h here is vyour

saturati on.
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BANERJEE: |s the enthal phy.

MAHAFFY:  And ent hal phy.
BANERJEE: So h prime --

MAHAFFY: Yes.

» 3 3 3 %

BANERJEE: -- | is equal toc,intot,.

It has to be.

3

MAHAFFY:  Ckay.

DR. RANDOM There's something wwong with
t hat slide.

MR. BANERJEE: Now | go on.

DR. MAHAFFY: There was a copy | ob.
You're getting two liquids instead of a liquid and a
vapor. | apol ogi ze.

MR. BANERJEE: No. But that's all right.
Let ne go back to the q,,. q;, is equal to a heat
transfer coefficient, h,.

DR MAHAFFY:  Yes.

MR. BANERJEE: Into an interfacial area

a;.

Into this bracketed quantity which is the
saturati on t enper at ures i nterface m nus t he
temperature of the bulk |iquid.

DR, MAHAFFY:  Yes.

MR. BANERJEE: That gives you the heat
flux.

DR. MAHAFFY: That gi ves you t he heat fl ux
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of the interface.

MR BANERJEE: Ckay. And then g;, would
be the corresponding -- yes. That's fine. You don't
worry about it.

So you get the sumof the two gives you
t he next heat flux at the interface.

DR, MAHAFFY:  Yes.

MR. BANERJEE: Ckay. Now you shoul d be
dividing by H, strictly. | don't see why you are
dividing it by this quantity far away because -- the
vaporization is the next heat flux divided by the
| at ent heat.

DR MAHAFFY: That's right.

MR. BANERJEE: You've already taken the
drop in tenperature --

DR, MAHAFFY:  Yes.

MR. BANERJEE: -- into account in
cal culating q;,.

DR. MAHAFFY: That's right. And that was
the final point | was trying to make.

This gane here is a code devel oper's fix
to a problemin | ack of precision in evaluating these
ternms right here. |If | had done these right, you're
absol utely correct. Everythi ng woul d have wor ked out .

What's really happening is that |I'm not doing
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these correctly inafull consistent manner. And when
| do those incorrectly in the wong direction, | get
into these runaway situation where, you know, | start
off -- if I'"ve got subcooled liquidand | ' mboilingit
fromhot vapor, okay. The nore boil -- well, you get
-- that runaway may be | egitimate.

But you get these tenperature runaways
t hat are nonphysical. And if | condense super heated
steam | can get the steamheating up as | condense it
fromsubcool ed water. And it's because |I' mnot doi ng
these interfacial heat transfer coefficients.

MR. BANERJEE: | can see that you could
have problenms with the interfacial heat transfer
coefficient inareas. But | don't think that it's easy
to justify the fix that you' ve put in for --

DR. MAHAFFY: No. No. I'mnot going to
stand up here --

MR. BANERJEE: |t doesn't conpensate. How
do you know it's --

DR. MAHAFFY: As a duly physicist, |I'mnot
going to stand up and try to defend this on a physi cal
bases.

CHAI RMVAN W LLI S: But the problem is,
Sanj oy, that you could -- what you say is right for

calculating the flux of the interface.
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MR. BANERJEE: R ght.

CHAI RVAN W LLI'S: But then with the box
t hi ng, they i medi atel y assunme that the stuff whichis
injected then gets the properties of the average
vapor, which it doesn't get. But anything in the box
has the average vapor properties.

DR. MAHAFFY: You guys wanted to hear sone
of the ugly downsides of codes, this is one that's
been in there for 25 years.

CHAI RVAN W LLI S: No, this should be
| ooked at.

MR. BANERJEE: Yes, it should certainly be
exam ned careful ly.

CHAl RVAN W LLI S:  Somet hi ng we can exani ne
next time.

DR. MAHAFFY: Well, it's nore than just
next time. What you're going to find is, you know,
this is sonething that certainly |I've watched and,
hopeful | y, the next generation devel opers when | nove
on sonewhere will also watch, as | say, as these
things get better, and that nmay cone wth the
interfacial area transport equations or whatever, we
need t o go back and get this fixed. No question about
it.

MR. BANERJEE: | will say that this should
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be tabl ed as an item because it's indefensible. What
you can say i s that we should put | ock down certainty
somehow into the coefficient because that is
def ensi bl e.

DR, MAHAFFY:  Yes.

MR BANERJEE: But to do this doesn't nmke

any sense.
DR. MAHAFFY: You guys can schedul e all
ki nds of neetings. 1'Il tell you that --
CHAl RMVAN W LLI S: W'll do it in the
future.

DR. MAHAFFY: But right nowthese guys are
hard to defend, too.

CHAI RMAN WLLIS: You don't know Al very
wel | .

DR. MAHAFFY: No. Conpared to what you

don't know here and what | didn't know here, is small

pot at oes.

But, yes, Joe?

MR,  KELLY: "1l just jump in for a
second, because | -- this is Joe Kelly.

What you could really do to make ne feel
a lot better that is wite that first equation in a
slightly different way so that you have your

interfacial heat transfer, divide by your nornmal
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| atent heat. Then you'd have another termwhi ch woul d
account for the energy it takes to bring that phase up
to the saturated tenperatures.

CHAl RMVAN W LLI S: That's right. That's
right.

MR KELLY: I[t's just straight forward
ener gy bal ance.

DR. MAHAFFY: You can do that.

MR, KELLY: It's just it's very, very
confusing the way that's witten. It goes against,
you know, your experience. That's all it is.

CHAI RVAN WLLIS: It doesn't have to be
conf usi ng.

DR. RANDOM Well, | think the problemis
there are no correlations for the heat transfer
coefficient to do that --

CHAI RVAN W LLI S: That's anot her probl em
That' s anot her problem

VR. KELLY: Ri ght. Because the
tenperature of the phase has to change as it
approaches the interface. You can't do that.

MR. BANERJEE: I would say there are
reasonably good coefficients for the heat transfer
correlations -- coefficients, but therearen't for the

interfacial areas. |l think that's the truest
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statenent. Because it's nore difficult to get it.

It's a very interesting problem in
turbul ence, by the way. It goes -- you can show t hat
t he factual dinension of an area over a |l ength scale
has to go to 2.34, which suggests that if thisis very
churned up, that you'll have to get to that ratio.

CHAl RMVAN W LLI S: It has to do wth
averagi ng. You have a vapor space that has a certain
tenperature. And you renove vapor at a |ower
tenperature. It's artificial. Then you have heat
suppl ementing behind, it's going to be hotter. So
it's ridiculous. It nakes no sense.

MR. BANERJEE: It's a box problem yes.

MR, KELLY: Exactly.

CHAl RMVAN W LLIS: Right. Wll, let's nove
on.

DR. MAHAFFY: Anyway, |'ve presented it
before the way Joe's tal ked about, but then you have
to get into defending the partition of energy between-

CHAI RMAN WLLIS: Yes. Nowlet's go on.

DR. MAHAFFY: -- coefficients. Ckay.

MR. BANERJEE: We will defend this offline
soneti ne.

DR. MAHAFFY: | want to skip over this
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unl ess sonebody's particularly interested. This is
just the way we do the single phase.

CHAl RVAN W LLIS: Yes, we're going to go
through this | think in ny detail sone other date.

DR MAHAFFY: Yes. Yes.

CHAI RVAN W LLI'S: We've seen all of this
ki nd of stuff before.

DR. MAHAFFY: Mbnentum equati on, again,
you nowthis isn't going to nake you happy because are
just field equations.

CHAl RMAN W LLIS: These are just --

MR. BANERJEE: Except | have a problem
wi th the nonentum equation even for a straight pipe
there. Because you have a hydraulic head termfor a
hori zontal pipe if you ever tried to do that.

DR. MAHAFFY: Well, this one's -- no, this
actually will work out once you --

MR. BANERJEE: Unless you add a term

DR. MAHAFFY: When we actually do the
averages on this and cone up with aterm we don't get
head terns in a straight --

CHAl RVAN W LLIS: Ckay.

DR MAHAFFY: You have to do sonething
special to get the head ternms --

MR. BANERJEE: How do you get flow? Let's
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say you had a pipe.

DR MAHAFFY:  Yes.

MR. BANERJEE: | had nore liquid at one
end.

DR, MAHAFFY:  Yes.

MR. BANERJEE: |t was running the pi pe and
runni ng out the other end.

DR, MAHAFFY:  Yes.

MR. BANERJEE: How do you handle it --

DR.  MAHAFFY: It's not enconpassed in
t hese equati ons.

CHAl RVAN WLLIS: It's not?

DR. MAHAFFY: That's correct. You haveto
go into the depths of the manual and to howit does a
horizontally stratified flowreginme, and you'll see a
nodi fication of these equations. It involves a void
fraction derivative.

MR. BANERJEE: Right.

DR MAHAFFY: Yes. That's true.

Let me show you one thing. This is

probably the biggest place we differ for now from

RELAPS
CHAI RVAN W LLI'S:  You have no added nmass?
DR MAHAFFY: We have no virtual nass
terms. They're not there. 1'mjust being up front
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about that. And, again, it has to dowth two things.

Nunber one i s that, agai n, our source that
we' ve evolved fromis TRAC. TRAC was always in this
form RELAPS5 has been in this formfor a very | ong.
Vic can tell you when that started.

There were huge fights. Dennis Lyl es used
to get into fights with various people on various
boards about this. And the bottomline was that we
were never provided exanples where this nade a
profound difference in the answers.

And | invite you to provide those
exanpl es, and we'll be happy to go in and make this
change, and schedule it. It's not a big deal.

CHAI RVAN W LLI S: You have to have a
pretty rapid acceleration to make a difference.

DR, MAHAFFY: Yes. It's not sonething
t hat passed the so-what test, really, for us. And so
rat her than i ntroduce extra conplexity in a nunerica
solution procedures, we've kept this level of
approxi mation --

CHAI RVAN WLLIS: But if you understand
accelerating a bubble through a liquid, all of the
inertia is in the added nass.

DR. MAHAFFY: Ch, yes.

CHAI RMAN W LLI S: So it's got to give
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completely the wong answer to that problem

MR.  BANERJEE: Yes. Whether this is
i mportant for the specific transients you' re | ooking
at or not, there's a classical exanple in the first
five pages of Landau and Lipshitz on an oscillating
bubbl e. And your bubbles are not going to oscillate
if you do that.

CHAI RVAN W LLI S: Well, if you take a
bubble in a pipe, sitting there Iike a spermlevel.

DR, MAHAFFY:  Yes.

CHAl RVAN W LLI S: And hit it with a
hamrer, the bubble will nove.

DR MAHAFFY:  Yes.

CHAl RVAN W LLI'S: Wiereas it wouldn't. If
you didn't an area mass in, it wouldn't nove.

MR. BANERIJEE: It wll give you a
conpl etely wong answer if you have even a bubble
trapped in a pipe and you nove the pipe.

CHAI RVAN W LLIS: Right and accel erate.
Yes, or accelerate it anyway. It's like hitting it
with a hanmer.

DR. MAHAFFY: | understand. | understand
exactly what you're saying. But --

MR. BANERJEE: Probably there's so nuch

nunerical diffusion in these codes anyway that --
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DR. MAHAFFY: Yes.

MR. BANERJEE: What do you find? Nobody
knows what cones out anyway.

DR MAHAFFY: |If we had versions --

CHAl RMVAN W LLI'S: All the experinents are
correlated using the friction factor, which sort of
t akes account of this in sone way.

DR. MAHAFFY: W had versions of TRACw th
both forns of these equations, and we coul dn't get the
| ower nore conplicated formto make any significant
difference inthe answers, and nuneri cal diffusion my
be part of it, classic problens.

VWhat I'minviting you to do by putting
this viewgraph, in your wi sdomif you can come up with
assessnment problens that should be added to our
assessnment set relevant to nuclear reactor safety,
yes, | nean, | can produce lots of sinple test
probl ens, as you say, that exhibit this term But,
you know, if those things cone in, then that's fine.
W' |l get that in there and that'll go on the |ist.
But for right now, this is not one of our high
priority itemns.

That's ny statenment. You can cogitate on
it and we wel come any kind of creative solutions.

One thing that's gone on, the interfaci al
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drag there's a difference there. You get these
di stribution factors.

Joe, are those distribution factors in
some of the nodifications you got scheduled to go?

VMR,  STAUDENVEI ER: The distribution
factors are stuck ininthe conmputation of interfacial
drag coefficients. The equations thenselves don't
have the distribution factor.

DR MAHAFFY: Ckay.

MR,  STAUDENMEI ER: There's a ratio
mul tiplier that takes those into account.

DR. MAHAFFY: Okay. So we're effectively
going to be adopting those --

CHAI RVAN WLLIS: This RELAP thing is a
very strange | ooking --

DR. MAHAFFY: Well, again, it's a way of
adjusting for the fact that you' ve got profiles of
vel ocity across a given region, is what's going on
there. Part of your area averaging results.

MR. BANERJEE: Wbul d you accept as a test
probl ema pipe full of bubbles and being fluid fairly
high velocity and predict the void waves? |Is this
rel evant? The dynam c waves, not the ki nemati c waves?

CHAl RVAN W LLI S: The acoustic. The

acousti c.
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MR. BANERJEE: What you see i s, of course,

is that the void fraction is not uniform It forms
waves. And you see this in fluid -- as well
Eventually they lead to bubbles in fluid -- this is
t he fanmous Jackson instability.

DR. MAHAFFY: Ckay.

MR. BANERJEE: But if you did it with
bubbles in a liquid, you get these void waves. And
peopl e have neasured the velocity of these voi d waves
and their anplitudes. Is this a problemthat woul d be

of any interest to the --

DR. MAHAFFY: | can't off the top of ny
head relate it to anything. But |'m not thinking
al ong those lines at the nonent, so --

MR. BANERJEE: Well, the questionis, is
t he propagation rate of void waves of any inportance
i n nucl ear reactors, or is anything of any i nportance?
| don't know, other than liquid falling out of the
hol e.

CHAI RVAN W LLIS: W could go onto this
forever.

DR MAHAFFY:  Yes.

CHAI RVAN W LLI'S: There are all kinds of
assunptions here which are a bit hooky.

DR. MAHAFFY: Yes.
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DR. RANDOM Wll, a lot of these

coefficients were part of the incorporation of the
drift flux nodel for interface drag conputation. Like
the absolute value of the velocity difference is
actually in the FIG you know. So there's still the
same ki nd of dependence.

DR. MAHAFFY: What Joe just said, he's
pi cking that up. Joe has got sonme changes to the
interfacial drag nodel already that are coming in.
It's not there.

| mean, we identified very early a |l ot of
nodels that were high probability changes, and
interfacial drag was very highonthe list. You know,
you and | sat through a lot of the review of the
RELAP5 for the AP-600. And there's a whole ot of
nodel s that just -- there was a huge anmobunt of effort
injustifying themand then pullingthemtogether that
really need to be reviewed still. But that's
partially--

CHAl RMVAN W LLIS: Well, the message | get
fromthis is that TRACE has all the faults of all the
codes we've seen from ot her sources.

DR MAHAFFY: In terms of the field
equati ons, sure.

MR. BANERJEE: And | eaves even a fewterns

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

177

out here and there.

DR MAHAFFY:  Yes.

MR. BANERJEE: Conpared to what shoul d be
there. | mean, it exists. Wether it's inportant,
that's another problem

DR MAHAFFY: That's right.

DR. RANDOM Well, it may contain all the
faults, you know. Are there any inprovenents that
could or should be made?

DR. MAHAFFY: Yes. Yes. And | understand
that we can | ook at this nonentumthing in detail, but
again mass is conserved rigorously, energy will be
conserved rigorously. Those are two of the biggest
t hi ngs you got to worry about.

Solution flow. | just want to do this at
avery highlevel. If youwant to get into details, we
can worry about it later.

But basically everything that's done in
t he sol uti on shoul d be recogni zabl e t o peopl e who have
| ooked at these codes over the last 20 years. kay.

CHAI RVAN W LLI'S: \What does SETS nean?

DR. MAHAFFY: SETSis stability enhancing
two step nethod. | devel oped that in 1979.

CHAl RVAN W LLIS: Ckay.

DR. MAHAFFY: It's been in TRAC runni ng
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robustly since 1982. A version of it called Nearly
Implicit has been in RELAP5, not running quite so
robustly wuntil very recently. But it is -- it
enbarrasses nme sone as to sone point that this nmethod
is still used. It was ny response to Three Mle
Island. Al right.

In the beginning Vic and | were tied down
tolarge break LOCAs, right? That was the first thing
we had to worry about. He started worrying about
ot her things before we did, but you got to a case if
you | ook at the sem -inplicit numerical nmethod, you' ve
got this material collosability limt. Ckay. Tine
step has got to be less or equal to a characteristic
cell dinmension divided by a flow velocity. And when
you're trying to run a transient that runs on for
hours or days, and you're taking those small tine step
sizes which are very small conpared to the
characteristic time scale for change in any physi cal
paranmeter in the system you're killing yourself.
Because that tine set sizeis well bel owanyt hing t hat
reflects accuracy, eveninafirst order tine accurate
nmet hod. So we needed sonething that limted that
net hod. We didn't want togoto fully inplicit. SETS
is a way of adding a stabilizer step to each of the

key equations, nonmentum energy and nmass, that w pes
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out that material collosability limt. I1t's cheaper
by about a factor of five in ternms of cost per cell
per step than a fully inplicit nethod.

It still has the problens --

CHAI RMVAN W LLIS: Wat's the techni que,
sonet hi ng rel axati on, or sonething?

DR MAHAFFY: \What are you | ooking at?

CHAI RVAN W LLI S: Vel l, maybe makes it

sem-inplicit. | forgot -- I'mlooking for a piece of
j argon.

DR MAHAFFY: Yes, sem -inplicit --

MR. BANERJEE: -- corrector.

DR MAHAFFY: Yes, it is.

MR. BANERJEE: That's all it is.

DR. MAHAFFY: In effect, what you' re doi ng
wi th the SETS nmet hod, you use the sem -inplicit nethod
to get your velocities with which you' re goingto nove
t hi ngs around. And then you go with those velocities
fixed. You wite sone equations that | ook Iike fully
inplicit mass and energy equations, and away you go.

DR. RANDOM | think you basically said
it, but the di fference bet ween whet her you want to use
one or the other is whether or not nmaterial
propagation effects are inmportant or not.

DR. MAHAFFY: Yes.
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DR.  RANDOM Because the nore inplicit

schenmes wil| diffuse that propagation. And there are
a nunber of cases where you do not want the diffusion
and --

CHAl RMVAN W LLIS: -- stability, you tine
step a mllisecond and nothing of interest is
happeni ng - -

DR MAHAFFY: Right. That's right.

DR.  RANDOM And that's in stationary
syst ens.

DR. MAHAFFY: But this is what Vic saying.
Really, there are a whole class of these slow
transients that all they really are are an evol ution
fromone quasi steady configuration --

CHAI RVAN W LLI'S: That's right.

DR MAHAFFY: -- to another.

CHAI RVAN W LLI'S: That's right.

DR. MAHAFFY: And then you want sone ki nd
of much nore inplicit nethod.

CHAl RMAN W LLIS: Right.

DR. MAHAFFY: But if you're zingi ng waves
around sonewhere or continuity waves of any sort, you
shoul d be using sem -inplicit. Andthat -- that isin
t here. You can choose sem -inplicit, you can choose a

SETS base nethod. W really ought to be autonmating

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

181

that at sone point in the future to adapt these
things. W haven't done it yet.

DR. RANDOM But, John, along that lineif
you run the sets nmethod with the sanme kind of tine
step al gorithmthat goes alongwiththe sem-inplicit,
don't you get the sanme limt in terns of diffusion?
| mean, there's no benefit to it, basically, but it
shoul d produce the sane result.

DR. MAHAFFY: Yes. |If you |l ook at what it
happens is that in terns of diffusion, you could run
t he cl assi c di ffusion probl ens where you take a heavy
side step function and you propagate it through a 1-D
fl ow channel with a fixed velocity field. And what
you see that for a sem-inplicit or an explicit
nmet hod, since we've fixed velocity, your diffusionis
maxi mumat the lowest time step size and it lets | ess
as you approach the stability limt.

DR RANDOM Ri ght.

DR MAHAFFY: We have a fully inplicit
nmet hod, and this shoul d make sense logically, at the
mninmumtinme step size it's going to have the same
nunerical diffusion as the explicit or sem -explicit
nmethod, it has the tine step size increases it just
gets worse.

DR. RANDOM Wll, that's what | was
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sayi ng.

DR MAHAFFY:  Yes.

DR. RANDOM | nean, if you learn the SETS
nethod at the mninumtine step --

DR. MAHAFFY: At the minimumtime -- if
your time step size is significantly less than the
material collosability limt, thenit doesn't matter.

DR RANDOM Ri ght.

DR, MAHAFFY:  Yes.

MR. BANERIJEE: It's just that the
di ffusion coefficient for an exclusive matter has a
difference init. So as you get to a nunber of one it
goes al nost to zero rather than the inplicit one that
you' ve got.

DR. SIEBER. Yes. Right.

DR. MAHAFFY: But the inplicit one if you
run it at its mininumtine step becones the sane.

MR BANERJEE: Yes. O course.

DR. RANDOM Then why are they using the
same spacial difference -- in fact, there are sone
things that are interesting about inplicit schenes.
Sonetinmes if yourunthemat lessthanthelimt, they
beconme unstable, which is a kind of peculiar result.

DR.  MAHAFFY: To capture the key

i mportance of this particul ar vi ewgraph up here, TRACE
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is follow ng a RELAP5i sh way of doing things rather
t han what was in TRAC years ago. W' ve isolated the
generation of the coefficients in your equation from
t he sol uti on of the equation. And that's probably the
key i nportant solution architecture feature in here.
So that | can goin there and | can put in the |inear
equation solver DuJour very quickly and and that's
hel ped us a | ot.

MR. BANERJEE: How are you solving? So
you get a formof a Poisson equation still?

DR MAHAFFY: Yes. Wthin the sem -

implicit stepif youlook at the footprint of it, it's
t he same footprint as a 5 poi nt poi sson operator. But
you' ve got these scattered t hings due to your odd fl ow
t opol ogy. And what we're doingis we'regivingit to
a sparse |linear system solver. W' re doing direct
solution. There is no iterative solution on these
| inear systens because we just don't have a high
enough variable count in any kind of reasonable
system

CHAI RVAN W LLI'S: But thenit's a problem
with inplicit methods when you have a regi me change
occurring in the time step? You ve got a regine

change occurringinthe tine step and you' re switching

fromone correlation to another and you're trying to
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use the inmplicit method, can you get into trouble
where the conputer doesn't know which one to use and
it solves it sort of --

DR. MAHAFFY: Inplicit nethod al ways has
probl ens when you get discontinuities --

CHAl RMVAN W LLIS: Right. Wll, you do,
wat ching that correlations of heat transfer which
change - -

DR. MAHAFFY: Wat we try to do, and you
know this can be subject of another ACRS neeting if
you'd | i ke, you' re going to have to talk to Joe Kelly
about this.

CHAI RVAN W LLIS: Ckay. So maybe he'l
tell us.

DR.  MAHAFFY: There are excluders in
t here.

CHAl RVAN W LLIS: Ckay.

MR. KELLY: Whenyougotofullyinplicit,
there's another way of handling it, and that's with
t he CATHARE teamdoes. At the first pass through the
equations, they set their fl owregi mes and -- regi nmes.
Those are then frozen for the duration of the tinme
step. They will go back and update the heat transfer
correlations withinthat regine, but they freezeit to

that regine and don't allow it to change, just to
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avoi d what you're speaking of.

CHAI RMAN W LLIS: Yes. kay.

DR. RANDOM John, are you going to cover
t he singl e phase, the two phase transition where you
get into over extraction of mass and mass --

DR. MAHAFFY: | zinged by those while you
weren't |ooking. If you want, we can go offline and
tal k about that.

DR. RANDOM Well, you have that at the --

DR.  MAHAFFY: No. What we do is that,
agai n, because we're doing aninteractive solution, we
watch as we iterate on the solution. So we come into
atime step and there's a void fraction of .001. And
initeration nunber two or iteration nunber three of
our solutionthat goesto zero, there'slogicinthere
t hat | ooks and says does that zero really nake sense.
| s that what you want to do? It's | ooking at your at
your face teans terns, it's looking at your flux
terms. And once it decides that zerois where it wants
to be, it clicks it switch and it goes fromthe ful
two phase equations to a set of equations that contain
b- mass, b-energy, a statenent on -- let's say on the
void fraction zero end it'll say al pha equals zero.
It'll say t-vapor equals t-sat. And that's it.

And if you think from a physical
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st andpoi nt about what that's doing. Nunber one, it
rigorously enforces conservation of mass again. But
you can interpret that physically really as com ng up
with a value for the integral of gamma from the
begi nning of the tine step to the end of the tinme set
that's consist with elimnation of the phase that's
left in the system

CHAl RMVAN W LLIS: You're going to have
trouble if you use different equations and you're
going to go through a transition on al pha equal .001
to sonething where it's now going to be subcool ed.
You can't use a d-alpha dt that goes through that
boundary. You're going --

DR. MAHAFFY: Well, | nean, as we say, you
know we' re doi ng a discontinuous fit to our equation
section. It's worked very snoothly over the years.
That's one thing we haven't had problens wth.

| was asked to just draw up sone sol ution
di agranms to pictorially show you what's goi ng on.

Thi s enphasi zes --

CHAI RVAN W LLI'S: This is another one of
t hese | oops you never get into and never cone out of?

DR. MAHAFFY: No, no. | nean, again | ook
at the bottomline here. The arrows are show ng you

howinformation flows within atime step, but there's
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implication here. Wen you need information one of
t hese boxes that you don't see an arrow in, are just
com ng fromthe previous tinme step.

And so we start a tine step, we evaluate
our control system The control system could add
nonment um sources, which go in here and here. It can
add actions on your control rods which feed into the
neutron kinetics. And it can add boundary condition
to my heat condition equations. Soit's feedingin on
apurely explicit basis with the begi nning of the tine
st ep.

Qur heat transfer coefficients are all
explicit. And these are wall and interfacial. So
they're com ng down here. They feed into the sem -
implicit part of the equations, the heat conduction
equations. There's no line down here because of a
game we play that isolates all the source terns up
here. That's algebra. Frictioncoefficients here and
here for nmomentum equations. And that's it.

We've got at iterative solution. This is
the key thing that we're doing.

MR. BANERJEE: But what is that, because
you were telling ne that this interimprocedureis the
one that actually allows you to get nass conservation

i n each phase.
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DR. MAHAFFY: Yes. Yes. Andlet ne fl ash

forward inamnute and I'll stop as | go pass ny nmass
equation on a nunerical schene, and | hope | can
convi nce you of that.

Very shortly we hope to be in a node |ike
this where our heat transfer coefficients, our heat
conduction equation is all integrated with the sem -
implicit step. It doesn't increase the size of our
matrices, so it mmkes a certain anount of sense.
We're doing studies on that now We'll see how it
pl ays out.

DR. RANDOM Well, the heat transfer
coefficients are normal in your functions but you're
going to iteratively update them is that right?

DR. MAHAFFY: Yes. They're inpact will be
i ncluded in the Jacobean.

DR. RANDOM What do you do i f you changer
fromboiling, for exanple, to single phase or change
regi me, basically?

DR. MAHAFFY: Well, that was what he was
tal king about. And Joe's answer is the first answer
that I'mgoing to give you

DR. RANDOM \What was that?

MR. BANERJEE: What ki nd of Jacobean?

DR. MAHAFFY: You freeze your flowregine.

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

189
DR. RANDOM  Ckay.

CHAIl RVAN W LLI S: Well, at sone point
you' d better -- you' ve got sone zeros here.

DR. MAHAFFY: |f the al pha goes | ess than
zero, all of this kicks back to ny single phase
equation substitution and it wll capture that
correctly and it will conserve nass.

DR. RANDOM | have a question, John, on
the control system That's a set of ordinary
differential equations and the ol d RELAPS di dn't have
an inplicit solution schene. You had to order themin
t he proper order.

DR MAHAFFY:  Yes.

DR. RANDOM And have you gotten rid of
t hat ?

DR MAHAFFY: Yes. Birol could talk to
it. We basically have the iterative capabilities in
there in the control system --

CHAl RMVAN W LLI'S: Wat you just saidisit
goes to the single phase. | got two phase coming in
here, like a single phase. | got the interface. It's
j ust doubl e tracking business, really.

DR MAHAFFY: Well, the |evel --

CHAI RVAN W LLI'S: An uncommon use of a

differential equation assumng it's continuous, to
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catch that box where you have two phase com ng in and
si ngl e phase going out. You don't have a d-al pha dx,
whi ch makes any sense.

DR. MAHAFFY: No. The only tine you have
that is when you have | evel tracking engaged and you
have vertical flow.

CHAI RVAN W LLI'S: But you have it | ots of
times going on in the circuit.

DR. MAHAFFY: The only time -- yes.
You' ve identified a potential --

CHAI RVAN W LLIS: Every time you have a
slug of Iiquidand then sone two phase -- you' ve got - -

DR. MAHAFFY: | don't disagree with you.
If it's in a horizontal pipe and you got a slug of
liquid zinging through there, it's not going to
capture that correctly. It's going to snear it out.
That's part of your numerical diffusion.

If I"'min a vertical riser, we've got a
very good | evel tracking algorithmthat will take care
of that for you. But once you go into horizonta
flow, there's nothing we do except --

MR. BANERJEE: Are you goingto tal k about
this level tracking later?

DR. MAHAFFY: No, we're not. W could

spend a half day on that one.
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MR. BANERJEE: Then let nme ask you the

guestion, why does your |evel tracking nethodol ogy
work for vertical flow and not for horizontal flow?

DR. MAHAFFY: You could put it in a
horizontal flow. It's just a question of nmaking your
deci si on.

Birol, do you want to make any i ntelli gent
conmments on that for hin?

MR. BANERJEE: O any comment of any sort?

MR. AKTAS: This is Birol Aktas froml SL.

The reason we use only in the vertical
conponents i s because the interface is register at a
point in the scale equations. You know, it's
hori zont al . And then we can handle, for exanple,
crossing of the interface across a cell boundary and
it's an instantaneous crossing across the cell face
because, you know, the equations are sol ving for scal e
properties and the interface itself is treated as a
poi nt. But you have, let's say, an inclined pipe then
when the water level is rising part of the interface
will beinacell J minus one and part of it will be
in the next cell, which is very difficult to handle.
So what we dois we |limt the level tracking only to
vertical conponents.

MR. BANERJEE: And it's horizontal ?
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MR AKTAS: On horizontal --

MR. BANERJEE: It's even worse, right?

MR AKTAS: Yes.

CHAI RVAN WLLI S: But you could do
hori zontal as long as the interface is vertical?

MR.  AKTAS: Yes. That's a very good
poi nt, vyes.

MR. BANERJEE: But this methodol ogy that
you're using is actually just treating as the point.

MR AKTAS: Yes.

MR. BANERJEE: Have you | ooked at things
like |l evel sets that you could treat -- with a zero on
the interface?

MR. AKTAS: Yes. However, you have to
remenber that everything is averaged across the cross
sectional area, so we don't have any variations inthe
| ateral direction of the pipe flow, for exanple. So we
don't have that information. All we have is a
velocity in the direction for the flow and the void
fraction distribution along, again, axis of the fl ow
We don't have anything in the left or to the right.

So if you had an inclined pipe, then we
woul d again -- algebraically | think it's possible. |
tried various things with the three di mensi on version

of the level tracking because we have a three

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

193

di mensi onal fluid fl owconponent vessel. And sone of
ny attenpts are fruitless, sol just resorted back to
the vertical conponents.

MR. BANERJEE: | see. It's an artifact
because of the one dinensionality?

MR AKTAS: Yes.

MR, STAUDENVEI ER: Excuse ne. Let ne
interject sonething here. Let's keep in mnd the
object of the presentations, which is to present an
overview. |If we gointo detail on anything that pops
into your mnd, we're never going to make it through
here. But you can flag it as sonmething that you'd |like
to see an additional detailed presentati on done at a
future nmeeting where we can go in and di scuss all the
details.

CHAl RVAN W LLI S: | nmean, what we're
getting out of this, though -- what |I' mgetting out of
thisis that all the questions that we've al ways asked
about all codes are com ng up again.

DR MAHAFFY: That's right.

CHAl RMAN WLLIS: Is that right?

DR SIEBER That's because we're used to
ol d codes.

CHAI RVAN W LLI S: But there isn't sone

magi ¢ bullet that's been discovered.
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MR. BANERJEE: Well, maybe they did the

i ntroductive procedure and can actual | y conserve nmass
in both phases, then it'll be maybe new.

DR. MAHAFFY: OCkay. Let ne showyou, when
| converge ny iteration, okay, thisis just for single
phase flow but you can talk about this for two of
t hese equations, for vapor and liquid. | converge ny
iteration to the point that this equation really is
satisfied sothat | can wite the numerical equival ent
of a volume integral of this whol e equati on. And what
| get thenis that the integral over vol unme of the new
time density is equal to the integral or volunme of the
oldtine density with the integral over vol unme of this
di vergence term which boils down to just whatever
fluxs you have into your system m nus the fluxs you
have out of your system

CHAl RMVAN W LLI'S: Yes. But that divergence
termis also going on with tine during this little
time dt. It's changing, too. The lowend in there
can be ol d or new or sone average t hroughout the tine
st ep.

DR. MAHAFFY: This is new, this is old.
Basically what | do is | define -- | take this
equation and it is what it is. You know, this rel ates

totime levels. | integrate this -- just take this
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equation as it is and |I integrate it over vol une.
Then | get a relationship between the new --

CHAI RVAN W LLI'S: The new nass --

DR. MAHAFFY: The old mass and the
integration of this over all volune --

CHAI RVAN W LLI'S: But that other thingis
changi ng through the time step. The flow in and out
isn'"t just a constant. So that --

DR. MAHAFFY: But these nunbers, at the
time | dothe integration, it's when I've solved this
equation and these nunbers are just nunmbers. But
t hey' re consi stent nunbers so that the flux out of one
cell is exactly equal to flux into another cell and
they just cancel all the way across the |ine.

MR. BANERJEE: But the row n end bei ng at
the old tine step, is that a -- | nean, if it was row
n plus one, | can see that that satisfies nmass
conservati on.

DR.  MAHAFFY: And, again, you know it
doesn't matter where | evaluate tinme |evels. ["'m
t aki ng a snapshot. |'ve solved this equation. | now
want to make sone statement about mass conservati on.
|"ve solved the equation. These are just nunbers,
whet her they're new nunbers or old nunbers; they're

nunbers and they're nunbers that cancel out in a way
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that the flux fromone cell out matches the flux into
t he next cell.

CHAI RVAN W LLI S: Even though it's not
quite the right flux, at least it's balanced, right?

DR MAHAFFY: Yes. And it is the right
flux wwthinthe tinme order accuracy that | defined for
my system

CHAl RVAN W LLIS: Ckay.

DR. MAHAFFY: Wthin first order accuracy
intime, that's the right flux.

CHAI RVAN WLLIS: Well, we can |ook at
this again another tinmne.

DR MAHAFFY:  Yes.

CHAl RVAN W LLI'S: But, again, we are not
really the quality control on this TRAC code. W can't
get into every little detail.

DR. MAHAFFY: W can show you nass edits,
okay.

MR. BANERJEE: The only thing |I have to
ask is that this is a very standard procedure because
you can it in many ways. You solve the pressure
Poi sson equation and you can correct the velocity
field based on that Poisson equation and you can
satisfy that equation.

DR. MAHAFFY: Yes.
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VMR. BANERIJEE: | mean, | can do it ten

t housand different ways.

DR MAHAFFY:  Yes.

MR. BANERJEE: COkay. The problem that
arises is that if you have two such equati ons and you
have only one pressure Poi sson equation, you' retrying
to drive this thing to conserve nmass in the gas and
the liquid. The question | have for youis | can find
a way to do it for the mxture. | can do it for the
volunme. But | can't drive one Poisson equation for
the --

DR. MAHAFFY: The answer to your question
is that 1"'mnot really solving one equation.

MR. BANERJEE: Onh.

DR. MAHAFFY: | isol ate one equation. It's
all algebra. The nunerical nethod is structuredin a
way that | can insolate a single pressure equation,
but in doing so | still have a set of equations in
this case that involve tenperatures for ny single
phase flow, and |'ve got to cone to deal with those,
too. But that's a back substitution step. After |'ve
solved for ny pressures, |'ve got another set of
equati ons t hat nowget ny t enper ature changes correct,
t 0o.

MR. BANERJEE: But the tenperature has a
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very small effect on a liquid density, for exanple,
right? So it's going to be a very stiff system

DR. MAHAFFY: It isastiff systemif it's

all liquid.

MR. BANERJEE: Yes.

DR MAHAFFY: But it does turn out to
solve it quite well. It's better than the density

based method for a purely liquid system
MR. BANERJEE: But what you're really
sayingis throughthetenperature you' re adjustingthe

vol ume fraction then in sonme way?

DR. MAHAFFY: Well, in two phase flow,
okay, this list of variables nowincreases. |'ve got
pressure. |'ve got two tenperatures and |'ve got a

voi d fraction as an unknown that | actually have to go
t hrough the sol ution.

MR. BANERJEE: And this iteration you do
has it invol ved all of those, |ike the void fraction--

DR. MAHAFFY: Yes, they'reall there. |I'm
solving for all of those.

MR.  BANERJEE: My God, how does it
conver ge?

DR. MAHAFFY: It's a Newton nethod and it
does a pretty good job of converging. Convergence is

not one of our big problenms with this code in general.
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MR. BANERJEE: So you integrate on the --

to keep it sinpleif it was an isothermal system you
woul d iterate on the pressure and t he vol une fracti on?
| mean, the pressure conmes up because it's all a
Poi sson equation effectively. Andthen youiterate on
t he volune fraction, keeping the tenperatures out of
it right now?

DR. MAHAFFY: No, they're all iterated

t oget her.
MR. BANERJEE: Let's sayit'sisothernmal--
DR. MAHAFFY: Well, it's isothermal then
|'m actually going to get at iteration, | am

simul taneously altering ny pressures and ny void
fractions --

MR. BANERJEE: Right.

DR, MAHAFFY: -- in a way that's
consistent with a pure Newton sol ution of this set of
al gebrai ¢ equati ons.

MR. BANERJEE: Do you have that witten
down sonewhere?

DR. MAHAFFY: Yes, it's here. It's inthe
TRACE manual . There are probably sone papers | ayi ng
around.

MR. BANERJEE: 1'd be very interested in

seei ng that.
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CHAI RMVAN W LLI'S: That's why you have t he

reducti on of the equations comng in --

DR, MAHAFFY:  Yes.

CHAI RVAN W LLI'S: That's all part of this
whol e thing?

DR. MAHAFFY: That's all in there.

MR. BANERJEE: Ckay.

CHAI RMVANW LLI S Your homewor k assi gnment
is to read that manual .

DR. MAHAFFY: If you read this set of
viewgraphs, it's all there in a condensed form And
|"d be happy to go through it in a nore detailed for
you.

MR. BANERJEE: Is it in detail in the
manual , there's no problem

DR. MAHAFFY: Yes, it's in the manual,
t 00.

CHAI RVAN W LLI S: It's all based on
assum ng that these little boxes can be nodeled with
t hese different equations.

DR. MAHAFFY: Yes. (kay.

CHAI RVAN W LLI'S: Sone of them can.

DR. MAHAFFY: And again, you knowal |l this
is saying is the difference in terns of predecessor

codes is that we're iterati ng RELAP5 i s doi ng exactly
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the sane thing we are during the first iteration. W
just go ahead and do a relinearization and cone back
until it converges to some criteria. And so what
we're mssing, RELAP5 has mass conservation error
checks to adjust tine step size. That's going to be
directly one of our checks, although you can pick it
up t hrough checks on resi dual s that normal | y don't get
activated. You' ve got to be a developer to get that
going right now. But that's what's going on now.

| f sonebody wanted to do a RELAPSi sh
reproduction of the cal cul ati on, what you would do in
TRACE i s that you woul d rel ax t he convergence criteria
to the point that it was nonsense; instead of one in
amllion, youd do a mllion parts in one for your
convergence ratio. But you would also have to
activate sonme kind of a tinme set control in the code
to capture the capabilities of RELAP5 to do the single
shot linearization and still do a decent job on nass
conservati on.

W' ve tal ked about sonme of the inplicit
t hings that are goi ng on.

Mesh t opol ogy.

DR. FORD: Before you go onto that.

DR MAHAFFY:  Yes.

DR. FORD: | wi sh soneone would cali brate
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me. I'mhearing all these detail ed questions fromthe
experts with calling into account or questioning the
base of this whol e nethodol ogy. And we're very late
into the developnent. Are we in a series "oh heck”
situation or is this just academ c nuances?

MR. BANERJEE: | think the "oh heck"
guestion is with regard to the one dinensional
description of a system which has strong three
di nensi onal characteristicsinplaces. Soit'sreally
hard t o get anyt hi ng sensi bl e and t hose regi ons are of
a one di mensi onal region.

In a pipe | don't think it matters very
much, you know, what we're doing --

DR FORD: Well, | heard --

MR. BANERJEE: In alower plenumit m ght,
you know.

CHAl RMVAN W LLI S: Well, | could try to
answer your question here. | nean, it somewhat of an
insider |looks at this thing and says "Gee, w z, how
can they nmake all these other assunptions and
shortcuts and yet get answers which are good?"

DR MAHAFFY: Right.

CHAl RVAN W LLI'S: And that's never really
been answered. The answer always comes back "Well,

we' ve used these things for many years and we fi gured
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out to nmake them work and we're getting good enough
answers for nuclear regulation.”

But the problem then that the outsider
has, or maybe t he ACRS nenbers, okay | can accept that
this is sort of experience of 30 years that you can
use this thing with all its faults for this problem
because you' ve assessed it and you' ve conpared it with
all kinds of data and so on, it's good enough in spite
of all kinds of things. But when you use it on a new

probl em we have no idea.

DR. FORD: Well, | heard one physical
scenario which | can understand, this question of
bubbl es in pipes. And it's a no neverm nd under

normal situations. But suppose you have an acci dent
situation where a pipe is rapidly accelerated? It is
not, if | wunderstand your argunent, covered by not
taking into account this thing that's in RELAP5. Is
that a "so what?"

CHAI RVAN W LLI'S: There m ght be cases
where if you had a spacecraft and you had a bubble in
t he gas tank and you wanted to know where the bubbl e
is and does it get near the of ftake pi pe and so on, it
m ght be really critical.

DR FORD: Vel |, what about a nuclear

reactor which is under severe accident?
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CHAl RVAN W LLI'S:  Probably not.

DR. FORD: Not a problenf? 1'masking for
calibration here.

CHAl RMVAN W LLI'S: That's where the staff
has to very experienced and wi se, and curious to probe
t hese weaknesses and are they sensitive -- is the
decisions they're trying to nmake sensitive to these
weaknesses in the code. You cannot have soneone who
bl i ndly uses a code devel oped by sonebody el se with no
i dea about its weaknesses and then tries to reach

real |y good concl usi ons.

DR. FORD: | can understand what you're
saying, Gaham I'm just trying to get calibrated
nyself as to where we -- do we have a weakness here.

DR. SIEBER: That's where all the testing
prograns cone into play.

DR FORD: Tonorrow afternoon.

DR. S| EBER: You go and nodel a new
phenonmenon for your new plant, and you get a result.
And you ask yourself the questions is this result
reflect actually what woul d happen in your plant for
t hose issues that you are unsure about that differ
from the one that you know about, you go and test
t hat .

CHAIl RVAN W LLI'S:  Your battery is running
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out .

DR SIEBER This battery is off.

CHAI RMAN WLLIS: It's is pacenaker

MR, KELLY: If I couldjunpinfor a quick
conmment. This is Joe Kelly.

On a couple of occasions, Professor
Wal | ace has sai d sonet hi ng about he used t his code for
a new application, can you believe it. Vel |,
absol utely not.

DR. SIEBER  Yes, right.

MR,  KELLY: Ckay. And that can't be
enphasi zed strongly enough. If you are going to use
any of these codes in a new application, the very
first thing you have to do is take a look at it,
figure out what's inportant and assess for the things
that are inportant over the range of parameters for
whi ch they're inportant.

DR. SIEBER. That's right.

MR,  KELLY: And you have to do that
structured kind of assessnment before you believe any
answer from any of these codes.

DR. KRESS: And your question of severe
accidents, it's not applicable to severe accidents.
We' ve got so many uncertainties inthe severe acci dent

field that it just swanps these kinds of
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uncertainties. And they' re taken care of sone other
way.

DR. MAHAFFY: But everything we do in the
busi ness of simulation involves approxi mations.

CHAI RVAN W LLI'S: That's right.

DR. MAHAFFY: 1f | sol ve t he Navi er- St okes
equations with, you know, as nmuch di mensionality as |
want, | still got approximations in ny turbul ence
nodel s, | got approxi mations due to the fact that it's
not the Boltzmann equati on. | go to a Boltzmann
equation, |'ve got approximtions on ny force fields
and potential functions. And it goes on.

And what's been sai d about the assessnent
is the bottom line. Anytine you're sinulating any
system you have to establish an assessnment base and
see if your approximtions are good enough.

DR. RANDOM  And anot her way of saying
this, these tools are not predictive. You cannot
predi ct what's going to happen beyond the database
that they were build on.

DR. SIEBER. That's right.

CHAI RVAN W LLI S: VWhich if you had a
reactor |l ook like this one, this is a backup slide or
somet hi ng?

DR. MAHAFFY: No. W're into nesh
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conductivity now and --

CHAl RVAN W LLI'S: But, you see, there's
some f al se physi cs about what you're all owi ng t he code
to do here, which under sone circunmstances could be
quite inportant.

DR. MAHAFFY: Yes. This is a separate
issue that | was asked to address, and | want to do
this with just a few slides.

CHAl RMVAN W LLI'S: Coul d you j ust take four
m nut es?

DR. MAHAFFY: | can dothat. Andlet's do
this in tw, and two for ny |ast presentation and
we'll be done with it.

Basically, it's ny belief and what we need
to do is have Vic sit down and review the
docunmentation in detail, but we have captured
absolutely all of the mesh conductivity that was
avail able in RELAP5 with TRACE. That was one of the
t hings we were forced to do. It was a good i dea. But
you' re absolutely right. There's all kinds of stuff
her e.

You can see ny little notation here. |If
|"ve got a side junction, it's not going to nobve
nonment umacr oss here correctly. If | want to do that,

what | need to do is turn on ny 3-D nesh. But these
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are conductivity issues that cone up in RELAP5, and
they're there. So we coul d reproduce archival decks
and run probl ens that people have run before.

This is a zipper that's in RELAP5. | can
put a cross connection between two parallel pipes.

CHAI RMVAN WLLIS: So it's getting closer
to CFD in that case?

DR. MAHAFFY: Well, you know this was
RELAPS' s way of dealingwithtwo and t hree di nensi onal
geonetries before you had RELAP5 3-D or whatever it's
call ed now. You know, we reproduced this to be able
to use archival decks; that's all. W tell the users
use the three dinmensional geonetry if this is
i mportant. COkay.

W have sone troubl es now we have to dea
with fromplena with the branch conponent. Ri ght now
we only catch two of the three really straight on
t hrough and the other guys at a right angle.

CHAI RVAN W LLI S: These are all the
problens with the other code, particularly with the
noment um

DR. MAHAFFY: Again, see ny answer is if
that's inportant, you're going to go to a two
dinmensional or a three dinensional calculation

representation, which you can get. It's there. This
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is just conductivity issues.

Also, we take care of the gravity in
RELAP5 and TRAC and.

CHAI RVAN W LLI'S: | have a comment on the
bends. I n bends there's a centrifugal force which can
often be nmuch bigger than gravity. So the bend is
behaving |i ke a hori zontal pipe enhanced gravity, and
yet it's never taken into account.

DR. MAHAFFY: You have to do that through
your | ost coefficients.

CHAI RVAN W LLI S: Because there's a
physics there whichisn't captured just by | ost codes.

DR. RANDOM  Well, just on the one you
show, one is a two node problemthe other one a three
node problem How do you map those back and forth?

DR. MAHAFFY: How do you map those back
and forth? W don't. Al right. W treat -- the
internal of the code, it knows whether it's in RELAP
geonetry or whether it's in TRAC geonetry.

Really internal to the code. The way
we're treating this is that RELAP5 has basically an
el evati on change across the link of acell. That's how
it works.

DR. RANDOM Right. Ri ght.

DR. MAHAFFY: kay. In old TRAC and what
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there was was an angle of a given face to the
vertical. That's why |I draw this picture.

DR RANDOM It's a junction property.

DR MAHAFFY: It's a junction property.

DR RANDOM Ri ght.

DR. MAHAFFY: \What happens in TRACE is
t hat we have separate el evati on changes for each hal f
cell internally. So | actually can do funny
conbi nati ons of this. | can tell you what the
el evation change is fromthis faceto this center, and
| can give you a separate el evation change fromthis
center to this edge. And | can preserve ny
gravitational handprint --

DR. RANDOM I n TRACE you actual ly can do
the problemon the left?

DR MAHAFFY: That's right.

DR. RANDOM  Ckay.

DR. MAHAFFY: Wien you read in a RELAPS
deck, it's engaged t he el evati on changes in the right
way in TRACE so that it captures exactly that nodel.
kay. And that's all | really want to say.

You know, we've got sonme stuff on
conmponent nodel s you can | ook at. W can talk to you
about them

CHAl RMAN W LLIS: This is all in the CbDs
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t hat we have?

DR MAHAFFY:  Yes.

CHAI RVAN W LLIS: Al right.

DR. MAHAFFY: Coupling to other codes, I'm
out of tine. We tal ked about this before. W talked
about. But basically we're doing multi-tasking, we're
trying to bringlots of tools to bear on a conplicated
system sinul ati on. W've tried to provide an
interface that allows you to plug in a lot of
different sinulation tools for TRACE, a CFD code,
CONTAIN is already there, REM X is there. A picture
of maybe nulti-processes.

The ECl is just a nanme for our interface
that does it. It's a convenient way of plugging
t hi ngs toget her.

W don't have tinme to talk about the
details. | can talk to you about it --

CHAIRMAN WLLIS: | think you ve done a
good job, though, of sort of going through all this
stuff and if we're interested in the details, we can
| ook t hem up.

DR, MAHAFFY:  Yes.

CHAI RVAN WLLIS: So it's very hel pful.

DR. MAHAFFY: Ckay. Then that's all --

CHAl RMAN W LLI S: Is that in this nesh
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t opol ogy?

DR. MAHAFFY: There is a separate one with
a | abel for --

CHAl RMAN W LLIS: O what?

DR MAHAFFY: Coupli ng.

CHAI RVAN W LLI'S: There's a new handout
cal l ed coupling.

DR. MAHAFFY: There's alot on our website

also that will tell you about this thing. And |I'm

avai |l abl e.

CHAI RVMAN W LLI'S: Thank you, John. It's
very hel pful.

W' |l take a break nowfrom12:30 to 1: 30
for lunch.

We're off the record.
(Wher eupon, at 12:30 p.m the Subconm ttee

was adjourned, to reconvene this sane day at 1:33

p.m)
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AAF-T-EERNOON S-E-S-S1-ON

CHAI RVAN W LLI'S: Ckay. Cone back into
session pl ease. We're looking forward to hearing
about SNAP. The presenter will be Ken Jones from
Appl i es Programm ng Technol ogy.

MR. JONES: We'Il just be giving a quick
design overview of the SNAP and all the pieces that
make up this package.

Then 1'11 be tal king about the redesign
work we did on the nodel as over the last two years

we' ve done a lot of redesign on the nodel fromthe

ground up.

"1l touch on the current ongoing efforts,
our future plans and then I'lIl go into a denp of the
Model Edi t or.

This is the overall systemarchitecture.
This is all witten in Java with the exception with
the AcGrace, which is Legacy plotting package. This
is a conbination of C and C++.

There's four areas of SNAP. The access
control portion is -- for distributed cal cul ati ons.
It's a Java application that waps a relationship
dat abase, but it's a commercial relational database,
ei ther ORACLE, SYBASE or PostgreSqgl can all be used.

There's a database adm nistrative tool
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that talks with this Java application, so it allows
you to maintain the systemw thout having a database
adm ni strator that knows a | ot about database.
There's a file archival portion to that.
There's a free processor that consists of
this Model Editor and there's also a jEdit plugin for
ASCI|I files. And there's also a command guide |ine
gui de submittal for submtting jobs to the runtine.
The runtime consists of two servers.
There's a databank server, which is a job application
that waps the NRC databank, the service's request
fromthe client applications for experinental data.
From the client applications you can list of the
experiments list of data channels wthin that
experiment and then actually access the data.
There's a cal cul ati on server which wraps
each one of these analysis codes. Al the
comuni cation with the analysis code is through the
cal cul ation server. So the client applications don't
need to know the specifics of howto read the RELAPS
or TRACE files. That's all encapsul ated inside the
cal cul ati on server.
We've wused this plugin architecture
extensively. This allows us to create an APl which

gives us a standard interface between the analysis
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code and the server -- the main core portion of the
application. This way we can easily add an addi ti onal
analysis code. I'lIl get into that in a little nore
detail .

There's a job status application. This
runs -- it's really a utility application that wll
give a list of all the runs that are running on a
specific server that will allow you to |ook at the
ASCI | out put froma cal cul ati on and al so pl ot the data
fromjob status using the AcGrace post-processor.

The two post-processing applications are
beta. The visual engineering data analyzer. This
gives us a two dinensional and three dinensional
graphic of the data being calculated by the
calculations as well as plot capability through
AcG ace.

CHAI RVAN W LLI'S:  Now t hi s NRC dat abank,
that's all the experinments that have been run that
m ght possibly want to be anal yzed?

MR, JONES: Exactly. It's acollection of
all the experinental data.

CHAl RVAN  WLLI S: It has all the
description of the systens and everything in their
right formso it can be just plugged in?

MR JONES: There's a standard file
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architecture for each of these files that the data
transfers into. So it has a list of -- for each
experinment there's a set of files. And each file has
header information to identify what all those data
channels are that are contained in the file.

CHAI RVAN W LLI'S: You search for thefiles
or is there a search engine for them or what?

MR.  JONES: It goes through a tree
structure. | can't denonstrate it here because |I' mnot
connected to the network, but --

MR. BANERJEE: There's not tags or how
does it find the data?

MR. JONES: The databank itself isreally
structured wth just a directory structure of
experiments.

MR. BANERJEE: Onh, | see.

MR. JONES: Ckay. The job application
that waps it reads that directory structure so you
can query it fromthe post-processing application to
find out what all those different experinments are.

MR. BANERJEE: You got a key word query or
how do you find it, the problens of experinents?

DR MAHAFFY: Wll it's in the tree
structure so you can by facility and such.

MR CARUSO. Well, | think Dr. Wallis'
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guestion was, though, and at the input for nodeling
t he experinents. For exanple, the database has LOFT
experinmental data init. Does it have the geometric
and physical data for the LOFT facility that would
al | ow someone to create a new LOFT nodel, or does it
just have the pressures and tenperatures and fl ows
t hat were neasured during the experinent?

MR. JONES: Just t he nmeasured experi nent al
dat a.

CHAl RMAN W LLIS: So you have to create
t he nodel for the system sonehow?

MR JONES: |I|If you wanted to, yes.

CHAl RMVAN W LLI'S: Nodalize LOFT in sone
new way, you have to start fromthe begi nning?

MR, JONES: Well, you'd start with an
exi sting LOFT nodel .

CHAI RVAN WLLI'S: That's in the databank
or is that just from--

MR JONES: No, that's not in the
dat abank. That would be in an existing anal ysis.

CHAI RVAN W LLIS: So there's another --

MR. JONES: Yes, this server just gives us
an easy way of accessing experinental data so we can
bring themin --

CHAl RMAN W LLI'S: You have an el ectronic
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description of the facility in which the tests were
run.

MR. JONES: Yes, that'sright. This isn't
really meant to store that type of data. The runti nes
really are just for transient data for analysis.

CHAI RVAN W LLIS: | would think it would
go with the data set. The databank's no good at all
until it's keyed to an electronic description of a
physi cal system

MR. JONES: You know, it nmay have sone of
that init.

MR. STAUDENMEI ER: | mean, we have a
catal og of input decks for different test facilities.
So you would ook up in sone sort of --

CHAI RVAN W LLI'S: But you've got to take
them and | oad theminto this sonehow or --

MR. STAUDENMEI ER:  Yes, you have to take
themand |l oad themin. It can't read your m nd yet as
to what one you want in.

CHAl RVAN W LLI S: So there's not a
dat abank of those things the way there is for the
dat a?

MR STAUDENMEI ER: There's a set of decks,
t hey had haven't put in -- actually, there are sonme

facility decks in the databank. It's not all our
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decks, but there are sone test facility decks in the
dat abank for different things which it may or nmay not
do -- it would have to be nodified. There may be a
base deck there that you'd have to nodify for the
specific test that you want to run. But you have to
load it in ny hand. The data experinent and the i nput
deck aren't one package. You have to get them
separate. Bring themin separately. That's | guess,
a possi ble thing you could have in the databank when
you click on the data, you could al so have anot her
hyperlink that appears right there to the input deck
t hat you have. And that's sonething --

MR. MURRAY: Well, that's in the databank
now. You can viewthis. There's an internal website
that you can go to, to resbnrc.gov that shows this
whol e structure and how things are organi zed.

So each experinent i s cross referenced by,
you know, you can start off just say do a separate
effects test and it takes you through a list of those.
And you can nove down in various different ways.

That databank is storing the i nput decks
for particular facilities if they exist. The data and
usually electronic reports that pertain to that
facility or at | east a bibliography for the reports if

they're not in a nice electronic format.
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Now, how you integrate it with what's Ken
has got right now --

CHAl RMVAN W LLIS: Well the data points
takenin alot of test, and they' re not necessarily at
t he sane pl ace you have a node i n your conputer nodel,
are they?

MR,  JONES: Ri ght . Usual |y the i nput
decks are set up with instrunmentation in mnd.
Soneone that set up the deck was aware of the
instrunentation for at | east the test he wanted to run
and what the key neasurenents were. But there are in
some of these reports that are attached to the data,
there are P& D drawings or facilities --

CHAI RVAN WLLIS: Wat if you wanted to
run a LOFT test with your conputer, and you wanted
have the node size or sonmething, would it take a
t housand years to recast everything in terns of this
new node size and relate it to the physical geonetry?

MR. JONES: The purpose of the nodel isto
be able to automate that test, the renodalizing
existing nodel. But inthis case we'd start with an
existing nodalization and then just use the
Model Editor to, say, split every node in a pipe in
hal f, if you wanted to do that. And I'lI| denobnstrate

sone of that in a couple of m nutes.
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MR. BANERJEE: Can | ask you about the

vi sual engineering data analyzer. |Is it using sonme
sort of packages which --

MR. JONES: It uses the Java 2-D and Java-
3D APIs for visualization. It's based on the JavaBean
architecture. So not only do we have a plugin API for
codes, but we al so have a JavaBean architecture that
al | ows addi tional visual el enents to be added wi t hout
changing the core of the --

MR. BANERJEE: Can it do a sort of
rendering of surfaces and things, or what does it do?

MR. JONES: Well, 1'll denponstrate it in
just a few mnutes. But what it will give you a 2-D
or 3-D ani mati on of the cal culation, either while the
calculation is running, you can run it like in an MPA
type node where you're interesting directly with the
cal culation or you can just run it in a replay node
where you're looking at the calculation as it's
runni ng.

It al so all ows you to connect to nultiple
cal cul ation servers and nmultiple cal cul ations at the
same tinme. So in the post-processor you can bring in
mul ti ple data sources and animate themin the same
display. It will take care of that interpolation on

the tine frane so the data's consi stent.
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DR. RANDOM How nmuch of this i s code that

you've witten versus sonme of it available as
conmer ci al software?

MR. JONES: Well, AcG ace was nodified.
You know, that's a nodified version of G ace. About
half of it is original Gace code.

DR. RANDOM Purchased it and then --

MR. JONES: No, this is an open source.

DR. RANDOM Onh, it's open source. \Wat
about the top, this SNAP dat abase server?

MR JONES: O course, these are
commerci al packages. PostgreSgl is an open source
dat abase. ORACLE and SYBASE as, of course, commerci al
dat abases. The rest of it's all witten with --

DR. RANDOM  Ckay.

MR. JONES: There is a JEdit open source
editor that we use, that we have our own plugin for.

There's also a configuration tool here
that's used to set gl obal data. You can also use it
to start and stop the server application.

About two years ago we started a redesign
of the Model Editor portion. What we really worked on
was trying to provide a consistent and extensible
infrastructure. The original design was | argely hard

wired for RELAP5. It was nore of a proof of concept
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for a Model Editor. It really wasn't extensible for
addi ng these additional codes.

There are also redundant data |ayers,
whi ch was confusing for the anal yst because he had to
enter data in both a physical | ayer and a nodel | ayer.
And a lot of tinmes there were conflicts between that
i nf ormati on.

Now, when we had started onthis, the work
on beta had al ready been done. W had a working 2-
D/ 3- D package. We pulled the drawi ng routines out of
there. They were cleaner, and we've added those to
t he Model Edi tor.

We changed the fundanental way data is
structured i nside the Model Editor. Oiginally it was
a single view Mddel Editor. |If anybody's seen it a
coupl e of years ago, basically you had one vi ewof the
data. And all the data for the elenents was tied
directly to the visual elenents on the screen. W' ve
broken that connection so the data is stored in its
own internal database. This way we can work this
mul ti pl e view design.

It also allowed us to inplenment a
consi stent undo/redo architecture.

The ori gi nal desi gn had restart

capability, but it didn't keep track of how the
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changes were nmade from when the run was actually
subm tted. W' ve gone through and added the restart
capability so that when we generate arestart deck, it
only includes the nodified components.

We've gone through a reworked all the
editing di al ogues. Alot of themwere originally hand
coded. W' ve redone in using IDE so they're largely
gener at ed.

We've switched to a plugin design, and
"1l get into that in a little bit nore detail. But
basically you don't have to nodify any of the core to
add an additional code. It reduces the overall
mai nt enance on the software.

MR. BANERJEE: When you say there was a
beta version available to you, where did that cone
fronf

MR. JONES: The Model Editor portion was
originally devel oped by the ISL group. W started
working on it two years ago.

MR. BANERJEE: And they did it for RELAP
primarily, is that it?

MR JONES: Yes, it worked for RELAP at
that tinme. There was sone TRAC wor k t hat had been done
on it. But it really needed redesign to push it

f or war d.
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MR. BANERJEE: How | ong did they work on

MR. JONES:. Several years.

MR. BANERJEE: Was there quite a bit of
that that you could use or --

MR JONES: We tried to use as nmuch as we

could, but there was a lot that we really had to

you know, we tried to keep Ii ke the | Ocode as nuch as
we coul d. But a lot of the dialogues had to be
repl ace. And nost of theinfrastructurereally hadto
be repl aced. But instead of starting over and witing
it fromscratch, we just increnentally refactored the
code continuously until we came up with a new desi gn.

Chester, you want to --

MR. G NGRI CH: Yes. This is Chester
G ngrich at the -- I'mthe project nmanager for this
code.

W were able to save a lot of the base
codi ng and the RELAP, nobst of the RELAP inport and
export capabilities were saved fromthe |ISL version.

MR. JONES: Okay. The new architecture
et us nove into this nmulti-view design, which I'I]
show.

And one of the other things we've added i s

a patch processing capability.
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The plugin design, the whole idea is we
want to nmake this an extensible architecture so that
we don't have to nodi fy any of the base portion of the
code. So we take all the analysis specific classes;
all the 10, the dial ogues, that type of information
and we nove it into a plugin portion.

You have a clearly defined interface that
has to be supported in order to inplenment this plugin.

And the whole key to this is a standard
APl that we publish that anyone can pick up and j ust
add their own plugins follow ng the API.

Now, we have two types of plugins.
There's an analysis code plugin which defines an
anal ysis code, of course. And then there's also a
feature plugin. Soneone's interested in adding a new
feature to the SNAP package, they can inplenent a
feature plugin and that option will be a, you know,
t hey can options to the nmenus and batch commands and
things Ilike that through this feature plugin
i nterface.

Ri ght now we have anal ysis code pl ugins
for TRACE and RELAPS. The CONTAIN one is under
devel opnment. It should be ready by the end of the
year. And there's a RELAP5 3-Dpluginwhichisreally

a --
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RANDOM  Whose doi ng the RELAP5 3-D?

JONES: We're doing the RELAP5 3-D.
RANDOM  You're doing it yourself?
JONES: That's right.
RANDOM The NRC s not funding it?
JONES: That's right.

RANDOM Par don?

5 3 3 3 % 3 3 3

JONES: That's correct.

DR. RANDOM Yes. |'mjust envisioning
t hat DOE applications and --

MR JONES: Beddes is interested in the
RELAPS 3-D.

DR. RANDOM Yes. All right.

CHAl RVAN W LLIS: |Is RELAP5 3-D going to
be better than TRACE?

MR JONES: | can't really answer that.
| don't think so.

CHAI RVAN W LLI S: It seens rather odd
you' re devel oping two, two plugins here for --

MR JONES: Well, the RELAP5 3-Disreally
just an add-on. We call it a piggyback plugin which
nodi fies the RELAPS plugin. Soif you have a slightly
different version of the code, we can use this
approach to support, you know, slightly different --

CHAl RMAN W LLI S: It doesn't nean three
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di mensi onal , does it?

MR JONES: It has a 3-D --

CHAI RVAN W LLI S: It's much nore
conplicated than RELAPS itself?

DR. RANDOM  Well, it's an -- original
RELAP5, so you have a 3-D vessel and you have nultiple
3-D vessel s.

MR, JONES: Most of the conponents are
identical as far as the inputs.

DR.  RANDOM | think the inputs are
virtually the sanme, right?

MR JONES: Pardon?

DR. RANDOM Only m nor differences inthe
i nput, | guess, to accommodate --

MR. JONES: Exactly.

DR. RANDOM -- some of these 3-D
f eat ures.

MR. JONES: That's right.

DR.  RANDOM In fact, | think Wagner
designed in the ability to put in the 3-Dinput into
the original codes, even though it wasn't used.

MR. JONES: Right.

W have a RELAP5 to TRACE conversion,
which is done as one of these feature plugins.

There's also a display generator that 1is under
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devel opment, which will take the original displays
t hat are done i n t he Model Edi t or and generate t hemf or
t he post-processor.

This is a picture of the new multi-view
design. It follows a SDI design approach, so we have
separate wi ndows here for the different application,
different portion of the application.

This is the main wi ndow here we you can
create nodels, all the inport and exportive files is
done through these nenus up here. You can submnit
cal cul ations from here. You can them out, and that
ki nd of thing.

W' ve noved to this conponent navigator
approach here, which is a reflection of the internal
dat abase in the Mddel Editor. You can open multiple
nodel s here. And this will give you a listing of al
t he conponents that are in the nodel categorized by
type. You can edit these conponents directly from
her e.

And you coul d al so create views fromthe
navigator. You can generate different views of the
dat a.

The idea is we noved away fromthe single
view of the data to this internal database structure

that | ets us generate di fferent ways of | ooking at the
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sane information

There's alittle message wi ndow down here
that keeps a log of any nessages that are com ng
through. If the nessage is tied to a conponent, if
youclickonit, it'll select up herein the navigator.
There's a conveni ence features |like that.

MR. CARUSO |'mjust curious. You have
a Westi nghouse fl ow | oop nodel but it's calling upthe
steam tabl es with deuterium oxi de.

MR. JONES: Those just automatically get
| oaded, the d2o and the first ones are the h2o.

MR. CARUSO Okay. You're not nodeling
heavy water, Westinghouse PWR?

MR. JONES: They just automatically get
| oaded.

DR S| EBER: There's a little heavy
wat er .

MR JONES: Yes.

DR. RANDOM Qut of curiosity, will this
work with the ATHEANA code?

MR. JONES: That's a good question. W
haven't --

DR. RANDOM It's just sort of a subpart
of the RELAP5 3-d?

VR, JONES: It wouldn't be difficult to
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have that plugin to support it, or any other code.

W al so have these ASCI | views, which w ||
give you the ASCI| representation of the input deck
for anyone of the conponents it's sel ected.

It uses a conponent navigator. Again,
here's the nodel node. You can have multiple nodels
open at the sanme tinme. There's mamin categories,
hydraul ic conponents, for exanple to list all the
types for a givden nodel types.

Al'l these categories are determ ned from
the plugin, not from anything in the Mdel Editor
itself.

Here we' ve expanded t he punps node. This
lists, there two punps inthis one. Hereit will show
you what all the heat connections to that punp.

And the whole idea is we're trying to
provide a l|logical representation of the nodel and
it'll display all the data through this navigator
conponent .

Down here there's al so these views. It's
a different type of node. The views thenselves are
handl ed as conponents in the Model Editor This lets us
create a drill down type capability so you can treat
a view as a conponent in another view Now, |'II

denonstrate that in a couple of mnutes.
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W' ve al so added user defined constants
and equations. W have a Python interpreter that wll
read this set of user defined constants and vari abl es
that the user can set up Python equation and run
through that and generate data that can then be
brought into anyone of these dial ogues.

Okay. These are 2-D views. Okay. So
they can contain any kind of conponent type. The
original nodel had one view with three different
| ayers. You can only | ook at the control systens or
t he hydro or the heat structure. Layered here you can
m x and match the data anyway you want in a view to
create a data that the analyst is interested in.

It al so has annotation capability. So you
can put in these | abels and pictures and that kind of
information can all be inserted into the views.

And you can either edit the conponents.
And you can either edit the conponents off the
navi gat or nodes or you could edit themdirectly from
t hese vi ews.

Anyone of these conponents also can be
di splayed in as many views as you want. So, for
i nstance, this secondary side of the steamgenerator,
you may want to show it over here in one view and

because you're just showi ng the steam generator, you
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may want to include that sane conponent in another
view. Since all the dataistiedto a single database
and then any nodifications in one view wll be
automatically reflected in the other.

DR. RANDOM Now, are those views the user
has to build this view, site the arrangenent?

MR JONES: Well, we tried to get it as
cl ose as we can.

DR.  RANDOM In secondary, you know
el evati on woul d be |i ned up or as what you' ve shown in
there, but I'mwondering did the user do that or just
t he code?

MR. JONES: This is a user going in and
laying these out. But we try to get as close as we
can, but it's kind of a difficult process trying to
lay that. It's one of the areas we'd |ike to inprove,
just the initial |ayout.

Okay. We've gone through and cl eaned up
a lot of the dial ogues.

There's a vessel dialogue where we're
adding flow area fractions. Here we're show ng the

table. And as you select conponents in the table,

this will highlight the cross section view. This is
t apped down. So this showing which cells are
sel ect ed. It's really the intersection of the
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selected region on the side view and the top down
Vi ew.

And you can either select over here and
have it highlight inthe table, or vice versa. Either
one will be consistent back and forth.

This is a 3-Dvessel. Again, we're using
a Java 3-D representation of the data here. As you
sel ect things over here you' |l be visually see exactly
what | evels are being sel ected.

DR. RANDOM Can you pick it up and rotate
it and change the perspective.

MR, JONES: Yes. I'll denopnstrate that
when | get to that point.

Ckay. We also have this ASCIl view. On
all the components there's a show ASCII nenu item
Al'l these views, including the ASCI| view are nodel ed
as listeners in the code. So any changes to the
conmponent's data is automatically reflected in these
views. So if you go into the dialogue and change t he
dx, this wi ndow automatically updates the current
dat a.

We do syntax highlighting. It's kind of
hard to see up there, but it's color coded wth
comments and that kind of thing.

Ri ght now we're supporting TRACE only.
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Joe's | ooki ng on the RELAPS

MR STAUDENMEIER: It's ready to go in.

MR. JONES: Yes. That will be in this
week, so that's their next rel ease.

We al so have reference docunentation. W
have this pdf viewer, it exports HTLMor pdf. And off
any of the components you can hyperlink directly into
t he users manual. So fromthe punps node if you go to
"Reference Docs" there's a |list of different
docunentations that's available. Right nowit's only
set up for TRACE, and it's only set up for the users
manual . But it's designed so that we can add as many
different references as we want. So if we want to --
you have a hyperlink from the conponent to sone
docunent -- you know t he theory manual, say, section
on the punp, we can do that.

W'd also like to extend that |ater so
that the user can define their own document and
reference this for a specific conponent.

DR. RANDOM Are you going to tal k about
i nput di agnostics and what SNAPwi || doin terns of --

MR. JONES: Sure. Sure. Yes, |I'll do
that in the deno portion.

W have these user defined constants,

vari abl es and functions. Either the constants or the
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variables can be used in the editing dialogues
anywhere that we're itering a floating point val ue.
It doesn't support the energy data fields right now
just the floating point.

These values can also include the
engi neering unit, so if you change between SI and
British it will automatically update the cal cul ati on
accordi ngly.

You can set up a paranetric constant to
create a series of calculations so that when you
generate the ASCI| deck and submit the run you sel ect
one of the constants as a paranetric. It'll vary that
over the specified range and create one nodel for each
case in the paranetric set.

DR. RANDOM Howhardis it goingto bein
the future if you decide to use this nonparametric
statistical approach to assessing the uncertainty
associ ated with t he code cal cul ati on where sone of the
t hi ngs that you want to change will be actual |y things
that, presumably in the correlations that are built
into the code, |ike your heat transfer coefficient,
the friction coefficient or nultipliers on those and
t hen use nonte carlo techniques to select the set and
then do a run and continue in that process? And then

anal yze the final set of runs statistically?
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MR. JONES: The systens really designedto

really facilitate being able to do those type of
cal culations. W want to be able to do batched runs
with this approach so that you can vary your initial
set of constants and then --

DR. RANDOM Wel |, sone of these constants
may not appear, you know, in the usual way. They're
not going to be links or dianeters, or volunmes or --

MR JONES: Well, the only thing we're
changing are inputs to the code request --

DR. RANDOM Right. Modst of the things
"' mtal ki ng about you'd be having to go into the code
and actually change the nunerical values or put
multipliers on them or sonething |ike that.

MR. JONES: In that case we'd really have
to have had nore code input that would allow you to
change that --

DR. RANDOM It's up to the NRC to decide
if they want that capability in tine.

MR, JONES: Sure.

MR. STAUDENMEI ER: Actually, this is just
onny -- there's alimted set of nultipliers that you
can define for input already. And that could easily
be expanded or have an ECI type or sone kind of

comruni cati on where SNAP can have a set, a whol e set
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that you control and vary over a given range. They
could becone variables instead of constants in the

code that SNAP is able to nodify.

MR JONES: Okay. | tal ked about the
pipe, but I'lIl show that in the deno.
Okay. W have these wuser defined

functions. This is just an exanple of a user defined
function here where these are all inputs on this side.
So the nunber of rods per row, pellet radius, clad
radi us, inside and outside dianeter. You take these
inputs, feed through this Python calculation and
they' ||l generate these cal cul ated val ues.

Now, any of the initial constants for the
cal cul ated values can then be brought into the
di al ogue. And if we change any of these inputs, of
course, it goes through automatically and cal cul ates
new data for the cal cul ation.

This is also denonstrating sone of the
ability to create your own user defined pictures, and
you can annotate the views. So that when you come back
to this in six nonths or a year, you can really see
what all these inputs are and the user can --
basically has this drawing capability to annotate
t heir cal cul ation.

MR. CARUSO Can you nodel all the new,
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the currently extant BWR fuel types with --

MR. JONES: We have that in there. W have
t he new BWR channel nodel in SNAP.

MR. CARUSO Length rods and --

MR. JONES: Length rods. It hasn't been
well tested. | know we have sone issues with it.
That's one of the things we'll be working on over the
next nont h.

DR. RANDOM  You can accommodat e t hi ngs
| i ke good spacers and bl ockage associ ated with t hose?

MR. JONES: We nodel everything that's in
the --

DR. RANDOM The can?

MR. JONES: That cones through the nodel
or through the code.

DR. RANDOM Input, | guess, huh?

MR. JONES: Yes. Anythingin the input can
be nodel ed.

MR. CARUSO Can you do the sienmens -- no,
not sienens. ABB subchannels, BWRs that are
subdi vi ded i nto subchannel s?

MR JONES: | believe so.

MR, STAUDENVEI ER: Yes. This is Joe
St audennei er.

TRACE has been nodified, it's an advanced
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channel now that can nodel all the events BWR fuel
geonetries. And | don't knowif SNAP has support for

all of those yet, but it will have support for all of

t hose.
MR. JONES: This is our ongoing efforts.
We do have support for all that right now
It needs to be tested. | know there's sone issues
wthit.

We're currently working on this CONTAIN
pl ugin which follows a different design pattern than
t he RELAP and TRACE based pl ugi ns. Those used user --
wel|l the devel oper had to create the dial ogues for
each one of the conponents in that case. This new
JavaBean architecture will automate a |ot of that
process. So we define what the attributes for each
component are and then we're able to reuse a | ot of
the code for the editor

This also gives us the ability to do a
multi-selection edit. So you'll be able to sel ect
mul tiple pipes and then nodify a single attribute for
all the pipes at one tinme, which can't be done with
the earlier architecture.

W' || be adding support for the new EC
communi cati ons package.

Let's see, the RELAP5 ASCEE vi ewer, which

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

241

is going into this next version.

W to add additional renodalization
options. Right nowin TRACE if the inlet and outl et
flow areas for a cell are different, we're using the
closet cell areas. W' re going to change that to nake
it alittle bit smarter so it can sense abrupt area
changes on either the inlet or outlet.

W're continuing wth testing and
validation. W have a set of 970 TRACE cal cul ati ons
that we use for testing. At this point we're able to
inmport all of themand generate ASCI| decks that get
t hrough i nput processing on TRACE for all the cases
except for 64. And that works continuing on that.

We usual Iy put out a new version in every
one to two weeks. It's available on a website. You
can automatically update the application through the
websi te.

So our future plans, we want to provide
tighter integration between the pre and post-
processor. Since we're sharing alot of that code, a
| ot of the drawi ng code between the Model Editor and
data, we want to be able to automatically create this
-- we want to be able to use those displays fromthe
Model Editor directly in the post-processors so the

anal yst doesn't have to create the sane drawi ng tw ce.
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We're adding the MELCOR and the PARCS

codes.

W want to be able to add nore advanced
copy/ paste functions. W want to be able to do a
scal ed copy of a loop. So if you copy -- and we want
to be able to sel ect an entire | oop and put in a scale
factor and say .5 would scale everything, all the
cross sections by .5 appropriately.

W want to be able to add conponent
libraries so that you can just go out and sel ect the
type of conponent you want, pull in fromyour nodel.

Al ong the sane lines, we want to be able
to support reference nodels so that you can go to the
dat abase and check your exi sting nodal i zati on agai nst
a reference nodel and revert your nodalization back
fromthat reference nodel

MR. BANERJEE: What does AcG ace do t here?

MR JONES: It's a 2-D plotting package.
It used to be XMGR5. AcGrace is a new version of
t hat .

W want to |everage the user defined
functions and create engi neering tenpl ates for things
like | ost coefficient calculation.

We want t o add addi ti onal RELAPS and TRACE

conver si on assi st ance.
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W also want to create these links to
user's defined docunentation so if inside your nodel
you want to create a link to, let's say these HTM.
pages i n t he dat abank t hat describe the LOFT facility,
you' Il be able to create that automatically and the
next tinme you bring themall put, you' d be able to
link right to it.

Ri ght now for RELAP5 we can generate a
conplete 3-Drepresentationthat’'s consistent with all
the elevations and that. For TRACE we haven't done
t hat work yet. W can generate a 3-D vessel view, but
we don't have the associated piping.

The other thing we want todois -- | nean
t he probl ens we have with AcGrace is that it's an x11
based application. It'swittenin MOTlF and requires
an xserver to be running to be able to use it, which
is cunmbersone on the PC architecture. There is
freeware that you can use to use it, but it's not --
it's difficult to work with and it's a high
mai nt enance application because it has to be conpil ed
on each platform The rest of the software is all
witten Java. W just conpile it once and the
di stributed conpil ed version runs on every platform

This is the configurationtool right here.

And this is used to set all the global information for
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all the different applications; the |ocation of the
Java virtual machine, where the logs are going to
witten, any cal cul ation servers.

This was originally set up for PDM That
functionality doesn't work right here.

It tells it where the AcGrace executable
i s | ocated.

We al so have web support i s done through
this application. You can submt a bug report or
check for software updates from the website. It'l]|
automatically go out, grab the updates and | oad them
in your nmachine.

This is the calculation server. |t
supports -- you know, for each plugin you can define
one or nore analysis geodes. So if you want to be
able to run -- well, you could support nultiple
versions of TRACE, for exanple, on a given machine.
And when you submit the Java, you just tell it which
version you want to run. Go ahead and start that
server.

This is the new-- |'"mjust going to open
this. Yes, this is the main application. Wndow is
t he conmponent navigator. This is where it lists al
t he conponents, and you can go in and directly edit

these directly from nodel. You don't have to go
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through a view. They're also |listed here.

The other thing we can do is | ook at the
reference docunmentationdirectly fromany one of these
nodes. And it's fairly quick. You know, just pops to
that section. And that's a fairly good size pdf file
that it's working wwth. The performance is very good
ri ght now

MR. CARUSG If you wanted to see what t he
punp curve-- for these punp nodels, does it pull
sonething |ike that up?

MR, JONES: It doesn't show the curve.
No. It'd be in a table format.

MR. CARUSO  kay.

MR JONES: Sonething |ike that.

MR. CARUSO. So the user has to devel op
the table and input it?

MR. JONES: That's right.

MR. CARUSO Suppose | wanted to enter a
negative loss coefficient for sone pipe, could | do
sonmething |like that?

MR. JONES:. There's al ot of checking that

goes on for each conponent. In sone cases we're
checking at the dialogue level, in other cases we
check the nodel. Up there, there's a check nodel |i st

done before each job submtted that woul d give a |li st

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

246

of the problens.

MR. CARUSO | just asked about that one
because |'ve seen that one used. And | just wondered
if that was something that was still allowed.

MR. JONES: That may be al | owed ri ght now,
but -- it still allows that. But, yes, it doesn't
appear to have a problemw th that.

MR CARUSO So it can still be created?

MR JONES: Well, absolutely. But we're
at a point where it's easy to add those -- you know,
the ability to check different parameters, either on
a component |evel or on the nodel |evel.

This is an overview of the conponent.
These are actually just images of different views.
And if go down, this is the actual conponent here or
t he actual viewthat has the conponents init. And I
can go properties here and see the actual properties.

As | select over here, | get the visual
f eedback so it shows nme what |'m editing.

MR. BANERJEE: So do you have these
already in the schematic --

MR. JONES: No. These are generated from
t he i nput deck. Sothis reflects the current geonetry
in the conponent. So --

MR, BANERIJEE: The steam generator's
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al ways generated that same way, right?

MR. JONES: No. This is frominputing an
original TRACE deck. And that it'll generate -- you
know, it's based on the actual data we have here. So,
for exanple, if | change --

MR. BANERJEE: | guess the shape's is --
you generate your shapes yourself?

MR.  JONES: Right, from the geonetric

dat a.

MR. BANERJEE: Yes.

MR. JONES: So if | change the data here,
| make this segment |onger, then you'll see it gets

stretched alittle bit. And if | were to apply that,
it would show up over there that these are drawn to
scal e.

MR. BANERJEE: Ckay.

MR. JONES: By default. You can turn that
option on and off.

MR. BANERJEE: So if you got an input
deck, say a RELAP deck fromsoneone, it knows howto
take it apart and display it?

MR. JONES: Exactly. It's parse the deck,
fill out all these conponents in the navigator. And
then you can go in and edit it through the navi gator.

You can edit through this --
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MR. BANERJEE: The are identified in the

deck which, say, it's a steam generator sonething --

MR. JONES: Yes, we read it the same way
t he codes would read it, and that's part of the plugin
that it's being able to parse that ASCI| input deck.

Now, the other thing we can | ook at is the
ASCI | view of the data for any component. So if | go
in here and -- | changed that val ue agai n.

MR. BANERJEE: So can you do the reverse,
generate a deck from a di agranf

MR. JONES: Yes. Yes. What'll happenis
as you nake these changes -- in fact, here's a piece
of a deck. This ASCII viewis the input that goes to
the code. Okay. And here |I'mgoing to change this
value slightly. And this is one of the dx terns here.
So, hopefully, we'll get a change over there. W'l
apply it. And then you can see the actual volune
changed over there.

And if | were to undo it. See, it pops
back to the original value. So you can always take a
|l ook at the data here, then again the reference
docunent ati on, you can either go to the navigator or
you can go directly to the conponent and | ook at it.
So when you have annotated ASCI|I version that the

users manual, and that's the drawing of it.
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One of the other things we can do is
renodal i ze the conponent. So, for instance, if we
want to split this oneup into five uniformcells, we
can do that. Apply it and you'll see the generated
deck is automatically updated accordingly.

And this is an interesting one, too,
because all the ones that are shown in this kind of
red or pink here have heat structures tied to them

W know like the pipe it goes in and
renodal i zes the heat structure at the sanme tine. It
does that all automatically for you.

Go back to this overview. Now what you
use this for, this gives you the drill down
capabilities. So you could have one drawing that is
basically your own plant and then these inmages
represent views that you can then go down and dril
to.

And this is just the generated picture.
If you conme into these conponents and |ook at its
properties, you either create a snapshot which does to
t he picture and then generates a Raster image of what
you have. O, you can go out and sel ect any kind of
Rester inmage, a jpeg or png, or any of that. You see
then it automatically, you know, you can use those

images to really annotate how the nodel's |aid out.
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DR. RANDOM I n what stage does it check

for loop closure?

MR. JONES: It'Il check for | oop closure
on an initial ASCI| inport and whenever you go to run
the nodel, or if you click up here, this checks the
entire nodel for loop closure. And it went through
t he | oop cl osure check and it got 1.33 to the m nus 5
was a | oop closure error, okay?

DR. RANDOM It tells you what |oop that's
in?

MR. JONES: No, it doesn't give you any
real useful information, other than you got probl ens.

DR. RANDOM So the user has to go back
and find it someway?

MR.  JONES: And the way we do that is
under this tools there's a |loop check selection
option. Soif you'rein a 2-Dview, you can select a
group of components and say | oop check sel ecti on, and
it just |oop checks the ones that are sel ected.

DR. RANDOM And that's mnmy outlining you
nmean or --

MR. JONES: Yes. The selected conponents
show up in the --

DR. RANDOM Just in that part, huh?

MR, JONES: Yes, in -- anything that's
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selected that has that red box around it. So you can
use that | oop check selection to zero in on exactly
where the problemis in your |oop check

Now, what we want to do is extend that
even further and create a | oop check audit report that
would give you a listing for all the selected
components. \Wat's the inlet elevation, the outl et
el evation and then connection elevations for that
conponent. And then with that information on the
table, it should be really easy to go through and fi nd
out exactly where the problens are.

DR. RANDOM  Yes.

MR. JONES: Okay. Just to showthat |oop
check. If I goin here and change the | ength of one of
the -- let's see. Just nodify a link and apply it.
And now I'Il do a loop check. That's the kind of
nmessage you see right now |It's sayingthere's aloop
closure failure of 2.85 neters. And it's giving a
list of the components that it found the | oop.

CHAl RMAN W LLIS: Wat was it?

MR, CARUSO  Screensaver.

MR, JONES: It's another TRACE sanpl e.
This is just a sinple pipe. But here we're using
t hese user defined functions to bring data into the

nodel itself. So here we have the dianeter, d zero -
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d zero dianeters and d one is the other dianeter.

DR. RANDOM Do those tanpered cells inply
that there there's a snooth transition?

MR. JONES: Yes, those would be conica
right now. There are no abrupt area change at that
poi nt .

DR. RANDOM Abrupt area shows up andit's
just a sudden change in area then?

MR. JONES: No. Right nowit's going to
use the area of the junction at each | ocation, so you
can see it. It would actually going to |look like a
cone.

CHAI RVAN W LLI'S: Just |ike it does there,
huh?

MR JONES: Right. Right. Yes, we're not
using the actual volume to create the draw ng.

kay. In this case we have this user
defined variable. Actually we have one user defined
variable. The flow areas are cal cul ated. Those are
huge i nvari abl es. There's two user defi ned constants.
The zero d is one and then there's a -- user defined
constant. And those can be either changed over here
through the navigator or since these are just
addi ti onal components, you can drop themright on the

di splay and | ook at the ASCII. You can cone in here
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and change the value. And you can see the val ue gets
changed in the drawing as well as down in the code
here we change the val ue.

There are al so -- they keep track of what
engi neering units they're in. So if we switch to
British, you'll see all the data values are
characterized in British units as well as the input
deck is all converted to British.

And if we come in and renodal i ze, say you
want to renodalization a set and split each one of
those cells into two, again, it just automatically
splits it all out for you.

MR. CARUSG  Could you go back to your
master, your overall draw ng.

MR.  JONES: Well, this is a different
nodel . This is just a single pipe nodel. But I'll be
goi ng back to that in just a m nute.

Anyway, that's just an exanpl e of how you
can use these user defined functions.

Another one is -- this is a BWR fuel
elenent. Here we're able to do -- you know, we can
just input values and these are the cal cul at ed val ues
we're using. This is just an exanple.

And here's where we enter the code to do

these -- type calculations. And it's just a Python
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interpreter. It has color syntax checking. And it
automatically generates this |ist of input val ues and
out put values and if you have any ki nd of error inthe
code, it have syntax checki ng and that kind of thing.

And the other thing we can do is add
vi ews, you know, actual images as annotations. So in
this caseif youwanted to include sonething|ike that
i n your drawi ng, you know in your nodel, you can just
i nclude those types of references directly.

Now, that's a little different than the
external references that we want to add where t he user
is actual ly goi ng out to sonet hing on the internet and
addi ng annotation that way. This is actual |y enbedded
right in the nodel itself.

MR. CARUSO That's nice, because you can
i ncl ude that as docunmentation. |f you had sonething
strange that you were nodeling, you can include a
picture of it so people could try to figure out what
you were doi ng.

MR. JONES: Exactly. And the idea is if
you have a idea or sonething like that, you could
either enbed it directly in the nodel or you could
have this referencedtoit externally. And, you know,
as long as it doesn't nove if it's an external

reference, it'll come up through a hyperlink.
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"1l go back to the --

DR SIEBER | take it that the nunbers
you put in for the fuel are cold nunbers and not hard
nunber s?

MR. JONES: That's just an exanple. Those
are just -- | don't think they correspond to any real
data. In that case they were just an exanple.

DR SIEBER Yes, | know. But if it were
real, would they be cold nunbers?

MR, JONES: | think they typically are --

DR. SIEBER Because the gap cl oses, you
know.

MR. JONES: Right, right, right.

DR. SI EBER: \When you heat up the el ement .

MR JONES: Well, since it's a Python
cal cul ati on, the user could even put in any kind of --
you know, could cal cul ate that thermal expansion and
tenperature could be one of the inputs.

DR SI EBER  Yes.

MR JONES: And it could calculate the
full area that way.

DR SI EBER  Yes.

MR. STAUDENMEI ER:  The code has a sinple
gap type of nmodel. |If you put in conditions what it

is and get changes in tenperature, and the gap nodel
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to calculate that, | don't know how well it works.

DR. SIEBER. Probably as well as --

MR. STAUDENMEI ER:  Actual Iy, one of our
fuel rod codes coupling in FRAPTRAN or FRAPCON by
putting in nore sophistication fuel rod nodeling. And
it'll take care of any limtations in one of the
i nternal nodelers --

DR. MAHAFFY: This is John Mahaffy.

To give you a really precise answer
you're inmputing nore than just dinensions. You're
imputing initial conditions so that the dinensions
that you input are consistent with whatever initial
t enperat ures you input.

DR, SIEBER  kay.

MR. JONES: This is where you can zoomin
and rotate the conponent. In this case, see we have
two axial rings -- or, I"'msorry. Seven axial rings.
Seven axial |evels. Two rings and four azimuthal
vectors. And as you select them over here or do a
mul ti pl e section, you know, you can see where you are
on that. And this is all drawn to scale on the
readi ng vi ew.

The teal colored section is zero angle
data section. And it's just put in there for

reference so that you can tell where you are.
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Anot her t hi ng we added was thi s capability
of looking at the -- being able to select the data
based on the intersection of this top down view and
the side view So if we select, say, three |levels
here and as we select different |ocations over here,
or multiple locations, we can edit all those
simul taneously. It was just a convenience to edit
values. And it works in both directions. So if we
select things over here in the table you can see
exactly what azinmuthal sector you're working in and
where your |l evels are but the data's changi ng.

And it works on the face value as well.
You just select which space you' re working, say the
radial face. And the level. And that would show you
in the tabl e exactly which val ues need to be changed,
SO you can just change themthat way.

The other thing we can show is any
connections in the vessel. This is show ng where al
t he external connections are conming into the vessel.
They're all -- you see this one in particular, pipe 43
islike acoldleg coming inthe vessel. It's hooked
to cell two. The ring to sector 4 level 6. And it
wi || highlight that | ocation. Up here you' Il be abl e--
alittle easier tosee as it gets rotated. And as you

select it, it'll show you exactly which face that
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connections being made to in the vessel.

One of the other things we have is the 3-D
renodal i zation. Inthis case you have to sel ect which
axis you're going to renodalize and if | wanted to
renodal i ze the nunber of radial rings, for exanple,
thisisgoingtoconeupwithalittle dialogue andit
shows ne, okay, | have two rings right now. And
there's those red dots indicate that there's a fue
rod. You see structures in those quadrants.

If | select the inner ring and split that
into two, it'll spawn new heat structures and it'|
adj ust the power conponents so nowit's gone through
and created these new either fuel elenments and for
channel, and scal ed them based on the area that was
sel ect ed.

Like I say, we are five nodel of -- |I'm
going to go ahead and submt this cal cul ati on.

Here's where that paranmetric selection
woul d be. At the point where you submt the job, you
could select which constant you want to vary
paranetrically and it would generate multiple runs.
There's no paranetric variable set up in this case.

Here's where you would get hat |ist of
RELAP5 executabl es fromthe cal cul ati on server

Onthis casel"mon |l ocally, but you could
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al so submt this calculation across the internet to
any ot her machi ne.

Go ahead and start this pause. And in a
nessage down here, the job has been submtted.

Now I'Il open this job status utility.
It's just connecting to the |l ocal server. And you see
we have this job that was just submtted. It's in a
paused state right now

And even though we're not wusing the
dat abase, it does keep track of when the run was made
and that type of information. Current status of it.
Who submitted it.

Now, fromhere we can send an interactive
command through this nmenu, we can resune the
cal cul ation and pause it. Andthat's all 1'mgoingto
do. | don't want torunit out toofar. Sothat's in
a paused state right now.

Go ahead and bring up the visual
engi neeri ng data analyzer. Andthisisreally the MPA
replacenent. And this is anal ogous to a mask here.
Ri ght nowthis is user. You know, the analyst has to
sit down and create these masks. W do want to be abl e
to | everage those displays that are created in the
Model Edi tor so you can automatically bring themin

here and ani mate those as well.
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MR.  BANERJEE: So this is not being

i nported fromthe setup that you were showi ng for the
initial deck?

MR. JONES: No, that's right. None of
this is generated. This is created through this
application. If you switch to design node, you can
nodi fy any one of these conponents. This is the setup
di spl ay, you now, if you wanted to add a --

MR. BANERJEE: So you have conponents you
drag and drop in there or what?

MR. JONES: That's right. Yes, | just
added an anal yze dial, for exanple.

DR. RANDOM You al so have to rel ate what
volunme is going to be used to show different --

MR. JONES: Yes, exactly. This is using
this JavaBean architecture. So for this conponent,
you seethisis alist of all its paraneters. And one
of them-- now right now |'mnot connected to a data
source. | need to add a data source.

MR. BANERJEE: So you create this once
again? Wiy don't you just create it fromyour input
deck?

MR. JONES: That's what we want to do. W
want to -- unless we started with a Mddel Editor that

only had a single view and they're basically just
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iconic views. \What we want to be able to do is use
t hose vi ews that we' re generating nowin the nodeli zer
and bringing theminto the -- we really haven't done
much work on this over the |l ast two years. So we want
to nerge that new work back into this.

So this would be the list of the data
channels, for instance, for that. And now t hat
conmponent woul d be ani mat ed.

DR. RANDOM VWi ch conponent is that now?

MR, JONES: | think | selected AC tank
190. So it's just giving us alist of our data fields
com ng in.

Qur design node. Now, thisisinareplay
node right now It's going to run up until the point
the calculation is paused. W're running
interactively right nowwith this calculation. Soif
| - -

DR. RANDOM You have al ready |inked the
regi ons on the mask?

MR, JONES: Oh, yes.

DR RANDOM W th data?

MR. JONES: That's right. This mask is
all set up.

DR. RANDOM And coloredit appropriately.

MR. JONES. Yes, exactly. So these are all
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t he data channel s that drive that particul ar el enent.

DR. RANDOM The bl ue is subcool ed wat er
and the green, | guess, is saturated, right?

MR. JONES: This is the map we use for
col or.

DR. RANDOM  Ckay.

MR,  JONES: And the user can set up
what ever col or scal e they want.

DR RANDOM Ri ght.

MR JONES: But we use one range for
subcool ed |iquid, another for steamand t hen anot her
col or range for the other

In this case, | picked the sane col or at
the top of this range, at the bottomof this. But you
could use whatever scale you feel is appropriate
t here.

Now, we are interactive in this case, so
| can cone in here and open a break. And then when |
hit play and resume the cal culation, it'll actually go
into a transient type --

DR. RANDOM \Where's the break?

MR JONES: This is on the code |ike --

DR. RANDOM  You don't illustrate it, |
guess, huh?

MR. JONES: W could stop at anytinme and
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nove back. So we can nove between this replay node
and the interactive node and run up to the end of the
interactive portion. And then if you hit play again,
it'll ask you if you want to resune the cal cul ati on

And then, again, you're tied directly into the
cal cul ati on.

DR. RANDOM | guess you can automate | i ke
on the valves, click on them flow --

MR. JONES:. Yes, any one of these --

DR. RANDOM  The punps?

MR. JONES: Yes. The options so it'l
send the command to the code. And this is all done
through that core interface that's flow ng between
data and the cal cul ati on server and then down to the
anal ysi s code.

Then resune the cal cul ation.

Okay. So this is just a sinple 2-D
di splay. You can create as many of these as you want.
Here's a 2-D of the vessel.

DR. RANDOM Can you i nport these fromold
MPA decks?

MR JONES: It wouldn't be difficult to
add that capability, but you can't right now. Since
we know -- you know, the data's all there. It's just

a matter of witing a programto do that --
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MR. BANERJEE: Right nowit's all manual ly

done, basically.

MR. JONES: That's right. But it will be
automated from the Model Edi tor soon.

MR. BANERJEE: Right.

MR. JONES: And then the MPA map, it'd be
nice to be able to bring those in, but that's a fair
amount of work to be able to read that data fornmat.

Now, the other thing we can | ook at are
the -- there's 3-D representation of the same data.
It should cone back to this guy first and show where
this data cane from

On these 2-D displays there's a pop-up.
There's view hydro at 3-D. This will go through and
generate a 3-Drepresentation of the vessel or all the
hydro conponents, | should say. And then you can
rotate to see howthey're laid out.

Now, they're all drawn to scale as far as
t he el evati ons go. But since they' re 1-D conponents,
you can see there is these -- you can see these hot
| egs conmi ng out of the vessel. Just go out to the end.
We don't have any way of bringing those back in
automatically.

You can use this tool to rotate the pivot

around the Z axi s at any of these junctions to make it
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a cl eaner display.

DR. RANDOM Well, have you retained all
the -- only RELAP5 used to have the xyz coordi nates
that could be input. Sone of themweren't used, but
mai nly the el evational thing was used. But the other
ones are there if sonmebody wanted to create a rea
representation.

MR. JONES: Well, the other thing we could
do is take the -- is input the facts that don't have
that data in and then use this tool to rotate these
conponents around and then export that xyz data.

DR. RANDOM But the new TRACE code does
have al | the coordi nates of where t hese conponents |ie
in space?

MR. JONES: No. | think we're going to be
in the same kind of position there --

DR. RANDOM Pl ot space, huh?

MR. JONES: Right. Right. Yes. W can do
a lot of the generation, but there's still places
where you have to pivot that data.

So again, this data all gets ani mated.

DR RANDOM Anot her feature that you
could build inthat sort of would be an indication of
errors is at an xyz space you don't close, both

el evation wise as well as azinmuthally and whatnot,
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it's an indication something is not known about the
system

MR JONES: Vll, |1 think the real
advantage i s being able to see in a 3-D space what the
data really | ooks I|ike.

DR. RANDOM  Yes.

MR,  JONES: One of the things you'll
notice is --

DR.  RANDOM In fact, if there was any
intentionto buildthis, and | notice you did say that
the gravity director can be in any direction; and if
that's true, you need tocloseinall the 3-Dspace if
the gravity does not correspond to the vertical
di mensi on, why then you're going to have trouble.

MR JONES: Sure.

DR,  RANDOM You anticipated that?
Because | notice you have made gravity a vari abl e.

DR. MAHAFFY: Gavity is a variable right
now, but it should scale at the face. I1t's an angle
relative to the Z axis.

DR RANDOM Right.

DR. MAHAFFY: \What we have in our data
structure is additional informationto in effect give
you a vector of gravity, but that's not avail abl e by

input. So it just sits there in the data --
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DR. RANDOM You only use the projection

of the gravity vector on the vertical dinension to
gi ve you any type of dyrostatic --

DR. MAHAFFY: W can extend things from
scale to extract the information off the data --

DR. RANDOM | know the Navy at one tine,
| think even in RELAP5, they do have dynam c system- -

DR. MAHAFFY: That's in TRACE

This is John Mahaffy, by the way.

That's in TRACE in the vessel. Your
vessel of gravity can be any t hree di mensi on angl e of f
of your vessel.

DR RANDOM But not in the 1-D?

DR. MAHAFFY: The 1-Dreally is a pointer
view and you get inrelationto the axis. But that's
it.

DR. RANDOM | don't knowif nucl ear wants
to bother with or not.

MR JONES: I'm just letting this
cal cul ati on run out.

Now, as you're connected to this data
source, you can switch into this desi gn node and work
with the live data. So you can create the display and
edit the display while you're connected to the

cal cul ati on.
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Unli ke the MPA where you had a separate
application that was used to create the displays, but
then you had to bring in -- it was |abor intensive
process of trying to map those data channels to the
vi sual el enents. Here it's all done in the one
appl i cati on.

MR. BANERJEE: Can you al so graph t he data

and ook at it?

MR JONES: Yes.

DR. SIEBER. By tine.

MR. BANERJEE: By tine.

DR SI EBER  Yes.

MR. JONES: There's a couple of ways we

can do it. W can use graphs like this, you know, a
strip chart type representation. That can of thing.
And those can be as involved as you want, of course.

DR. SIEBER  You can put nore than one
paranmeter on the chart, right?

MR. JONES: Yes, this one does. You just
switch to design node. And then this guy, it allows
you to set up to six data channels.

MR. BANERJEE: So you deduct the strip
chart.

MR JONES: That's the strip chart.

MR. BANERJEE: But what about can you see
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it, what would the length of one transient to the
poi nt you pause or sonet hi ng?

MR JONES: Like this?

MR. BANERJEE: Yes.

MR. JONES: Yes. Thisis -- we've linked
this application and the job status application so
that it goes out to the cal culation server and grabs
that data and plots it.

Again, it's kind of a-- alittle bit of
a pain to use AcG ace because you'll see this little
x here, you had to be running an x server at the tine.
And, you know, it is it an application that had to be
conmplied on a machi ne where all this other software.
We just conpile on one machi ne and then we can run it
everywhere. It's a lot easier to live wth.

DR.  RANDOM You nentioned having 3-D
plotting capability?

MR. JONES: That's what we'd |i ke to add.

DR. RANDOM  (h.

MR JONES: That's int he wish |ist.

DR. RANDOM | see.

MR. JONES: Andthat's replacingthiswth
a 2-D/3-Dplot application that still has the -- type
capability that XMGR5 and AcG ace had wher e you coul d,

you know, create your equation and anal yze your data
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wthit.

MR. BANERJEE: Are you going to actually
just plug in existing package for that or are you
going to --

MR JONES: We have to assess what's
currently avail abl e out there. You know, really kind
of | ook at what's in the open source donain.

MR. BANERJEE: We'Il allowyou to do that.

MR. JONES: Yes. | think we're going to be
able to get nost of it fromthat. And then we just tie
inour own IOroutines sow're abletoread all these
different data formats.

This is that job status application. And
it's the calculation we just ran. W can al so view
t he output fromhere. But this will give us a view of
all the generated output.

Sonme points of interest here where we can
select like mpgjor edits inthis case. There it goes
t hrough, it parses the whol e deck, finds all the major
edits and then you can just go down through the |i st
here and it'Il take you right to that |ocation in the
file. So we're looking at mgjor edit 200 at this
poi nt .

And you can do the sane thing for warning

nessages. The whole ideais that we're just tryingto

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

271

make a productive environment to perform the
calculations, so to make it easy to edit the
cal cul ations, submt them and then analyze all the
results from --

MR. BANERJEE: If you're sending the
calculations to be done over the internet to a
di fferent conmputer, are you receivingtheresults over
the internet as well or do you --

MR. JONES: Only the portions you | ook at.

MR. BANERJEE: | see.

MR,  JONES: This is a good exanple of
that. This file could be a gigabyte worth of data
sonewhere on the other machi ne. The only portion that
cones intothis viewer is the portion you're actually
| ooking at, with about a 50 |line buffer on each end.
And it caches all the data that's been brought in.

All this parsing is done over on the
cal cul ation server side. So the calcul ation server
goes through and finds all those points of interest.
And then we go through the core interface to | ocate,
you know, to get together that infornation. And then
t hi s out put viewer goes to the cal cul ati on server and
says okay, | want lines 500 to 600, and it just brings
t hose portions in.

MR. BANERJEE: So it brings them in,
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what ever you are view ng?

MR JONES: Exactly.

MR. BANERJEE: It's a very small file or
data streanf

MR. JONES: Yes. Exactly. The ideais we
want to be able torunit. And |I've run this over ny
di al up nodem And | can submt this calcul ati on over
nmy cell phone and bring the data back and anal yze it.

MR. CARUSO Every ni ght between t hese two
bui | di ngs, 1500 conputers that sit all night and don't
do anything. Wth this systemyou coul d have t hemal |
running sensitivity studies all night?

MR. JONES:. Absol utely.

DR. RANDOM They'd have to be witten
fromyour car.

MR.  CARUSCO They're all networked.
They're all networked.

DR. SIEBER. What? All the NRC conputers
her e?

MR. CARUSO Every person in this agency
has one on their desk.

DR SIEBER. Geat. Alot of passwords to
remenber .

MR. BANERJEE: People do this for the SECY

proj ect anyway.
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MR. KELLY: We coul d have son®et hi ng on t he

web t hat everyone can downl oad so they can run in the
backgr ound.

MR. CARUSC They woul dn't even have to
know that it was --

MR. BANERJEE: Free screen saver.

MR CARUSO.  You could do that in this
building right now. You could do that, right?

MR, KELLY: Well, actually, no. Because
it has to have Java 1.4 and that's controlled by, you
know - -

MR CARUSO Sierra --

MR,  KELLY: It has to be a special
request .

DR SIEBER  They only have one |icense.

MR JONES: One of the things we are
| ooking at for the installation is includingthe Java
virtual machinew th the distribution. W' re probably
about six nmonths away fromdoing that. So, the only
catch is it's dependent on which platformyou al ready
have to have. You know, wi ||l have to support -- you
know, |let the package be a VM for each platformyou
want to run on.

That's everything | had to denonstrate.

| s there questions?
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MR. CARUSO Take a break?

MR. STAUDENMEI ER: | guess one thing I'd
like tointerject before this, I nean nostly now SNAP
has been ori ented towards code i nformati on and t hi ngs
that you see through the code ASCI| input deck. But
you' ve seen a sanpl e of these user defined functions
and tenplates for |ike a channel or a pipe. And
eventually we'd like that to be interfaced -- have
these tenplates that cone up and help them nodel
actual nucl ear reactor conponents and we coul d i magi ne
buildinginthings |ike aideal |oss coefficients that
you go | ook up the geonetry and -- a | oss coefficient
for that geonetry. But they help the user al ong and
you can nodeling conplex geonetries with what they
need to know about the hardware and not all the
intricacies of dx's and flow areas and vol unes for
every cell that that can automatically recal cul ate by
just a few sinple inputs that the user defines.

DR. RANDOM What do you do for RELAP5?
You know, it hasit's own -- change, | oss coefficient
cal cul ati ons schene -- but in order to match their
result you would have to have the sane | ost
coefficient, | guess, unl ess sonmehowyou i nported t hat
nodel ?

MR, STAUDENMEI ER: That nodel has not been
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part -- forwarded over, as far as | know. One thing
that is going to be i mported over is a Reynol ds nunber
dependent | oss coefficient. But that's sonething that
could be inported over in the future al so.

TRAC has an abrupt area change nodel t hat
you i npl enment through interface. It's actually aflag
on the faces that you inport.

DR. RANDOM You can calculate a | ost
coefficient.

MR. STAUDENMEIER: It'Il cal cul ate a | ost
coefficient automatically or also what the user --
additional loss coefficient on top of what it
recal cul ates automatically al so.

DR. RANDOM Do you know what that --

DR. MAHAFFY: It's basically a --
contraction. |It's some kind of a --

DR. RANDOM You can a --

DR. MAHAFFY: Yes, but it's probably not
identical to the one in RELAP5. Soneone woul d have to
do a study to see what the true results are.

DR. RANDOM Well, nost of it's textbook
type stuff. Based on the --

DR. MAHAFFY: Yes. That's right. It was
t aken out of textbook. But whether it's the sane

t ext book that RELAP5 used or not, | don't know.
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CHAl RVAN W LLIS: Ckay. W gained sone

time. We're going to take a break. 1 think we shoul d
take it until about 3:20. And then we'll get back to
the programwi th Chris Mrray.

DR. RANDOM  \What tinme?

CHAl RVAN W LLI'S: 3:20. Until 3:20. Break
until 3:20.

(Whereupon, at 3:03 p.m a recess unti
3:23 p.m)

CHAl RVAN WLLI S: Sound effects again.
What was that? Was that the rewinding the tape or
somet hi ng?

MR. BANERIJEE: That's the evacuation

si gnal .

MR, MURRAY: We are ready.

CHAl RMAN W LLIS: GCkay. o ahead.

MR. MJURRAY: My nane is Chris Miurray. For
those of who don't know ne, |'ve been on the

devel opnent team now for about five years, but |'ve
been sort of in the back of the process and nore day-
t o-day operations and not on the phase.

|'m the code caretaker for TRACE I
handl e updates cone to nme, and | handle, you know,
appl yi ng those updates to our official version of the

code. And nmeking sure that they' re properly tested,
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review ng the updates to make sure that they nmeet at
| east sonme mnimum | evel of our code standards and
maki ng sure they |l ook all right.

Today | 'mgoingtotalkalittle bit about
our autonmated testing and assessnent tools that |'ve
devel oped for TRACE. And ny goal is to give you an
overvi ew of the testing process that we foll ow. Sone
of it's been in place for a while, sonme of it we're
phasing to. And I'll also give a wal kt hrough of the
tools that we use to acconplish that testing process
or follow through on that testing process.

| don't want to get into real |low |eve
details. A lot of what's involved in the autonated
testing is making sure the file is in the right
directories and noving files places, and things |ike
that. And | wasn't going to try and get down at that
| evel .

Qur in-house testing process has three
tiers. The first tier |1 call the code-w de
regression/verification testing. The purpose of this
portion of the testing, which is sonething we do on a
day-to-day as updates are applied, is to ensure that
t he exi sting behavior is not broken and al so that new
features are inplenmented correctly.

So what happens i s a devel oper wi || subm t
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an update to nme and they may add a new feature to the
code. I deal ly, they've created sone set of test
probl ens that test that function out to nake sureit's
functioning the way they think it should function

And so |I'mtaking those i nput decks that they supply
me, making sure that there are enough i nput decks and
exercise that feature properly, and fold those into
our test suits and run the entire set ensuring that no
exi sting behavior's been broken in the process.

So a devel oper may only run sone subset of
our test problens. But |I'mmaking sure, hey, across
t he board nothing's -- we haven't regress in any way.

| deally, that would be a l|arge set of
probl ems. You want themshort running that turnaround
time is fairly quick. Less than a day is ideal. W
would run them against each code update. And,
i deal 'y, we woul d run those across nultiple platforns.

Right now |I'm not doing across all
platforms that the code does run on. Mostly it's just
PCs that | run the code on. This is sonething that
need to address, but | need to restructure our build
environnent so that it's all automated. Ri ght now
it's too manual a process to really carry out day-to-
day. But the rest of it mature.

We' ve been doing this now -- well, the
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whol e five years or so. And | took this process over
fromJenni fer Uhl e when she went on. Actually, a few
nont hs before that.

The second |evel of testing that we've
conceived of is what we call robustness testing.
About maybe a year ago or so, we started to notice
when we started get in the assessnent, we started to
noti ce robustness problens. Initially, | think it was
ny concept was these initial set of testing wouldn't--
you were fairly confident that you weren't causi ng new
problems to occur. And | don't think that that was
entirely the case. W found that sonme test problens
that used to performwell or used to run to the end
wer e suddenly dying. So we conceived an i nternedi ate
| evel of testing to address the deficiencies in the
regression test nethodol ogy. But we don't want the
full overhead or the overhead of a full assessnment. A
full assessnent could take nonths, to be kind to the
process.

Qui ckly, anot her goal is to quickly assess
the overall health of the code froma quality results
per specti ve. It is the code predicting results
conmpared to sonme limted set of data as well as it
used to? Is the code tine step being bogged down in

certain places of the code? Things Iike that.
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DR. SIEBER Do you conpare the results

agai nst a standard? And if so, what is the standard?

MR. MJURRAY: Well, the standard woul d be
the data for that problem the experinental data.

DR SIEBER  Yes, but you're |ooking at
results and not the input, right?

MR. MURRAY: That's right. W' re |ooking
at the results.

DR. SIEBER  So you use sone other run
that's sort of prior to the nodification as the
compari son nedi a?

MR. MURRAY: That woul d al so be t he case.
What you'd do is you would ook at the data, the
previous version's calculation and the current
versi on.

DR. SIEBER.  kay.

MR. MURRAY: And so you'd see that you
ei ther inproved things or you nade them worse. And
you could even | ook at the data to see how that got
closer to the data or further away.

DR. FORD: So in that very first bullet,
t he top, you could for the word "behavior," you could
substitute "accuracy" or "agreenent wth data?"

MR. MURRAY: No, no, not really. | nean

what |'m | ooking at this level has -- | don't know.
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Have you upset the tine step backup behavior so nowis
a flag being turned on that shoul dn't have been turned
in? Is the input checking that used to work, not
wor ki ng anynor e?

So you're al so | ooking at features in the
code. | mean, you're also going to see in a lot of
cases i f you' ve nade the results worse. But that's not
really what --

CHAl RMVAN W LLIS: You're not testing the
conparison with data, are you?

MR. MJRRAY: No, not at that |evel.

CHAI RVAN W LLIS: Is it running? Is the
machi ne running as it was supposed to run?

MR, MJRRAY: Yes.

DR SIEBER And it doesn't oscillate or--

MR. MJRRAY: That's right.

DR. SIEBER: And in the order that it's
supposed to do thing?

MR. MJURRAY: | nean, it would if | added
any trip type to the code. |If | give an input deck
that's supposed to cause that trip to turn on at 10
seconds, is it turning on at 10 seconds? Are you
seei ng that behavior that would |l ead to that?

DR SI EBER  Yes.

DR. FORD: So nowhere onthis slideis the
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question of does it predict what is in fact seen?

MR. MURRAY: Yes, not yet. That's the next
slide.

DR FORD: Ckay.

DR. RANDOM Were any of these sinple
sol utions t hat have exact sol uti ons or si npl e probl ens
t hat have exact sol utions?

MR. MJRRAY: Yes. One l'll showlater is,
you know, m noneter and U2 --

DR. RANDOM Well, for those, certainly
you can do an assessment?

MR. MJURRAY: Yes, that's right. That's
right.

MR. STAUDENMEI ER:  The r obust ness testing

is actually | ooking against test data to see if it's
giving the right answer.

DR. FORD: Onh, okay.

MR. STAUDENMEI ER:  Not as detail ed a | ook
as you would give in a full assessnent, but it's a
qui ck | ook and spot check |i ke a canary in a coal m ne
to make sure things haven't diverted --

DR. Sl EBER: On the other hand, ny
understanding was that in robustness space you're

| ooki ng to see that the programactual |y runs w t hout

going on sone wld |oop soneplace as opposed to
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| ooking at an error criteriainthe analytical result.
| s that correct? You get aresult that | ooks |ike the
ot her ones, but the nost inportant feature is to nake
sure that the code runs the way it's supposed to run?

MR. MURRAY: Yes, | think generally it's
t hat you haven't done sonet hing that's sl owed down t he
code greatly, introduced a problemthat, as | say, it
could take --

DR SIEBER O plot it off on --

MR. STAUDENMEI ER: -- ten as many tinme
st eps.

DR. SIEBER. Different work, yes.

MR. STAUDENMEI ER: O that t he accuracy as
conpared to sonme experinental criteria haven't
degraded vastly |i ke you' ve br oken one of the physi cal
nodel s in the code.

DR. SIEBER  kay.

MR. MURRAY: Because this box in here, we
presumably take at | east several days to run through
t hose cases. Because they're designed to be |onger
runni ng cases. W would probably run those I|ess
frequently.

You see, there's sone updates where we
expect or done the sane before you expect updates

aren't going to change results. And for those updates
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you're fairly confident that if you get through this
with no results, that you're not going to see any
changes to the data.

That's not al ways true. When we added new
heat structure, you're changing results on a wde
scale. And across a |arge nunber of test problens.
And what you need, is you need sone |onger running
test problens that are going to catch really places
where you really set the calculation off in different
ways. And those happen at usually nmaj or updates.

DR. SIEBER. Have you made any attenpt to

-- well, 40 years ago we used to flow chart the
codes and then test all the branches to nmake sure that
-- you know, because sonetinmes you run the code and
you don't hit all the branches. You hit the certain
seri es dependi ng on what the problemis.

MR. MURRAY: One of the things that | try
to encourage in the process, and |'m not always
successful largely because the overhead's a little
large, is what we call test coverage profiling.

DR SIEBER. Ckay.

MR. MURRAY: And you aimfor 100 percent
coverage of the code that you've nodified. And so
what you want to do i s when the devel oper devel ops an

updat e, they al so shoul d be devel opi ng test problens
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that show and denobnstrate 100 percent coverage of
every line that they've touched.

DR, SIEBER  kay.

MR,  MJRRAY: And that's happened in a
couple of places. | did it one update that | made to
the control system a few years ago. But the tools
that we do that with aren't very -- they're kind of
cunber sone to use.

And | try to structure things in our
devel opnent process that automate t hi ngs and al | owyou
tolet the conputer do the things the computer i s good
at and |l et the devel oper worry about, you know, doing
the stuff that they' re good at.

And so getting people to really junp on
t hat bandwagon has been tough, because it is tine
consum ng to run through that process.

DR SIEBER Tedious. It's tedious?

MR, MJURRAY: Yes.

DR. SIEBER. kay. Thank you.

MR, MJRRAY: Yes.

Next slide. And the third Ilevel of
testing that we conceive of here is devel opnental
assessment. Not hing new there. That's conprehensive
assessnent of code accuracy and the ability to predict

t he rel evant phenonena.
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| really want to phase this sort of
testing in nore frequently. And to do that, you
really need to automate the process, which neans
generating the figures automatically and havi ng sone
way of really visualizing all that output and being
abl e to parse that and focus t he devel oper's attention
really where there attention needs to be.

Eventual | y, and we're not using these now
on any regul ar basis or even this whol e process isn't
really in place, but eventually use goodness-of-fit
strategies to focus the devel oper's attention on the
trouble spots. Now, goodness-of-fit would be
quantitative figures of nmerit that, you know,
denonstrate i s the nodi fi ed version of the code cl oser
or worse as conpared to the data that it was before.

And these are not silver bullet type
processes or solutions. They way you generate these
figures of nerit really can lead to fal se/positives,
but as a neans of focusing a devel oper's attention, |
t hi nk you can gai n sonething there.

There are tools that exist. 1'mgoingto
show sonme of those later, that allow us to generate
t hese goodness-to-fit that these figures of merit are.

We need t o gai n experi ence usi ng them W

have none at this point.
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DR. FORD: Are there acceptance criteria,
preset acception criteria? For instance, prediction
is within plus or minus ten percent or whatever it
m ght be of the data?

MR. STAUDENVEI ER: This is Joe
St audennei er.

We haven't defined acceptance criteria
yet, but we'll have to go through on a case-by-case
basis and define quantitative assessnent criteria.
That's what we want to nove towards anyway. In the
past, acceptance criteria have been nore qualitative,
i ke you | ook at all those major trends and as cl ose
to the data. But we do want to nobve into nore
gquantitative node testing with sonme of these aut onat ed
testing tools. So we're not there yet, but we're
nmoving in that direction.

DR. SI EBER: Wen you test the accuracy of
a code, you'retestingit against data that comes from
testing facilities, nost of which is scal ed because
the facilities are not the same size as the actual
probl em that you're running. How do you tell the
di fference between cal cul ational error and scaling
error, or can you or do you even try?

MR. MURRAY: | knowwe're not trying. I'm

not even sure how we'd go about that. Joe may know.
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MR. BAJOREK: This is Steve Bajorek.

That really woul dn't be an i ssue with the
stuff that Chris is trying to do here. This is
checking in the updates and nmaki ng sure the hundreds
or thousands of decks that you have now run and
execut e.

When it goes back to conparisons to data,
that's the -- | think you' re going to start talking
about pd script later oninyour presentation, thisis
one of the automation tools that we'll have for taking
code results, conparing themto experinental data.

DR. SIEBER Right.

MR. BAJOREK: And out of that conparison
getting a comparison that we can quantify.

DR. SIEBER Right.

MR. BAJOREK: Whether it's a quench tine.
| mean, you don't like us to hang on PCTs.

DR. SIEBER Right.

MR. BAJOREK: But parts of that transient
by which you can pick out of the transient -- the
sinmul ation and the data itself.

DR. SIEBER Right.

MR. BAJOREK: And we'll nove to sone
quantifiable netrics there. 1'll talk a little bit

about that tonorrow.
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| think what Chris is getting at now are
what are the tools that are going to nake us autonate
t he process so that when we make a code change or cone
up with a new revision to the code, we can do that
qui ckly wi t hout having to repeat nont hs and nont hs and
years of assessnent.

DR SIEBER Right. Okay. |'ll mark that
down for tonorrow afternoon.

MR. BAJOREK: Okay. But with regards to
the integral tests and the scalability, one way that
that's been approached in the past is to take a | ook
at several integral facilities that have the sane
processes going on in themand then show ng that you
don't have a scaling bias with the results.

DR S| EBER: And that's to |ook at
differing facilities that require different scaling?

MR. BAJOREK: That's right. For exanple,

DR SIEBER So they don't drop out?

MR. BAJOREK: -- ECCS bypass, you may want
to look at 1/15th and 1/5th scale tests from Creari
and the full scale UPTF tests. And hopefully if you
are under predicting a certain process in one, you're
doing it in all. It's not -- there's not a

di scernable trend in that as you go to full scal e your
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results at the lower -- the smaller scaled facilities
aren't valid anynore.

DR, SIEBER  kay.

CHAl RVAN W LLIS: Well, it's the question
we' ve had before of noding. Do you node a pipe that's
2 feet highwth 10 nodes and you put i n phenonena and
all that? You got a pipe that's 100 feet high with 10
nodes. The nodes are now ten feet long and their
description of the phenonenain there may not be as --
be quite different from what it was for the nuch
shorter nodes. Because the transient time for a
bubble -- something is different, you know. The
noding relative to the phenonena has now changed.

MR. BAJOREK: Yes. And as we are noving
ahead in our assessnent, what we are doing is rather
than trying to just preserve the nodalization that
peopl e have used i n the past, we're nowtrying to make
t hose, you know, gravitate towards somet hing that we
want to stay with for the full scal e PWNRs and BWRs and
eventual ly the other types of reactors, preserving
that same type of nodaliztion techniques and the
integral and the separate effects facilities so we
don't induce --

CHAl RMVAN W LLIS: You're going to do ten

nodes for a pipe even though the scal e has changed?
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Because, you know, you really ought to have a code
whi ch i s robust agai nst changes i n noding. That's the
real test | think you should have.

MR. STAUDENMEI ER:  Yes. | think that is
what we need to do.

Another thinginrelatingscalingis where
there's distortions in phenomena between the test
facility, the scaletest facility and the plant. Just
because of the reduced size, you won't have that flow
reginme that allowed in the test facility that may be
allowed in the plant, or a gross distortion in the
phenonena based on the correlations, have a
correlations scale fromsmall scale things to |arge
scal e things. The phenonena change and cause a
distortion in the response, and that's a difficult
t hi ng.

CHAI RVAN W LLI' S: But that's not what he's
tal ki ng about here, is it? That's sonething el se?

MR. STAUDENMEI ER:  That's not what Chris
is talking about at all. That's a |l ot nore invol ved
process relating top down scaling, button up scaling
with test facilities to plant analysis, and that's a
very long involved process to do that.

MR. BANERJEE: You know, robustness with

regard to noding is desirable, but hard to get.
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There's a paper by Jeff Hewitt and Jayanthi in the
General O Fluid Mechanics in the |ast years where
they took this nodel for a pipeline and they showed
t hat you had to really node down very, very finely to
get a mathematically converted answer. |In fact, it
converged. They got very good answers. And it agreed
wi th everyt hing.

So there was this sort of -- it wasn't
even uniform ngly converting it. It did something
like that to this.

So this suggests that mathenatical
conversions woul d be difficult to obtain, evenin the
strai ght pipes where you mght get it. | think it
woul d be al nost i npossible to obtaininthese peculiar

conponents where you're sort of fudging 3-D effects

into 1-D effects. | think everything you change the
nodi ng, you've changed the answer, like the plenuns.
CHAl RMAN W LLI S: That's not very

reassuring, though, is it.

MR. BANERJEE: Well, | think you're taking
a 3-D situation and making it 1-D

MR. BAJOREK: \What code were they using?
What code were they using in that study?

CHAIRVANW LLIS: It's safe with 13 nodes-
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MR. BANERJEE: They w ote a code base, but

it looks Iike TRAC. | nean, the pipeline code that
peopl e use now call ed PLACis one of them and was a

variation of TRAC with the hydrodynam c head terns

added to it. So it actually -- everything is well
posed, everything works well. There's nothing w ong
with it.

MR. BAJOREK: One way of getting around
the scaling issue is to make sure in your assessment
you are choosing either tests which are well scal ed;
| mean things |ike APEX and t hi ngs where you' ve real ly
done a good scal i ng anal ysi s, good scal i ng eval uati on,
or tostay with test facilities which are essentially
full scale.

UPTF when it cones to ECCS bypass. Even
sone of, like test 8 for looking at flow patterns in
the hot leg. Most of the reflood tests that we'll be
si mul ati ng, full scale, full hei ght  bundl es,
relatively large scale in ternms of the nunber of rods.
So that you should not have a whole |lot of
atypicalities due to the size of the bundle itself.

MR. BANERIJEE: Full scale is good, but
when you do sort of the APEX type scaling, it's very
scary because | can tell you, this is a true story.

In chemical reactors they were doing reduced hei ght
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scaling for energency rel ease. They were taking that
to full scale reactors and the full scale reactors
wer e bl owi ng up during the emergency rel ease. And t he
reason was that |evel height, |evel swell does not
scale with height. You have to have the right filling
to start with.

So, there's no substitute for full height
t here.

MR. BAJOREK: I was using APEX as an
exanpl e as opposed to, let's say LOFT where we know
there's serious distortions. At |least |I'mnot aware
of going through a detail ed scaling evaluationtotry
to quantify what those distortions are.

MR. BANERJEE: Yes. LOFT i s anot her story,
yes.

MR, BAJOREK: Yes.

MR. BANERJEE: But | don't know what you
do. There's sort of an unfortunate situation because
full height scalingis okay. But there could be other
effects to the diameters. So just to depend on that
and not to seek nathematical convergence with -- |
nmean that would be really reassuring. | don't think
you can obtain that. So you really have to have sone
m shmash

of these things which, hopefully, will nake a good
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story.

MR, BAJOREK: | think we've tal ked for
AP1000, we | ook at the APEX tests as bei ng good and
wel | scal ed when it conmes to | ooking at fl ows i nto and
out of the system The ADS performance, the | RAST and
the CMI. \Wen it comes to level swell in the core,
it's no good. You' ve got to go back to the tests
i ke--

MR. BANERJEE: Full scale.

MR. BAJOREK: Yes. Full scale THETIS and
Gl and & in order to really evaluate your codes.

DR. RANDOM It depends on the phase of
t he accident you're looking at. Like in PUMA, it's
like from 125 PSI on, you know. And at that point
it's primarily single phase liquids draining into
m nor two phase m xtures. And those scale quite well.

MR. BANERJEE: As long as there is no
| evel swell.

DR. RANDOM Not a significant anount.

MR. BANERJEE: Right. Is it single phase?

DR. RANDOM Well, you know, it's boiling
in the heated section of the core but with a large
vapor region above it, in effect. You knowthese are
rather tall vessels with quite an upper plenum in

effect. And for those kind of situations | thinkit's
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qui te reasonabl e.

Now ot hers may not, you know. |t depends
on the reason your reactor is blow ng up, | guess.

MR. BANERJEE: What if you're bl owi ng up
due to | evel stress, which was what was happeni ng.

DR. RANDOM | n other words, it plugged up
t he outl oader or the relief valve?

MR. BANERJEE: The relief valve.

DR. RANDOM  Yes.

CHAI RVANW LLIS: We're getting abit off.

DR SIEBER  Yes, we are.

CHAI RMAN W LLI S: I think when your
screensaver comes up, it'stime to reassert yourself.

MR. KELLY: 1'Il set mne for 30 seconds
t onmor r ow.

CHAl RVAN W LLIS: Yes.

MR, MJRRAY: |"m just going to inpress
that really what 1'mtrying to showare the tool s that
|"m either devel oping or have developed or in the
process that | want to use to keep the code from
regressing in performance. And al so, the way that |'m
trying to not |ose the investnment in assessnents that
we do and the devel opnent work that goes on, it's
inportant that we don't recreating the wheel every

time we create a new code or sonething.
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Devel opnent al assessnent and aut omati ng
that process, the frequency of execution of an
aut omat ed assessnent really depends, | think, on the
state of the devel opnent program Certainly you'd run
it every time you're ready to release a code. And
maybe a nonth or two beforehand so you have tinme to
respond to issues that you mght find. Al though I
woul d al so say, or | would probably al so think that
you'd run this even when you're trying to make maj or
nodel i ng changes.

You may have two or three people making
some fundanent al changes to the constituent
rel ati onshi ps, or sonething like that. And t hey ought
to be either running that thensel ves to nake sure t hat
t hey' re not changi ng behavi or i n ways that they didn't
really want to --

DR. RANDOM Who i s the configuration guru
t hat determ nes when control updates going into the
code?

MURRAY: That's ne.

RANDOM You?

2 3 3

MURRAY: That's ne.
DR. RANDOM  Uh-huh. So people have to
have done their work before they can actually have the

update incorporated into the code?
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MR. MURRAY: Yes. Basically what happens,

what a devel oper does is they do their work on some
version that was the latest at the tine they started
t he worKk. And they go through the process of
devel oping the code, and they develop their test
problenms and run them And they show that their
updat es are working correctly.

And then wusually what they'll do is
they' Il grab ny regression set and they' |l run that as
well. Now they know that their update isn't going to
change everyt hi ng.

At that point |I've got scripts that build
these HTML webpages for them that summarize the
updat e. And they type in the sunmary of what the
update does, who did it, who reviewed it. There's
usual Iy an internal devel oper within our devel opnent
group that reviews their update. Every subroutine
t hat changed, howthey changed it or the intent of the
change. They will state whether the manual s need
updating or have been undat ed.

And then they'll say, okay, here's the
test problens | had. And if they ran the whol e test
suite, they' Il say they ran the whol e test suite. And
then they'll say what were the results. And t hey

either go no results or they'Il tell me which test
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probl ems changed.

And in a |l ot of cases, you know, I'll see
updat es wher e sonebody wi I | say, okay, | changed -- or
| ran these three test suites and this problem and
this problem changed. That's all they'll tell ne.
And 1'1l say well wait a second, you didn't tell nme
that that update, that the changes you made caused
t hat tenperature change in this problem If you can
justify to ne that you understand that difference that
you caused in the code, then I'll let the update go
t hr ough.

ldeally, | ought to even be | ooking at
lines of code that they change. And to see degree,
|"mable to do that. For very large updates, it's a
very tedious process. And if |I've got ten updates
sitting in our holding bin waiting to go in, | don't
al ways | ook at every single Iine of code.

DR. RANDOM | know Dr. Mhaffy was
nmenti oni ng t hat, you know, soneti nes peopl e woul d meke
changes that would destroy the synchronization
basically of parts. And it would seemlike sonebody
i ke hinmsel f, al nbst, nmust have to at | east examine it
and approve.

MR,  MURRAY: Yes. What was happeni ng

before, and that was true, it was because a regressi on
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set, having incorporated parallel testing, that's one
i ssue. Because parallel testingisalittle bit nore
conplicated than just running a sinple input deck.
You' ve got to make sure the -- are in place that are
al l owi ng the conmuni cation to happen.

Al'l my testingis doneinafour processor
Dell with some PentiumlIll chips on it.

And the scripts that | had weren't ableto
really run some code in parallel. That's since
changed. Now I will know if sonebody's inpacted the
parallel, you know, |I'mgoing to know about it right
away.

Now i f you actually | ook at the parall el
test suite, it's fairly sinplistic. | f sonmebody
upsets the ability for a heat structure to comruni cate
across processes, right now I'Il tell you nmy test
suite's not going to catch that. The test suite's
only as good as the test problens you have in there.
But we take the viewof let's get it in there. And as
| ong as you consi stently add t hose t est probl ens here,
you're never going to regress. You can only get
better as time goes on. So there are known gaps, but
you do the best that you can with what you have and
nove forward. And as you find bugs, the next tinme

sonebody does find a bug in the parallel that's not
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addressed in the test suite, that test problemcones
in. And you guarantee you're not going to have that
probl em agai n, or that same probl em again.

And that was sort of the process. |
haven't really tal ked too nuch detail about the tools
we use.

These are sort of the requirenents that
you have for creating a set of automated tools.

Nurmber one woul d be scal ability. As | was
j ust saying, you need sone way of easily addi ng those
test problens that devel opers are submtting or that
peopl e who are doing assessnents are creating input
decks and creating figures and things |like that. You
need sone way of putting all that information in. |
don't want to spend all ny time manually recreating
t hei r worKk.

Preserve the historical integrity. This
is inmportant. | want to be able to revert an entire
system back to sone previous state of the code. As

you i ncrease the code, sonetinmes you nmight find bugs

that are really bugs in the i nput deck, and we'll go
inand we'll fix the input decks.

Well if | don't have some way of going
back. Let's say two years | want to run an old
version of the code, I"'mgoing to run that. But now
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' mgoing to have a whol e string of input decks that
are dyi ng because the i nput deck changed, not the code
necessarily. And then |'mgoing to spend a | ot of ny
time just trying to figure out why is this input deck
dyi ng because of sonet hing we changed four years ago.
So you have to preserve that historically integrity
and tie a snapshot of your systemto every version of
t he code as you march forward.

CHAl RMVAN  WLLI S: This would be
automati ze, though. You wouldn't havetorecreate the
past two decks because they go back to the past --

MR. MURRAY: That's right. That's exactly
right.

El i m nate mai ntenance points. | sort of
went over three levels of testing, and as nuch as
possi bl e woul d I'i ke to share, just have one i nput deck
t hat exists. | don't want that same input deck
existing in multiple directories and nmultiple places
because if | find a flaw that requires |I nodify an
i nput deck or I just want to change the i nput deck so
it runs out further in time, or | renove a nanel ess
option that input deck, I want to change it one pl ace.
| don't want to go and try and figure out every
| ocation on ny file systeml| need to change that input

deck. So | want one copy.
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Flexibility in operation. | want it to be
an easy to run one test problem -- you know, one
particul ar test problemin that 1000 -- actually 1200
test suiteas it istorunall the test problens. And
| may run nmy entire suite of tests and | may identify
three that have changed. And just as a quick check,
| m ght say okay, let nme nodify the code. Let ne just
see if | fix those three test problens. | don't want
to have to rerun all 1000 at that particul ar nonent.
| will eventually before | check the code in. But as
|"mjust trying to fix a bug or sonething, I want to
be able to run just the test problens that | want to
run.

It's got to be automatize, that's what
we' re tal king about here.

The ability to sumari ze vast anounts of
information in a way that focuses the devel oper's
attention on the hotspots. Wth a 1000 plus test
problens, it's very easy to just get lots in a |ong
list of directories and files and trying to shift
t hrough nunbers. And there ought to be a nice easy
way to summarize that, capture that and say here's
where's a problem here's where's a probl