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P-ROCEEDI-NGS
8:31 a.m

CHAI RVAN RANSOM  The neeting will now
come to order. This is the neeting of the Advisory
Commttee on Reactor Safeguards Subcomittee on
Ther mal - Hydraul i cs Phenonenon. | am Victor Ransom
Vice Chairman of the Subcomm ttee. Thank you.
Subcommi ttee Menbers in attendance are Tom Kress,
G aham Wallis, Jack Sieber and Peter Ford. The
purpose of this nmeeting is to review the continuing
devel opnment of the TRACE Thermal - Hydraul i ¢ Conput er
Code.

The Subcommittee will hear presentations
by and hol d di scussions with representatives and the
NRC St af f and our contractors regardi ng these matters.
The Subcommittee will gather information, analyze
rel evant issues and facts and fornulate proposed
positions and actions as appropriate for deliberation
by the full Committee. Ralph Carusso is the
designated federal official for this nmeeting.

The rules for participation in today's
neeti ng have been announced as part of the notice of
this nmeeting previously published in the Federal
Regi ster on January 31, 2005. A transcript of the

neeting is being kept and will be made avail abl e as
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stated in the Federal Reqgister Notice.

It is requested that speakers first
identify themsel ves and speak with sufficient clarity
and volune so that they can be readily heard. | have
not received any requests from nenbers of the public
to nmake oral statenents or witten coments. W
appreciate the cooperation of NRC research in
vol unteering today's agenda and sharing with us the
status and sone of the details of the TRACE Code
Devel opnent Proj ect.

The ACRS has supported the objectives of
this project fromits initiation and we feel that it
is very inportant to the mission of the NRC. That
said, we are concerned about the length of tinme it is
taking for this project to nmke a significant
contribution to safety and |icensing issues. During
the past three years, we have encountered severa
i nstances i n which application of verified and unified
NRC Thermal - Hydraul i ¢ Anal ysis capability could have
resulted in a nore straightforward resolution of
safety issues.

In particular, we are interested in
heari ng about what technical challenges are being
encountered and the prospects for a tinmely resol ution

of these. Plans or prospects were overcon ng sone of
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the traditional problens of two phase codes |ike, for
exanple, stability, diffusion, nunerical anonalies,
etcetera. The third plan is for incorporating
uncertainty information associated wth basic
formul ati ons and constituent of nodels. And finally,
devel opnent of techni ques for perform ng probabilistic
calculations for nmaking risk infornmed |icensing and
saf ety deci si ons.

W realize that not all of these subjects
will be covered today and we will look forward to
future interaction to learn nore about the ultimate
potential of this project. W wll now proceed with
the neeting, and I call on M. Staudennei er of the NRC
Staff to begin.

MR. STAUDENMEIER: | just want to turn it
over for a minute or so to my section chief, Butch
Burton. He is new to our organi zation and has took
over as section chief back in August.

MR. BURTON: Thanks, Joe. Good norning,
as Joe nentioned, ny name is Butch Burton and |
currently serve as the Chief of the Code Devel opnent
Section in the Ofice of Research. M branch chief,
Pat Baranowsky, as well as ny division director,
Farouk Eltawila, could not attend today and they do

send their regrets. | do want to thank you for giving

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

7

us the opportunity to share with you the work that we
have been doing with regard to the TRACE Thernal -
Hydraul i ¢ Code.

M. Chairman, you already identified both
t he purpose and the objective of the neeting. | just
wanted to give alittle bit of history, which |I'msure
you're already famliar with, as we begin. As you
know, historically, the Agency had four primary
Ther mal - Hydraul ic Codes, including RELAP, TRAC- P
TRAC-B and RAMONA, which provided anal yses of both
smal |l and | arge break LOCAs for BWRs and PWRs.

Mai nt ai ni ng t hese codes required separate
software and multiple knowl edge bases. 1In addition,
these older codes did not take advantage of the
consi der abl e advances i n conputer technol ogy, because
mai nt ai ni ng separate codes was neither efficient nor
effective, the Agency decided in the md '"90s to
consolidate the capabilities of these codes into one
code called the TRAC RELAP Advanced Conputationa
Engi ne or TRACE.

By consol idating t hese codes and
devel oping a comon graphi cal user interface,
considerable efficiencies could be attained. The
staff believes that by consolidating the four codes

into one all purpose code and incorporating into the
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consol i dated code advanced nunerics, neutronics and
thermal -hydraulic nodels as well as inproved user
i nterfaces, the TRACE Code coul d serve as the primary
Ther mal - Hydraul i ¢ Code t hat t he Agency can use to nore
effectively and efficiently audit vendor and |icensee
anal yses of new and exi sting designs, establish and
revi se regul atory requi rements, study operating events
and ot herw se devel op and support technically sound
saf ety deci sions.

Today you wll have the opportunity to
hear from the Agency staff and contractors who have
the lead roles in devel oping TRACE. You wi Il hear
about the latest work being done in the areas of
advanced nuneri cal met hods, neutronics, graphical user

interfaces, code verification and quality assurance

and nodel devel opnent. | hope you will find the
presentations informative and nowl'Il turnit over to
Joe.

VICE CHAIR WALLIS: Wll, we're going to
hear about the | atest work being done. W're going to
hear about use of the code for practical purposes.

MR. BURTON. Absolutely. One of the
things that we will talk about is how we have been
using the code in the current applications.

VICE CHAIR WALLIS: They are supposed to
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make the Agency nore effective and efficient. Is it
doi ng that?
MR. BURTON: Well, as you'll see fromthe

presentations, sonme of the applications of the code,

you'll see that we are trying to use the code to nake
safety decisions on a real tine basis. You will see
t hat .

VICE CHAIR WALLIS: kay. Good. Thank
you.

MR, BURTON:  Yes.

MR. STAUDENMEI ER Okay. | just want to
give a quick few m nute overview of what is com ng up
for the day. For neeting objectives, we wanted to
provi de an overview and current status of our code
devel opnent effort. Another big thing we want to do
today i s address i ssues rai sed in the anonynous | etter
t hat was sent to the ACRS and forwarded to us, so this
is our public response to the anonynous | etter, since
our witten response was kept as sensitive Agency
mat eri al apparently or wasn't allowed to be rel eased
to the public, and provide information on new and
future physi cal nodel and numeri cal net hods
devel opnent in TRACE

W have new managenent organi zationin the

part of research where we work. Farouk Eltawila is
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still our division director. As Butch said, Pat

Bar anowsky i s our new branch chief. He took over from
Jack Rosenthal back in Novenber and Butch Burton is
now our new section chief for the Code Devel opnent
Secti on.

VICE CHAIR WALLIS: So what's nore
inmportant is who is doing the work? | mean, who is
under neat h t hese peopl e?

MR. STAUDENMEI ER. That's true, | guess.

VI CE CHAI R WALLI S: How many peopl e do you
have?

MR. STAUDENMEIER: It's shaped like a
pyram d, you know, the big support base at the bottom
of this diagramgives --

VICE CHAIR WALLIS: So there are people
actually below this | evel here?

MR, STAUDENMEI ER:  Yes.

VICE CHAIR WALLIS: How many are there?
How nany are there down there?

MR STAUDENMEI ER: Well, let's see, we
have five people in the section that spend at |east
part of their tinme on TRACE and SNAP, and at |SL we
have a contractor who works nost of the tinme on TRACE
internms of co-ed support, so we have one essentially

full time body at ISL. Qut at Purdue we have our
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PARCS Devel opnent Effort going on at Purdue, that
level is, in terns of dollars, less than an FTE at a
contractor.

VICE CHAIR WALLIS: One graduate student
or sonething like that?

MR. STAUDENMEI ER: Yes, graduate students
under Professor Tom Downar. At Penn State we have
John Mahaffy doi ng base nunerical devel opnent. Al so
at 1SL, we have sonme assessnent going on. W have
code assessment going on and al so sone ACR-700
speci fic devel opnent at |ISL, which if ACR 700, if we
continue on over a year, we wll have spent about
three FTES on --

VICE CHAIR WALLIS: So the only full-tine
person is the |ISL person? The other people are al
part-tinme and get diverted onto other things?

MR. STAUDENMEI ER:  Yes, essentially. |
nmean, we essentially have one base | evel person at | SL
and the rest are added on for specific projects.

CHAI RVAN RANSOM  Are there any ot her
personnel at Penn State hel pi ng John?

MR STAUDENMEI ER°  He has students
occasionally that work with him At one tine we had
anot her staff nenber at ARL at Penn State working

part-tinme on a project, but in ternms of professional
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staff, actually, we added anot her professional staff
person at ARL recently that is going to start doing
some work, at |east part-tine.

MR. FORD: Just to follow on, you said
essentially there are three full-time enployees
overall working on this contract and in-house. Does
that signal a fact that you are pretty well close to

conpl eti on?

MR. STAUDENMEI ER:  Well, it depends on
what you nean by conpletion. | nmean, we can use the
code for some things now. | mean, there is like

things |ike ACR-700, if you want to use it for ACR-
700, there is quite alot a bit of work to do to the
code to use it for ACR-700. ESBWR we're wrapping up
sonme devel opnent for ESBWR W need to do sone
assessnent on that. There is nore than three. |
would say if you count full-time equivalence, it's
maybe on the order of five if you add up all the part-
tinmes.

MR FORD: But of those five full-tine
enpl oyees, how many are actually doi ng, other than
managerial sort of contract oversight type of
activities?

MR. STAUDENMEI ER |1'm tal ki ng about real

code devel opnent .
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MR. FORD: Ch, okay.

MR. STAUDENMEI ER:  Not the -- |ike nyself,
| "' mnom nal |y doi ng code devel opnent. M job is to do
code devel opnent, but over the past vyear, it has
probably been a third of nmy tinme doing code
devel opnent .

MR. FORD: Ckay.

MR. STAUDENVMVEI ER. Probably and the ot her
two-thirds doing m scell aneous things. Soneone |ike
Joe Kelly has spent nobst of his time doing code
devel opnent over the past year.

MR. FORD: Ckay.

MR. STAUDENMEI ER° And it depends on the
person you are talking to and what year it is on how
much of their time has been spent on code devel opnent.

CHAI RVAN RANSOM  Coul d you coment on the
effectiveness of this sort of splintered operation
where you' ve got several organizations involved? And
| know personally frommny past experience that it was
a |lot easier when you had a cohesive group that was
wor ki ng on sonet hing, and so |' mwondering how
effective is this?

MR STAUDENMEI ER: | don't think we have
problenms with different organizations working on it.

What runs into problens is when we have |i ke over the
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past year we have had a |lot of different devel oping
going on for different projects and soneti mes you hit
a choke point and if a lot of people want to get
updates into the code at the same tine just because
we' ve becone limted by Chris Murray's time, who isn't
al ways spent full-time on code devel opnent, you know,
this past year we have had to spend a lot of -- he
spent a lot of time on conputer security.

They took our Linux cluster off the main
network because of security reasons and we had to
devel op a security plan to get it back on and a | ot of
his time was taking up during that.

VICE CHAIR WALLIS: You mean TRACE is
sonmet hing that m ght be used for evil purposes?

MR STAUDENMEI ER: Well, | think it's nore
or less us corrupting their network, | think. So with
TRACE being a virus that will spread out and take over
the rest of the NRC network.

CHAI RVAN RANSOM Wl |, is NRC the code
architect? The one who keeps the code?

MR STAUDENMEI ER: NRC nmi ntai ns the code.
Chris Murray, who will speak later, is in charge of
code configuration control. He is in charge of
putting all the updates in the code and running

through the testing and putting out a code version.
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Like if you were to |look now at our holding bin of
things waiting to go in the code, there is probably
about 10 to 15 itens. And it always sits there at
about that 10 to 15 itens level and we prioritize as
to what is holding up code devel oprment the nost or
holding up a release that we're planning on getting
out on his priority in getting in different options.

VICE CHAIR WALLIS: Do you keep track of
t he nunber of hours that TRACE is actually used for
regul atory purposes?

MR. STAUDENMEI ER.  Keep track? | don't
know i f anybody really keeps track of how nuch it is
used for regulatory purposes. | nean, NRR
essentially, has used it for ESBWR. | don't know what
el se they have used it for, what applications they
have used it for other than that. In-house, we have
used it for steam generator blowdown |oads. W're
going to be using it for 50.46 brake size
redefinition. W're using it in terns of ACR 700, it
hasn't been used for any licensing cal cul ati ons yet,
but cal culations perforned with it have supported the
ACR-700 review to date as to helping people ask
guestions and things |ike that.

Actually, maybe it mght be better to

postpone sonme of these questions to ny later
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presentation, the overview of NRC code devel opnent.
| just neant this is a short introduction right now
and to go over what is going to follow for the rest of
the day. Joe Kelly is going to be up next talKking
about the new TRACE Condensati on Mddel s that he
devel oped for ESBWR analysis. He will give an
overvi ew of the overall TRACE Code Devel opnent effort.

Prof essor Tom Downar is going to talk
about PARCS status and devel opnment. Professor John
Mahaffy will talk about issues related to the
anonynous |etter and other numeric issues associ ated
wi t h TRACE, nunerics devel opnent i ssues. Chris Mirray
will tal k about the TRACE QA and configurati on control
and issues related in that related to the anonynous
letter. And to end the day, Chester G ngrich wll
tal k about the status of SNAP.

VICE CHAIR WALLIS: Wwell, is TRACE
avai l able to the public?

MR. STAUDENMEI ER:  Yes, TRACE i s.

VICE CHAIRWALLIS: A university could get
it and use it if it wanted to?

MR. STAUDENMEI ER:  Yes, a university can
get it and use it. Actually, John Mahaffy uses it to
teach an analysis, systens analysis class at Penn

St at e.
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VI CE CHAI R WALLI S: How much of success

m ght be that you had a 100 clients out there actually
using this?

MR STAUDENMEI ER: Yes, we do have sone
people. There are sonme canp nenbers who have started
using TRACE, so it's starting to get adopted. One
barrier to adoptionis training. W haven't had TRACE
training yet, but we are having that in March. So
that will help bring nore people in to using TRACE

VICE CHAIR WALLIS: A good code doesn't
need too nuch training.

MR. STAUDENMEI ER Well, a lot of people
have asked for it. GCkay.

CHAI RVAN RANSOM  One question | woul d
like to raise. You know, you nentioned you are goi ng
to address these anonynous letters, which is fine.
But |I'm wondering wouldn't it be better if you
actually went out and got some peer review yourself,
you know, sone experts in the field who would do a
nore detailed review and then give feedback? You
know, the anonynous things have the problemthat
generally the details are not dug into. Maybe we will
hear a little nore today about what you nake of that.
But | personally feel that if you subjected the code

to peer review by sonme experts who spend enough tine
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on it, you know, that they could give an inforned
j udgnment about the nethods that are being used. That
woul d provide you with a |l ot nore amrunition, | think,
that you're on the right track so to speak.

MR. STAUDENMEI ER. Yes, actually, we would

i ke to have peer reviewfor the code, |I think, before
we put it out for, | guess, what you would call the
official public release, which we think will take

pl ace i n about two years fromnow, with assessnment and
conpl ete docunentation. | think that once we settle
on all the features that are going in there and get a
set of base docunentation, | think that's the tine to
get peer reviewto go along with the rel ease.

Right now, | think things are still in
devel opnent and noving to really have peer review
because we don't have finalized docunentation yet and
we need good final docunentation, | think, to get good
peer review.

CHAI RVAN RANSOM  One of the problens with
waiting until you're -- that late is if they do cone
up with sonmething that would be helpful, then it
becomes rmuch nore difficult to incorporate that into
your devel opnent.

MR. STAUDENMEI ER:  Yes, | guess, that's

one way to look at it. | don't think that there would
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be any serious things that would be found in a peer
review. | think the weakest thing now is our nodels
and correlations have changed quite a bit or are
changi ng and haven't undergone assessnent and shaki ng
out of errors yet. So that's probably the weakest
poi nt of the code right now, | think.

Interns of nunerics, if we're gettingthe
wrong answers, then every other code out there is
getting the wong answers, because we all get sinlar
answers on simlar problens. So I'mnot real worried
about some big hidden trap in our nunerical nethods
that we're for some reason getting answers that are
totally out of whack and m spredicting reactor safety.
But peer review is sonmething that we want.

Right now, we really are a resource
limted devel opnment effort and that's sonething that
wi |l have to be budgeted for for research. Everybody

i kes peer review. Nobody |likes to budget for peer

review, but that's sonething that we wll have to
budget for in the future and get it in. | wll
propose it and we'll see what happens when nanagenent

revi ews the budget before it goes out and sees if they
wi || budget for peer review
VICE CHAIR WALLIS: If you | ook at

commercial codes in say CFD, they were all very
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simlar, all very simlar in purpose and origin. But
the ones that are successful are the ones that offer

a lot of custonmer support. They listen to their
clients. They have good user manuals. They have good
training. And the code is then easy to use. And it
seens to ne you guys are devel oping sonmething you
like, you may be mssing, so the key to success of
this whole thing, which is to produce sonething that
users are going to like.

MR. BURTON: Can | speak to that?

VICE CHAIR WALLIS:  Yes.

MR. BURTON: As nentioned, | just joined
t he devel opnent teamrelatively recently. And | think
one of the benefits of that is to be able to | ook at
t he whol e process sort of with fresh eyes. One of the
things that | have noted is that there is a certain
lack for resource limting reasons as well as sone
others, that there is a lot of roomto inprove in the
devel opnent process.

Chris is going to tal k when he cones up to
tal k about the devel opnent |ifecycle for the code and
| will tell you that there are challenges in terns of
being sensitive to the end user of the product. So
what | hope to do over the next few nonths is to

devel op a transparent process and procedure to start
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wi th doing accurate needs assessnent with regard to
t he end users of the product, what needs to be done in
termse of assessing whether those functions and
features that are being requested are, in fact, in
pl ace and to do the necessary nodel devel opnent, code
testing and all the other things that need to be done
to ensure that we actually reach that end state.

To begin with the end in mnd and in
ef fect and to nmake that process nore transparent. So
those are the things that we hope to do in the near
future.

MR. STAUDENMEI ER Yes, | guess one ot her
comment is | would say the limting thing in |earning
to use TRACE isn't the learning curve in actually
functional ly using TRACE and doi ng cal culations, it's
much harder to understand the underlying two phase
fl ow and physics in the cal cul ati ons and under st andi ng
what the calculations nmean, than it is to use the
code. W have had people conme over to use the code on
rotations and also people out in John Mahaffy's
cl asses. He teaches at Penn State.

People will pick up the code and start
running it within a few days or a week and can
functionally do things that, you know, you want them

to do wthout a great deal of difficulty.
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Understanding the results is another matter though.
You need a lot of training, years of training and
experience to understand the results that are com ng
out .

VICE CHAIRWALLIS: It is portable to nmany
platforns, is it?

MR. STAUDENMEI ER.  Yes, it is a portable
code and 1'I| tal k about that in ny next presentation.

MR. MAHAFFY: Ckay. This is John Mahaffy.
| would Iike to nmake one conment on ease of use. As
he indicated, 1've wused this in a power plant
simulation class. |It's just a basis to get sone
simulations that they then learn how to think about
sensi bly and col | ege seniors, they really have had no
probl ems producing results fromthe code. You know,
taki ng a geonetry, inplenenting it and | ooki ng at sone
answers.

And to NRC s credit, they have even had
t he devel opers of the front end cone to ny class to
watch the students do what they do to even try to
refine the intuitive features of the front end. It
has been a pretty good experience for students who
really have had no experience whatsoever with the
si mul ati on environnents before.

VICE CHAIR WALLIS: Thank you. That's
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really informative.

MR KELLY: Sonetimes it seens |ike the
t ransparenci es were easier.

VICE CHAIR WALLIS: Just don't let it go
into hibernation node. W did that |ast week and we
couldn't get it back

MR. KELLY: And | guess | need the
m crophone, because |I'm going to talk on ny feet.
It's one way to lose it. | was originally schedul ed
to go later this afternoon, probably in case | went
overtime as | normally do, but because of persona
reasons | need to | eave early today, and so people
were nice enough to reschedule ne first thing in the
nmorning. So I'Il try not to go too far behind.

MR. KRESS: You don't have any trouble
over there, but we'll see that you get going.

MR. KELLY: Ckay. Wat |I'mgoing to be
talking about today is condensation wth non-
condensi bl es and we're doing this for the PCCS
conmponent at ESBWR.  And as you nmay renenber, | tal ked
to you about this about a year ago and that's when
di d nost of this devel opnent work. But then the nodel
sat on the shelf and | angui shed for a while, not being
put into the code basically because of contractor

unavailability to do the work. But we have started in
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TRACE recently and so this is nmy first opportunity to
come back and show it to you

Ckay. |1'mgoing to give the presentation
based between three parts, an introduction, then I'1|
gi ve a detail ed nodel description and sone assessnent
results, sonme cases that | have run to show that it
was put into TRACE correctly. In the introduction,
"1l go over the background and status, the nodeling
approach and then I'm going to show you the nodel
accuracy. For the nodel description, it's actually a
package of constitutive nodels that you need in order
to do this right within the context of the two-fluid
code.

So background and status. Well, pretty
obvi ously we have the application or the pre-ap for
the ESBWR design. One of the nobst inportant
conponents i s the Passive Containnment Cooling System
and that relies on condensation in the presence of
non- condensi bl e gases. So when this first cane up as
apriority for a TRACE application, the first thing |
was tasked to do was |l ook at the nodels that were
extent in the code. D d they nmake any sense? Wre
t hey any good?

So | actually did a nodel review, if you

will, a peer review being done by nme and then sone

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

25

nodel assessnent. | ran a bunch of pure steam cases
as well as steamair cases just to see if the current
nodel was good enough. If it was, nothing was needed.
But that wasn't the case. There were significant
deficiencies, both in the nodeling approach. | rmean,
if you actually were to do a review of the nodels,
which | did, and this | reported to you | ast tinme, and
then al so the predictive capability was pretty | ousy.
And | have a couple of those slides which you wll
see.

So that started i n new nodel devel opnent.
That devel opnent has been conpleted and it has been
installed in the TRACE. | have conpared the nodel to
a very large condensation database, including pure
steam air-steam and heliumsteam m xtures. As |
said, it's in TRACE now. | have perforned sone
prelimnary assessnent cases that |'m going to show
you today. And then a nore extensive assessnent is
underway right nowat a contractor, also in-house. So
we'll be looking at data from both tube tests,
primarily those from University of California
Ber kel ey, but al so heat exchanger tests.

For exanple, the full scale PANTHERS
facility that was done in Italy a nunber of years ago

and also we have run sone PCCS tests in the PUVA
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facility. So we'll be |ooking at both of those.

VICE CHAIR WALLI'S: Now, these are al
vertical tubes?

MR, KELLY: Yes.

VICE CHAIR WALLIS: They are not
hori zontal tubes?

MR KELLY: No, it's all vertical, because
that's the design of the ESBWR Now, a |ot of the
same nodel s woul d be applicable, but they would have
to be adj usted.

So we're talking about the nodel
devel opnent effort. WeIlIl, the objective is pretty
straightforward. W need a nodel in TRACE for in-tube
condensation wi th non-condensible gases in order to
handl e both the Isolation Condenser and the Passive
Cont ai nnent Cool i ng Syst ens.

So what about t he approach? WlIl, instead
of sayi ng should, this ought to say "The nodel nust be
conpatible with the two-fluid framework."” |If you | ook
at constitutive nodels and a | ot of other codes and in
TRACE, you will see a lot are the old HEM ki nd of
nodel s that were devel oped, you know, nany years ago
and they are kind of shoe-horned into a two-fluid
code. And a lot of tinme it doesn't really nmake a | ot

of sense. So it must be conpatible with the two-fluid
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f ramewor k.

Also, it should take advantage of the
guantities that TRACE al ready cal cul ates through the
solution of the conservation equations. Most
anal ytical condensation nodels go to great lengths to
try to get the axial distribution of the condensate
flow rate. TRACE, through the solution of the nass
and energy equations, already knows that.

So if you have it, you should use it and
that's what we're going to do. W're going to take
advant age of the axial distribution of the condensate
flow rate and the film thickness just as a sinple
exanpl e.

VICE CHAIR WALLIS: This is just straight
condensation through the fil nf

MR KELLY: Right.

VICE CHAIR WALLIS: Because if it's
turbulent film or has waves on it, it's presunably
different.

MR. KELLY: Right, exactly. This is just
avery sinplelittle exanple. |f you have a | am nar-
snooth film the Nusselt no. is nothing nore than the
width of thermal connectivity divided by the film
thickness. If it's a wavy lamnar film you're then

going to nultiply this by a function of the film
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Reynol ds no., and then if it's a turbulent film it's
a function of Reynolds and Prandtl.

The other thing | did is | devel oped the
nodel as a set of specialized constitutive package,
which will be applied to pipes, but you have to | abel
the pipes as "condenser tubes."” There is alittle
flag that you can set.

And by doing that, | was able to put these
nodel s i n the code without changing all of the answers
of everything we do today, so that nmkes the
mgration, the path, a little bit nmore quickly, but
al so once the nodel s have been tested and proved to be
generally applicable, then they are going to be
m grated over to the normal constitutive package and
t he special conponent will go away.

And in fact, sone of these nodels |ike the
i nprovenents to the Wall Drag Model have al ready been
put in the code, you know, as part of a nornal
constitutive. So | said | was going to show you
somet hi ng about --

VICE CHAIR WALLI'S: The user then has a
choi ce of these nodels in sone way?

MR. KELLY: Yes. Wen you build an input
deck, the condenser tubes are nothing nore than pi pes,

and there is a little flag on the pipe where --
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because we use pipes for things |like accunul ators, as
well, with their own special set of constitutive
nodels. So it's like a 1 for an accunulator and it's
a5 for these things, so you change one nunber in the
i nput deck to flag that tube as a condenser tube.

So | wanted to tell you sonething about
t he nodel accuracy, because | devel oped the nodel
outside of TRACE, basically in a spreadsheet type
format, and then eventually put it into TRACE, so |
wanted to have a pretty | arge condensati on dat abase.
And | divided that into three parts, pure steam
condensation, air-steamtests and helium steamtests.

Now, you will notice this UCB-Kuhn test
appears in all three. That's also known as UCB-4 and
it's probably, at least in ny opinion, it's the best
data we have for condensation w th non-condensi bl es.
It was the fourth graduate student, if you will, of
Prof essor Schrock. They started with Karen Vi erow who
is now a professor at Purdue and noved all the way to
t he graduate student nanmed Kuhn. So it's a series of
four experinments and each tine they took the | essons
|l earned fromthe first experinment and applied it to
t he second.

Also, he did a better job than nost

students will do in, if youwill, filtering his data
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| ater, going back and | ooking at it, seeing what data
made sense, what didn't and throwi ng away the bad
points and only reporting the ones that nake sense.
So this is the best database we have.

The MT test, Siddique was the first
graduate student there and that was MT' s first
attenpt at these tests, and so it has a |lot of the
flaws of the first UCB test, but at least it was a
test done somewhere else. And then the final one was
Hasanein and that was a foll owon to Siddi que, but he
used the sanme facility, just changed the experi nent al
procedure a little. So those tests | have |ess
confi dence in.

The NASA tests are pretty old. | think
they are fromthe '60s if | renenber right, but they
are pretty much all we have. If you look in the tube
di anet er colunm, you will notice that all of the tests
are, basically, at the dianeter of the ESBWR condenser
tubes with the exception of the NASA test, which is
only 7 millineters, so we're talking a pencil here.

Pressure range, pretty consistent, 1to 5
at nrospheres all the way through with the exception of
the NASA test, which actually goes subatnospheric
because they go to conpl ete condensati on.

If you | ook at the gas Reynolds no. and
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you | ook at the Kuhn test, you will noticeit's fairly
nodest. \What that means is -- | mean, it's above the
expected range for ESBWR, if you bracket it that way,
but it's fairly nodest, so these filns are going to be
nore falling than they are sheared. There is
interface for shear, but it's not nuch.

In contrast, and this is why | added the
NASA test, now this Reynolds no. is pretty |large, but
i f you think about the dianeter it's being appliedto,
you cone up with very high velocities here. W're
tal king alnost 100 nmeters a second. And so these
films are very highly sheared, very, very thin

| f you | ook at the Kuhn test and you | ook
at the film Reynolds no., sonewhere down near the
bottom of the tube quite often these tubes are
beginning to get near to turbulent transition. The
NASA tests are the only ones | have that actually have
any significant amount of the condenser surface inthe
turbul ent reginme, and that's the ot her reason they are
her e.

For the air-steamcondensation test, it's
pretty nuch the sane thing, a fairly nodest Reynol ds
no. for the Kuhn test, but you will notice it's much
| arger than the tests that were done at MT. So those

films will be nore sheared than the ones at MT. But
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t he bigger difference is in what the Reynol ds no. goes
down to. The tests at MT go way sub-turbul ent and
that means they are going to be in a m xed convection
type regime. This has probably got sonme m xed
convection in it, too, but that's a big effect in
t hese ot her tests.

VICE CHAI R WALLI S:  Anot her effect, which
may be present, | think in the NASA data, is the
nmomentum transfer due to the condensation itself.

MR, KELLY: Yes.

VICE CHAIR WALLIS: Affecting the
interfacial shear.

MR KELLY: Yes, and that is nodeled in
TRACE

VICE CHAIR WALLIS: Yes. And I think
probably in the NASA experinents it shows up t he nost.
s it because the velocities are higher?

MR KELLY: And the condensation rates are
hi gher .

VICE CHAIR WALLIS: Are nuch higher, yes.

MR KELLY: So this is the results of
doi ng t hat assessnment. Wat |'m conparing those tests
to, the far colum is a TRACE Mdel done in a
spreadsheet format not inside of TRACE, and |I'm

conparing it to basically three other correl ations.
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It's a little unfair to put Vierow Schrock on here.
This was the first nodel out of Berkeley.

VICE CHAIR WALLIS: So what are you
conparing here, the pressure drop or the heat transfer
coefficient?

MR KELLY: The heat transfer coefficient.

VICE CHAIR WALLIS: O the anount of
condensati on?

MR KELLY: Yes, it's the heat transfer
coefficient. Sorry. You run out of roomon the
sli des.

VICE CHAIR WALLIS: GCkay. These are
per cent changes or these are absol ute?

MR. KELLY: | was going to get to that.
Those are rel ative.

VICE CHAIR WALLIS: Rel ati ve.

MR. KELLY: So the way | --

VICE CHAIR WALLIS: The 2.9 neters off by
a factor of 37?

MR. KELLY: Right.

VICE CHAIR WALLIS: Okay. So this is
cal cul ation m nus data divided by data.

VICE CHAIR WALLI S:  Ckay.

MR. KELLY: That's the way | always do it.

kay? So this was the first correl ation out of
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Berkeley and it's totally enpirical. It basically
takes a falling film heat transfer coefficient and
multiplies it by the so-called F1 factor for the
effective interfacial drag and the F2 factor for the
effective non-condensi bl es.

And you know, if | had the other slide up
and could go back and show you the Reynolds no. for
Kuhn versus the Reynol ds no., which | don't have, that
was done in Vierow s experinents, those Reynol ds nos.
are a good bit higher, so the Fl1 factor for
interfacial shear is way outside of its data range.

So like | said, it's unfair to put this
nodel here, but | wanted to do it to nmake the point
that if you use an enpirical nodel outside of its
range of applicability, all bets are off.

And al so, this nodel or derivatives of it
are still being used by people today, so it better be
used with caution. The reason for the |arge over-
prediction here is that interfacial friction factor,
the F1, which is a function --

VICE CHAIR WALLIS: Mbst errors are a
factor of 3. There nust be sone points where the
error is a factor of 10 or sonething large, really
| ar ge.

MR. KELLY: There were sone that were
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pretty large, but they are all way off. | nean, if
t he average error is, you know, 260 percent too high,
so you're off the charts and it's because the m xture
Reynolds no. is too high. So like |I said, it's a
little unfair to use this correlation outside of its
range, but people should be aware of that.

VICE CHAIR WALLIS: | think that these
errors are positive. That neans the correlation is
predicting too much heat transfer. |Is that what it
is?

MR. KELLY: |If the average one is, it
nmeans there is a bias towards too nuch. So what
you're really | ooking at is a bias and an uncertainty,
you know, within howwell | do or don't do statistics.
That's really all | wanted to say.

VICE CHAIR WALLIS: If you go back to the
work done in Harwell in the '60s, | think, they did
this sort of thing, too. You don't seemto have that
in your database. | think they found that using this
Nusselt idea as just his k over Delta didn't work out
too well and there was a consistent error. | think it
was a factor of about 2. I'mjust trying to renenber,
but they did annular flow, condensation and --

MR KELLY: Yes. | don't remenber. Well,

| wasn't able to find the data.
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VI CE CHAIR WALLI S: Back in the '60s, yes.

MR KELLY: But | found a reference to it
where they said it was about 20 percent too high.

VICE CHAIR WALLIS: It was only 20
percent ?

MR. KELLY: If | renenber right again.
But Kuhn- Schrock-Peterson, | should call it a node
and not a correlation, because the first thing you
have to do is solve a cubic equation for the film
t hi ckness. So it does have sone effect of both
gravity and interfacial drag in it.

So you solve for the film thickness and
then, again, thereis an F1 factor, which in this case
is a function of the fil mReynolds no. to account for
fil mwaviness or turbulence effects. Well, actually
not turbul ence, because the database doesn't go that
high. And then an F2 factor, which again is an
enpirical nodel for the effect of non-condensible
gases.

VICE CHAIR WALLIS: And so the best
correlation is, of course, on Kuhn data?

MR. KELLY: That is certainly what you
woul d expect. | nean, | know for condensation data
this is pretty remarkabl e.

VICE CHAIR WALLIS: But there's probably
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some punch factors, which were adjusted and things
l'i ke that.

MR, KELLY: Well, actually, you will see
t he nodel , part of the nodel, later. But, and this is
the point | wanted to make, of course | have used one
of the correlations fromKuhn, is this is al nost as
good agai nst the Kuhn data and if you then go to the
NASA data, which of course this is inapplicable to
because it's just conpletely outside its range, and
t hen you | ook at the Shah Model, which is an enpirical
correlation, which used the NASA data, you know, as
part of developrment, and this again is pretty good
especially if you | ook at how scattered the NASA data
is. This isn't nuch worse.

So the concl usion here for the pure steam
condensation is that the nodel that | have in TRACE is
al nost as good as enpirical correlations on their own
dat abase.

MR. FORD: Let ne just make sure |
understand. None of them are very good.

MR.  KELLY: Have you ever | ooked at
condensati on data?

MR. FORD: No. But you know, you
ment i oned t hat t he Vi er ow Schr ock dat a is

guestionabl e, presumably in terns of quality control
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of the data itself, but the others you say are pretty
good. But you're showi ng that the TRACE Mdel is
under-predicting by a factor of 5. Am | reading those
nunbers correctly?

MR KELLY: Which one?

MR FORD: Well, the .018 you have there
on the top line there.

MR. KELLY: Ckay. That's --

MR FORD: |Is that not the sane?

MR. KELLY: That's an average error of 1.8
per cent .

MR FORD: Oh.

VICE CHAIR WALLIS: That's very good.

MR. FORD: That's right.

VICE CHAIR WALLIS: Have we done it with
crack grow h?

MR, KELLY: Ckay.

MR. FORD: Ckay.

MR. KELLY: So the point here was with
pure steam the nodel in TRACE is al nbst as accurate
as enpirical nodels against their own database and,
obviously, it's better than those nodel s when they go
out si de their database.

When you | ook at t he ai r-steam

condensation test, again Vierow Schrock for this one
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is outside of its range of applicability, so you just
have to be careful if it's an enpirical nodel

VICE CHAIR WALLIS: It would be good if
this slide could stand on its own, so you have a
title, which said error in heat transfer coefficient
or fractional error or sonething like that.

MR KELLY: That's true

VICE CHAIR WALLI'S: W knew what we're
tal king about. And this is the average heat transfer
coefficient along the whol e pipe?

MR KELLY: No, these are LOCA val ues.

VICE CHAIR WALLIS: They are LOCA? (Kkay.

MR KELLY: Now, it's LOCA not as in a
poi nt sense, because, obviously, with condensati on you
don't --

VICE CHAIR WALLIS: Did you al so neasure
t he LOCA val ues?

MR. KELLY: Yes. Wat you do, you do a
heat balance on the secondary side where you're
nmeasuring the liquid tenperature over increnents so
it's LOCA, but in a sense of, you know, 10 centineters
kind of thing, not a point.

MR. CARUSO You keep saying that you have
to be careful about applying it outside its range of

applicability. Well, what if the user becones
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creative? Does the code say ah, |'moutside ny range
of applicability and turn on a big, red light?

MR KELLY: Well, no.

MR CARUSG O a yellow light warning?

MR. KELLY: No. But when |I'm saying that,
| "' mnot saying that about this. 1'm saying that about
enpirical nodels that are used in other codes. Ckay?
Now, that's not to say you can't get this one out of
its range either, but part of ny philosophy in
developing it is not to do that.

But you're right and, at sonme point,
probably in a post-processor node, because you don't
want to have 100 if tests, you know, checking every
correlation in the code, but that would be a good
post - processing tool to check and flag places where
the code was outside its range of applicability, but
we're not there yet. W have got to get good answers
first.

CHAI RVAN  RANSOM  Wiere are these
conparisons? Are they at the entrance of the tube or
at the exit of the tube or sonmewhere in between?

VR. KELLY: They are pretty nuch
everywhere, except for where either the experinent or
| threw the data point out. For exanple --

CHAl RMAN RANSOM So this is a conbination
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of different points within the tube?

MR. KELLY: Yes, yes, every point where
there was a neasurenent unl ess that neasurenent just
was thrown out by the experinenter or | |ooked at it
and said this doesn't make any sense at all and threw
it out. And you'll notice there is a fairly large
nunber of data points. Okay.

For the air-steam test, for exanple,
there's 571 data points fromthe UCB- Kuhn test that
amconparing to, and t he nodel that they devel oped and
fit to that data has an RVMS of about 25 percent
whereas the nodel |'mgoing to show you today is only
16 percent. So we're actually better against the Kuhn
data than t he Kuhn enpirical nodel and that's not bad.

The sane thi ng happens, we're as good for
the heliumsteam Wen you ook at the MT test,
first off you notice the uncertainty band has grown.
| think that's partially the data quality of the test.
But you will notice the TRACE Mddel al so has a bi as.
It's about 40 percent too lowand if | went back to
the previous slide, that's because a lot of those
tests are below the turbulent transition, and I'm
tal king about the transition for the gas vapor core.
So when you do the mass transfer solution, you' re now

off in a place where m xed convection would be very
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i nportant and we don't nodel that here.

VICE CHAIR WALLIS: How accurate do you
need to be for ESBWR assessnent?

MR.  KELLY: Preparing to hibernate.
That's somewhat om nous.

VICE CHAIR VALLIS: On, it's hibernating.
It did that the other day and it never cane back.

MR. KELLY: Ckay.

MR. SIEBER. Well, | think you're done.

MR. KELLY: Yes. Sleep is one thing.

Hi bernati ng doesn't sound good at all.

MR. SIEBER. Ral ph didn't fix it before
ei t her.

VICE CHAIR WALLIS: Yes, it sleeps for a
whol e nonth now. A question. How accurate do you
think you need to be for sonething |ike ESBWR
assessnent ?

MR, KELLY: Well, | don't honestly know.
When we start doing nore of the ESBWR cal cul ati ons,
we'll have a better idea. Now, you know, if the code
nodel that was t here before had been pretty good, then
we could do those cal cul ations, range the nodel and
get sone idea, but they were so bad that that would
have been a fruitl ess exercise.

But that's part of the reason |'m not
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carryi ng devel opnent of this nmodel rmuch further. |
nmean, like | said, the reason that we under-predict
the MT data is primarily because we ignhore n xed
convection effects.

VI CE CHAIR WALLI'S: But you probably can't
do any better.

MR KELLY: | could, but it would be a
research program

VICE CHAIR WALLIS: Well, it may be that
for ESBWR assessnment you can be off by a factor of 2
and it doesn't matter. | just don't know.

UNI DENTI FI ED SPEAKER: It's not plugged

MR KELLY: You know, |'m not sure about
the factor of 2, but 50 percent, because there is to
some extent a self-correcting thing about that with
condensati on heat transfer and that's why you don't
have to get it to the |ast data point, and so | think
this is plenty accurate enough.

VI CE CHAIR WALLIS:  Now, can we get rid of
this hibernating function sonehow?

MR, KELLY: Well, we could switch to a

VICE CHAIR WALLI'S: Maybe in the break we

can figure it out.
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MR. SIEBER. W can plug it into here.
VICE CHAIR WALLIS: It's one of those
M crosoft conspiracies.

MR. CARUSO It's plugged in, but it's not

VICE CHAIR WALLIS: If you don't do
anyt hing for awhile, does it hibernate or is that what
it's --

MR CARUSO Well, it has to be the
battery.

UNI DENTI FIED  SPEAKER It's only
hi bernati ng, because it's not plugged in.

MR KELLY: It's |ow battery.

VICE CHAIR WALLIS: Wwell, if it's plugged
init shouldn't have a problem should it?

MR. CARUSO It is plugged in, but it
appears like it's not charging.

MR. FORD: Do you want to borrow mne, ny
conputer? Bad transforners.

UNI DENTI FI ED SPEAKER: 1t coul d be,
because it's definitely --

MR. SIEBER. Wy don't you plug it in
here, this outlet over here.

MR. FORD: So you can see what's goi ng on.

MR CARUSG | think | got it now.
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MR. FORD: Don't you need to plug in the
ot her end?

MR CARUSC No, no, it's still show ng
the battery is | ow

MR FORD: \What about the other end there?

MR. KELLY: Do you have power there?

MR. SIEBER  Yes.

MR. KELLY: Ckay.

VICE CHAIR WALLIS: Keep from |l osing your
work. | nmean, it's really threatening.

MR.  KELLY: No, you know what is
happeni ng?

UNI DENTI FI ED SPEAKER: The power supply.

UNI DENTI FI ED SPEAKER: We have a probl em
with this plug.

UNI DENTI FI ED SPEAKER: Keep goi ng, Joe.

CHAI RVAN RANSOM  Joe, if you were to
i ncorporate an uncertainty function, you know, into a
nodel like this and a code, what woul d you pl ace the
uncertainty on?

MR. KELLY: It's a good question, because
it's built really of five different constitutive
nodel s. There's, you know, wall drag, interfacial
shear, those two affect the filmthickness, which is

part of this nodel. There is a heat transfer
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coefficient between the wall and the liquid. There is
an interfacial heat transfer coefficient and then
there's the mass transfer effect, which brings in the
effective non-condensi bl es.

Where woul d you put it? | would probably
put it on the nmass transfer, because that would
directly affect the condensation rate and then that
woul d perpetuate through all the others. |If you try
ranging all of the others individually, you can do
that, but it gets difficult and that's al ways one of
t he questi ons about any of these codes when you do an
uncertainty anal ysis.

MR FORD: It is charging.

UNI DENTI FI ED SPEAKER: It's chargi ng now.
| think it's charging.

MR, KELLY: Now, if for exanple you're
doi ng dispersed flow film boiling, is it wall heat
transfer to the vapor? Is it drop dianeter? 1Is it
interfacial drag? |Is it interfacial heat transfer of
the drops? You know, that's a very hard questi on.

VICE CHAIR WALLIS: Really, | would Iike
to nmeasure all those things. Excuse ne.

CHAl RMVAN RANSOM Right. As you
i ncorporate this nodel into the mainstream of the

code, is there just going to be like a flow regine
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paranmeter or something like that that turns it on,
basically, to differentiate fromthe normal interface
drag or the normal wall friction?

MR. KELLY: Well, for the wall drag, we
actual |y went ahead and migrated that over and that is
something that | can tal k about next time, because |
changed the way the two phase wall drag is done in the
code.

VICE CHAIR WALLIS: So that's gl obal nore
or |ess?

MR. KELLY: So that's gl obal now.

VICE CHAIR WALLI S:  Ckay.

MR. KELLY: For the interfacial drag, |
made that global, but in the sense for co-current
downfl ow, co-current downflow in the annul ar regi ne.
Okay? | have spent enough on this. And now just to
show you what it |ooks |ike.

VICE CHAI R WALLI S: \What does total nean?

MR. KELLY: | should have just said wall
heat transfer, but that's what | nmean here.

VICE CHAIR WALLIS:  That's LOCA wal | heat
transfer?

MR KELLY: Yes. Wen | saw that slide
| ast night, I went ah, | wish | had tine to change it.

So it's calculated versus neasured. This is for the
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Kuhn pure steamtest and | have got plus or m nus 25
per cent bands on here, and you will notice al nost al
the points are within that, except for a few And
when you | ook at those few, those are the ones that
are at a higher liquid filmReynolds no. where it's
starting to get into the turbulent transition region,
and the nodel | have in over-predicts this data for
t hose Reynol ds nos.

Now, |'m just overlaying on it the air-
steam data and, again, it's very good for al nost al
the points, but you will notice there are sone that
are under-predicted. And when you go back and see
whi ch ones are under-predicted, it's the ones where
the gas core Reynolds no. has gotten |ow, down into
bel ow 10,000 and they are starting to go towards a
[ am nar transition

So t hese are ones where a nmi xed convecti on
effect inthe nass transfer is inportant. And you can
put a m xed convection type nodel in and bring these
poi nts up, but when | did that, | made sonme of the
ot her ones worse, and that's where your comrent about
how accurate does the nodel have to be cones in. So
| figured it was not worth the extra devel opnent
effort to go after the m xed convection effect.

MR. KRESS: What strikes ne about that
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t hought, Joe, is | was under the inpression that non-
condensi bl es woul d have a big effect, but it doesn't
seem to make much difference.

VICE CHAIR WALLIS: They are in the
t heory, aren't they?

MR. KELLY: It does have a huge effect,
but what you don't necessarily know is how much the
LOCA conditions have changed. This is a | og scale.

VI CE CHAI R WALLI'S:  Your air-steamtheory
has the non-condensible effect init.

MR. KELLY: Right. Wat he neans is --

VICE CHAIR WALLIS: Oherw se, you would
never get those points which are neasured to be four
ti mes what you are predicting.

MR. KELLY: Right. Wat he is asking is
why are the yellow triangles overlaid by sone of the
orange ones.

VICE CHAIR WALLIS: | thought he was
sayi ng the non-condensi bl es have a big effect on heat
transfer.

MR, KELLY: Yes.

VICE CHAIR WALLIS: And you weren't
showing it. But | think you are, because it's in your
t heory.

MR. KELLY: Right. He just was -- | think
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you were surprised that there wasn't a |arger non-
condensi bl e effect. But part of that is that this is
a |l og scale.

VICE CHAIR WALLIS:  This doesn't show the
non-condensi ble effect. It just shows that your
t heory conpares with the data.

MR KELLY: Well, what he neans is that
t he absol ute val ues of the neasured ones are not --

MR KRESS: Are not that much different.

MR KELLY: -- that different.

VICE CHAIR WALLIS: Well, they're nuch
| ower at the | ower end.

MR KELLY: Right.

MR. KRESS: Well, yes.

MR. KELLY: And that's the key. But there
are sonme that overlap and | just --

MR. KRESS:. Yes, that was ny point was
t hat there.

MR. KELLY: The ones that overlap are
probably the | ower gas concentrations and the higher
gas core m xture Reynol ds nunbers.

MR KRESS: So it wouldn't nmake nuch
di ff erence.

MR. KELLY: So that they are not

necessarily mass transfer limted. Sonme of those
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tests can actually still be filmed, you know, liquid
filmlimted.

VICE CHAIR WALLIS: Presumably, this is
all the data, but this is obviously a group that seens
tolie right along the |ine.

MR, KELLY: Yes.

VICE CHAIR WALLIS: And then there are
sone ot her ones.

MR KELLY: Well, and the other ones, this
i s addi ng the helium steam

VI CE CHAIR WALLI S:  Yes.

MR. KELLY: That's where the gas core
m xture Reynol ds nunmbers got low. And so |I'm under-
predicting them because | don't consider m xed
convection effects. And that's one of the nice things
about having a nore nechanistic kind of nodel as
opposed to enpirical correlationis | can TRACE this,
if you will, to a physical phenonenon that |'m not
nodel i ng.

VICE CHAIR WALLIS: It may well be for
regul at ory purposes you want to under-predi ct the heat
transfer coefficient to be conservative, in which case
you' re doi ng fine.

MR KELLY: Well, if I were to nake an

error, that's where ny event would |l ead ne to be, but
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| also didn't figure that it made nmuch -- typically
when you go to the | ower Reynol ds nunbers, you're down
near the end of the condenser. And nost of the steam
is gone anyway and that's where, you know, you cone,
you know, well, how accurate does it have to be? To
sonme extent, thisis aself-correcting process anyway,
as long as you're not, you know, very far off.

VICE CHAIR WALLI'S: You nmay or may not
care, | nean, in sonething |ike suppression pool, ny
G likes to assune that all the steamis condensed.
They say essentially 100 percent is direct, but they
don't want it to pressurize the space. So getting
that last little bit of steamright is very inportant
in that scheme. The ESBWR, | forget how inportant it
istoget thelast little bit of steamcondensed, but
if it goes through the condenser, then it goes into
anot her space and can pressurize it.

MR, KELLY: Yes.

VICE CHAIR WALLIS: So the system
i nteraction gets inforned.

MR. KELLY: Right. And again, if you
pressurize a little, then the pressure difference
between the dry well and the wet well goes up. You
drive nore flow through and you get back to higher

Reynol ds nunbers, etcetera.
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VICE CHAIR WALLIS: Right.

MR. KRESS: You've got to apply this to
t he Passive Contai nnent Cooling System

MR KELLY: And also the isolation.

MR KRESS: You've got one over -- you
don't want to over-predict.

MR, KELLY: Right. So the summary to the

introduction is a nodel has been devel oped. It has
been put into TRACE. | took advantage of the things
that TRACE actually calculates like the film
t hi ckness. | showed you the accuracy.

VICE CHAIR WALLIS: Wen you say that is
applicable, do you nmean it could be applied?

MR KELLY: Right.

VICE CHAIR WALLIS: So you haven't yet
conpar ed?

MR KELLY: | haven't denobnstrated it.

VICE CHAIR WALLIS: (Qher aninals that
were tested.

MR. KELLY: That's true, but we're going
to be doing that and we'll be using it in the PANTHER
data which is for --

VICE CHAIR WALLI'S: Was the PANDA tested
too or not?

MR. KELLY: There are PANDA tests as wel |
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and | believe -- see, we now have two branches. There
is an Advanced Reactor Branch and they wll be
assessing the code for the ESBWR applications. And
it"'s ny job to provide thema tool. And when they
report back deficiencies in that tool, then it is ny
job to fix them

VICE CHAIR WALLI'S: Now, PANTHERS tests
wer e done for GE presumably.

MR KELLY: That's correct.

VICE CHAIR WALLIS: And GE has their own
nodel ?

MR, KELLY: Yes.

VICE CHAIR WALLIS: Did you do better or
wor se than their nodel ?

MR KELLY: | amnot sure what the GE
Model is now. At any rate, it would be proprietary.
Back at the time of the --

VICE CHAIR WALLIS: But you coul d get
access to it, couldn't you?

MR KELLY: Yes. Back at the time of the
ESBWR subnmittal, they wused the Vierow Schrock
correlationwith nodificationinits inplenmentationto
l[imt some of its over-prediction.

VI CE CHAIR WALLI S:  Yes.

MR. KELLY: | don't know what is in tri-GE
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now. But, you know, we | ooked at the accuracy and the
accuracy is quite good. Wwen it is not good, it's
because of a phenonena that we're not nodeling, |ike
m xed convection. Back to ny contents. W finished
the introduction and, at this point, I will give you
a coupl e of choices. You can accept the nodel is good
enough and | can stop and we can be an hour and a hal f
ahead of schedule, which would be a first or we can
junp ahead. | can show you how it works in TRACE and,
at that point, stop if youwill or I can go ahead and
give the entire presentation. | think I know the
answer .

| showed sone of this the last tinme, about
a year ago, and the parts that | showed before, |'m
going to go through very quickly. Wen you tal k about
fil mcondensation, thetraditional representation, you
know, when you are doing your heat transfer
coefficients on a pi ece of paper, it's a heat transfer
and that's what

coefficient tinmes T mnus T

wal | sat?

we're all used to. Now, you go and you calcul ate
usi ng what ever the appropriate nodel is. But when you
stick it intoatwo-fluid code and you want to nake it
wor k as part of the nunerical franework, the wall heat
flux isreally a heat transfer coefficient between the

wal | and the |iquid.
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And in the sane tenperature here is the

liquid film tenperature, not T So what we're

sat -
tal king about is this heat transfer path between the
wal |l and the liquid. The condensation rate --

VICE CHAIR WALLIS: This say T |, or T,
t here?

MR KELLY: That should be T,.

VICE CHAIR WALLIS: Wiat is it actually
t here?

MR KELLY: It is T, there. It's just
hard to read.

VICE CHAIR WALLIS: It just |ooked like an
i in away. Ckay.

MR KELLY: Right.

CHAI RVAN RANSOM That's the average
liquid tenperature in that cell?

MR KELLY: That's correct. It should be

sonewhere between T, and T and that's about al

wal |
you know. The condensation rate use sone, the two

interfacial heat transfer rates, vapor-interface,
which is heat to the interface and |iquid-interface,
which is actually renovi ng heat fromthe i nterface and
di vided by the weight and heat. And those are shown

here.

CHAI RMVAN RANSOM  The question there would
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be what if the vapor is super heated sonewhat and how
is that super heat then taken into account in the mass
transfer nodel ?

VICE CHAIR WALLIS:  Yes.

MR, KELLY: Well, with the mass transfer
nodel, we'll get tothat later. But let's say this is
pure steam at the nonment. |If the steamis super
heated, there is an interfacial heat transfer
relation. I1t's basically Dittus-Boelter kind of thing
for hot steamto this film And so in that case, Q,
woul d be positive, Q;, is negative, and it's the sum
of those two that becones the condensation rate.

So it's kind of |ike you have evaporati on
and condensati on and you sumthemand whi chever one is
the | argest w ns.

VICE CHAIR WALLIS:  Yes.

MR. KELLY: In normal cases and especially
for the mass transfer case, the sensible heat transfer
from the vapor gas mxture is basically negligible.
W're down in a couple percent. And so it's much
much snaller than the uncertainty in the data. And
one thing | wanted to make a point of on the slide is
the interface tenperature here, this T,, that is, and
any two-fluid code | know of, it's assunmed to be at

the T, at the bulk vapor partial pressure.

sat
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VICE CHAIR WALLIS: Afraid it isn't,

because of --

MR KELLY: That's true

VICE CHAIR WALLIS: -- nmass transfer
boundary.

MR, KELLY: Exactly. And so you have to
make an adjustnment for that in your nass transfer
nodel. I n effect, you have to put an additional
resistance in this path. So | have this long | aundry
list of nobdels and we're going to start with wall
friction. And the wall friction -- now, | have to be
able to do condensation of both pure steam and non-
condensi bl e gas m xtures. And it has to work for both
falling films and sheared fil ns.

Now, this is why we're tal ki ng about wal |
friction. This is a result of a calculation with the
exi sting TRACE Model, and if you read through the
manual , what you will see they won't use the word
partitions, but, in effect, that's what it does.

VICE CHAIR WALLIS: It says this drag on
t he vapor even though it doesn't touch the wall?

MR KELLY: That's correct.

VI CE CHAIR WALLIS: Very strange.

MR, KELLY: Well, that's incorrect. Ckay.

VICE CHAIR WALLIS: That's what it does?
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MR. KELLY: That's what it does.

VICE CHAIR WALLIS: Wy on earth does it
do that?

MR. KELLY: Because when the devel opers
were doing that, they were worried about |arge break
LOCA. They were not at all thinking about annul ar
fl ow or condensation. And so the nodel they put in
was suitable for their application, but that's why you
need to revi ew t hose nodel s when you bring it forward
to a new application. You know, there was a no, never
mnd for large break LOCA. It's inportant here if you
use a nodel that's based upon the filmthickness.

So the first effect of this, and this is
t he phase velocity versus axial position, this is for
a pure steam condensation case at 3 bar. The blue
line here is the TRACE cal cul ated vapor velocity.

VICE CHAIR WALLIS: You nean it's going
faster than the vapor?

MR. KELLY: Exactly. And that's exactly
what -- this is the behavior expected. As the vapor
condenses, slows down, the liquid hangs up around 5
neters a second. Now, | don't know about you, but |
can be driving at, let's say, in excess of the speed
l[imt inarainstormand | don't see any liquid filns

on ny windshield noving at 5 neters a second. Maybe
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when the wi ndshield wi pers go over, but that's about
the only tine.

VICE CHAIR WALLIS: Right.

MR. KELLY: So this is just plain wong.
Okay. The result of this, if the liquid filmis
nmoving that fast, it's basically in free-fall. The
filmthi ckness that you get is mnuscule.

VICE CHAIR WALLIS: Then you get a huge
heat transfer coefficients?

MR. KELLY: |If that's how you use it. |If
you use the film thickness in the heat transfer
coefficients, that's right.

VICE CHAIR WALLIS: That's a previous
TRACE Model or what exists now?

MR KELLY: Previous.

VICE CHAIR WALLI S:  Ckay.

MR KELLY: | don't have a filmthickness,
you know, a neasurenent.

VICE CHAIR WALLI'S: TRACE cane from TRAC
and RELAP. Was this wong because RELAP was w ong or
because TRAC was w ong?

MR, KELLY: Both.

VICE CHAIR WALLI'S:  Bot h?

MR, KELLY: It's wong because TRAC is

wrong. But when | | ooked at nodel on condensation on
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non- condensi bl es in RELAP years ago, it was wong in
RELAP as well. W had exactly the sane kind of
partitioning and wth exactly the same kind of

m serable result. And it was fixed at one tinme in
RELAP and | think that got into the official code
version. Wi Dong and | fixed that.

VICE CHAIR WALLIS: If you | ook at your
right hand figure there, that neans that your heat
transfer coefficient would be off by an order of
magni t ude.

MR. KELLY: If you are using the liquid
film thickness in the heat transfer coefficient,
that's correct. But what TRACE, the old TRACE, did
was it used a Nusselt, the lamnar analysis thing
where, in effect, it was treating each node as a heat
transfer surface, so it didn't use this at all. Now,
this was a void fraction, but it paid no attention to
it.

MR FORD: Could | ask a materials
guestion?

MR. KELLY: Certainly.

MR. FORD: Presuning all this wall
friction stuff depends on the state of the physica
properties of the surface, so if you are highly

oxi di zed, for instance, you' re going to have different
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results. Is that true or is this just a no, never
m nd?

MR, KELLY: Well, okay. For single phase
flow, you're absolutely correct.

MR FORD: Yes.

MR. KELLY: That you can increase the wal
drag on maybe as much as order of nagnitude by going
froma polished, you know, a drawn tubing, sonething
that | ooks nore |like a concrete duct.

MR FORD: Yes.

MR KELLY: For annular flow, and these
are fairly thin filns, the effect of tube roughness
has never really been established. At least that's a
guote out of, | think, one of Professor Hewitt's
papers, was that they had never -- you know, it has
never been systematically investigated.

MR. FORD: Experinental wasting of --

MR. KELLY: They had never seen it.

MR. FORD: -- snooth plastic tubing. This
is what | was wondering. Are you introducing a
constant error in the data, since the nodel is trying
to catch up or what?

MR, KELLY: Well, | think, conpared to
everything else that is fairly mnor.

MR. FORD: Ckay.
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MR. KELLY: |In that the biggest problem

wi t h condensati on experinents i s know ng what the heat
transfer rate is.

MR FORD: Yes.

MR. KELLY: Now, if you're doing a heating
experiment, you just turn your Rheostat and you know
how much power you're putting into it and you divide
it by the length and you've got the heat fl ux.

MR FORD: Yes.

MR. KELLY: Then you use your
t her nocoupl es to give you the wal |l tenperature and you
can get a heat transfer coefficient. That's not the
case here.

MR. FORD: Ckay.

MR KELLY: You have to do nass bal ances.
And typically there is |like a secondary side which
will be single phase liquid and you have to neasure
t he axial change in the liquid tenperature and assune
that represents, you know, some bul k tenperature and
use an energy balance and get a heat flux over a
region. And so that becones highly uncertain. And
that was one of the big things they kept trying to
i mprove in the Berkel ey experinents.

MR. FORD: The reason |'m asking the

guestion is you're applying this to the ESBWR and t he
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ACR- 700 and maybe others in the future, in which we
are changing materials for construction.

MR, KELLY: Yes.

MR. FORD: Are you therefore introducing
an unknown quantity? Wlat |'mhearing you say is it's
a no, never m nd.

MR KELLY: | think it's a no, never m nd.
And in the turbulent part of the correlation that |
use, there is a roughness effect, you know, that was
established for single phase flow, whether that is
applicable to annular flow or not is unknown.

MR. FORD: Thank you.

MR. KELLY: So the nodel that |'m putting
inis very sinmple. You know, parallel plate for the
| am nar, turbulent and then a power-law waiting and

you want to know does that nmke any sense. So the

first thing I did was put together a database of
basically all the film thickness, falling film
t hi ckness data, | can find. You notice it covers

al nrost 4 orders in magnitude and film Reynol ds no.
going from very lamnar, alnobst snooth filns, to
highly turbulent filns.

And when you take the nodel that | just
showed you and you put it into TRACE, turn off

interfacial shear to make it look like afalling film

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

65

the borderline is the code calculation. Were did
t hese cal cul ations forn®

VICE CHAIR WALLIS: When you get Haal and
expr essi on.

MR KELLY: Yes.

VICE CHAIR WALLIS: If a big Reynol ds no.,
am | being stupid, a big Reynolds no. then that thing
inthe internal bracket is less than 1, a big Reynol ds
no.

MR, KELLY: Yes.

VI CE CHAI R WALLI'S:  An absolute zero. The
| og of a nunber less than 1 is negative.

MR. KELLY: Yes, and there's a square.

VICE CHAIR WALLIS: So you square it to
make it positive?

MR, KELLY: Yes.

VICE CHAIR WALLIS: Gee whi z.

MR KELLY: Yes, | don't do that. That's
the explicit approximation.

VICE CHAIR WALLI S:  Ckay.

MR KELLY: And that's one of the nore
accurate ones for, you know, trying to emul ate
Col ebrook-White w thout it being an inplicit
relationship. |It's accurate and fairly sinple. But

you're right. So you have to nake sure it's to the
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power of 2 as an integer and not 2.0 as areal. So to
finish with wall drag, that works pretty well for
falling fil ms.

And now we're going to talk about
interfacial friction and this is sonething I showed
last time, sol'mgoing toreally breeze through this.
Wiat | did is | found a database for co-current
downflow, the test that Andreussi-Zanelli t he
air/water co-current downflow \What is great about
these tests and the reason | picked them not only do
t hey nmeasure the filmthickness, but they neasure the
pressure gradient and the fraction of the liquid
ent rai ned.

Fromthat, they actually cal cul at e val ues
of the interfacial friction coefficient. So |I can do
a conparison interfacial friction coefficient instead
of just, you know, predicted fil mthickness. | |ooked
at all of these various nodels and here are the
results. There's one nodel, in particular, it was by
Prof essor Hanratty at University of Illinois, the one
that was with the entrai nment was vastly superior to
the others. This is what it |ooks |ike.

VICE CHAIR WALLIS: How do you know t he
ent rai nment ?

MR. KELLY: Well, | don't renenber how
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they nmeasured it.

VICE CHAIR WALLIS: How do you in your
TRACE?

MR KELLY: Ch, that's one of the reasons
you're not going to see it inthe calculations. |It's
a correlation by Ishi and I don't know how good it is.

VICE CHAIR WALLI S:  Ah, hah.

MR. KELLY: So this is how good the Asali -
Hanratty Model is predicted versus calculated for
interfacial shear. Wen | put the nodel into TRACE
and do a sinulation, that's slide 21, this is the
calculated film thickness with TRACE versus the
nmeasured filmthickness and |' musing all of the data
for which the entrai nnent was basically zero. And |
did that because | wanted an estimate of how good t he
interfacial drag nodel was without cluttering it up
with the entrainnent.

The bl ue points are with the default TRACE
Model and this is the code version and the orange/red
points are with the PCCS updates, which is the nodel
| just showed you for wall drag and interfacial
friction.

VICE CHAIR WALLIS: It |ooks lIike a huge
i mprovenent .

MR. KELLY: Yes. And | feel pretty
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confident about that. So the next nodel to tal k about
is wall-liquid heat transfer. And as uncertain as
interfacial friction can be, wall heat transfer can be
nore uncertain and when we get to interfacial heat
transfer even nore uncertain. So what do we need? W
need a wal |l heat transfer coefficient. Again, this is
wall to liquid that works for lamnar filnms, both
snooth and wavy, and it also needs to work for
turbulent filns.

VICE CHAIR WALLIS: What do you do about
entrai nnment though? If you have any condensati on, you
start off with no entrainnent. Pure steam cones in.
It takes a while to develop entrainment, so your
entrai nment equilibrium correlation shouldn't work
very well. You' re always going to be | ess than
predicted, it would seemto ne.

MR. KELLY: And you would get all of your
entrainnent at the inlet. And then as you go through
it --

VICE CHAIR WALLIS: It doesn't happen
i nst ant aneously, because there's no liquid filns,
there's nothing to entrain.

MR. KELLY: Right. And then you al so have
to say how is entrainnent treated in a two-fluid

nodel. At the nonment, we do not have the dropl et
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field.

VICE CHAIRWALLIS: Al the experinments on
entrainment it takes a lot of | over ds to get to
equi li brium entrainment.

MR, KELLY: Right. So | don't think it's
terribly inportant. Even | have simnul ated sone of the
NASA tests and, vyou know, | don't think the
entrainment -- it does cal cul ate sone.

VICE CHAIR WALLIS: Wth respect to the
entry there's very little entrainnent, velocities are
so | ow.

MR KELLY: Yes, the filns are --

VICE CHAIR WALLIS: That's why it works.

MR. KELLY: Yes, the filns are nodestly
sheared. GCkay. So how are we going to determnm ne what
the appropriate wall heat transfer coefficient is?
Vell, for lamnar filns, what |'mgoing to do is | ook
at falling fil mcondensation data and use that to help
me select a correlation. But after | did that, |
t hought well, maybe | should go back and | ook at the
pure steam condensation data of Kuhn

Now, | don't have any interfacial heat
transfer datain that regine. So what |I'mgoing to do
is take the, what 1'Il call, total heat transfer

coef ficient whichincludes both resi stances, you know,
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wall toliquid, liquidtointerface, and just split it
bet ween the two, because | don't know anything better
than that. That's what I'"mgoing to do for |am nar.
"1l wal k you through that.

For turbulent films, I"mgoing to | ook at
falling filmheating data, for just that reason that
we have | ess uncertainty.

VICE CHAIR WALLIS: Are you tal king about
t he NASA transfer causing nonentum transfer?

MR, KELLY: Yes, | --

VICE CHAIR WALLIS: That's in this
sonewhere is it?

MR KELLY: That's built into the TRACE

VICE CHAIR WALLIS: Sinply added on?

MR. KELLY: There is a ganma v rel in the
TRACE equations. Right. So if you look at the field
equations, you'll see that there. And what | was
showi ng was the adiabatic interfacial drag. For
turbulent films, 1'm going to ook at falling film
heating data and then 1'Il be considering the
interfacial heat transfer separately.

Vell, this is an exanple of falling film
condensation fromthe database | put together. The
first thing you will notice is the heat transfer

coefficients are averaged over the entire surface.
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There are no | ocal values. And so what you are seeing
here is a Nusselt no. and what the asterisk neans is
it's a characteristic link in it, rather than being
the filmthickness.

It's what | call the Nusselt film
thickness. So it's the liquid velocity squared over
liquid density tines Gpoint to Rho to the 1/3 power.
So that's the characteristic link here. The brackets
nmeans that it is averaged over the entire heat
transfer surface, applied against the film Reynol ds
no. The solid black Iine is the Nusselt correl ation,
so that's the other thing that you' re supposed to see,
is that due to the presence of waves on these | am nar
films, there's typically a 15 or 25 percent
enhancement. And, of course, in this free-on data out
here, when this starts bendi ng back upward, that's
because the filmis going turbul ent.

VICE CHAIR WALLIS: It |looks as if al npst
all of this is Russian data?

MR. KELLY: These two or a lot of it is,

yes. And just because | was able to find it, although

| had digitized a lot of this stuff. | spent a |ot of
time typing nunbers in. The correlations | |ooked at
are here and | have witten them in two different

ways. One is the surface average Nusselt no.
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referenced to the Nusselt, you know, film

VICE CHAIR WALLIS: They don't have an
effective Reynolds no., but the data don't seem to
pull together on the plot of Nusselt versus Roan.

MR KELLY: It's condensation data. It's
hi ghly uncertain. And what | have done over on this
side is rewite all of these correlations in using a
Nusselt no. that's a function of the filmthickness
and say for the Nusselt lamnar filmtheory, you get
a Nusselt no. of 1. And so all these others work to
be sonme function of a liquid film Reynolds no. that
provi de an enhancenent overl ap.

VICE CHAIRWALLIS: It doesn't nake sense.
Vell, maybe |1'm msunderstanding. Wat's your
previ ous plot, Nusselt no. versus Reynol ds no.?

MR KELLY: Yes, but it's this Nusselt
no., which is heat transfer coefficient times that
| am nar link scale, you know, the viscosity squared
over GDelta Rho tines Rho to the 1/3 power divi ded by
the liquid connectivity, averaged over the surface.
So the first thing you do, the first step is to get
rid of the averaging and that's basically -- | nean,
you have to do it. You have to -- you know, this has
been integrated over the surface. You have to undo

the integration.
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There is a way, that | took it from
Butterworth, to do that and so then that ends up
changing this coefficient, |eaving the power the sane
and then what | ended up doi ng was divi di ng, changi ng
the link scale that | referenced all these to a snooth
lam nar film and that's howyou go fromthis to this.

VICE CHAIR WALLIS: It seens to nake nore
sense. The Nusselt theory is the Nusselt no. is 1

MR KELLY: Right.

VICE CHAIR WALLIS: Wen you plot it
versus Reynolds no. in this peculiar way, it doesn't
show t hat .

MR. KELLY: Ch, and that's -- yes. That's
because of this. And if you go and |look at all of the
condensation data, | nean, especially since nost of
thisis old, that's howit is all reported. And in a
lot of the papers and handbooks that's how the
correlations are given. And the theory, well, part of
the rationale is sinply that way you don't have to
cal culate the fil mthickness.

VI CE CHAIR WALLI S:  Yes.

MR. KELLY: But since we are cal culating
the filmthickness, we should use it.

VICE CHAIR WALLI S:  Ckay.

MR. KELLY: So | put together a database
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t hat has al nost 900 points on it. Cbviously, this is
the turbul ent region. The reason these are separated
is different Prandtl nos., which doesn't show up.
Again, this is that sane surface average Nusselt no.
The black line is Nusselt. It's a |lower band of the
data. The one by Kutateladze is pretty high and this
one by Labuntsov --

VICE CHAIR WALLIS: Well, this is al nost
like the plot of materials table.

MR, KELLY: Yes.

VICE CHAIR WALLIS: Electronic, and are
you saying these nunbers are functional, are you?
What are you trying to convince ne about here?

MR, KELLY: Well, I'"'mtrying to say that
it is a function of the fil mReynolds no. due to the
wavi ness effect.

VICE CHAIR WALLIS: So they extrapol ate
out to tender the fourth or sonething. | got off by
order of magnitude easily.

MR. KELLY: Because you didn't consider
the turbulent transition.

VI CE CHAIR WALLI S:  Yes.

MR. KELLY: Now, what you have to do is
t ake the turbul ent nodel .

VICE CHAIR WALLIS: Yes, okay.
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MR. KELLY: And again, these are surfaced

averages and you have to --

VICE CHAIR WALLIS: In all the books there
is another line up there, isn't there?

MR. KELLY: Yes, either that or they chop
the plot, one of the two. So we're just tal king about
lam nar filns at the nmonent, and |'m going to get
back - -

VICE CHAIR WALLIS: It's just a film
wi t hout nuch --

MR.  KELLY: The | am nar, no vapor

vel ocity.
VICE CHAIR WALLIS: Just a falling filnf
MR, KELLY: Just a falling film And this
is how uncertain the datais. I|I'mgoing to get to

some better data. Now, this is what | was using to
make a selection, and | had tentatively selected the
Labunt sov Model, which is actually a fairly nodest
i ncrease over Nusselt, but | decided | should | ook at
t he UCB- Kuhn test, since that actually bracketed the
range of film Reynolds nos. and vapor Reynol ds nos.
that | was interested in.

This is still the funny Nusselt no. in the
sense that I'musing the | am nar viscus, if youwll,

link scale, and so | took all of their data and

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

76

plotted it in these coordinates and you notice that
this is not, in any way, corrected for the effects of
interfacial shear. As |'ve said interfacial shear is
fairly nodest in these tests. And as you expect,
Nusselt under-predicts nost of the points, but these
ot her nodels pretty significantly over-predict.

And even Labuntsov, which was the | owest
of them over-predicts somewhat and this is with no
interfacial friction correction. Now, we're going to
go to Nusselt no. that you are nore famliar with
One based upon the filmthickness, but to do that |
had to calculate the filmthickness, because it was
not nmeasured. So | took ny best shot at calculating
it, switched the Nusselt no. based upon the film
t hi ckness, plotted versus film Reynolds no., here is
your Nusselt nunber of 1. Okay?

VICE CHAIR WALLIS: Well, it |looks to ne
as if this is just ripe for a Kelly |ine.

MR, KELLY: No, no, no.

VICE CHAIR WALLIS: None of themis very
good.

MR. KELLY: Right. So what I'mgoing to
do --

VICE CHAIR WALLIS: The Kelly curve.

MR. KELLY: No, no, no. | mght want --
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VI CE CHAI R WALLI S: Kuhn- Schr ock.

MR. KELLY: | considered that, okay,
because | would have fit this a little bit
differently, but I'"mgoing to use the one that the
experimenter came up with, and | like it for two
reasons. It goes to the value of 1 with zero film
Reynolds no., as it well should. And then it very
naturally comes up. Now, | think it actually should
have a hi gher slope in here, but that's another thing.

So | was trying to make a nodel that was
pure untainted by using the data that | was going to
| at er conpare against, but in this particular case |
found that wasn't viable. So | went ahead and used
t he nodel that was devel oped agai nst this data, sinply
because it was better.

MR. DENNING Let ne try and understand
this. You have used the Kuhn-Schrock-Peterson fit of
their data, on their data.

MR KELLY: Right.

MR. DENNING And that's okay. But are we
sure that the Kuhn data is the nost applicable to the
pl ant ?

MR KELLY: | am yes.

MR DENNING And it is the best quality

control data?
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MR. KELLY: Yes. Fromeverything |I have

seen by | ooking through the literature and | ooki ng at
how t he data was taken, yes. And what you will see if
you ook at a lot of the earlier tests, it would go
directly and neasure condensation wth non-
condensi bl es and never neasure it with pure steam So
Kuhn is one of the few that have actually done both.
And so I"monly |looking at the pure steam data here,
whi ch, of course, is not the plant condition. But |I'm
just doing that to get the wall-liquid heat transfer
coefficient.

VICE CHAIR WALLI'S:  You never have fewer
steam ei t her.

MR KELLY: Right.

VICE CHAIR WALLIS: So you're saying the
non-condensi ble fraction is | ess than sonme val ue?

MR. KELLY: Yes, these are reported as
zero, but, of course, it's --

VICE CHAIR WALLIS: No, you never have
t hat .

MR. KELLY: Right. Especially if the
steamcones from-- well, actually, in this case, the
steamdid not cone fromthe physical plant. They had
alittle boiler, you know, where you run it for a long

time and try to get the non-condensi bl es out of the
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system So that was the laminar film

VICE CHAIRWALLIS: So you were distracted
by all this Russian work and correl ati on and you went
to some, eventually, thing done locally?

MR, KELLY: True.

VI CE CHAI R WALLIS: Essentially, kind of.

MR KELLY: And al so nore nodern, data
fromthe '60s versus data fromthe '90s.

VICE CHAIRWALLIS: Right. |'m suspicious
of sone of this old data. | mean, they didn't control
t hings so well.

MR. KELLY: They did the best, you know,
it's hard. |If you go in the lab and try and neasure
condensation data, it's not easy. So we now have a
nodel for lamnar film \Wat are we going to do for
a turbul ence filn®

VICE CHAIR WALLIS: This is about the
si npl est case you coul d think about.

MR, KELLY: Yes.

VICE CHAIR WALLIS: And you still got
trouble getting feathers that fit together.

MR KELLY: That's true

VICE CHAIR WALLI S:  Ckay.

MR. KELLY: That's why you shoul d never

| ook at nmore than one data set. For turbulent fil ms,
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it's nore difficult, because we have the sane probl em
in the database, it's all averaged over the entire
heat transfer surface. That neans a |ot of the
surfaces in lamnar and only part of it is in

t ur bul ent .

VICE CHAIR WALLIS:  Yes.

MR. KELLY: And you are getting the
interval effect. There is no straightforward way to
subtract out the lamnar and only look at the
turbulent to conpare turbulent nodels to. So that's
a problem Then if you |look at sheared film data,
like the NASA data, where | do have, if you wll,
"l ocal values" that data itself has very |arge
uncertainties, and then when you go to do an anal ysi s
of it, you're relying upon a cal culated fil mthickness
and there is an uncertainty with respect to that.

To make it even worse, if you go and | ook
at sone of the correlations for turbulent film
condensation, they are really all over the map and
"1l show you that in just a second. So what am |
going to do? | went and | ooked at turbulent film
heati ng data, because in this case you control the
wal | heat flux, you can have a nuch better idea of
what the wall to liquid heat transfer coefficient is.

Then the interfacial heat transfer, which is the one

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

81

as | said 4 is highly uncertain, we'll talk about,
we'll treat separately and tal k about that |ater.

This is an exanple of how w dely spread
t he turbulent fil mcondensation nodels are. | |ooked
at six different nodels and again the Nusselt no.
based upon the I am nar |ink scal e versus fil mReynol ds
no. just for two different Prandtl nos. and you're
seeing a factor of about 3 just between correl ations.

VICE CHAIR WALLIS: These are the sane
experiments or are they different in sone way?
Different fluids or different pipe size?

MR, KELLY: These are Prandtl nos. of 1
and 2, so nost of these are --

VICE CHAIRWALLIS: They are probably very
much the sane experinent.

MR, KELLY: Yes.

VICE CHAIR WALLIS: So even in the sane
experinment, they can't get the same answer.

MR KELLY: That's true. | nean, a factor
of 3 is pretty amazing.

VICE CHAIR WALLIS: D d you try
correlating with |ongitude?

MR. KELLY: So how do you choose whi ch of
those is right? WlIlIl, | decided to punt and go | ook

at filmfromheating data, because this is nmuch better
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control. On this slide, | don't show you the data,
but | show you a Nusselt no. based upon fil mthickness
versus fil mReynolds no. The LOCA correlation is the
one that alnost every handbook reconmends. It
actually has 4 different correl ati ons pi eced toget her.
|"'mnot sure if thisis Russian. |1'mnot sure if it's
G nmbutis or Genbutis, but they al nbost over-raise it,
even though it was developed from a different data
set. And so that's a good sign.

Gnielinski is nothing nore than a single
phase, it's like a nodern formof Dittus-Boelter. |If
you're famliar with the Patukoff, it's basically the
same. And so what | didis just nmodify it for liquid
film And what that is you divide by 4 because of the
way the hydraulic diameter is calculated. Al three
of these overlay, so | can use any of those three with
t he sane, you know, degree of veracity.

VI CE CHAI R WALLI S: Now, how do we conpare
this with what was on the previous slide or is it
sonmething different we're | ooking at?

MR, KELLY: Well, the previous slide was
foll owi ng sone condensati on dat a.

VICE CHAIR WALLIS: But the nunber --

MR KELLY: Not data.

VICE CHAIR WALLIS: -- was quite
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different.

MR. KELLY: kay. That's because those
are a different nunber with the asterisk which uses
the | am nar viscus |ink scale.

VICE CHAIR WALLIS: So | can't conpare
t henf?

MR. KELLY: Right. And the other is
referenced to the fil mthickness.

VICE CHAIR WALLIS: So be very careful
when you use Nusselt no. that you define it each tine,
because it seens to be different.

MR. KELLY: That's true. | was just
trying to shorten the presentation by not having al
the extra slides, but you are right, | should have.

VICE CHAIR WALLIS: Well, | didn't know

MR. KELLY: So this gives you an idea of
what the heating correlations |look like relative to
actual heating data. | have two different sets here.
Actually, this is by bay.

VICE CHAIR WALLIS: These are all heating
of filn®

MR. KELLY: This is all heating of film
where you can nmake a | ocal neasurenent and you know
what the heat flux is, you know, with uncertainty, but

a lot better than condensation tests. So in both
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cases this is the Nusselt no. with the asterisk and
this one is just divided by a Prandtl no. to the .34
because that's what WI ke uses and just nade the
conparison a little bit easier. Both correlations
give a pretty good representation of the data.

Wlke is alittle bit closer, but of the
high film Reynolds nos., | |like the behavior of the
Gni el i nski better.

VICE CHAIR WALLIS: So this asterisk one
is sort of conparable with the Chen-Gerner-Tien,
Col burn, Kirkbride, Kutateladze, all that stuff you
showed earlier?

MR, KELLY: Yes.

VICE CHAIR WALLIS: It's sort of on the
sanme page any way.

MR KELLY: Yes, that's true. So we now
have defined the wall heat transfer, wall-1iquid heat
transfer coefficient. And now we're going to really
junp off into uncertainty space and tal k about
interfacial heat transfer. | amnot going to talk
about the vapor to interface, because it's basically
negligible in everything we see. So we're going to
now tal k about the liquid-interface. | should say
interface to |iquid.

Again, lamnar and turbulent filns.
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Lami nar filnms we have already treated. Wat | showed
you was t he Kuhn- Schr ock- Pet erson correl ation or that
fit. That was for the total heat transfer resistance
across the film which has the conponents both of wall
tofilmand interface to film It has them conbi ned,
and so |'mjust putting that heat transfer resistance
bet ween t he two, because | don't know anyt hi ng better,
whi ch should make the liquid filmtenperature lie
hal f way between the wall tenperature and Tg,.

For turbulent film | just showed you the
wal | heat transfer. | feel pretty confident about
t hat .

VICE CHAIR WALLI'S:  This NWJ i s Bankoff or
somet hi ng?

MR, KELLY: Exactly. And that's where we
are goi ng now.

VICE CHAIR WALLIS: So now you' ve brought
in another actor in this.

MR KELLY: Right.

VICE CHAIR WALLI S:  Ckay.

MR. KELLY: See if | use everyone's nodel,
then I'll make everyone happy, but not exactly. So
we're going to look at his co-current flow data
Unfortunately, there were no tests for vertical co-

current flow, only horizontal, so there can be sone
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differences there. And then because this is over a
fairly limted film Reynolds no. range, only about
2,000 to 40,000, I"'mgoing to go |ook at sone other
data. That's actually above our range, so |I'm going
to |l ook at sone other data to try to get it closer to
our Reynol ds no. range.

This is an exanple of some of the
correlations | was |ooking at and |'ve got seven of
themthere and nowthey vary by an order of magnitude.
You know, for condensation, it was a factor of 3. For
interfacial it's an order of magnitude. And by
| ooki ng at those, you can al so see the Reynol ds no.
dependence varies fromsonething like three-quarters
to about one and a half and that's just in the
correlations. The data, of course, is worse.

Wl l, here is sone of the data. Vertica
axis is a Nusselt no. based upon filmthickness that
was neasured in these experinents divided by the
liquid Prandtl no. to the half power, which is how
Bankoff correlated this later. |It's for horizontal
co-current flow. | have plotted agai nst film Reynol ds
no. and | have plotted it, identified the individual
nmeasurenent stations, and of course did that for a
reason, and that's to show off an entrance 1link

ef fect.
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It's co-current horizontal the first
station is, you know, just imrediately downstream of
the inlet and you get higher condensation rates. As
you go down each progressive nmeasurenent station the
heat transfer rate, the heat transfer coefficient
decreases, but the last two stations, station 4 and 5,
pretty rmuch overlay. One of the early nodels proposed
by Bankoff was what he called a "turbulent center
nodel . "

VICE CHAIR WALLIS: | wonder if the

effective station is as big as the effective Reynol ds

no. ?

MR KELLY: Yes, yes.

VI CE CHAIR WALLIS:  So you really ought to
have an | over d or sonmething in the correlation. |If
you're just going to use Reynolds no., it's pretty

m sl eadi ng.

MR. KELLY: Yes. And if you want to try
to do a very good job on these experinments, you
probabl y shoul d.

VICE CHAIR WALLI'S: Now, you can't use
hori zontal though.

MR. KELLY: Because that's the only data.
| will show you sone vertical, but the vertical |I'm

going to show you is counter-current. Okay? This is
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an area where | think the code is highly uncertain and
where we nmay consi der doi ng an experinment in the near

future with the next round of the Thernal - Hydraulic

Institute. So the first nodel that Bankoff proposed
was what he called a "turbul ent center nodel." So the
Nusselt no. is based upon the filmthickness and the
filmReynolds no. that he correl ated agai nst he used

what he called a "turbul ent velocity," but he ended up
just saying it was sonmething |i ke 30 percent of the
main filmvelocity.

So what you end up with is this blue |ine
and it is nothing nore than a constant times the film
Reynolds no. to the three-quarter power tinmes the
liquid Prandtl no. to the half.

VICE CHAIR WALLI'S: Excuse ne. You know
all this stuff. You have explored all this. But sone
regul ator from NRR who uses TRACE just to sort of
blindly predict sonething and doesn't know that for
this particular application the | over d is so short
that he really ought to worry about sonething, and
t hen, you know, the regul ator nakes a deci sion.

MR, KELLY: Well --

VICE CHAIR WALLIS: How do you get this

ki nd of confusing information to the user?

MR. KELLY: To do the job right, okay, and
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we did the job right, in nmy estimtion we did AP-600,
what you do is a very detailed code applicability
st udy.

VICE CHAIR WALLIS: W | ook at the range
of those things?

MR. KELLY: Yes. You start with the part,
you i dentify the i nportant phenonena and t he step t hat
nost often is overlooked is you identify the ranges
over which those phenonena are inportant. You know,
what's the Reynolds no. range, etcetera, etcetera
You go out you identify separate effects tests for
each of those. You assess the code agai nst those
separate effects tests for all of those highly ranked
phenonena over the range where they are inportant.
I'm talking about a big effort. Then you have
interval scale, interval data, hopefully at a couple
di fferent scales and you run the code agai nst that.

VICE CHAIR WALLIS: This |ooks so
conplicated. It seens to nme that if you left the
Agency, there probably woul d be nobody who under st ands
it well enough to figure it all out.

MR.  KELLY: Well, Wi Dong is ny
under study and |I' mhopi ng al so to bring Shawn Mar shal
along that way too. But that's the nature of any

code.
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VI CE CHAIR WALLIS: The problem | see here

is that an applicant could be selective in choosing
whi ch data set to show agrees with his correlati on and
could then nake it look as if his analysis is very
good. Unless you are really experienced and smart,
you woul dn't know that he is being very selective in
choosing which data set to use in order to make a
poi nt .

MR. KELLY: That's true. And, you know,
it's the applicant's responsibility to show that the
data is in the right -- covers the right ranges and,
you know, show how well or not it does. But it's not
easy.

CHAI RVAN RANSOM Wl |, it seens to ne
that's an argunent for the Agency having a standard
that we trust and basically to neasure the applicant,
how his code or calculations would do relative to
t hat .

MR, KELLY: Yes.

CHAI RVAN RANSOM  And, of course, you're
going to docunent all this, right, so that it can be
retrieved.

VICE CHAI R WVALLIS: Wl l, sone applicants
still wuse something antiquated |ike one of these

Wallis correlations, which was produced in five
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m nutes by a graduate student in '62, and you have
shown there a better correlation. Should we therefore
not allow themto do that?

MR, KELLY: Well, historically, what the
Agency has done is it's the burden of the |icensee to
prove that the analysis works for its intended
application. And if interfacial friction and annul ar
flowis a no, never mnd for the transit of interest,

t hen maybe t hey shoul dn't have to go back and retrofit

t he code.

VICE CHAIR WALLIS: | don't see that.
When we | ooked at -- maybe | shouldn't be specific,
when | | ooked at huge vol unes of code docunentation

fromwell -known applicants, well-known vendors, they
seemto just agree with any use of correlation here
and the rest of the correlation they therefore wll
nmake one up, because it has the right limts and we'll
do all this stuff and thenit's all put together. And
then there is a curve. | never say any detailed
justification of why these equations were justifiable.
And you have to dig very deeply then to find out what
t hey are using.

MR. KELLY: Yes. Wichis why | take a
di fferent approach.

VICE CHAIR WALLIS: Well, this is why,
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per haps, we should be pretty careful and cautious and
conservative in assum ng that you can predict things.
Very aware of the range of uncertainties.

MR SIEBER This is really the first tine
that we have examned this give and take between
correlations and the data that underlie. | think it
is very good nyself.

MR. KELLY: Thank you.

MR SIEBER It will becone |ike other
codes, you know, once it goes to some user sone pl ace,
t he user won't have that background and wi |l accept,
you know, the results as though it's error free.

MR. KELLY: Based on -- yes, that's true.
And, of course, the eventual road map for all this.
You know, we had to do the consolidation. Two things
surprised us, | would say. Joe may correct nme. The
first is hownmuch work it was to try to be able to do
a translation of a RELAPS i nput deck to a TRACE deck.
W spent a lot of tinme on that. W didn't think it
was going to be easy, but it was nore work than we
anticipated, | would say.

The other thing that surprised nme is how
bad t he extent physical nodels in the TRACE Code were
and how much work we're now having to do, now that

we're at the point where we can focus on this to, if
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you wi I |, recover what shoul d have been there to begin
Wi th.

VICE CHAIR WALLIS: If you show us the
next graph, | nean, here is George Bankoff doing the
best he can with his own data. The next figure, page
39.

MR. KELLY: Yes, well, let ne back up just
a second. This one, this correlation did not cone
fromthis data. | think he actually did this from
sore earlier data and then adj usted the coefficient on
it, soit went in the mddle of the data. | went and
adj usted the coefficient on it so it fit the fully
devel oped data. So then you could add if you deci ded
to the entrance link effect.

VICE CHAIR WALLIS: Right.

MR. KELLY: And then | thought well, this
is actually a Reynolds no. range above where we are.

VICE CHAIR WALLIS: Wwell, this is N
This is Bankoff's own dat a.

MR, KELLY: Yes.

VI CE CHAIR WALLIS:  Versus his own theory.

MR KELLY: Well, he had several theories.
Okay. Each experinent spawned a different one.

VICE CHAIR WALLIS: Each experinment has a

di fferent theory?
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MR. KELLY: And what |I'mshowing is

actual ly one of the sinplest and one of the first, and
|"m doing that for a couple of reasons. The first
correlations they cane out with, let's see, is this
the right marker for these, do you know? They were of
the form

MR SIEBER. You can wite on this.
VWhoops.

MR, KELLY: It's sort of hazardous here.
They were written in the form of a Nusselt no., a
coefficient tines the gas Reynolds no. to some power
times a filmReynolds no. to power tines prandtl no.
to the one-half. And he picked one-half because
that's nass transfer and he didn't have enough
variation in his data to determne it.

Vell, there is three things wong with
this correlation that, as far as |'m concerned, nake
it wunsuitable for use. The first isit's
mul tiplicative in the gas and fil mReynol ds nos. You
know, this is supposed to mainly take the effect of
interfacial drag. |If this is zero and you have a
falling film you ve got a zero Nusselt no., so |
can't use it.

The next thing is that it's the gas

Reynol ds no. The interfacial shear is nore dependent
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upon a relative velocity, not the Reynolds no. Like
if you look at these tests, you know, there was a
cont ai ner here and so the Reynolds no. is a function
of that distance. So you just make the contai ner

bi gger, same velocity, you get a different Reynol ds
no. You see, there are a nunber of papers where they
say, you know, well, this guy's Reynolds no. effect
was this. W found sonething conpletely different.
That's part of the reason. That's the second reason.

The third is that by putting them both
together like this, thereis a confounding effect. |If
all of your high film Reynolds no. data occurs when
you are at a | ow gas Reynol ds no., you can't separate
the two unl ess you' ve done sonme kind of parametric.

VICE CHAIR WALLIS: Do they go together?
| nean, you increase the flow rate, you increase the
flow rate of both phases, because you're condensing.

MR KELLY: Right.

VICE CHAIR WALLIS: So do they go
t oget her ?

MR. KELLY: Right. So there are three
things. But even when he did this correlation, he, |
should say students or a series of students, it's
pretty widely scattered. And when Professor Banerjee

was here, he said | should use the northwestern
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correlation, and it was a later one, and it was a
| ater turbulent center nodel. And when you | ook at
the docunents, the NUREGs, it |ooks great. For
condensation data, especially interfacial, it goes
right through the mddle of the data and the scatter
is pretty snall

So | thought well, yes, that | ooks pretty
good. Well, what's wong with it? Wy am| not using
it? Again, a Nusselt no. based upon the film
t hi ckness, okay, and now it's just very sinple
correlation, coefficient times what he called a

turbul ent Reynolds no. to power, Prandtl no. to the

one-hal f.
VICE CHAIR WALLI S:  Ckay.
MR KELLY: And it fit the data
marvel ously. So what's wong with it? WIlIl, you have

to look at what's the definition of the turbulent
Reynolds no.? And it's, okay, liquid density, what do
you call a turbulent viscosity, film thickness over
the liquid viscosity. So far so good. Were does the
turbul ent velocity scale conme fron? Move over here.

VICE CHAIR WALLIS: That's effected by
interfacial drag.

MR. KELLY: Yes, exactly. He used a

friction velocity based upon interfacial drag. It
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still makes sense. kay?
VI CE CHAIR WALLI S:  Yes.
MR. KELLY: W¢th the one caveat that now

if you have no interfacial drag, because it's a

falling film this goes to zero. So it still has that
defect in it. But boy it still fit his data very
well, so why am | not using it? WlIlIl, as we talked

earlier about interfacial drag --

VI CE CHAI R WALLI'S:  Now, you start with an
interfacial drag which depends on the velocity of the
vapor, so the Reynolds no. for the liquid actually
contains the velocity of the vapor.

MR KELLY: Right.

VICE CHAIR WALLIS: | find it peculiar.

MR. KELLY: [It's worse than that. Woops,
that's a gama. Wen we tal ked about interfacial
shear and condensation, that's a sumof two
conmponents, an adi abatic term which we nornally cal
interfacial shear, and a nass transfer term that's
what they did. They used the correlation for this and
calculated this one as basically gamma tinmes v rel.
Actual ly, they may have used v gas and then | ater said
they should have used v rel. But then, that's
negligible for their test.

So their turbulent velocity scale is
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not hing nore than the condensation rate. So you've
now got your condensati on Nusselt no. as a function of
your condensation rate.

VICE CHAIR WALLIS: Cul m nated agai nst
itself.

MR. KELLY: That's a good way to get a
nodel that | ooks pretty good.

VICE CHAIR WALLIS: You're making me very
happy on two scores. One is that | stopped working on
condensation. The other thing is that | have refused
to review papers like this since | joined the ACRS
Because it's extraordinarily difficult to decide
whet her or not the paper based on this kind of stuff
is valid or not.

MR. KELLY: Unless you get in and | ook at
it. You can't do it in a few m nutes.

VI CE CHAI R WALLI'S:  No.

MR KELLY: So --

VICE CHAIR WALLIS: | wonder whet her you
are giving ne confidence or not. You're giving ne
great confidence in your ability to analyze stuff.

MR. KELLY: Well, then |I'm hoping you'l
have sone confidence in ny bottomline.

VICE CHAIR WALLIS: It's just the kind of

thing, | mean, you have pointed out sonethi ng which,
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you know, you can do if you really dig into it. GCee
whiz, they're correlating X against X or whatever,
ganma ver sus agai nst ganma

MR KELLY: Yes, | found that nore than
once.

VICE CHAIR WALLIS: Against itself, no
matter what the theory is. And yet, it nmay well be
that this theory is being used in sone code to justify
a regul atory deci sion.

MR. KELLY: | don't know of any, but it
coul d be.

VICE CHAIR WALLIS: R ght. And the
probl emthen is that soneone |i ke an ACRS Menber reads
all this and says you shoul dn't use that, because they
call it in gamma against ganma and it's -- then it's
very difficult for the Agency to backtrack and say
wel |, we approved this code, therefore, it's okay.

MR, KELLY: Yes.

VICE CHAIRWALLIS: And not pay attention.
You shoul d go on.

MR, KELLY: Yes. Okay. So | started with
the co-current data because that's the situation
have. But they only had horizontal and |I'm of
course, vertical. But the real problemwas it's over

a fairly limted range of data and that's these bl ue
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di anonds, that's what was on the previous slide.

VI CE CHAIR WALLI S:  Yes.

MR, KELLY: Most of ny stuff is down in
here for the ESBWR application. So can | trust that
line or not? No, of course. WlIl, so | |ooked at the
ot her two Bankoff experinents, the above counter-
current, one was horizontal, that's the green circles,
the yellow triangles are verti cal

VICE CHAIR WALLIS: | would try it all
except the vertical, because vertical is what you have
i n ESBWR

MR KELLY: Yes. And | was anazed that
the horizontal and vertical counter-current pretty
much overl ai d.

VI CE CHAI R WALLI S:  You have co-current in
ESBWR

MR, KELLY: Yes. And you expect those to
be different, but how nuch?

VICE CHAIR WALLI'S: But counter-current
tends to nake bi gger waves, because, you know, trying
to hold up the liquid or the vapor.

MR. KELLY: So | woul d expect higher heat
transfer rates. And that was actually one of the
surprising things is that these fell away from the

hori zontal co-current. | expected -- if you had asked
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nme beforehand, | would have said they mght be an
order of magnitude higher.

VICE CHAIR WALLI'S: But also the film
tends to get fatter, because it's harder to transport.

MR, KELLY: Exactly. Exactly. And that
seens to be what drives it. So | |ooked at that and
| was tenpted to put a line through it, you know, and
call it a Kelly --

VICE CHAI R WALLI S:  Downfl ow, this has no
hope of correlating upflow data. It's a conpletely
di fferent problem

MR. KELLY: So at any rate, that has a
Reynol ds no. dependent. But renenber, nmy Nusselt no.
here has a filmthickness built intoit, and that was
nmeasured in the heat test. So that effect is out in
t he sense of it's an average fil mthickness, you know,
a mean fil mthickness and, of course, with waves that
vary a lot. That's about a Reynolds no. to the 2
power, which none of the correlations are.

And | want to say it's the | amnar-
turbulent transitions, but that's not right, because
this starts at about a Reynolds no. of 10,000 and
comes down around 6,000. And actually the |am nar-
turbulent transition should be over in here. So

still don't have anything, at |east not anything |
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want to put my hat on.

So | went back to the Kuhn test, the pure
steam ones. And so they neasured the total heat
transfer resistance across the filmand | sinply
double it saying that the interfacial is, you know,
hal f of the resistance, so | doubled the Nusselt no.,
that's why I"'mcalling this inferred data.

VICE CHAIR WALLIS: That's why it's 2
rather than 1?

MR, KELLY: Right. Because it's fromthe
liquid film tenperature to the interface. And the
blue line is that Kuhn-Schrock-Peterson Mdel that I
showed you earlier, the curve fit is a better
description for it, rather than a nodel. This is
where | am Wat am | going to use for a turbul ent
filn? At this point, | don't have a good nodel .

CHAI RVAN RANSOM | ' m surprised that none
of these nobdels have attenpted to use the relative
velocity in the correlation or to define a Reynol ds
no. based on the relative velocity. You would think
t hat woul d be nore reasonabl e.

MR. KELLY: Well, you know, this is kind
of that approach.

CHAI RVAN RANSOM  Yes.

MR. KELLY: \Where they are going to use a
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friction velocity on Tal/l, but then it turned out for
t he conditions of these tests, the mass transfer term
was nuch larger. Wat you woul d expect, Vic, is
sonmething that's the function of the film Reynol ds
no., because that's turbulence in the film nultiply
it by something, you know, there is |like 1+ and then
some function of the relative velocity. But | didn't
find that.

VICE CHAIR WALLIS: Now, if I were trying
to assess ESBWR, it would seemto nme that | woul dn't
really want to rely on any of these correlations that
go through data. | would want to say this thing has
to work.

MR, KELLY: Yes.

VICE CHAIR WALLIS: So | want to know some
extrene case. Now, the worst it could possibly be is
a Reynolds no. which is below all these data. And as
long as the system will work for that, |'m pretty
assured it will work.

MR, KELLY: Yes.

VICE CHAIR WALLI'S: That woul d make nore
sense then fiddling around wth a whole other
correlation that sometimes work and sonetines don't
and work for so and so's data and not for sonebody

el se's.
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MR. CARUSO And that's actually what you
use.

VICE CHAIR WALLIS: And this is why you
need sonething |ike the PANTHERS test where they
actually neasured the real thing. |If you can
correlate that with no theory at all, it's correl ated.

MR, KELLY: Yes.

VICE CHAIR WALLIS: Fit the data. Then
that nmaybe is nuch nore reasonable, because it's a
full scale test on the realistic condition

MR, KELLY: Now, | won't disagree with
t hat .

VICE CHAIR WALLIS: It seens to indicate
that we still need full scale tests for reactor
licensing for certain phenonena.

MR SIEBER | think that's true, but |I'm
not sure that you <can construct a |aboratory
experiment or a test that will mmc everything you
need to know about axial conditions in a reactor. You
are bound to go beyond the rate of the data. And so
without a first principle's foundation for the
correlations that you have, it's not clear to ne that
you're going to end up in any known condition.

MR. KRESS: Wll, you probably can for

this sort of thing, commencing in a tube. You can
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probably nake a pretty good simul ation.
MR. KELLY: Because it's your dianeter.
KRESS: Yes.

KELLY: Right.

2 3 3

KRESS: And that would be too
difficult.

MR, KELLY: But if you extrapolate up to
a pipe that's a neter in dianeter.

MR. KRESS: ©Ch, then you've got it. Yes.

MR. KELLY: And that's the problemwe
have. One of the reasons | spent as much tine as |
did looking at the northwestern data was we had a
condensati on problemin the code, in the Code Reg, due
to the nodel and basically stratified flowand it was
due to the nodels that were in the code.

VI CE CHAIR WALLI S:  Yes.

MR. KELLY: And so | wanted to conme up
with a better estimte of the nodel and that was part
of the reason | started |ooking at the northwestern
data. And | need a nodel for turbulent film
condensation in stratified, inannular filmfor things
i ke Code Regs and down-coners, not just for PCCS
tubes. And so | resisted the urge to draw a |ine
through this. | may, if |I don't run a small scale

experiment, end up doing that sone day.
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VICE CHAIR WALLIS: Well, this is just

t hrough the Northwestern University data?

MR. KELLY: That's the only data | could
find out there with | ocal nmeasurenents of interfacial
condensation rates, because that's hard to do.

VICE CHAIR WALLIS: But a lot of it is
hori zontal flow, which isn't necessarily the sane
t hi ng.

MR KELLY: Right.

VICE CHAIR WALLIS: It could be the flow
tends to be nore stratified, presunably.

MR. KELLY: Yes, and | didn't have any
vertical co-current.

VI CE CHAIRWALLI'S:  This vertical counter-
current flow, what they have is vertical co-current
downfl ow i n the PCCS.

MR. KELLY: Right.

VICE CHAIR WALLIS: So none of these data
are really for the conditions in the PCCS.

MR, KELLY: Right. But it was what |
could find. This is what | chose to use. Again, |
al ready have the Giielinski Mddel in the code. W use
it for a nunber of other things. [If you multiply by
.7 it fits the Bankoff Model at high film Reynol ds

nos. and what it at |least does is fall off, so it
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doesn't over-predict as badly. And what | found by
| ooki ng at actual filmcondensation data, the Kuhn at
UCB and in the NASA data, for the Kuhn data you need
very |l ow values at the interfacial

VICE CHAIR WALLIS: Joe, if you use .7
times Gnielinski, you are a factor of 5 or sonething
hi gh on predicting heat transfer coefficient for some
of these data.

MR. KELLY: That's right.

VI CE CHAIR WALLIS: Wll, that's a huge --

MR, KELLY: Yes.

VICE CHAIR WALLIS: And so if they are
predicting that all the steam gets condensed using
this, it may be true that only 20 percent of it gets
condensed. That's a huge effect in sonething like a
PCCS.

MR KELLY: But there | have the nass
transfer to save ne, because that's nornally the
limting resistance there, not this. Typically, from
what | have been able to ascertain, in pure steam
condensati on about three-quarters of the heat transfer
resistance iswall tofilm About one-quarter is film
to interface. GCkay? So that factor of 5 is on that
one-quarter.

Then when you add i n non-condensi bl es and
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t he mass transfer beconmes the controlling resistance,
that one-quarter becones one-quarter of maybe 10
percent. And that's why I"'mnot -- | don't like this.
| want to do sonmething better. | don't have a

dat abase to do anything better, but I'"mnot going to

| ose sleep over it, because we're tal king about one-
guarter of 10 percent and that's way off in the
uncertainty bands.

VICE CHAIR WALLIS: So you haven't yet
told us how you nodel the mass transfer resistance.

MR, KELLY: Well, let's go to the next
slide. That's the next topic.

MR. FORD: Joe, would you mnd just going
back one slide just to satisfy ne on sonmething? On
one of the earlier slides you waved your hand and said
t hat ESBWR was in the order of 1,000 to 3, 000 val ue of
t he Reynol ds no.

MR, KELLY: Well, actually, it's nore |like
100 to 1, 000.

MR FORD: So if they use the Berkel ey
data and the correlation, you woul d be happy?

MR, KELLY: Yes.

MR. FORD: You would pass it? GCkay. Even
t hough the TRACE Code uses --

MR. KELLY: As |long as you denonstrate
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that. You do your system cal cul ations. GCkay? You
back out from the system calculations what the
conditions in the PCCS were when it was inportant.

MR. FORD: Ckay.

MR. KELLY: Now, what were the gas m xture
Reynol ds nos., what were the non-condensible
concentrations and what were the film Reynol ds nos. ?
Then you conpare that to this database.

MR. FORD: Ckay.

MR KELLY: And if this database
enconpasses it, you're hone free.

MR. FORD: And so you really wouldn't use
TRACE at all for this particular -- because as |
understand it, TRACE is based on that dotted line. |Is
t hat correct?

MR KELLY: No.

MR. FORD: Ckay.

MR KELLY: This is the |am nar nodel that
| put into TRACE.

MR FORD: Oh.

MR KELLY: And this is the turbulent, so
that I cover the full spectrum

MR. FORD: Ckay. Ckay.

MR KELLY: Plus in TRACE all of this

depends upon the calculated liquid fil mthickness and
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that brings in wall drag and interfacial shear.

MR. FORD: Thank you.

MR. KELLY: And then we go to nmss
transfer, whichis actually the controlling resistance
nost of the tine for t he non- condensi bl e
concentration, you know, if there is much non-
condensi bl e at all.

So the approach is to use a nechanistic
nodel simlar to the mass transfer conductance nodel ,
whi ch was recomended in Kuhn's thesis. Now, he came
up with an enpirical correlation, but he said you can
do a better job than the enpirical correlation by
going to a mamss transfer conductance nodel, and so
that's where | started.

VICE CHAIR WALLIS: Well, Bird, Stewart
and Lightfoot has a whol e couple of chapters on --

MR KELLY: Right.

VICE CHAIR WALLIS: -- simultaneous heat
and mass transfer and that sort of thing.

MR. KELLY: And that's, basically, what
you're going to see here and an ol der versi on woul d be
t he Col burn-Haugen. It's the same kind of thing. So
you have a heat flux fromthe liquid to the interface.
The difference here is I'm not treating liquid to

wall. [|I'mjust going liquid to interface and sayi ng
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that has to equal what's on the other side, the nass
transfer part.

So on the gas m xture to interface, it has
two conponents, condensation and sensi bl e heat.
nodel ed t he sensi bl e heat contribution, but it's very
small. Condensation heat flux is sinply the
condensation mass transfer tines the | atent heat, and
what you have to do is set these two equal and that
becones an iterative process, because you have to find
what the interface tenperature is and that's really
what the interface concentration of the non-
condensi bl e is.

Now, it turns out you can do that in about
three to four iterations if you put together an
intelligent schenme. Here's the condensation nass
flux, very sinply, gas mxture density. This is
diffusivity, tube dianeter. Beta is this rolling
factor, Sherwood no. | have the ratio of 2 nol ecul ar
wei ghts, the nol ecul ar weight of the mixture at the
interface and the nol ecul ar weight of the mixture in
t he bul k.

VICE CHAIR WALLIS: How do you know x, ;?

MR. KELLY: That's one of the things you
have to solve for by --

VI CE CHAI R WALLI'S:  You have to solve for?
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MR, KELLY: Yes.

VICE CHAIR WALLIS: It seens to play a
role in everything.

MR, KELLY: Yes.

VICE CHAIR WALLIS: So you have to
iterate. You have to cal cul ate and then go back and
put it in all the equations again?

MR. KELLY: Right, this right here. It
takes about three iterations to converge, sonetines
four. This is to account for variable properties
bet ween the bul k and the interface and it's a property
ratio scheme that | pulled out of Kays and Crawf ord.
And then b is the nass transfer driving potential
witten in terms of the weight fractions.

VICE CHAIR WALLIS: This beta is what you
m ght call a polarization at the interface when you
build up the non-condensibles at the interface, and
the concentration at the interface can be 10 or 100
times what it is in the main flow, because you're
streanming it to the interface and it has to diffuse
back agai n.

MR. KELLY: Yes, right. That's what all
this is.

VICE CHAIR WALLIS: It all depends on --

MR. KELLY: Yes, it's just diffusion away
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fromthe interface.

VICE CHAIR WALLIS: Diffusion controlled.

MR. KELLY: Yes. And so you see what |
used for the Sherwood no., sonething that would be
appropriate for single phase flowin it, too.

VICE CHAIR WALLIS: Well, to calculate

X how do you cal cul ate x,; again?

MR, KELLY: Well --
VICE CHAIR WALLIS: The x .
concentration at the interface.
MR KELLY: That's correct.
VI CE CHAI R WALLI S: Wi ch can be very nuch
nore than it is in the main flow?
MR.  KELLY: Yes. | go through, |

eval uat e.

VICE CHAIR WALLIS: How does this get to

MR.  KELLY: 1'magetting there.
calculate the interfacial heat transfer coefficient.
Okay? | make an estimate of the interface
tenperature. This is held constant, because this
isn't a function of it. So | take a guess for the
interface tenperature. | go through and eval uate
these two contributions by the equations on the next

slide, again, for that assunmed interface tenperature,
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which correlates to an interfacial concentration.
Look at this.

VICE CHAIR WALLIS: Because of a parti al
pressure of --

MR. KELLY: Exactly, of the vapor,
exactly. If this is less than | think it's 100 '" of
1 percent difference, |'m converged. Oherw se,

adjust the guess for the interface tenperature

concentration until it converges.

Sensi bl e heat, I'mnot going to waste any
timeon. It's negligibly small. How well does it do?
Vell, this is what you saw before. This is against
the air-steamdata of Kuhn. It | ooks very good. This

is data from 72 different tests.

VICE CHAIR WALLIS: This fog factor was
what | was | aughi ng about.

MR. KELLY: Right, it's a fog factor.

VICE CHAIR WALLIS: It's a fog factor of
27?

MR KELLY: That val ue was recomended,
t hi nk, in Kuhn's thesis.

VICE CHAIR WALLIS: Because he just
correlated the data better and nmultiplied by 2?

MR KELLY: You see other ones where it's

a factor of 6, | nmean, a val ue of 6. It doesn't nmke
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any difference. It's tines a very small nunber. But
| agree, that is something good to laugh at. So there
are 571 data points.

VICE CHAIR WALLIS: Wwell, it's the
sensible. You don't need to worry about the sensible.

MR. KELLY: Right. The average error was
7.7 percent. The RMS, 16.1, is actually better than
t he enpirical nodel

VICE CHAIR WALLIS: That you showed us
bef ore.

MR. KELLY: That came fromthis, right.
And there's the helium sane thing

VICE CHAIR WALLIS: So everything is done
by the non-condensi bl es?

MR. KELLY: For this case unless you' re at
very high gas m xture Reynol ds nos.

VICE CHAIR WALLIS: |Is that true of ESBWR?

MR. KELLY: It depends on when.

VICE CHAIR WALLIS: On.

MR. KELLY: |If there's a phase of a
transi ent where the gas m xture Reynolds no. is very
high, we're talking tens of thousands and the gas
concentration is on the order of a percent or so, then
the mass transfer is not the controlling resistance.

But if you go 10, 20, 40 percent of non-condensible --
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VI CE CHAIR WALLIS: Oh, then it's bound to

be.

MR, KELLY: Right. So we're finished with
all the theoretical stuff. How well does it work when
you shove this nmodel into TRACE? This is a test
matrix that | did. Again, | worked with three
different types of test, a lamnar film | used the
Kuhn test for that, a turbulent film the NASA test,
and the non-condensi ble gas effect, | |ooked at the
ai r-steamtest of Kuhn again.

For the laminar film | did a paranetric.
On pressure, froml to 5 bar. For the turbulent film
| just ran two tests and | ran those, because that's
basically history. They were part of what RELAP5 was
assessed against. For the air-steam | did a
parametri c on non-condensi bl e gas mass fraction from
1 to 40 percent at the inlet.

So pure steam laminar film this is what
we had before. | have got the cal cul ated heat
transfer coefficient versus the neasured perfect
agreenent. Mst of the TRACE cal cul ation dramatically
under-predicts and the prediction gets worse as you go
to hi gher pressure.

VI CE CHAIR WALLIS:  That's what TRAC woul d

do.
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MR. KELLY: That's what it would do today
wi t hout the PCCS Model. Wth the PCCS Model, you get
this, a very good agreenment where | over-predict.
That's because those film Reynolds nos. were,
basically, at the end of the tube and they were in the
| am nar-turbulent region and my turning on of the
turbul ent bunped it up too high.

CHAI RVAN RANSOM  Were these tests with
TRACE just take a tube and put boundary conditions at
the entrance and exit and --

MR. KELLY: And on the secondary side,
used the neasured wall tenperature as the boundary
condition rather than trying to nodel the secondary,
because that gives you then the uncertainty of the
convective heat transfer on the secondary side. So |
tried to make it so that what we were |ooking at is
t he nodel that we're assessing.

This is heat transfer coefficient versus
di stance, the old calculation. This is a test at 3
at nospheres, data and TRACE, and this is the new
cal culation, which is almst Dbetter than is
creditable. It also gives you a much nore realistic
calculation of the liquid filmthickness. This was
the ol d cal cul ated value. This is the new cal cul at ed

value. The red curve is what you get if you assune
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it's apure falling film no interfacial drag. So as
| said earlier, the anpbunt of interfacial drag is
fairly nodest in these tests.

Turbulent film \Wat | have shown is the
data, the old calculation and the new cal cul ati on
This is for Run 172. The new under-predicts when a
filmis lamnar. There is an inconsistency between
the NASA data and the UCB-Kuhn data. This data is
hi gher for the sanme ki nd of conditions, and | chose to
go with the Kuhn data, because well, first off, |
think the quality of the data is higher, but it also
covers our range of applicability better.

VICE CHAIR WALLIS: And the NASA has a
much higher velocity, so there's nore likely to
happen, entrai nment and other things that nay be not
wel | - rodel ed by Kuhn.

MR. KELLY: Right. And then the sane
thing here. The one difference here is the old TRACE
Model, it's in a nore recent version of TRACE where
t he wal | drag had been changed. And you'll notice the
calculation got a |lot worse, because it switched it
bet ween two different condensation nodels.

VICE CHAIR WALLIS: Then we shoul d say
t hat RELAP and TRAC woul d do as badly as that, these

approved codes from the past, because this is where
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TRACE cane from

MR KELLY: Fromwhat | know when we
| ooked at RELAPS5 for the AP-600 and for the ESBWR
we're talking about 10 years ago, RELAP5 would do
better than this.

VICE CHAIR WALLIS: Ckay. So TRAC was
bad.

MR KELLY: Because RELAP5 was assessed
agai nst condensation data nore recently, because we
al ready went t hrough sone of this exercise with RELAPS
and RELAP5 has several different nodels in it, at
| east two, for the non-condensible effect. One of
those is the Vierow Schrock correlation. So if you
turn that option on, use with caution.

Non- condensi bl e gas effect, | ran five
different experiments going from a non-condensible
mass fraction, from 1 percent to 40 percent at the
inlet, and as far as |I'mconcerned that's excellent,
excel | ent agreenent.

VI CE CHAI R WVALLIS:  You' re nodeling Kuhn.
Vell, all along the way you have had Bankoff and al
that stuff. |If you would go back and nodel all that,
do you presune you don't do so well?

MR KELLY: I'msure | wouldn't. For one

t hi ng, the Bankoff is not governed by mass transfer.
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That is what | feel |like I'mnodeling nost accurately
here, is the mass transfer and that is why that | ooks
so good.

VICE CHAIR WALLIS: So we're lucky that
there are so many non-condensi bles in the ESBWR?

MR.  KELLY: If you want to inpede
condensation, that helps. So the summary is pretty
sinple. Develop the nodel. It's applicable to the
conditions of the PCCS. It's within a two-fluid
framework and | take advantage of the things that
TRACE cal culates like the liquid filmthickness.

The accuracy is pretty nmuch as good as t he
data. To nake it better, we would have to go and do
somre nore nodern condensation tests, which maybe for
something like reflux condensation in a steam
generator tube we need to do at sone point.

VICE CHAIR WALLI'S: Well, PANTHERS was a
full scale test of the ESBWR PCCS

MR. KELLY: Right.

VI CE CHAI R WALLI S: Over the range of flow
rat es and non-condensi ble and all that expected.

MR, KELLY: And that's --

VICE CHAIR WALLIS: That's a real test?
Do you have to know?

MR. KELLY: Yes, and next tine you wll
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have Bill Krotiuk up here.

VICE CHAIR WALLIS: WII | still be on the
ACRS when you tal k about that?

MR. KELLY: | hope so.

VICE CHAIR WALLIS: Well, |I'mnot sure.
| nmean, this is taking so |ong.

MR KELLY: Well, the nodel is in the code
now and Bill is starting to test it.

VICE CHAIR WALLIS: The real proof of the
pudding in terns of applicability would seem to be
what you haven't done yet, which is to apply it to
PANTHERS.

MR KELLY: That's true

VICE CHAIR WALLIS: Is this going to be
published in the open literature?

MR KELLY: | would --

VICE CHAIR WALLIS: It seens the kind of
t hing that ought to be there.

MR KELLY: Well, | amgoing to do the
code docunentation, although that's going to take a
small lag intinme. | should be doing it now, but I'm
switching ny effort to work on 50.46 now, so that's
going to make this code docunentation on this lag in
time sone. So for the nonent, this presentation is

t he docunentation, which isn't acceptable.
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Now, as far as turning this into a journal
paper, it's not breaking any trenmendous new ground.
| f you go and | ook at sone of the nore recent papers
on condensation with non-condensi bl es, they use mass
transfer conductance nodels simlar to this and get
simlar kinds of results.

VICE CHAIR WALLIS: Well, | think that's
okay, but | was nore concerned about the other part,
t he part where you were nodeling the pure steamwhere
you get all sorts of different results depending on
how you | ook at the data and whose correl ation. That
seened to ne was very useful or would be very usefu
for the technical community to know about. And the
fact that non-condensibles govern through your
application is a kind of lucky thing in a way. You
can throwmn away all this other stuff you don't know
much about, because the heat transfer resistance is so
smal|l for those parts of the problem

MR KELLY: Right.

VICE CHAIR WALLIS: And just concentrate
on the non-condensi bl es.

MR. KELLY: Right. But of course, that
gets us into trouble in things like |arge break LOCA
for condensationinthe cold leg or inthe down-coner.

VICE CHAIR WALLIS:  Yes.
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MR. KELLY: And that's exactly sone of the

things | have to look at for 50.46 right now for
condensati on-i nduced oscillations.

VICE CHAIR WALLIS: Well, condensation
when you're squirting in ECC water and do sone weird
geonetry that has never been really tested, it cannot
be assessed with any of these correlations very well.

MR KELLY: Right.

VICE CHAIR WALLIS: Especially if you get
oscillations in there.

MR, KELLY: Well, I'mtalking about the
code having oscillations that are nuch |arger.

VICE CHAIR WALLIS: Onh, so physi cal
oscill ations.

MR. KELLY: Yes, there are physical ones.

So one of the things we wll be doing is the
Nort hwestern University test will be added to the
TRACE assessnent matrix. | haven't done themyet, but

they will be done. There is a bit of a trick to them
because they are a rectangul ar channel and we have
pi pes, but you can either nodify the pipe to be
rectangul ar or fudge it by having --

VICE CHAIR WALLI'S:  The thing with 50. 46,
50. 46 woul d seemto be just picking a good pipe size.

MR. KELLY: Well, we have been tasked with
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maki ng sure that TRACE can give realistic predictions
for that to help give sonme guidance in that, and
actually I'mjust now becom ng involved in that, so
can't answer those questions very intelligently.
Ei t her Joe Staudennei er or Steve Baj orek woul d be abl e
to do a nuch better job

VICE CHAIR WALLIS: W're going to see you
in that context.

CHAI RVAN RANSOM  Joe, | have one question
on your nodel with regard to the Bankoff experinents.

MR KELLY: Yes.

CHAI RVAN RANSOM  Sone of those use super
heat ed steamand in early sinulations of that we found
that if you didn't account for, you know, the heat
transfer to bring the steam down to the saturation
point at the interface or then, of course, the energy
bal ance predicted the steam to heat up, which was
unphysi cal .

And |I''m wondering is your sensible heat
termaccounting for the heat transfer that's necessary
to bring the super heated steamdown to the saturation
tenperature at the interface and then all ow mass
transfer to take place by the nodel that you
present ed?

MR. KELLY: Ckay. | haven't sinulated
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those tests in TRACE yet, so | don't know how it wll
work in TRACE. | only know how | did the data
anal ysis. Now, ny --

CHAI RMVAN RANSOM  Haven't you had to
nodi fy the sensible or the --

MR. KELLY: Were | think you' re going
with this --

CHAI RVAN RANSOM  -- base change energy to
account for the super heat in the steanf

MR. KELLY: Right. That's a point
gl ossed over. \Were that really is is here.

CHAI RMVAN RANSOM  Ri ght .

MR. KELLY: Right. And as far as | know,
the code does that right. It uses a donor val ue.

CHAI RVAN RANSOM  The code does? So it
accounts for that nore or less inplicitly, you m ght
say?

MR. KELLY: Right. Because if you don't,
you get exactly that kind of behavior.

CHAI RVAN RANSOM  Ri ght .

MR.  KELLY: In sub-cool boiling, the
liquid freezes.

CHAI RVAN RANSOM  Yes.

MR. MAHAFFY: This is John Mahaffy. Let

nme comment on that, Vic, since | knowthe guts of it.
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What's done in TRACE is exactly what you were used to
doing in RELAP5 in respect to the sensible heat.

CHAI RVAN RANSOM | wasn't sure, because
it seened | i ke he was proposing that the mass transfer
woul d be sinply based on the HFG

MR MAHAFFY: That's what shows on his
vi ew graph, but if you dig deeply into what the code
is doing, in fact, it's exactly what you' re used to
seei ng in RELAP.

MR. KELLY: Right. And | just didn't want

to go off on that tangent. | finished the
presentation on tinme. | would like that to be on the
record.

VICE CHAIR WALLIS: Well, you did very
wel | .

MR. SIEBER  Yes.

VICE CHAIR WALLIS: Let's go back to the
di scussion we had at the beginning with we have got
three to five equival ent FTEs worki ng on this problem
| mean, you have done a very substantial job here and
it's inmpressive, but it obviously took a |ot of work
and this is just one sub-problem associated with
TRACE

MR, KELLY: Yes.

VICE CHAIR WALLI S: Now, there is a
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problemw th reflood, which is nore conplicated than
this problem

MR, KELLY: Yes.

VICE CHAIR WALLIS: And that is going to
t ake sonmebody a year or two to sort out, it seens to
me. There are probably other problens associated with
the constituents of TRACE, ECC injection or down-
comers or something are things where you don't have
very good nodel s.

MR. KELLY: In the last year, | told you
that | did this devel opment work basically a year ago.

VI CE CHAIR WALLI S:  Yes.

MR, KELLY: But it was only recently we
put it in.

VICE CHAIR WALLIS: Right.

MR, KELLY: But in that |ast year, sone of
the other things that we have done, we have nodified
the two phase wall drag to get rid of this. W
nodi fied interfacial drag, both for rod bundles and
for tubes, and this is all something | can show you
next time. | just didn't have tinme to prepare it for
this meeting.

VICE CHAIR WALLIS: That's too bad. W
woul d have been happy to be here for two or three days

to hear it all
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MR. KELLY: No, but then that would be two

or three nore weeks of ny tine.

VICE CHAIR WALLIS: Wll, probably good

for you to pull it together.
MR. KELLY: Right, and we will. And so
Joe will at least nention those when he gives his

presentation, and we're just going to knock of f those

things one by one. And | will be going to 50.46 now.

| will be looking at reflood heat transfer. | wll be
| ooki ng at steam binding caused by heat transfer in

the steamgenerators. | wll be |ooking at bl owdown

heat transfer and condensation in the cold |l eg and the

down- coner and, hopefully, won't have to do this kind

of work on nost of them | have Wi Dong Wang hel pi ng
ne.

VICE CHAIR WALLIS: You're using this for
the problem of the -- well, now, how does it cone
about whet her you sinply have a core heating up and
t he steam generator is uncool ed and you have nat ural
convection between themw th pure steam and the
guestion is does the steamgenerator or the hot |eg or
sonmet hing el se pop first? Are you doing that problenf

MR KELLY: No, that's off in severe
acci dent space and |'mnot worried about that yet.

VI CE CHAI R WALLI S: How about the sub-cool
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boiling stuff that Vijay Dir is doing, has been doing
for sonetine, is that being incorporated into TRACE?

MR. KELLY: It has not yet. It's on ny
to-do |ist.

VICE CHAIR WALLIS: So what |I'msaying is
that you gave us a good presentation, obviously a
great deal of work. | think there's a whole |ot of
ot her sub-problenms like this, which need sinmlar
amounts of work.

MR, KELLY: Yes.

VICE CHAIR WALLIS: And |I'm concerned
about it all getting done in a finite tine before you
retire or whatever.

MR KELLY: Yes. Well, that's 10 to 15
years.

VICE CHAIR WALLIS: That's why | say, a
nmessage for your nanagenent and if you keep working
all these sub-problens with the intensity that you
have worked this one, which is probably very
appropriate, it's going to take an awful long tine
before they are all done, and we may be pernanently
frustrated with TRACE sort of not really being
conpl ete yet.

MR, KELLY: But what you should see is

over tinme a trend for the code to get better, and
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that's what we're aimng to do.

VICE CHAIR WALLIS: Yes, well, this is
al so true of a baby.

MR KELLY: That's true

VICE CHAIR WALLIS: But it's a long tine
before it goes to coll ege and graduates and stands on
its own two feet and earns a sal ary.

MR.  KELLY: And as | just recently
| earned, and then they can still come back and live
with you.

VICE CHAIR WALLIS: kay. Well, you're
doi ng a good j ob here.

MR. KELLY: Well, thank you.

VICE CHAIR WALLIS: | just hope the
managemnment under st ands how rmuch of this sort of thing
needs to be done.

MR, KELLY: And it's ny experience that if

you don't do it, maybe you don't have to do it in

quite this step. Everything doesn't have to be a Ph.D

defense, but if you don't do it in something simlar
to this, you miss things like that. And you put a

nodel in the code and then you wonder why it doesn't
work, but it works fine for awhile and then soneone
triesit with something just slightly different and it

falls apart.
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VICE CHAIR WALLIS: And you have had the

time to do it, and one problemis that the NRC will
contract a university to do a job like fix up the
condensati on heat transfer codes. And they give them
a contract and the university says oh, one graduate
student can do that in two or three years and they get
a contract, and then there is pressure to get the job
done and, obviously, sonmetimes thereisn't tine to go
into all this stuff that you have been doing. So
somet hi ng cones up, which is hal f-baked and it becones
a NUREG or something and it's accepted.

MR KELLY: That's true

VICE CHAIR WALLIS: And you have been
| ucky enough, you can stick with this.

MR. KELLY: | have been very lucky to have
t he support of ny managenment over the | ast couple of
years to do this kind of work, and what |I'mtrying to
do is bring sone of the younger staff along as
prot eges and have themtry to think sone of the same
things, as well as they |l earn the code by they do sone
of the installation and testing for ne. | have both
Wi Dong Wang and, in the future, Shawn Marshall will
be doing the steam generator heat transfer film

CHAI RVAN RANSOM Wl |, thank you very

much, Joe. It was a good presentation and, |ike
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Grahamhas said, there are quite a few areas that need
this kind of treatnent. But why don't we take a break
until after a quarter past and Joe maybe will tell us
alittle bit nmore of the status of sone of the other
ar eas.

MR. KELLY: Ckay.

(Whereupon, at 11:00 a.m a recess until
11:16 a. m)

CHAI RVAN RANSOM W' re back on the record
and now the plan is to hear from Joe Staudenneier
about some of the future plans for code devel oprment on
TRACE

MR. STAUDENMEI ER Okay. Can you pick
that up? Can you hear?

COURT REPORTER:  Yes.

MR. STAUDENMEIER Is it better?

COURT REPORTER: It's better if you're
closer to the m ke.

MR. STAUDENMEI ER. Thank you. Yes, | have
it on. Maybe |I don't know --

UNI DENTI FI ED SPEAKER:  Put the switch on.

UNI DENTI FI ED SPEAKER: Put it on your tie.

MR. STAUDENMEI ER. No, the power is off.
That's why. OCkay. |Is that better?

MR. SI EBER: Ch, yes.
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MR. STAUDENMEI ER:  Ckay. Okay. | want to

gi ve an overview of our recent work, | guess, since
the last nmeeting in our systens code devel opnent and
our future plans with our codes.

Qur four codes we have devel opnent goi ng
on right now are RELAP5, PARCS, SNAP and TRACE.
RELAPS, it's at a low status in terns of devel oprment.
W nmaintainit, fix bugs. It's still used quite a bit
at the NRC. It has been used recently for PTS and
boron dilution. It has been used to do sone
prelimnary calculations in ACR 700 and also, it's
going to be wused in sone risk informng ECCS
cal culations for break size redefinition. NRRis
pl anning on using it.

VICE CHAIR WALLIS: | thought TRACE was
going to replace RELAPS.

MR. STAUDENMEI ER It is.

VI CE CHAIRWALLIS: You have al ready given
up the ol d TRACs and t he vari ous TRAC-P and TRAC- M and
all that is gone.

MR. STAUDENMEIER: | nean, they stil
exi st, but nobody uses them TRACE does every --
anyt hing that anybody would have done with those
codes, a person would use TRACE now to do that.

VICE CHAIR WALLIS:  Ckay.
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CHAI RMAN RANSOM Is this effort on RELAPS

still one man at |ISL that you're supporting?

MR STAUDENMEIER:  Yes, it's one man at
ISL. | nean, if canp nenbers submt code changes or
fixes, we consider them putting theminto the code.

VI CE CHAI R WALLI'S:  What's the nanme of the
person at | SL?

MR STAUDENVEI ER: d en Mortensen.
There's actually a couple of people that contribute.
| nean, it's alittle bit beyond den, and sonetines
Doug Barber and Rex Shummay al so make sone
contri buti ons.

VICE CHAIR WALLIS: Is Shumway still
i nvol ved?

MR STAUDENMEI ER:  He is involved in TRACE
and RELAP until the end of the nonth. He is retiring
at the end of this nonth. Gay. PARCS, sone recent
stuff we have worked on for PARCS is elimnate the
need for PYMin coupling the TRACE and there is al so
a canmp nenber --

VICE CHAIR WALLI'S: What is PVM?

MR STAUDENMEI ER: PVMis sone software
that lets the two codes run and talk to each other
wi t hout being directly Iinked together, so it's a

software technology. Elimnating PYM nakes it easier
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in terms of things the user has to worry about in
terms of installation and it will also nmake things
easier in the future in doing some nore inplicit
coupl i ng between TRACE and PARCS

VICE CHAIR WALLIS: Now, you just couple
themdirectly, do you?

MR. STAUDENMEI ER:  Right. It will be like
a direct sub-routine call instead of this socket-based
communi cations interface. And RELAP5, there is al so
a canp country that has done the same for RELAP5 and
they are going to contribute renoval of PVM for the
RELAP5/ PARCS coupling al so.

CHAI RMAN RANSOM  That's wi th PARCS and
RELAPS coupl ed?

MR. STAUDENMEI ER Right. And currently,
wi th PARCS we' re | ooki ng at devel oping a BAR Stability
Met hodol ogy and we have been assessing and running
tests against sonme Ringhals data, sonme Ringhals
stability data. Tom Downar will show you a little bit
nore of that in his presentation later on. W have
updated the docunentation and we're going to be
devel oping a VEDA runtine i nterface for PARCS, so that
it can be available on all platfornmns.

Ri ght now, the graphical interface for

PARCS only works on Wndows. VEDA is part of SNAP
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It's the visualization and post-processing part of
SNAP. It replaces what used to be the NPA and we'll
be devel oping an interface in that to control the code
at runtinme and give a conmon i nterface on any pl atform
you want to run on

SNAP, the main devel opnent activity with
respect to TRACE and SNAP i s i nprovi ng t he ease of use
and functionality. W have, essentially, all the
functionality or the conpleteness of things in terns
of TRACE and SNAP, and we're working out bugs and
i mproving functionality and next we'll be layering
t hese engi neering tenpl ates on top of SNAP sonetine in
the future. And also, we have integrated VEDA into
the Model Editor. You will get to see a little nore
of what that is later.

VICE CHAIR WALLIS: How inportant is SNAP
to TRACE? Can you run TRACE perfectly well w thout
SNAP?

MR STAUDENMEI ER: Yes, TRACE can be run
i ndependently of SNAP. Wat SNAP gives you is nodel
preparation and editing and nakes that easier and
makes post-processing easier. But yes, TRACE is
perfectly functional wthout SNAP

The vision in the future is that SNAP was

going to be the i nput processor for TRACE and soneti e
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in the future, the part of TRACE that reads ascii
i nput decks and starts up cal cul ati ons, that woul d be
nmoved out of TRACE and it would just be a

cal cul ati onal engi ne and SNAP woul d dunp t his new sort
of file format that TRACE would pick up, so it would
be nmore difficult to use in the future or our ultimte
vi sion of using TRACE and SNAP t oget her.

CHAI RVAN RANSOM  Does SNAP al so do the
plotting of the output data?

MR. STAUDENMEI ER: SNAP wi Il plot the
out put data, yes. There's a tool called XM3R that
does the line plots and there's VEDA, which is the
NPA- | i ke repl acenment that's in SNAP for visualization
of the whol e nodel and aninmation of a nodel

CHAI RVAN RANSOM  Who' s doi ng t he SNAP

wor k?

MR, STAUDENVEI ER: Ken Jones.

CHAI RVAN RANSOM He's an i ndependent
contractor. Is that right?

MR. STAUDENMEI ER:  He's an i ndependent
contractor. He has his own conpany. At one tine, he
used to work for Scientech and before that, he used to
work for INEL. He did work on NPA back at | NEL.

CHAI RVAN RANSOM  Ri ght .

VR. STAUDENVEI ER: And al so RELAP
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cal cul ations. He was the one that devel oped XMGR
capability to read RELAP5 graphics files, and so he
has worked on NRC projects for a long tine.

CHAI RVAN RANSOM  What is that effort,

i ke one FTE pretty nuch conti nuously?

MR. STAUDENMEI ER:  He has two peopl e that
work for himnot full-time on TRACE. The funding for
the year is a little bit nore than one FTE, but it's
not all TRACE. | nean, now we have built contain
plug-ins. We're building MELCOR plug-ins. There is
a RELAPS5 plug-in that has to be maintai ned, FRAPTRAN
and FRAPCOM there has been a plug-in devel oped for
that. So the TRACE part, since the TRACE plug-in has
been finished, the level onthat is alot |ess than an
FTE. Chester G ngrich could answer those questions a
little bit better when he gi ves his SNAP present ati on.

Yes, what | nmeant about VEDA being
integrated into SNAP, you can now take your input
nodel. Here this is an input nodel constructed with
SNAP and there is an automated way to flip that over
into an NPA nass that you can automate or aninmate with
very little effort by the user.

The user tells it what variable he wants
to animate it with and give it a color range, so the

user no | onger has to construct NPA mass |i ke they did
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before. You can still construct your own custom
wor ki ng mass, but it has taken a | ot of work out of
t he hands of the user, so it does a lot of the work
for you.

CHAI RVAN RANSOM W I | SNAP now convert a
RELAP5 deck to a TRACE deck?

MR. STAUDENMEI ER:  Si npl e decks it does
convert. | nean, we're up in a |level of conplexity of
typi cal PWR, so small plant nodels. The big missing
thing right nowin conversion is control systens and
signal variables. And we haven't done a |ot of work
on that lately.

The peopl e t hat were worki ng on that, they
got shut off and were noved over to assessnent, 50. 46
rel ated assessnent, and we have a | ow | evel of effort
goi ng on on continui ng the conversion process at |SL
| expect that maybe sonetinme around the end of the
year, we'll be able to convert nost nodels.

CHAI RVAN RANSOM  Does TRACE have full
control systemand trip simulation capability?

MR STAUDENMEI ER:  Yes, TRACE has ful
control system and trip, so it's just a matter of
mappi ng or, | nean, there are some things that don't
mesh up exactly and, in those cases, you have the

choice of either trying to do a translation into the
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exi sting things or add functionality in TRACE to make
it directly aligned and dependi ng on the feature, both
appr oaches have been taken.

Okay, TRACE. Currently, our devel opnent
and assessnent is driven by these follow ng things.
ESBWR i s a big application project that is com ng up.
You saw Joe Kelly's presentation. Mst of that work
was done in response to needs for ESBWR W're
supposed to deliver a code for ESBWR by June, which is
timed with the GE application for the ESBWR and ri ght
now, in terms of that, his condensati on nodel has been
i mpl enented. It's starting to undergo testing now.

ACR-700. There's a fair anount of effort
now adding things into TRACE to form the foundation
for ACR-700 calculations. There has al ready been
prelimnary cal cul ati ons done with the existing TRACE
and it gets reasonable results of the plan and the
test facility, the only test facility data that we
have, which is one test on an integral test facility.

MR SIEBER  Since Dom nion and AECL have
| oosened their intentions, does that affect the work
on ACR-7007?

MR. STAUDENMEIER: It hasn't yet, but it
probably will. | anticipate it will. W haven't

received direction to shut down the work yet or that
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the preapplication phase is ending or been re-
prioritized, but | expect that that nay happen
sonmetime in the future. So until that happens, we
have - -

MR. SIEBER. It's ongoi ng.

MR STAUDENMEI ER:  Yes, we have dates,
target dates that we're tryingto hit with the ACR 700
functionality and we'll nove ahead on that until they
tell us to stop.

MR. SIEBER  Yes, sort of |ike the bunny
with the cynbal s.

MR. STAUDENMEI ER:  Yes.

MR. SIEBER: Keep on going until your
battery runs out.

MR FORD: You nentioned that the TRACE
devel opnent for the ESBWR, | think, you said was goi ng
to be done by June. Wsat is the conpletion date for
the ACR-700? As | understand it, there are sone
significant technical problens to be overcone wth
that different geonetry reactor?

MR STAUDENMEI ER:  Yes, there are a | ot of
problems with ACR-700. | mean, our first target for
TRACE is to inplenment our base ACR functionality,
whi ch can handl e the geonetry of the ACR-700 reactor,

which is horizontal rod bundles and it wll allow
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| ooking at stratified flow in a rod bundle and
al l owi ng sonme rod bundl es, rods, to be uncovered and
some to be covered and cal cul ati ng radi ati on between
various rods and that geonetry and the way the water
| evel is and other things, the header tank with al
the pipes comng off, inplementing a nore genera
capability that will allowbetter offtake nodels to be
i npl enented i n a header tank, basically what the void
fraction offtake pipe is seeing based upon the |evel
in that tank

But that's just scratching the surface of
what you do. That puts in the infrastructure in the
code to support other things |ike you would need two
phase flow nodels for horizontal rod bundles. W
don't have that in the code right now, so soneone has
to find the data to support devel opnent of a nodel or
nodels in the literature to stick in the code to work
with the infrastructure

MR SIEBER Is there data for horizontal
fl ow?

MR STAUDENMEI ER:  There is sonme data. |
don't know how good it is or extensive it is. Joe
Kel Iy, he has gone already, but he has | ooked at sone
of the literature that has been nade avail abl e by AECL

and is in the process of reviewing it to see what

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

143

woul d be needed or if there's nore data out there or
if nore experinents would have to be run

MR FORD: Now, the idea is that,
obvi ously, AECL have got their own thernal - hydraulics
code they qualified against other data of their own.
Are you going to have the sane probl em of not having
enough data to qualify TRACE?

MR. STAUDENMEI ER.  Right now, there is a
| arge lack of data to qualify a code for ACR-700 from
what we have seen. As | said, there is only one
integral test that has been nade available to us by
AECL. They are supposedly running sone nore integral
tests right now, but I'"'mnot in charge of review ng
the data and seeing how extensive it is or if it's
adequat e for devel opi ng nodel s and assessi ng t he code.

MR FORD: It sounds like it could be the
achilles heel of this whole devel oprent.

MR. STAUDENMEI ER It could be. The
timng, getting adequate data is certainly a concern
of not only the basic data to put in basic two phase
fl ow nodels, but integral data to do assessment, |
guess.

MR. BAJOREK: Joe, this is Steve Bajorek
from research. One of the projects that we have

ongoing and just getting the basic nechanisns into
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TRACE is a review of AECL's experinental facilities.
As part of that they would be making available to us
their experinental data fromthe Quip Facility where
they have run and developed their own nodels for
hori zontal flow in rod bundles.

One of the things that we woul d be doing
is obtaining that data, data fromthe other integral
facility that they have run, the RD- 14, devel opi ng our
own horizontal flow pattern maps fromthose.

MR. FORD: Thank you.

MR. STAUDENMEI ER:  Yes, the one other
achilles heel wth ACR 700 is by AECL's own
cal cul ations, the design can't neet 50. 46 requirenents
as it currently stands wi thout changing the rule or an
exenptiontotherule. So if there's LOCAs that where
you, essentially, nmelt the fuel bundle, so it's an
i sol ated chance. Well, we don't know how isolated it
is, but it will, essentially, nmelt and it gets fuel
damage in at | east one of the channels of some LOCAs.

VICE CHAIR WALLIS: Isn't there also a
guestion about positive volune coefficient or
sonmething |ike that?

MR STAUDENMEI ER: That's anot her
guestion. Yes, there's lots of questions with ACR

700.
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CHAl RMAN RANSOM Joe, is the PUMA dat a

bei ng used to verify TRACE for ESBWR?

MR STAUDENMEI ER: Yes, the PUVA data is
one of the data sets that's going to be used for
assessnent for ESBWR. Al so, we'll use the GE PANTHERS
data. That won't be an open publication. That wll
be a proprietary publication, nmaybe sone of the other
CE data. Essentially, it won't be ready at the tinme
of code delivery, but by the end of the project there
will be a report that will be called sonething like
applicability of TRACE to ESBWR acci dent cal cul ati ons
or sonething like that that will formthe basis of why
TRACE is good for doing ESBWR anal ysi s.

PWR LOCA break size redefinition. W have
recently started up, essentially, a crash effort to
get ourselves into that process to help provide
feedback to the Conmmission in the rule naking for
break size redefinition. W're going to be using
TRACE and the first calculations are going to be with
a 4-Loop Westinghouse 34111 negawatt desi gn operated
in power to the current |evel.

And the first calculations will be small
the internmedi ate break LOCA type of cal cul ations, so
it wll be fromthe limting small break up until the

transition break size and looking at what are the
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benefits and consequences of where you define your
transition break size, whichis --

VICE CHAIR WALLIS: These are al
realistic cal culations?

MR STAUDENMVEIER: CQurs will be realistic
calculations to the extent possible.

VICE CHAIR WALLIS:  You're going to put in
the uncertainty then, are you?

MR STAUDENMEI ER: | don't know how we'l |
deal with uncertainty right now Right now we're
going to be running base |evel calculations, and we
may have sone uncertainty multipliers based on break
size, critical flownodel s |ike di scharge coefficients
or things like that. But in terns of overal
uncertainty, | don't know the strategy for dealing
with that.

VICE CHAIR WALLI'S: You don't have the
capability that some of the industrial people have to
just feed in the uncertainties and run 57 or 59 or
what ever the nunber is?

MR STAUDENVEI ER: No, we don't.
Actually, there are some things built into TRACE to
put rmultipliers on heat transfer and drag coefficients
and they could be used. | think we may need sone nore

extensive support than that. And actually, SNAP can
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be set up to spawn off a bunch of cal cul ati ons.

You can define paraneters in SNAP and tell
it to do 10 or 20 calculations with this paraneter
ranged fromhere to here, and so SNAP and TRACE coul d
be run in that sort of node with the limted
capability that's built in to nodify things |ike heat
transfer coefficients or wall drag or interfacial drag
right now. Whether it's the full functionality you
need, that's yet to be seen.

VICE CHAIR WALLIS: | nean, really, Joe
Kel ly ought to be producing not just a correlation,
but he ought to have sort of a statistica
distribution for the coefficient in the correlation,
so that it can go right into an uncertainty anal ysis.

MR. STAUDENMEI ER.  Yes, that actually
woul d be the harder part of the uncertainty anal ysis.
It's relatively straightforward to build in these
mul tipliers on heat transfer or drag correl ati ons, but
to actually go through and conpare the correl ations
you have to have data and cone up with an uncertainty
range, that's an awful lot of work to do that.

VICE CHAIR WALLIS: But that is what's
required.

MR STAUDENMEI ER: That is what's

required.
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VI CE CHAIR WALLI S: The law, you know, the

Part 50.46, they are going to use realistic
cal cul ations. You have got to nodel the uncertainty.
It's required.

MR SIEBER  You have to.

VI CE CHAI R WALLI S:  What about the refl ood
wor k? We heard about that several tines in the past.
It seemed to be an i nportant part of TRACE devel opnent
and it would seemto be very inportant to nake use of
all those results that Larry Hochreiter produced
before his project stopped.

MR. STAUDENMEI ER:  Yes.

VICE CHAIR WALLIS: |Is that happening or
not happening at all?

MR. STAUDENMVEI ER Well, we're doing sone
assessment against the reflood tests. In ternms of
using the detail ed data to devel op a new nodel, that's
pl anned. It hasn't been scheduled yet. Oiginally,
we had planned on Joe Kelly starting to | ook at that
later in the year and starting to devel op a new node
t hat woul d take advantage of the droplet field that's
going into TRACE, but with the change in priority to
50.46 in supporting the current calculations and,
essentially, debuggi ng and assessi ng current nodel s in

t he code, that probably won't start this year | don't
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think. It will probably be pushed off until at | east
next year.

VICE CHAIR WALLI'S: Because one of the
things that has concerned us all along is that this
fellow is doing very detailed tests and it's hoped
that sonetine in the future sonmeone will manage to use
that data and put it into TRACE, because really the
tests would be nuch nore effective if they were
coordinated with this effort to put things i nto TRACE
so that as this stuff got put into TRACE the anal ysts
coul d cone back and say well, you know, there's a big
gap in the data over this range or there is sonething
weird here and you need to investigate it sone nore.
O herwise, you're just going to cut off the data
stream and the anal ysts are going to have nuch nore
difficulty in nmaking sense of it.

MR. STAUDENMEI ER. Yes. ldeally, that's
what you would want to do and that's what Joe had
pl anned to do. He wanted to start devel opi ng the
nodel before all the tests were still running, but
t hat probably won't happen now based on our current
priorities, sol don't know howto solve that problem
but it is a possible problem

MR. MAHAFFY: Joe, John Mahaffy. One

thing I don't know if you' re aware of, renenber that

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

150

Joe Kelly was working at two levels. There is this
thing he has called the interimreflood nodel, which
is an i nprovenent over the base refl ood nodel and t hat
went into an official code version just a couple of

weeks ago.

VICE CHAIR WALLIS: That is in there.

MR. MAHAFFY: That is in there and you can
bet that information fromthe RBHT experinents that
Larry Hochreiter fed into his judgnment of his interim
reflood nodel. GCkay. Now, when they tal k about
advanced reflood nodeling though, you know, Joe
St audenneier is right. They are sitting around. You
know, even if the LOCA size stuff hadn't happened,
they are waiting for neto finish the droplet fieldto
give themthe capability to extend the power of the
refl ood nodel i ng.

MR. STAUDENMEI ER° Okay. And we're al so
wor ki ng on an NRR user need based on --

VICE CHAIR WALLIS: Doesn't this LOCA
break size redefinition need a refl ood nodel ?

MR.  STAUDENMEIER: It will for the
eventual power uprate cal culations we're going to be
| ooki ng at based on breaks above the transition break
size. For the breaks below the transition break size

you really don't get into |large break LOCA reflood
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type of situations. For the very small breaks it's,
essentially, a water |evel noving up and down. So
it'"s not into classical core heat-up and refl ood.

VICE CHAIR WALLIS: If you start talking
about what |evel of mtigation you would want for a
| arge break LOCA, assuning you want some, then you
need to have a good refl ood nodel .

MR. STAUDENMEI ER Right, and that's the
type of calculations we'll be getting into next year.
| nmean, what he's going to be looking at is naking
sure the interimrefl ood nodel works good enough for
those type of calculations that we're doing or at
least it's fully debugged and we understand what the
performance of that nodel is and where its
shortcom ngs are.

It has just been inplenmented intothe code
and we have been doing sone assessnments with it in
prelimnary versions where it was stuck in in
prelimnary versions and i dentified a coupl e of things
that aren't working quite right that he will have to
ook at in addition to sone other problens. So
that's, essentially, what his tine is going to be
spent on for at |east the next six nonths, is making
sure all the nodels in the code are working well for

PWR LOCA cal cul ati ons.
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For ESBWR devel opnent, a deci si on was rmade
to use coupled TRACE/ CONTAIN for the NRC anal yses.
Joe Kel Iy had gone t hrough and devel oped condensati on
nodel s appropriate for TRACE for the contai nnment, but
it was |ooked at the effort and tinme that it would
take to put that in conpared with all the other things
we're working on, and a decision was nmade that
TRACE/ CONTAI N coupl ed cal cul ations will be used with
CONTAI N handl i ng nost of the contai nnent, except for
t he PCCS t ubes and Joe's Kelly's new fil mcondensati on
nodel woul d handl e the PCCS tube nodeling.

CHAI RVAN RANSOM  How woul d t hat wor Kk,
because if you use TRACE to nodel the vessel and
associ ated drain tanks -- well, | don't know.

MR STAUDENMEI ER: Yes, the drain tanks
will be in TRACE.

CHAI RVAN RANSOM  Are the drain tanks part
of the containnent or are they part of the TRACE
Model ?

MR STAUDENMEI ER: Well, we'll have to
exanm ne where the boundaries are actually right now
and we're | ooking at that, but --

CHAI RVAN RANSOM  Why woul d you even use
CONTAIN? | don't know that | understand that.

MR. STAUDENVEIER: Well, | don't know if
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Bill Krotiuk wants to speak about that.

MR KROTIUK: It's Bill Krotiuk. | have
been wor ki ng on the nodels for using TRACE/ CONTAI N
and, basically, the boundaries were at interfacing
bet ween containment functions and primary system
functions.

For instance, | originally had the PCCS
heat exchanger in CONTAIN, because there is a nodel
there that could handle that, but we believe that
Joe's approach would be better and there's other
reasons why we want to go to that. At the GDCS tanks,
actually it's partially in CONTAIN. The tank itself
is in CONTAIN, but the piping is in TRACE, so there's
tradeoffs in that.

CHAI RVAN RANSOM Wl |, how do you coupl e
those two together? |Is this the PVMtype coupling
t ube or --

MR. KROTIUK: It's a coupling simlar to--
not the PYM \Wiat do we call it?

MR, STAUDENMEI ER: ECI

MR, KROTI UK:  EC|

MR STAUDENMEI ER: External Communi cati ons
I nterface.

MR. KROTIUK: R ght. So basically, the

coupling is such that at the coupling between CONTAI N
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and TRACE, you have, basically, a pressure boundary,
a tenperature boundary, a flow boundary, mass of
liquid, mass of vapor, nass of non-condensible. So
all that then is carried across the boundary.

CHAI RVAN RANSOM | don't know. It
surprises me, because there are a |ot of phenonena
that go in the suppression pool and things |ike that
that | would think that CONTAIN or, | nean, TRACE
m ght be better suited to nodel than CONTAI N.

MR. SIEBER: M ght be.

MR, KROTIUK: Well, the suppression pool
and the event flow and all that fromthe suppression
pool is being nodeled within CONTAIN. The CONTAI N
Model has historically, you know, goes back to
contenpt LT and all that and so that same approach is
basi cal | y being handl ed that way.

CHAI RVAN RANSOM  Thank you.

MR. KROTI UK:  Ckay.

MR STAUDENMEI ER:  Yes, because, | nean,
part of the reasoning in the decision was
i npl enentation time for the other things and ability
to be consistent with NRR s review schedul e, because
t hey essentially want the whol e reviewto be conpl et ed
within a year and a half of the application conmng in

for review \Vhether that can be done or not is
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anot her question, but we can't plan on it taking

| onger than that. So we're going with sonething that

we think will neet the revi ew schedul e.
So part of that, as | said, the other
condensati on, t here is a whole docunent of

condensati on nodel s that Joe Kelly put together that
coul d have been i nplenented in TRACE. That work is on
hold and wi Il be noved out until |ong-termpossibly if
it is needed for sonething else. And also, we are

| ooki ng at changing the energy equation on enthal py
formulation. That's on hold, because we don't need to
pressurize the containnent that's fully wi thin TRACE

It transfers the right information at the boundary to
CONTAIN, so we don't need --

CHAI RVAN RANSOM  Ent hal py fornul ation in
TRACE or in CONTAI N?

MR STAUDENMEI ER: TRACE doesn't have an
ent hal py fornul ation for the energy equation. It has
internal energy, so there is errors where you go
across volunmes with big differences in pressure. But
what happens in the TRACE/ CONTAI N coupling is those
things are cal cul ated right at the TRACE boundary and
transferred to CONTAINTright, so you don't have to get
into that error when we are using the TRACE/ CONTAI N

coupl ed cal cul ati ons.
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VICE CHAIR WALLIS: Wen you say TRACE

wi | | handl e t wo condensati on phenonena, thisis inthe
PCCS syst enf?

MR. STAUDENMEI ER: PCCS and I CS

VICE CHAIR WALLIS: ICS is Joe's work at
| CS?

MR STAUDENMEI ER:  Yes, Joe's work for the
ICS also, so that's the high pressure heat renpva
system ACR-700 devel opnent, the main piece of
devel opnent for that is CANDU channel conponent for
TRACE. What that has is it tracks water level in the
hori zontal channel. It decides which rods are above
or belowthe water | evel and cal cul ates radi ati on heat
transfer appropriately between the rods and the can on
t he outside of the channel. There is also radiation
heat transfer between the -- there is a pressure tube
boundary and then a cal andria boundary with some gas
going in between there.

And eventually, we nmay al so need to | ook
at ballooning of the pressure tube boundary and
contact with the cal andria tube boundary and how t hat
changes heat transfer and even rupture of the pressure
tube boundary. But, as | said, it's in question now
of whether that devel opment work is going to continue

on. Also, the header tank. There is a |ot of
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conplicated things that go on in the header tank and
that's actually one place where we're always found
saying that well, naybe the code doesn't handle
momentumfl uxes right, but it really doesn't matter in
cal cul ati ons.

That's one place where the prelimnary
cal cul ati ons showthat it doesn't matter howyou treat
nmonment um fl uxi ng. You can get widely different
answers, depending on how you treat it. So header
tank nodeling is an area that will have to be | ooked
intoif we do continue on with that in finding a way
of -- | nmean, it nmay be wunrealistic to expect
cal cul ations you believe are real with that nmaze of
big tank with all the tubes com ng of f, but sonething
that would be bounding in the sense of |icensing
cal culations coming up with a nethodol ogy that you
bel i eve may be conservative or bounding is sonething
we woul d have to | ook into.

Also, we need a new flow map for
hori zontal flow and rod bundles. The PWR LOCA rel ated

devel opnent, there has been a few deficiencies

identified in the interimrefl ood nodel. ['l1l cover
that in another slide beyond this set. 1'Il go into
it a little more. Blowdown heat transfer heat

transfer deficiencies, it |looks |ike we are under-
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predi cting blowdown heat transfer. There are sone
condensati on oscillations that may be | arger than what
is seen in the integral test facilities. Steam
binding is a big --

VICE CHAIR WALLIS: Sonething of a
nurmerical nature or in the nodel ?

MR. STAUDENMEI ER: They are related to
physi cal nodel s, bad physical nodels, correlations in
the code. They have been inproved to a | arge extent,
but they are still -- we need to | ook at assessnent
agai nst the data to see how they conpare to the data.
Al so, for the LOCA cal culations, we are going to be
| ooki ng at coupling of a nore advanced fuel nodel to
t he code to | ook at bal | ooni ng and rupture of the fuel
in large break LOCA cal cul ati ons.

NRR user needs, requests, they are using
TRACE. Well, what they do is they have been running
TRAC- G decks in TRACE through a nulti-step process
where they take their TRAC-G deck, which is very
simlar to TRAC-BWR format. They run it through a
PERL Programthat converts it over to TRAC-BWR f or nat .
Then they run it into TRACE and sonetines after steady
safe calculations, they want to be able to extract
anot her input deck.

And our solution for doing that is SNAP
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can read these things called the "TPR file," where
it's a new binary dunp format. TPR is TRAC Port abl e
Restart, so SNAP can read that and reconstruct an
ascii input deck out of that. The ESBWR, |CS and PCCS
nodeling that is being inplenmented in the code right
now and being tested. They identified a problemwith
control systemconputational performance with a big GE
i nput deck that had a thousand control blocks or
sonmething like that and we haven't figured out what
that problemis yet or identified what the solution
iS.

TRACE configuration, control and testing.
Ri ght now, we're doing testing only on one platform
While our testing is done on Wndows wth Conpaq
Visual Fortran as the conpiler. W want to nove to a
mul ti-platformtesting environnment and Chris Murray i s
going to be doing sone work on noving towards that
this year.

RELAPS Code consolidation. This is having
it so that you can transl ate RELAP5 decks and run t hem
in TRACE. That process is you feed a RELAP5 deck in
the SNAP. It creates this RELAP5 TPR file format and
then TRACE reads that in and goes off and runs the
calculation. As | said, we can do that for sinple

i nput decks. W have a low |level effort going on at
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| SL to expand t he range of input decks that that works
for. And by the end of the year, we hope to, | think,
have nost input decks of interest to run.

Actually, within the NRC, that's not as
big a probl em because we have equi val ent pl ant decks
for just about any kind of plant there is in TRACE
native format. And so we have like right now with
this break size redefinition calculations, thereis a
RELAPS deck that they are using that is based on the
Seabr ook prime, but we all have an equi val ent TRACE
At first, it was proposed that that be transl ated over
to TRACE using this translation capability, but it has
gquite a fewcontrol systens and things |ike that which
aren't translated well.

But we al ready have a TRACE nati ve deck or
it was actually an old TRAC- P native deck that can be
converted fairly easily over to TRACE native i nput
deck. And | have been doing that to get an input deck
ready for the cal cul ati ons.

VICE CHAIR WALLI'S: How about these BWR
breaks? |Is there a plus and all that? There's a
fairly big region of instability.

MR. STAUDENMEI ER:  Yes.

VICE CHAIR WALLIS: Are you capabl e of

assessing the instability region and helping NRR to
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deci de about RF breaks, BWRs?

MR, STAUDENMEI ER: No, | don't have an
effort. Now, |ooking at devel oping a net hodol ogy to
calculate instabilities, so | think we need nore
assessment work to show how well it works agai nst the
dat a.

VICE CHAIR WALLIS: So you're devel opi ng
this nethodol ogy? You're conparing it with some
Ringhal s data? |Is that what it is?

MR STAUDENMEI ER: Well, there is nore
Ringhal s data that we haven't conpared to that we
shoul d conpare to and there is al so sone Peach Bottom
stability data that | would like to conpare to. So
there is also basic hydraulic assessnents that you
need to do against Frag stability data.

VI CE CHAI R WALLI S:  Wen you get these BWR
power uprates, which is quite significant, and we ask
about instability and we get some sort of assurance
that it's okay. It would be good if we could have
some turnover on this fromyou folks to give us
assurance that it really is okay.

MR. STAUDENMEI ER:  Yes.

VICE CHAIR WALLIS: Confirnmation.

MR STAUDENMEI ER: Yes, | don't know what

NRR is doing in terns of independent cal cul ati ons for
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that. | thought they had a contract with ISL to do
sore i ndependent cal cul ati ons usi ng TRACE, but | don't
know the status of those calculations or what their
i ndependent cal cul ati ons, what they are that they are
doi ng there.

MR FORD: So NRR don't come back to
rai se, to ask sone questions about this?

MR. STAUDENMEI ER. Soneti nmes they do, not
always. So like the stability review for ESBWR, we're
not involved in that at all. So, |I nean, NRR says we
need your help on this, but not on that. Ckay.

MR. FORD: So you coul d have NRR using
TRACE i nappropriatel y?

MR STAUDENMEI ER  Yes. | nean, with
their ESBWR cal cul ations for the LOCA, we had fairly
cl ose contact with those and | think they turned out
fairly well and they also -- | mean, our cal cul ati ons,
| think, conpare pretty well agai nst GE for not having
run the code through a whol e set of assessnents. And
actually their calculations showed sone errors that
ours didn't have, so conparisons to the TRACE
calculations actually turned up sonme questions for
asking GE for additional information and turned up
some bugs in their cal cul ations.

MR FORD: | nean, just to followup on
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the use of this initiative on the TRACE to actua
regul atory aspects, going back to Professor Wallis
saying we've got a lot of -- you have no input at al
to the question of the analysis by NRR or the
instability?

MR. STAUDENMEI ER° No.

MR. SIEBER. Only your past.

MR. STAUDENMEI ER:  Yep. | nean, there was
this independent review that was started up at one
time | ooking at, you know, it's called "BWR synergy"
and now it's norphed into sonmething else called the
"safety margi ns" or sonething |like that where we were
going to look at things |ike that, but that program
got cut off fairly early. There were a |ot of
resources involved in doing that and it wasn't
supported to go on in the future, except at a rmnuch
| oner | evel and norphed into sonething el se.

So BWR Refl ood Mbdel. Sonetine this year
we're going to be -- right now, the interimreflood
nodel is only hooked up into the vessel conponent. W
need to turn on all those heat transfer -- actually,
the interimrefl ood nodel is nore than just a refl ood
nodel. It's a full boiling curve heat transfer nodel
and that's going to beconme the base heat transfer

nodel in the code. And sonetine this year it will be
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wired into being the heat transfer nodel for
ever yt hi ng.

Right now, there is a separate heat
transfer nodel in the core of the vessel conmponent and
there is in the BWR Chen conponent or in a pipe and
that's going to be nade consistent this year, so
that's one thing we're going to be working on. Sub-
channel anal ysis capability is another thing we have
been asked for. That would be a nmjor devel opnent
effort to devel op sub-channel anal ysis capability. So
we haven't deci ded yet on what the capabilities of the
sub- channel anal ysis needs to be or what the sol ution
woul d be or what NRR even really wants to use it for,
what the full range of applications they want to use
it for.

CHAI RMAN RANSOM  That's for BWR?

MR STAUDENMEIER It was for PWR that
they requested it for actually, because | think
West i nghouse COBRA TRAC has sub-channel capabilities.

CHAI RVAN RANSOM | thought you al ready
had mul tidi nensi onal capability within TRACE, so why
woul d you want to sub-channel ?

MR. STAUDENMEI ER: Wl |, | guess, COBRA
TRAC, apparently, has the ability to have terns for

sub- channel nodeling, which is a transfer termacross
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sub- channel s.

CHAI RVAN RANSOM  Assenbly to assenbly,
but that's just because it did not, | don't think,
have the nultidi nensional capability. AmI| correct?

MR,  STAUDENMEI ER:  Yes, |'m not sure.
That' s what we have to get a better definition of what
the cal cul ation capability needs to be before we can
t hi nk about taking on a project |like that.

VICE CHAIR WALLIS: It seens to ne you are
sonmetimes in the position of playing catch-up. |
nean, if GE wants to operate the power of sonething by
25 percent or sonething bigger than they have done
before and you guys may not be ready to answer the
ki nd of questions that NRR may have about instability.

MR. STAUDENMEI ER.  That's right. | mean,
t hey generally don't consider --

VICE CHAIR WALLIS: So they go and neke a
deci si on anyway.

MR. S| EBER: Maybe, nmaybe not.

MR. STAUDENMEI ER:  So, | nean, it depends
on, | guess, they have to deci de whet her they have t he
current knowl edge basis necessary to make the
decision. And if they don't, then that has to be
factored into the schedul e of what research needs to

be to support that.
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VICE CHAIR WALLIS: They don't usually

have t he know edge base. They rely on a presentation
fromindustry.

MR. SIEBER: That's right.

VICE CHAIR WALLIS: And it's only if they
start to question that then that you guys get
i nvol ved.

MR, STAUDENMEI ER:  Yes.

VICE CHAIR WALLIS: | would have thought
there would be sonme effort to always do independent
checks of major things, such as what's the effect of
a 25 percent power uprate on the stability.

MR. STAUDENMEI ER.  Yes, | nean, you woul d
think that. But, | nmean, they maintain that they
stayed within the current know edge base in their test
data and | didn't review the power uprates, so other
than sitting in on sonme of the ACRS neetings
di scussing them so | don't knowall the fine details
of power uprates, but NRR by signing off on the power
upr at e nai nt ai ns t hey have enough know edge t o approve
that and they are within the knowl edge base of being
able to do that.

Speed up code calculations. There is
al ways a need for faster code calculations. | think

we have taken care of nobst of the runtime probl ens
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t hat have been reported. |[|'ll show you an exanpl e of
the main source of our runtine problens.

VICE CHAIR WALLIS: How | ong does it take
to do a calculation say on |arge break LOCA? One
realistic calculation

MR. SIEBER Well, it depends on how many
steps and things.

MR STAUDENMVEI ER: Yes, one base
cal cul ation 200 seconds. |'ve been running on ny
machi ne |l ately doing testing these code versions that
come out probably about five hours, | think, four or
five hours. That's a highly notarized nodel .

VICE CHAIR WALLIS: 59 statistical tests
woul d take ne a long tine.

MR. STAUDENMEI ER: Wl |, we have --

MR SIEBER. There's a |ot of machines.

MR STAUDENMEI ER: W have a | ack of the
Linux clusters and mne is a three year-old nachi ne,
soit's-- and it wasn't the fastest machi ne avail abl e
at that tinme.

VICE CHAIR WALLIS: It's nuch nore
qui ckly.

MR STAUDENMEI ER: Yes, | think a current
machi ne woul d be at | east twi ce as fast as ny nmachi ne.

And if you have 15 of themsitting out there, than it
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woul d be fairly quick. Like a large break LOCA, | can
run in the range of a half hour or sonething like
that. Okay.

VICE CHAIR WALLIS: Does it have a bul k?
| nmean, does it never suddenly just say | can't run,
because sonet hi ng has happened?

MR STAUDENMVEIER:  Well, it does sonetines
do that. Actually, with the |atest code version
comng out, it's very rare that it does do that. And
actually, one thing it did nore than just saying it
couldn't runis it would slowdown to a crawl and keep
advancing very slowy.

VICE CHAIR WVALLIS: | think in the early
days of RELAP there were tinmes when the code woul d
just stop running.

MR STAUDENMEI ER:  Yes, even in the |ater
days. So, | mean, the codes sonetinmes do that and you
trace it. You have to go and find out what is wong.

VICE CHAIR WALLIS: Years and years ago
tal ki ng about this code and howit al ways mysteriously
st opped runni ng or sonet hing.

MR. STAUDENMVEI ER. Well, through |ike the
AP-600 cal cul ations, at the beginning of that RELAP
woul d stop running a lot for AP-600 cal cul ati ons by

the end sorting through all the problens it would run
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robustly for al nost every cal cul ati on you woul d t hr ow
at it then.

CHAI RVAN RANSOM Al ong that |ine, does
TRACE have a pretty nmuch autonated tinmestep contro
capability, so when it runs into trouble it can get
t hrough that?

MR. STAUDENMEI ER: It does. Yes, it does.
Vell, it does cut down the tinmestep when it runs into
trouble, yes. Wether it makes it through in a tinely
manner or not, that's another question. There is --
sometimes you just get in to a point where you are
into a bad correlation and it just wants to keep the
timestep down real lowor like if you have a
condensation coefficient that's two orders of
magni tude higher than it 1is supposed to be or
something, then it will keep the tinmestep cut down
real low or something that is causing oscillations
back and forth, that's really a nunerical instability
driven by a bad correl ation, essentially.

VICE CHAIR WALLIS: Does it have under-
rel axation and things Ii ke that you can put in to stop
sone of the wlder --

MR. STAUDENMEI ER:  Actual ly, right now,
the correlations are under relaxed fromtinestep to

timestep. There is weighting between old time and new
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time of the correlation values. So and that's one
thing we're going to have to | ook at.

VICE CHAIR WALLIS: So when you change
flowregine, it doesn't go awhil e and say t he transfer
coefficient is either 1 or 1,000 and it junps around?

MR. STAUDENMVEIER  Right. It will have
some wei ghting based on old tine and newtine to try
and transition it over sone reasonabl e anount of tine.
That's one thing we're going to do sone work this year
| ooking at the transitions and transition tines,
because we ran i nto some cases i n our assessnent where
the answers were really highly dependent on how t hat
averaging was performed. And we want to be in a
regime where it is not really affecting the answers
t hat much or at | east we understand howit affects the
answers, what we have done to it.

CHAI RVAN RANSOM  Were there methods to
make that weighting sort of tinmestep independent and
that's presunably the way you should do it.

MR STAUDENVEI ER Yes, yes.

VICE CHAIR WALLIS: \Whereas the old tine
used to be just averaging newtine, old tine and that
one introduced sone nunerical effects that are al nost
unquanti fi ed.

MR. STAUDENVEI ER: Yes, the transition is
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with respect to atine constant as it is being done in
RELAP5. But we're going to | ook at reexam ning the
time constants and how it is done.

MR. SIEBER: Do you have any conversions
probl ens?

MR. STAUDENMEI ER. Conver si ons probl ens?
| nean --

MR. SIEBER  You know where your limt is
set too tight and it just keeps mssing it?

MR. STAUDENMEI ER Well, what it will do
if it can't converge is that it will go back to the
begi nning of the timestep and try again with a | ower
ti mestep.

MR. S| EBER.  Ckay.

MR. STAUDENMEI ER:  But sonetines you get
into the case where it just keeps reducing tinestep
data. It will hit the mninumtinmestep and shut down
saying | still can't converge at the m ninumti nestep

and that's where you have to go | ook for correlation

probl ens.
MR. SIEBER. It brings back nenories.
MR. STAUDENMEI ER:  Yes.
VICE CHAIR WALLIS: It's a very funny
situation here. | nean, you have one custoner who

asks a few questions and stops asking sone after a
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while and cones back. |If you were a comrercia
conpany and had 10, 000 customers using your product,
you woul d have to be really on the ball. Here it's
sort of uncertain as to what questions you' re supposed
to be answering, because they change and are driven by
the latest crisis or sonething.

MR STAUDENMEI ER: Wel |, we have nore
than, | guess, one custonmer. W have NRR, who is our
regul atory custoner. Internally, we have peopl e doing
code assessnents or analyses |ike these 50.46 break
size redefinitions, so they are providi ng feedback to
the code saying it's not working well here or here.

VICE CHAIR WALLI'S: The seniors at Penn
State do that too? Do they give you feedback?

MR STAUDENMEIER | don't know if in
terms of John's class if they give -- | nmean, thereis
feedback that gets provided. | think John probably
sticks to problens that run fairly well in terns of
t hat cl ass.

VICE CHAIR WALLIS: In ternms of what?

MR STAUDENMEI ER: | don't know.

MR. MAHAFFY: This is John Mahaffy. Let
nme make a couple of comments here. | nean, you need
to distinguish, | guess, between your custoner and

your user base also. And one thing that you probably
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don't see is that whether it's of TRACE or RELAP5, the

cust oner user base that you are used to thinki ng about
in ternms of hours that the code is run is mnuscule
conpared to the hidden user base inside the Navy
Labor at ori es.

And TRACE i s t he wor khor se code for Knolls
At om ¢ Power Laboratory. RELAP5 is the workhorse code
for Bettis. And they have quoted to ne up at Knolls,
where | normally deal, total number of hours that they
run this code in a year, it's astronomcal. | nean,
it's beyond belief. And we do get feedback fromthese
people. So that, you know, there are things in terns
of exercising this code that are well beyond even the
bounds of what your normal inmagination is.

MR. STAUDENMEI ER And we're al so getting
canp nenbers starting to use the code and getting
f eedback fromthe canp.

VICE CHAIR WALLIS: Now, that's the
international effort?

MR. STAUDENMEI ER:  Yes.

VICECHAIRWALLIS: So it's quite possible
that sone user in Genoble or sonething would use
TRACE and get in touch with you and say how about
this? | run this problem

MR. STAUDENVEI ER: Not likely in G enoble.
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MR. MAHAFFY: Not |ikely.

VICE CHAIR WALLIS: Al right. But in
Russi a sonmewhere?

MR. STAUDENMEI ER:  No. Actually, Japan is
starting to use it for sone calculations. Russians
are using it for calculations and actually they have
presented sone things at the | ast canp neeting where
they had good assessnent results versus their test
dat a.

MR SIEBER. But TRACE doesn't have the
pedi grees t hat commerci al codes have, right? Like V&/
and all the quality stuff that goes into it?

MR STAUDENMVEI ER: | nean, we have a V&V
Program in quality assurance that Chris Murray wll
tal k about | ater of what we do. Wat we don't have is
something |ike a LOCA Code in the industry. You
verify it and do the assessnent, then you lock it
down.

MR. SIEBER R ght.

MR. STAUDENMEI ER:  And then you use it in
a node where you throw inputs at it, qualify it and
blindly accept the output. You don't care about what
-- you don't really examne closely what it is
calculating. You are -- it's because it's qualifi ed.

If it's under the conditions, you are --
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SI EBER:  Yes, it's gol den.

MR
MR, STAUDENMEI ER:  Yes.

MR. S| EBER.  Ckay.

MR STAUDENMEI ER: So, | nean, we're kind
of being used in a different manner. Qur projects are
nore unique analysis projects and it's a |ot wider
scope. So to qualify it for the whole range of things
that is being done, if we are to do it on a large
project |ike AP-600, as an exanple, where RELAP5 was
t he anal ysis tool, it went through a lot of assessnent
t hrough the various transient set it was used for and
there is a stack of docunmentation saying it's good for
that. W do have that code version sitting there for
that. But that code version is also used for a |lot of
other things that it wasn't -- it didn't have a gi ant
assessment effort or qualification effort.

MR. SIEBER R ght.

MR. STAUDENMEIER It's up to the person
using it for the application to go off an qualify it
for that application. But we do, in terns of putting
changes in the code, follow procedures in review of
changes. And when this code goes out in its form
rel ease, whichever version that will be, | nean, it
will have conplete docunentation for users mnanual

assessment manual, theory nmanual, so it will all have
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some pedigree behind it.

MR. SIEBER  Yes.

MR. STAUDENMEI ER:  Every |line may not have
been revi ewed i ndependently by a person, but | don't
believe that catches all the errors either. But it
will have a wi de use base and | think it will be in
pretty good shape in terns of using it. But that
doesn't nean, you know, | nean, sone people in the
i ndustry now, utilities or conpani es, |ike nost of the
vendor nodels are based on NRC Codes. And what they
will do is take an NRC Code and stick it, they wll
put it in their own changes, go through their own --

MR. SIEBER  Pre-processor and post-
processor and change the nane.

MR. STAUDENMEI ER:  Yes. O put in specia
required nodels that are required by Appendix K or
something |ike that.

MR. SIEBER R ght.

MR. STAUDENMEI ER:  And they will qualify
it. And there is nothing to stop anyone from doi ng
that. NRR sets the standards on what can be used in
regul atory purposes or someone could take TRACE and
put it through that type of processing and qualify it
as an approved nodel if they wanted to.

MR SIEBER. Well, what | think about that
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is Knolls doing this, vyou know, they have a
gual i fication program of their own.

MR, STAUDENMEI ER:  Yes.

MR. SIEBER. So they nust do nore than
just pull it off the shelf and run a bunch of
cal cul ations and say |'m okay.

MR. STAUDENMEI ER:  Yes, they did. | think
t hey have, well, their own nodifications they put in
the code. Once they get the base version fromus and
have their own set of things they have to do to
qgualify the code is being useful

MR. SIEBER: For their application.

MR. STAUDENMEI ER: For their application.

MR. SIEBER. That's right. Okay. Thank

you.

MR. STAUDENMEI ER: Ckay.

CHAI RVAN RANSOM | think we better nove
along. W're starting to run a little bit behind.

MR. STAUDENMEI ER. Yes, okay.

MR. SIEBER: |'m hungry.

CHAI RVAN RANSOM | know one thing, Joe,

| would |ike to hear and | don't know fromyou or from

the other presenters, but this devel opnment, | ooking

t hrough sone of your slides, it |ooks Iike 20 years

ago we could have witten the sane slide, you know,
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about the problens that we're running into. And |'m
wondering if you or the others could say a little bit
nore about why has it taken so long? You know, this
is the eighth year of this project actually, and you
seemto still be in the devel opnment node.

And there are two questions. | guess one,
why is it taking so long? And the second one, what is
it going to take to finish the job?

MR. STAUDENMEI ER: Ckay.

CHAI RVAN RANSOM So if you kind of
qui ckly maybe --

MR SIEBER That would be done.

CHAI RVAN RANSOM | don't either. If
sonmebody else is going to talk about that, that's
fine, but maybe go quickly through the rest of the
probl ens that you have listed on the chart.

MR. STAUDENMEI ER Okay. Yes, | think,
well, | guess, one comment now is, | nean, conpeting
interests have kept things from noving forward at a
steady clip, like a decision was nade for RELAP5
conpatibility to be put ahead of updating the nodels
and correlations and maki ng sure those worked okay.
So that's one thing. There was quite a bit of effort
and time sunk into RELAP5 conpatibility.

CHAI RMVAN RANSOM  This is so you coul d use
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a RELAP5 deck in the TRACE?

MR. STAUDENMEI ER Right. So that's one
set of tinme or effort that was thrown at that. That
still hasn't cone to fruition where you can run al
the deck sets in retrospect. It probably would have
been better spent at making sure the base set of
nodel s and correl ations were working well for the
range of conditions we wanted to use them for. So
that's probably one of the big stunbling bl ocks.

| mean, we have always had a code that
runs at every step and, | nean, the biggest question
was how good are the answers that you are getting and

that's probably one thing that should have been done

up front nmore, | would say, in the process. So
that's, | think, put a couple year wait on it. |
nmean, getting a production |evel code. | nean, the

code could run faster or slower, but it was always
runni ng and getting answers about the quality.

| wasn't involved in the project fromthe
start. John m ght have something to say in his
presentation | ater about other things that |'m not
aware of. But that's | know the one big thing that
probably del ayed us a year or two, at |east a year,
probably closer to two years in the project. Al so,

assi gni ng people that were supposed to be working on
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the project to other things that had nothing to do
with TRACE. | know that happened in nmy case. M job
was supposed to be working on TRACE, but when | cane
over to research, | was stuck on everything but TRACE
for the first two years, essentially, about three-
guarters of ny tine.

CHAl RMAN RANSOM  Well, | know with the
origin of this project, | think like the RELAP5
conversion, the use of SNAP for all of these functions
was envisioned, but was it just that that was too
anmbi ti ous?

MR. STAUDENMEI ER: Well, | think, it was
changed. The original vision was that you would get
sonme help in noving RELAP5 decks over, but it wasn't
going to convert everything and it would tell you what
it couldn't convert and what you had to do by hand.
And that vision was changed some tinme into that it
woul d take RELAP5 decks and run themw t hout any user
i ntervention and gi ve you answers that were as good or
better than RELAP5, and that was very anbitious, |
think, and that's a lot. | nmean, the first 90
percent, it probably takes 10 percent of the tine, the
| ast 10 percent takes 90 percent of the tine type of
thing. It's one of those type of situations.

VICE CHAIR WALLIS: Ckay. Wy don't we
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try to quickly get through these and maybe we can by
12:30. Can we do that?

MR. STAUDENMEI ER.  Okay. Yes.

VICE CHAIR WALLIS: You've spent an hour
on half your presentation.

MR. STAUDENMEI ER:  So portability. It is
a portable curve. The testing is done right now on
W ndows with Conpaqg Visual Fortran, but we al so
conpiled a code and run it under pretty regularly NAG
and Lahey and recently &35 conpiler, which is a free
conpiler on Linux. |It's also available on other
platforns on MAC CS X, Joe Kelly runs it with xlf, | BM
x|l f Fortran.

CHAI RVAN RANSOM  What is Lahey? |Is that
a deck Lahey conpiler?

MR. STAUDENMEIER  No, it's -- | can't
remenber. Thomas Lahey is the guy's name. Their
conpany is out in Nevada, | think. |[It's a snal
conpany. Recent trace assessnent. W' ve been
focusing on nostly for the past year |arge break LOCA
assessnent, reflood tests and bl omdown heat transfer
tests. Qur findings so far force reflood or force
reflood «calculations, the peak tenperatures are
reasonabl e. The quench front progression is too slow,

especially up in the top half of the bundle.
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Joe Kelly is going to be | ooking at that
once he noves back into |looking at 50.46 related
stuff. W have saw excessive condensation
oscillations in gravity reflood tests. Qur |atest
code version has gotten rid of a lot of that, but
we're going to have to assess it to |look at the size
of those oscillations with respect to the gravity
reflood data. And we're over-predicting tenperatures
during bl owdown heat transfer and the bl omdown heat
transfer seens to be very sensitive to tinmestep
aver agi ng.

For small break LOCA assessnents, both
with this ROSA assessnent and sone past sem -scal e
assessment, we're over-predicting peak tenperatures,
but generally we're predicting the paraneters of the
test facility fairly well in ternms of pressure
response.

MR. FORD: These are very qualitative
statenents, over-predicted, under-predicted, etcetera.

MR STAUDENMEI ER:  Yes.

MR. FORD: Are there any of these non-
predi ctions of practical inportance?

MR. STAUDENMEI ER: Wl |, | nean, one thing
we found, | nean, in practical inportance, there had

been changes made to the code to correct sonme of the
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non-predictions, if that's what you nean? Like sone
of the changes to the code nmake things better, like a
rod bundle interfacial drag nodel has nade the snal
break LOCA predictions better.

MR. FORD: | guess ny question really is
are these just academ c concerns or are they really
practical concerns?

MR. STAUDENMEI ER:  Well, it depends how
accurate you want the answers to be. | think for
smal | break LOCA, | think, it generally predicts the
system response and, as | said, tenperatures it's

over-predicting. Depending on the accuracy you want,

| mean, these are kind of -- you could give a whole
presentation on snall break LOCA assessnent
cal cul ations and sonetinme in the future maybe we'l |l be

able to do that.

VICE CHAIR WALLIS: Well, we just had an
uprate for Waterford 3, which was the highest uprate
for PWR, and | understand they said that they are
limting process for the uprate for break LOCA. That
was what stopped themfromgetting 10 percent rather
t han 8 percent.

MR. STAUDENVEI ER: Yes, conpliance can be.

VICE CHAIR WALLIS: Just get the

tenperature right, because that tenperature is what is
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limting the power uprate.

MR, STAUDENMEI ER:  Yes.

VICE CHAIR WALLIS: And | assunme when you
say over-predicted, you nean that's satisfactorily
over-prediction. It's not just a small anount, but
significant enough to worry about.

VR. DENNI NG Can you give any
guantitative feel for that? | realize you can't just
give one nunber, but about how nuch is it over-
predi ct ed?

MR STAUDENMEI ER: | nean, well, a nunber
inny head is sem -scale snmall break LOCA cal cul ati on
the peak tenperature was in the range of maybe 650
degrees and TRACE was predicting maybe 700 degrees or
something like that. But none of those are up in the
range of tenperatures you get intoin snall break LOCA
licensing calculations. And typically best estimate
calculations for snmall break would give you a |ot
| oner tenperature and a licensing calculation with a
20 percent extra to --

MR. SIEBER: I n hundreds of degrees.

MR  STAUDENMEI ER: Yes, hundreds of
degrees, yes.

MR. SIEBER: | think nost PWRs are peak

clad tenperature limted for Pantex K cal cul ati ons.
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MR, STAUDENMEI ER:  Yes.

MR. SIEBER. And so if you're | ooking at
power uprate, that's what is going to fix your final
top power. That doesn't ring true for boilers,
however, they have nore margin. There is different
paraneters that control how far they go.

MR STAUDENMEI ER:  Yes, because | nean if
you took the 20 percent, the K heat that they --
essentially, small break LOCA industry nodels are
close to best estimte nodels, except they throw on
things |ike 20 percent of K heat.

MR. SIEBER R ght.

MR STAUDENMEI ER: But in terns of other
things, they are very close to what we would run with
RELAP5 and TRACE

MR. SIEBER  Yes.

MR. STAUDENMEI ER:  That the K heat gets it
sitting up on matching -- | nean, the only way it can
get rid of that energy is through the steamgenerators
and throw the break and 20 percent extra to K heat
keeps it up at a higher pressure | onger and you get a
ot lower |evel depression and you stick it up. |
nmean, it's a very non-linear effect as you add power
for limting small break LOCAs.

MR. SIEBER. Well, the rule is pretty
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restrictive on correlations and how things shall be
treated, so, you know, that's what forces all that
conservatives into an Appendi x K cal cul ati on.

MR. STAUDENMEI ER Okay. BWR transients,
Peach Bottom Turbine Trip, Tom Downar will show you a
little bit nore about our work doing cal cul ati ons for
that and al so the density weight, stability. W have
been updating our rod bundle interfacial drag and
maki ng sonme wall drag changes to the code that are
going to inprove those cal cul ati ons over the base
code, but deficiencies in the interfacial drag and
wall drag changes in the base code were giving
problenms in the power profile predictions.

Recent error corrections that have sped up
cal cul ations and nmade them nore robust, | should
probably skip over them They are not no big deal.
Enhancenents that are going into the | atest version of
the code, we're going to be rel easi ng anot her version
of the code to canp within the next few weeks. Joe
Kelly nentioned there is a new wall drag nodel. W
have put our rod bundle interfacial drag nodel into
the code. Sone interfacial heat transfer inprovenments
that had to do with condensati on problens in the code
|l eg that Joe Kelly nentioned.

W have capability for mnultiple non-
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condensi bl e gases, inprove the separator conponent
gr aphi cs.

CHAI RVAN  RANSOM  All of these
i mprovenents are finished and they are just being
i ncorporated into the code?

MR. SIEBER. They aren't incorporated yet.

MR. STAUDENMEI ER: Sone of them are
al ready i ncor porat ed.

MR SIEBER  Sone of them are.

MR. STAUDENMEI ER: And the ones that
aren't will be in the next week or so.

CHAI RVAN RANSOM Is it just in one flow
regime? Don't you have several flow regi nmes?

MR. STAUDENVEI ER: There are multiple flow
reginmes. | nean --

MR. SIEBER R ght.

MR. STAUDENMVEI ER. There is |ike probably
slug, essentially, an annular mst, | nean.

CHAI RVAN RANSOM  These i nprovenents are
only in one of the flow regi nes?

MR STAUDENMEI ER: Well, for the rod
bundl e interfacial drag that correlation that is being
put in is really a bubbly slug type of correlation,
the best correlation, so it doesn't -- but the

transition to the annular m st regime is going to be
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changed.

VICE CHAIR WALLIS: So you're going to be
goi ng back and inproving the really basic things in
t he code.

MR. STAUDENMEI ER: Ri ght .

VICE CHAIR WALLIS: You get sone of the
si npl est t hi ngs.

MR. STAUDENMEI ER Right. Yes, well, as
we knew from TRAC-BWR t hat we needed a speci al node
for rod bundle interfacial drag and al so RELAP5. This
is a simlar one tinme problem | was talking about
before. A lot of cases, you know, you would get into
a case, | nean, you m ght have a base cal cul ati on t hat
progresses steadily in time, but you nake sone
propitiationor aslightly different cal cul ati on where
t he code gets bogged down and you, essentially, junp
up your CPU tine wthout progressing through the
transient at all.

And some of the fixes we have made that
are going into this version, we've gotten rid of al
the known cases of that happening. The fixes are
fixing that. | nean, when the code runs, it seens to
run well, but there were cases where it would get into
this type of problemor it just backs off tinmestep and

it keep crunching away. And so the causes of that,
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t here were sone i nprovenents John Mahaffy made in our
Wat er Packing logic and al so i nprovenents in the
physi cal nodels and correl ati ons.

| mproving autonated testing, |ooking at
multiple platforns, we're al so addi ng or | ooking at a
thing that we're going to call a "robustness suite,"”
which does real calculations of plants and test
facilities and some of the cal cul ations that have
given the code problems in the past in terns of
runni ng though and getting good answers, and we're
going to be meking quantitative conparisons in an
automated way that will set up flags when you run
through the test suite that will tell you where you
need to look into things further or hopefully we're
going to be inplenmenting that this year and multi-
pl atformtesting.

Chris may show you a little nore later
As he runs through it, this whole test suite has sone
programns t hat post-process the test data and summari ze
it, you know, what pages where you can | ook at changes
and performance.

CHAI RVAN RANSOM  Joe, why don't we stop
here for lunch and then you can finish up after |unch
and tell us nore about the future plans, | guess, for

t he code.
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MR STAUDENMEI ER: Ckay.

CHAl RVAN RANSOM  So we' || break unti
about 1: 30.

VI CE CHAI R WALLI S:  1:157

CHAI RMAN RANSOM  Quarter after?

VICE CHAIR WALLIS: 1:15? Can we catch up
a bit of tine?

CHAI RVAN RANSOM  1: 15, we can be back.
Ckay. 1:15.

UNI DENTI FI ED SPEAKER: Ckay. Sonet hi ng
has to be done here to make it not go to sleep or
hi bernate, | guess.

(Wher eupon, the neeting was recessed at

12:30 p.m to reconvene at 1:18 p.m this sane day.)
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AF-T-EERNOON S-E-S-S-1-ON
1:18 p. m

CHAI RVAN RANSOM  Ckay. W're back in
session. And Joe is going to finish up with the TRACE
devel opnent rel ease.

MR. STAUDENMVEI ER Okay. Can you hear
okay? kay. We should be comng out with the code
rel ease by the end of February. That will al so be put
on a CD and sent out to canp nenbers. The bi g changes
in this release, since the |last release, we proudly
have the interimrefl ood nodel in the code, which you
saw a presentation on about a year and a half ago
maybe or about a year ago. W have sonme changes to
the wall drag interfacial drag, interfacial heat
transfer.

W have inproved the performance of the
separator and accunul ator nodels in terns of phase
separation in both of those nodels and inproved al so
Wat er Packi ng and some ot her robust enhancenents due
t o physi cal nodel corrections and sonme choki ng nodel s
fixes.

CHAI RVAN RANSOM  When you say i nprove
separator, is that an enpirical nodel or is it |ike
t he BWR separat or?

MR STAUDENMVEIER:  It's |like the TRAC BWR
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separator. It had sone nunerical problenms with it, so
it's inmproving the way it works. The TRAC BWR
separator never -- it had sone problens of its own, so
t here were sonme code robustness problens and al so
probl enms where it wasn't separating like it should in
sone cases. And we think we have worked out those
probl ems and have it working.

VI CE CHAIR WALLI'S:  You say inproved \Water
Packi ng, you mean i nprove non-Wat er Packing? | nean,
you don't want it to pack

MR. STAUDENMEIER:  That's right. It
i mproved detection and correction of Wter Packing
probl ems and nakes the code run a | ot snoother. Sone
probl ens that we still have that we know about, there
wer e sone | evel tracking problens identifiedw th sone
ESBWR cal cul ati ons where the contai nnent was actual |y
nodel ed in TRACE al so. Those problens will be -- we
had pl anned on working on themthis spring. They may
not be a problem since the containnment is not being
done in TRACE anynore, but we're going to |ook at
that, identify that and fix it.

Bl ondown heat transfers, there are sone
accuracy problens in predicting blowdown heat
transfer. Joe Kelly is going to start |ooking at that

as part of our 50.46 activities.

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
VICE CHAIR WALLIS: doning Joe Kelly, |

think --

MR. STAUDENMEI ER: Yes, unfortunately, we
can't.

MR SIEBER.  You can try.

MR. STAUDENMEI ER.  Yes, naybe we shoul d
spend our rnoney in cloning research instead of code
devel opnent .

MR. SIEBER: There you go.

MR. STAUDENMEI ER So and right now the
refl ood package is restricted to the TRACE vessel
conmponent and we're going to nove that heat transfer
package, soit's the default heat transfer package for
t he whol e code, every conmponent in the code by the end
of the year. W want to do that.

Qur 2005 developnent priorities, fix
robust ness probl enms and physi cal nodel deficiencies.
As | said before, our biggest ones now are
condensation oscillations and bl omdown heat transfer
and al so sone problens with the refl ood heat transfer,
a few deficiencies, unified physical nobdel package.
Ri ght now, al so, when you turn on the refl ood package,
you need to turnit onwith atrip set in the code, so
it is user activated at a certaintinme. And when it's

a unified package, the code is going to do all the
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detection logically doing that. [It's going to be
automati c.

More i nplicit numerical met hods and addi ng
droplet fields to the code.

VICE CHAIR WALLIS: It makes it a three-
fluid nodel ?

MR. STAUDENMEI ER.  There is going to be
two droplet fields added.

VICE CHAIR WALLI'S: Both fluid nodel ?

MR STAUDENMEI ER: | nean, at |east three.
It depends if you may want to use nore than --

CHAI RMVAN RANSOM  They al |l have four
nmomentumtreat ment as well as energy and nmass for each
one of those fields?

MR, STAUDENMEI ER:  In terns of energy, |
think the first inplementation is that tenperature is
going to be the sane for all the liquid fields. John
is putting that in and he can answer sone questions
about that in his later talk if you want to ask him
t hat .

VICE CHAIR WALLIS: Are droplets going to
i mpi nge on spaces and things |ike that?

MR. STAUDENMEIER: It will give the
ability, yes, to put in --

VICE CHAIR WALLIS: All that stuff is
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going to be in there?

MR STAUDENMEIER:  Yes. Well, not when
the droplet fields first goin. There has to be sone
correlations that get inplenented that take advant age
of the droplet fields. So when the droplet fields are
first put into the code, they won't have correl ati ons
with them and there will need to be correlations
devel oped to take advantage of the droplet fields.

VICE CHAIR WALLIS: Don't you have nore
si mul t aneous equations to solve? You have nore
conservation, so you have a different solution
al gorithm of some sort?

MR, STAUDENMEIER: Wl |, the solution
al gorithm | guess, essentially, will be the sane, but
it will be generalized to nore equations.

VICE CHAIR WALLIS: So you forned that?

MR. STAUDENMEI ER Yes. (kay. Features
needed for ESBWR, ACR-700. For ESBWR they are --

VICE CHAIR WALLIS:  Well, | would think,
|"msorry, that going to a four equati on nodel i nstead
of a two equation nodel is a really major change
You're going to run into all kinds of devel opnent
i ssues.

MR. STAUDENMEI ER:  Well, the problemis

finding data to get good closure nodels for the
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correl ati on nodel s.

VICE CHAIR WALLIS: You need nore
correl ation nodels, but also --

MR STAUDENMEI ER: You need nore closure,
yes.

VICE CHAIR WALLIS: -- all kinds of things
you haven't yet cone into, you know. Matrices have
zero determ nants and things and you get weird
characteristics that change from one --

MR, MAHAFFY: If you would like, | can
talk to you about that when |I'm up.

VICE CHAIR WALLIS: Ckay. kay.

MR STAUDENMEI ER:  But | nean, in a sense
it's going back to the future, back in the '80s the
NRC had a three field nodel with droplets that --

VI CE CHAI R WALLI S:  And one question on --

MR. STAUDENMEI ER. Joe Kelly was one of
t he devel opers on that code.

CHAI RVAN RANSOM  There are nore inplicit
nuneri cal nethods? My understanding is TRACE had this
multi-step inplicit formulation, which was ful
inmplicit.

MR. STAUDENMEI ER:  Yes, but --

CHAl RMAN RANSOM  What's that?

MR. STAUDENMEI ER Okay. | was going to
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say what we're looking at nowis inplicit interfacial
heat transfer, inplicit wall heat transfer and
essentially full inplicit fluid flowwith the drag
coefficient being --

CHAI RVAN RANSOM I n ot her words, the
tenperatures are noved to newtine basically, that you
used in those correl ations?

MR STAUDENMEI ER: And the coefficients.

CHAI RVAN RANSOM  Yes.

MR. STAUDENMEI ER: Because right now
coefficients are like for wall drag, the drag stuff
will be the last stuff that will be nade inplicit, but
yes, they are all. Like right now, there is
i nconsi stency between the wall tenperatures and the
fluid solution and in the conduction, so where shoul d
we nove it?

CHAI RVAN RANSOM  Yes.

VR. STAUDENMEI ER. Okay. | nprove
automated testing, nulti-platformtesting and i nprove
TRAC-B and RELAP5 support. And as | said before
we're offering our first training workshop, which is
simlar to RELAPS traini ng workshops that we have been
of fering for as long as | have been here, essentially.
There have been RELAP5 training workshops going on.

So it will be in the same form as those workshops.
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CHAl RMAN RANSOM Who all is invited to

that? Anybody who wants to cone?

MR. STAUDENMEI ER: Anybody who wants to
come, except its too late if you want to come now,
it's full the workshop. But the announcenent was sent
out to the RELAP5 users group nenbers that |SL runs,
to canp nmenmbers, NRC staff, NRC contractors, but yes,
there's a wi de range of people comng. There is canp
people. There is NRC internal staff. There is --

CHAI RVAN RANSOM  Maybe you ought to
invite the ACRS

MR STAUDENMEI ER: Sone contractors, yes,
they are free to cone. Actually, ny branch chief is
taking the class, so he's --

CHAI RMVAN RANSOM How long is this?

MR. STAUDENMEI ER Three days.

VICE CHAIR WALLIS: W don't learn very
qui ckly though.

CHAl RMVAN RANSOM W ask too many
guestions maybe, huh?

MR SIEBER. That's one of the rules, no
guesti ons.

MR. STAUDENMEI ER Yes, actually, the
wor kshop is | earning sonething about the code and

nodel s and conponent nodel s i nside the code and there

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

199

is also hands-on workshops where you are buil ding
nodel s and runni ng themand | earni ng functionality of
actually running the codes. So this course is just
kind of an introduction. 1It's not going to teach you
two phase flow and thermal - hydraulics. [It's teaching
you essentially what is in the code and howto use the
code.

Qur first release target for an official
release with all the docunentation conplete is about
two years away in our estinmate and that will be having
a code assessed for the operating PWR and BWR At
| east you U-tube PWR | don't knowif we'll be
| ooki ng at ones through steamgenerator PWRs i n any of
t he assessnents. So far no assessnent has been done
for that. | will be striving soon upon the feature
set and range of assessnent to be deci ded upon soon.

VI CE CHAIR WALLI S: The ESBWR Mbodel, too?

MR. STAUDENMEI ER:  That won't be part of
the release. That docunentation, | nean, we --
subject to their applicability report for sonething
like ESBWR will be a proprietary type report, so we
can't put assessnent and applicability of that reactor
design in a public release. But the code will be, |
nmean, it will be being used for ESBWR during that tinme

frane. But, | nean, if soneone wants to take it and
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anal yze a design simlar to ESBWR, they will have to
go out and find out the range of use and nake sure all
t he nodel s work for that design, but we can't send out
an approved code for ESBWR or any other reactor for

that matter.

But it will be assessed against typical
operating PWR and BWR accidents of interest. W will
be freezing the feature set in physical nodels for
this code release by the end of the sunmer and be
assessing what that frozen code version and only
maki ng corrections and not adding new features that
will gointhe release, at |east the assessed part of
the release. There will be features that you woul d be
abl e to access, but they won't be part of the features
that are assessed and approved for use, essentially.

The docunentation, it will be conplete
docunentation of the users theory and assessnent
manual , the progranmers manual will arrive |ater

CHAI RVAN RANSOM  Who is going to do that
docunent ati on?

MR. STAUDENMEI ER: I n-house. | nean,
that's why we have to -- | nean, essentially, it's
going to take us probably a year to get all the
docunent ati on done with a | ot of us working, spending

a significant amount of time on that.
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CHAI RVAN RANSOM | know t hat .

MR. STAUDENMEI ER. We'll try to get help
fromlSL probably to hel p conpl ete the docunentati on.
But it's essentially --

CHAI RVAN RANSOM  The previ ous
docunentati on came out fromLos Al anps and there was
sonewhat of a disconnect between it seened |ike what
you are actually doing or the people who were doing
t he work and people who wote the docunentation.

MR STAUDENMEI ER: Yes, well, it will be
based -- that will be the basis for the docunentati on.
But we'll be nmaking a lot of nodifications and make
sure everything is up to date. | nean, Chris Mirray
keeps the users nmanual up to date. Wen things go in
or they change the users nanual, he keeps up the, at
| east, input format part of that up to date. And if
new conponents are added, he puts that. W have a | ot
of docunentation fromthings that have been put into
the code sitting out in various reports that have to
be t aken and i nt egrated into t he rel ease
docunent ati on.

Like when Joe Kelly puts his new
condensation nodel in the code, there will have to be
t heory nanual docunentation for that and howto -- and

user nmanual documentation for how to activate that.
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So it's a big effort to do docunentati on

VICE CHAIR WALLIS: Well, when John
Mahaffy was here last tinme, he told us that TRACE had
all the faults of the previous codes, in terns of
fundanment al equati ons, nonmentum equati ons and so on.
W have yet to see code docunentation that has a
proper elenment of nomentum equations that s
convincing. Are we going to see it this tine?

MR. STAUDENMEIER.  This tine as in today?

VICE CHAIR WALLIS: Well, this tinme. In

two years tinme when you have the docunentation

MR. STAUDENVEI ER:  Yes, well, | think John

is going to cover how his equation of notion is
treated in TRACE right now to today.

VICE CHAIR WALLIS: He's going to do --

MR STAUDENMEI ER: But, | nean, we will.
That' s sonet hing that probably will have to be updated
over the current theory nmnual to give a clear
expl anation of exactly what is done. And as | said,
we would like to put out our conpl eted docunentation
for peer review, contract it our for peer review and
al so provide it to the ACRS for comments before it
gets rel eased.

VICE CHAIR WALLIS: You know t he danger

then Vic referred to earlier that you put out this
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docunentation two years from now and peer review
people look at it and say gee whiz, that's a pretty
broad basis for a code and yet he had done it at the
end.

MR. STAUDENMEI ER Yes, well, | guess, in
ternms of docunmentation it is right now-- | nean, it
has been revi ewed i n t he past, the docunentation, back
at the end of the CSA Project and brought up, | guess,
all the comments that were nmade on the docunentation
back during that were integrated and the code
docunent ati on was updat ed based on that.

VICE CHAIR WALLIS: A long tinme ago.

MR. STAUDENMEIER: A long tine ago. |
nmean, we added new features and changes to the code.
But | guess, at that tine, that | evel of docunmentation
was accepted as adequat e.

VICE CHAIR WALLIS: The original TRAC
docunentation was terrible. | nmean, the code was
devel oped and there wasn't a record of how and why.
|"msure it's better now Okay. So we w || perhaps
see this stuff in tw years tine or you'll know what
really goes in --

MR. STAUDENMEI ER: Well, you will see it
before then, | think. | mean, by the end of the year,

| would think or early next year, we would have a
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pretty good draft docunmentation. | nean, right now,
t he docunentation is in a reasonable formif you have
any gl ari ng deficiencies that come out at you now. If
you | ooked over it, we would be glad to hear your
conmment s about it.

VICE CHAIR WALLIS: Wth |uck, you rmay see
us agai n by then.

MR. STAUDENMEI ER:  Ckay. Yes, we're just
going to try to outlast you all, that's all.

CHAI RVAN RANSOM  Are these docunents on
t he website?

MR. STAUDENMEI ER. They are on the code
devel oper's website. And actually, yes, there is a
new website called nrccodes.comthat is a password
protected website that you could get a password for.
Because of NRC conputer security problens, we are
novi ng our website. A lot of the material outside to
| SL, so we don't have to deal with the security
requirenents of the NRC in terns of supporting a
website, a public website |ike that.

VICE CHAIR WALLIS: So it's a dot com not
a dot gov?

MR. STAUDENMEI ER Right. Yes, while we
used to have the NRC, the codes website inside the RES

and that got closed off after 9/11.
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MR. MAHAFFY: Could | kick sonmething in

here, Joe? This is John Mahaffy. My recollection
fromthe last time | was at one of your neetings was
that you were given access, at |east sone subset of
the ACRS, to the devel oper's website.

And at the time, we did tell you that
docunent ati on was avail abl e, so that any ti ne you want
to see what's in progress, if you have still got that
access, that's the place to go. Wen | have got a
guestion about docunentation on sonething, you know,
| just go onto the developer's site and pull down
what ever the | atest documentation is.

UNI DENTI FI ED SPEAKER: Yes, our code CD
rel eases, | think, have all the current docunentation
on it, too, so we could send down a CD when we nake
this | atest canp rel ease.

MR. CARUSO Wiy don't you send ne a copy
of that CD, Joe?

UNI DENTI FI ED SPEAKER: (Ckay. Yes, we can
even give you -- | think there's even executabl es on
the CD. You could run the code if you want to, SNAP

MR. STAUDENMEI ER. Okay. That conpl etes
my presentation. | think next up is Tom Downar.

CHAI RVAN RANSOM Right. M. Downar from

Pur due.
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VMR, DOWNAR: | *' m Tom Downar from Purdue

University and | have been part of the TRACE
Devel opnent Teamfromthe very beginning. This is ny
first time speaking with the ACRS, so | thought it

m ght be appropriate, you know, if | give alittle
background on PARCS

You know, over the | ast seven, eight years
| have had several students who have contributed to
t he code, this past year three students in particul ar
who two of them are now post docs, a former student
who is at |ISL, Doug Barber, and then Joe, of course,
who is our project manager.

And this is a website we maintain. W
have now about nore than 45 users of PARCS around the
world and we have nmade this website avail able to them
where they can get sone of the PARCS-specific things,
and then also go to links of ny students and get their
Power Poi nt presentations, see sonme of the things that
t he students have been doi ng.

Just by way of background, of course, what
we're solving is the Boltzmann Transport Equation for
the neutron distribution. W coupled that to the
Nucl i de Equation and then to get the feedback from
TRACE or RELAP. So we're solving coupled field

equat i ons.
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PARCS, specifically the features that we
have, we're at Version 2.6 and many f eat ures have been
added over the years. W're solving the steady-state
fundanment al node Ei genval ue Problem for the Real and
Adjoint. W also do the harnonics, because now we're
doing stability plus we're solving the time dependent
probl em

W started out just doing the two group
form of the diffusion equation. Now, we're doing
mul ti group and we're also doing transport sol ution.
Nureri cal schemes, we do Coarse Mesh Finite Difference
Accel eration and we solve our |inear systens using a
Kryl ov Li near Sol ver, Pin Power Reconstruction coupl ed
to both TRACE and RELAP5. W al so have a processing
code to process the cross sections that are generated
with our comercial code or noww th the code TRI TON,
and we' re doi ng Fuel Cycle Analysis also.

VICE CHAIR WALLIS: So you have | ots of
nodes all over the core?

MR DOWNAR: Yes. | wll show you
pi ctures.

VI CE CHAIR WALLIS: How many?

MR DOMNAR:  About 40, 000 fuel nodes.

VICE CHAIR WALLIS: Is the thernmal -

hydraul i cs as precise as that?
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MR DOMAR: No. That's one of the issues

that we have had to address in particular now that we
have been doi ng BWR coupl ed code anal ysis. W started
out doing Peach Bottom with 33 channels, so there
woul d be 748 neutronics nodes in each plane and then
about 24 planes that would map the neutronics into 33
t her mal - hydraul i cs channel s.

W started doing stability |ast year and
what we found that now, we needed nore channels, so we
have even | ooked at sonme nodel s where we' re doi ng one
t hermal - hydraulic channel for each physical BWR
channel and I will show you sone slides, but obviously
the conputational time is going to increase
dramatically. So | will get tothat inalittle bit.

CHAI RVAN RANSOM  How about when you apply
it toaPW? |Is there still a need for that anount of
detail ?

MR DOMNAR: We have done it. | wll show
you a main steamline break problem W did TM core
and for a PWR not as nuch. You know, fidelity in
terms of the TH nodel is required. The problemis
easi er from a, you  know, t her mal - hydraul i cs
standpoint. For the stability problemthough, if you
want to nodel sone of the conplex phenonena, your

coupling has to increase in fidelity for both fields.
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VICE CHAIR WALLI'S: You have different

ki nds of stability, don't you?

MR. DOMNAR:  Ri ght.

VICE CHAIR WALLIS: You have sone high
frequency ones and sonme low and sonme very |ow
frequency t hings.

MR. DOMWNAR: Yes. Right. There's, you
know, in-phase and out of phase oscillations. | wll
show you that in a second. W chose to do two points
of the Ringhals stability test. There were a total of
40 points. W chose two points. One, because the
dom nant node was a regi onal out of phase oscillation,
and then we chose another point where the dom nant
node was an in-phase, and | wll show you sone
prelimnary results only on the i n-phase. W have not
yet tackled the out of phase oscillation.

Goi ng back to the neutronics though, what
we're doing over the years is adding the
sophi stication of the solvers tackling, you know,
di fferent geonetries. W have al ways been able to do
Cartesi an geonetry, two group nodal, as | nentioned.
Over the years we have added the ability to do
hexagonal lattices.

This was sone work that we did for the

Depart ment of Energy several years ago as part of a
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separate project, and then we have added it to PARCS
appropriately key rated, and nowit's part of the NRC
PARCS. The people that do VWERs were happy to get

t hat feature.

W also have cylindrical coordinates.
Back when Exel on had its prelicensing application for
the PBVR, this was added. That stopped. Internally,
we kept doing this devel opment and now, we're doing
PBVR benchmark problens with South Africa in Penn
State. So the functionality in PARCS is pretty broad
in ternms of applicability for geonetries.

| thought I would show you this slide
though to give you a picture of the forest before
junping into the trees alittle bit nore. O course,
here is your tenperature fluid field. But in order to
do the neutronics cal cul ation, we need to have really
two separate codes.

One, we need to have a lattice code to
generate the cross sections, the coefficients for the
Bol t zmann Equati on, and then we need a code | i ke PARCS
to do the core simulation. So we have witten an
interface code we call CGENPMAXS t hat takes the output
fromthe | attice code, processes that, puts that into
a format then that is read by PARCS

The next slide, | think, is alittle bit
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nor e pedagogi cal and gives you a sense of how we're
tackling this problem This is the Boltzmann Equati on
and we're separately doing calculations to get the
coefficients for the Boltzmann Equation with those
coefficients then solving for the flux with fixed
coefficients.

So Cak Ri dge has devel oped a code called
TRITON, part of their scal ed package. This was done
as part of the work for MOX fuel analysis and the
TRI TON Code devel oped an output, Tranxs. Again, we
read that. W generate interface |ibraries. W cal
them PMAXS. Then we're prepared to do the core
cal cul ation at any set of thermal - hydraulic conditions
that we will encounter.

So these cal cul ati ons here are perforned
at several different branches, we call them This is
the burnup of the fuel, but then at a particular
burnup we then run a range of fuel tenperature,
noderator tenperature, noderator density, soluble
Boron controlled by conditions. So we're running
different lattice calculations at all of these points.

Then the objective is to set up a cross
section nodel functionalized such that we can then
accept from TRACE or RELAP for every particul ar node

t he fuel tenperatures, the noderator densities at that
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node and then use this nodel with these precal cul at ed
coefficients to get the exact conditions at that node.
So you know, this is kind of giving you the 10, 000
foot view of how we do it.

One of the reasons | have shown you this
also is that this has been the standard procedure we
have used in the light water reactor neutronics
business for 20, 30 years and it has worked well
However, there are, you know, some applications that
have come up in the | ast several years where this two-
step process, you know, is starting to introduce
errors, you know, that are, you know, non-trivial.
Specifically, I will show you in a second, there is
t he busi ness of now | ooki ng at cores one-third | oaded
with MOX fuel and then also the ACR

The reason this is a probl embecause when
you do this, this step calculation here, you do this
lattice calculation for a fuel assenbly with zero
current or reflective boundary conditions. So you're
| ooking at it with boundary conditions that are going
to be different than those that are actually seen in
t he core.

For light water reactors over the years,
not so bad, because you typically have a |oading

pattern where you have fresh fuel next to slightly
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burned fuel, but the gradients at that interface are
not so bad. But now with MOX fuel next to uranium
fuel, thisis starting to, you know, be a problem So
that has been part of, you know, the notivation for
sone of the work that has been done in the MOX fue
area and in the ACR, and | wll get to that in a
little while.

Once we have the cross sections, now we
can get the tenperature fluid conditions from TRACE
Over the years, you know, we have changed the
coupling, the way these codes have been coupled. W
started out back in '98 where we had, you know, RELAP,
TRAC- M back t hen and we had PARCS, and we actually had
a separate nodule here as the interface. So we had
three processes running and that was a little bit
cunber sone.

Eventually, we took the interface and
nerged that into PARCS, so then we were only having
two processes. These two processes woul d comuni cate
using Parallel Virtual Menmory, PVM It's just a
nessage passi ng protocol .

Finally, this past year, as Joe nenti oned,
we wanted to elimnate the conplexity of even having
to have the user use PYM so we have nerged PARCS and

TRACE. Now, PARCS, basically, is a static library and
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it's just linked. So it has, you know, considerably
sinplified this to the user, but | thought it m ght be
interesting just to see the background over the years.

As Joe nentioned, we have our own
graphi cal user interface. This is QuickWn, which
wor ks on Wndows. And you can see what we're show ng
here is real time the -- not real tinein ternms of the
transient, but real tinme in ternms of the --

MR. SI EBER: Everything being together.

MR. DOWNAR: Yes, everything being
t oget her during the actual sinmulation of the code.
You can just see this is the power, sol think thisis
Peach Bottom Turbi ne Trip and you can just see there's
maps. We're on schedule. Chester tells me we're on
schedul e for July now where PARCS will be integrated
into SNAP, so this is the kind of thing we have been
using on our own for the | ast several years.

So | thought what | would do is give you
some background in terns of the code assessnent
nmentioned briefly in some of the work we have done
here as part of the MOX fuel analysis problem But
nore inportantly, | think, to you is this word down
here. | will just briefly nention the steamline
break, because | think you have heard about that and

that has been finished for several years.
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More inportantly, down here, is the BWR
assessment. | will show you sone Peach Bottom and
some ongoi ng work we're doing with Ringhals, and then
| will just finish up nentioning what we're doi ng now
for the ACR  kay.

So first, the MOX project. W started
this project three years ago and the notion here is
that when you are putting fresh fuel with enriched
uranium fresh fuel with plutonium when you put those
bundl es next to each other, again, you' re | ooking at
conditions, which are very different than the typica
light water reactor where it's uraniumnext to
uranium The reason is because the absorption cross
sections for the plutoniumisotopes --

MR SIEBER. Are different.

MR DOWNAR: -- are very different from
urani um 235. That gives you significant differences
in the spectra. The MOX spectra, because of the
| arger absorption here, nore thermal neutrons are
bei ng absor bed.

MR CARUSO What's the difference between
a fresh MOX bundl e and a once or tw ce burned non- MOX
bundl e?

MR DOMNAR: In ternms of reactivity?

MR. CARUSG In terns of the absorption
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cross section distribution or the neutron spectra.

MR SIEBER. Quite a bit.

MR. DOMNAR: Yes. | nean, you have to
remenber we have always, obviously, been analyzing
cores with plutonium W build that in right into --
when we have fresh uranium we build plutoniumin.
The difference nowis that we're tal ki ng about taking
these bundles, let me just skip ahead two slides
whoops, one slide, we're now taking fresh fuel and
we're loading it with, you know, 4, 3, 2.5 weight
percent MOX.

So to answer your guesti on, t he
reactivity, you know, is simlar in sone sense but,
you know, the neutronics properties are considerably
different. Does that answer your question?

MR. SIEBER. MOX fuel is usually made with
depl et ed urani um and because they do that, that gives
you a really low concentration of U 235, which
exacerbates the effect of the differences in spectrum
and the differences in cross section between the
pl ut oni um and what ever remai ni ng U-235 content there
is. So that makes it nore severe than just nearly
depl eted wuranium fuel assenblies. | nean, the
spectruns are different. The cross sections are

different.
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VMR, DOWNAR: Yes.

MR. SIEBER. And you have sone ot her
things that go on like self shielding.

MR. DOWNAR: Exactly.

MR. CARUSC But are the nethods that nuch
different?

MR. SIEBER. The --

MR. DOMNAR.  The nmethods that | use in the
core simulator?

MR  CARUSO Well, I'mtrying to
under stand why the met hods woul d be nuch different
for --

MR. SIEBER: They are not.

MR CARUSO -- for a MOX bundle as
opposed to a once or tw ce burned non- MOX bundl e.

MR. DOMNAR:  Well, let ne just show you a
few nore slides. Maybe that will help.

MR. CARUSO And | was wondering here just
| ooking at this diagramhere, you're conparing a core
that | ooks like that's entirely UO --

MR. DOMNAR: This is just a fuel assenbly.

MR CARUSC Ch, that's a fuel assenbly.

MR SIEBER  Right.

MR DOWMAR This is just the fuel
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assenbly. So what |'mgoing to show you is you take
this fuel assenbly and what we do in this two-step
nethod is we're going to generate then honpgeni zed
cross sections wth our lattice code wusing a
reflective boundary condition, right?

So in other words, in the lattice code we
use integral transport, a very fine detailed
representation of the pin, the clouding, the
noderator. Then what happens, we take those cross
sections to the core simulator. So we're going to do
it for this bundle. Then we're going to do it for
t hat bundl e al so.

MR. SIEBER R ght.

MR. DOMNAR: The problemis that when you
| ook at these bundles in isolation, you get spectra
that look like this and like this. You put them
together, what happens at that interface, that
spectrumis not an asynptotic spectrum

MR. SIEBER R ght.

MR DOMNAR: It's now neither --

MR. SIEBER R ght.

MR DOMNAR -- this one alone or this one
alone. So this boundary condition that we assuned to
be zero current, it's no |l onger useful. You see? So

it's that interface.
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MR. SIEBER: And it depends on where you

are within the assenbly.

MR. DOMNAR:  Ri ght.

MR SIEBER \What those | ook |ike.

MR. DOMNAR:  Ri ght.

MR. SIEBER So once you're past a couple
of diffusion links, the spectrumreally changes.

MR DOMAR Right. |It's changing
consi derably as you nove.

MR. SIEBER R ght.

MR. DOWNAR: So when you begin to put
these bundles into the MOX, into a core one-third
| oaded with MOX fuel, it's a different problem if you
will, than if it was just uranium So what we did
over the years, we tackled that by increasing the
nunber of energy groups. W have nornally been using
two energy groups.

MR. SIEBER R ght.

MR. DOMAR: You go to eight energy
groups, you mtigate the problem because now you're
al | owi ng neutron transport to exi st between, you know,
a whol e | arger nunber of energy groups. W al so added
a transport capability. Normally, we use Pl theory.
Now, we're using SP, and doi ng pin-by-pin analysis.

So very briefly, I will just showyou sone
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assessment we did using critical experinents that were
performed in Belgium and then | will show you a
transi ent benchmark problem that the OECD/ NEA, we
proposed and was accepted by them

This is just showi ng you the equations
that we're solving. Normally, we just solve the first
two equations, so those would be the Pl equati ons.
Now, what we're doing is we're adding the third and
the fourth equations. And you can see what we do is
we conbine these into two equations such that this
first equation is the diffusion equation if | drop,
you know, the second nonent or if | drop this nonent
and this nmonment. That's P1 theory.

What we're doing is now solving an
addi tional equation and putting themin this forum
allows us then to use the sane machinery, in other
wor ds use the same set of solvers that we have had al
al ong i n PARCS

Thi s then we apply, you know, to benchmark
problenms. This is a classic benchmark probl emthat
has been performed by many of the European countries
who have been recycling plutoniuminto their cores.
That was, in fact, the notivation for this benchmark
in Belgium You' re | ooking at plutonium assenblies

here. These are uraniumand this is a reflector,
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S| EBER:

t he pl utonium canme from
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gr ade.
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weapons grade.
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But we did this
critical --

MR.
you have.
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MR

MR

DOANAR
S| EBER:

DOMNNAR

S| EBER:

DOMNAR

probl em
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DOMNNAR
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this interface, you have very

di ff erences.

It makes a difference where

too, right?
Well, this is reactor grade.
Ckay.

Thi s was done with reactor

Well, that's different than

| agree, yes, absolutely.

because this was the only

Right. That's the only data

Ri ght .

Ckay.

And this slide is a brief

summary that here is the conventional nethod, and you

can see that the errors in prediction of the pin

powers is on the order of, you know, 4, 5 percent. By

usi ng the higher

nunmber

of energy groups, you know,

the error is significantly decreased.

Down here you're | ooking at one of the

pins that was

(202) 234-4433

measured, and this is the axial
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position, and along the length of the pin you're

| ooking at the difference in the prediction of PARCS
conpared to the neasurenent, and you can see plus or
m nus a coupl e percent. So, you know, the bottomline
here is that these nethods were put in to analyze the
MOX core and now, there's confidence from doing the
critical experinent that we can analyze one-third

| oaded MOX core

So the next step was to | ook at sonet hi ng
that m ght be of interest, specifically a control rod
ejection from a one-third | oaded MOX core could be
nore. You know, you don't know, but it could be nore
severe than a uranium fueled core. Beta effective,
you know, will be smaller in a plutonium core. So
then you say well, let's take a |look and see, you
know, what the behavior is.

The way | thought woul d be appropriate is
you get a large community to do the sane problem You
devel op a benchmark and then you go around the world
and you ask users would you do this problem and you
get people with simlar methods and see how they
agr ee.

So we proposed this back in 2001 to the
CECD. W devel oped a MOX rod ejection problem It's

froma core, 4-Loop Westinghouse PWR, simlar to the
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core that will actually be used by Duke Power, and we
have a scenario again where we're ejecting a contro
rod, you know, fromthis core.

W have now nore than 10 parti ci pants, and
| think that's, you know, a critical nunber if you
have at | east 10 peopl e doi ng the probl emfrom Japan,
Russi a, sonme European participants, Korea as well as
oursel ves, and people doing it with nethods, various
types of nmethods. So where we are now is we have, as
you can see, several results. W're gathering
results. W wll have by the end of the spring
prepared a report. In June there is a neeting in
Paris and we will present our results.

Here | ' mj ust showi ng you sone prelimnary
results for the rod ejection. The rod ejection, as
you m ght renenber, is a super pronpt critical event
where the assertion of nore than a dollar Doppler
t akes over and of interest, of course, is the energy
deposition before the Doppler takes over. And I'm
just showi ng you here that we have Korea, the Swi ss
and oursel ves all using two group nodal nethods and we
agree pretty well.

But now, we ran the sane problemw th our
SP, sol ver and you can see that the prediction here is

for a lower peak, little bit delayed. So the results
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are different depending on, again, the order of the
nmet hod. So what will be interesting --

VICE CHAIR WALLIS: Doesn't SP , have
better physics?

MR. DOMNAR: Yes, SP, is a transport.

VICE CHAIR WALLIS: Right.

MR- FORD: So does that nean that
everybody el se is wong apart fromthe SP,?

MR. DOWMAR It doesn't necessarily.
Vell, | think, again, two group diffusion theory
predi cts that and these are di fferent codes predicting
the same thing. So we feel that okay, if that's, you
know, the accuracy, the order of your nethod, that's
what you're going to get and that's conforting. But
obvi ously, as you use a higher order of method, you
know, what we're seeing here is that, in fact,
transport solution is saying that the peak is |ower.

MR SIEBER It makes a | ot of difference.

MR. DOMNAR: What we're expecting is we're
goi ng to have people doing this problemw th integral
transport, with SN net hods and, you know, by the tine
we finish we're going to have, | think, a very good
picture. So that's --

VICE CHAIR WALLIS: Is there any reason

why things shoul d happen slower with SP,?
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MR. DOWNAR:  Well, there's a sinple nodel

poi nt kinetics. In the point kinetics, you know, the
Nor dhei m Fuchs Model in point kinetics allows you to
relate the peak and the tinme of the peak to sone of
the sinple kinetics paraneters, the pronpt neutron
lifetime, you know, the initial reactivity insertion,
t he beta.

The thing that would cause this to be a
l[ittle bit slower is the pronpt neutron lifetine, see?
So what you're doing here is you're saying that, you
know, these are solutions with spacial kinetics, but
you can take that solution and you can exactly then
conpute a core averaged pronpt neutron lifetine.

And i f you do that, | haven't done it, but
if you do that, | suspect what you would see here is
the pronpt neutron lifetineisalittle bit, you know,
| arger, so the core response is being predicted to be
slower. But that's something that we should do, is
conmput e these kinetics paraneters, you know, for each
of these and then conpare those.

MR. SIEBER The tinme of the peak and the
hei ght of the peak is related as much to the thermal -
hydraulic properties as it is to the nuclear
properti es.

MR. DOMAR: The height of the peak is
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very dependent upon the Doppl er feedback.

MR. SIEBER R ght.

MR. DONNAR: Exactly. And the prediction
of that -- again, this event is driven solely, you
know, by the fuel tenperature.

MR. SIEBER R ght.

MR. DOWNAR  None of the noderator
effects.

MR. SIEBER. It's too quick for that.

MR. DOMNAR: Just too quick. So you know,
but what we have done in this benchmark problemis we
speci fied, you know, the conductivity, heat capacity,
so we have, you know, very carefully made sure that
that is not a paranmeter that will be varied by the
users. They are going to use that of the
speci fications.

Their sol ution of the conducti on equati on,
how they do that, that could be a little bit
different. But these are our three solutions, right,
so we know that we have been solving the conduction
equation the sanme way.

MR. S| EBER.  Ckay.

MR DOMNAR  And that will not cause a
di fference, so we believe that difference is just

because of a transport effect.
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MR. SIEBER. Right. Interesting.

MR. DOMNAR  So very quickly, I will just
go over their first application, and | think you m ght
have seen this in the past, just showi ng you what we
have done for the PWR and then get to the nore
i nteresting problem

Three, four years ago a problem was
designed in order to, you know, do a nunerical
benchmark of coupled codes and | think, you know,
again, you' re probably famliar with this, rupture of
a steam line on the secondary side causes an
overcooling of the primary fluid, which then | eads to
a positive reactivity insertion driven by this Delta
T of that primary fl uid.

This is the intact loop. This is the
broken loop and this Delta T then is the driver for
the positive reactivity. And of course, when you
scram the power cones down then causing positive
effect from the Doppler. You' re getting back, you
know, the Doppler broadening scram And then the
conbination of these gives you then a tota
reactivity. And this is a relatively slow event over
100 seconds.

What ' s of interest here is what happens in

the core as you start to see this reactivity rising.
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This problem was designed such that the reactivity
never went to zero, never got positive. It's always
negative. And they designed the problem because
we're able to, obviously, artificially adjust the
worth of the control rods.

This was an interesting problem because
when t he probl em does not go back critical, you still
see the power in the reactor rising. ay? So the
probl emnever conmes back critical, but after scramthe
reactivity is increasing, cold water continually
comng into the core and eventually, the power cones
up.

Poi nt kinetics would be able to predict
that. Again, your core average power here could be
20, 30 percent. However, we know that this event is
anal yzed assum ng the highest worth rod is stuck out
of the core. So therefore, we know that what's going
to happen is that 20, 30 percent power wll not be
distributed symetrically. 1In fact, it will be
concentrated over here where this stuck rod is out of
t he core.

So we can do a simulation. This is
showing you the initial steady-state condition and
these are the representations of the different fuel

bundl es, and then this is just the tinme of the event.
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So you renenber the event runs for 100 seconds. So
now, we can just take a | ook at the sinulation and see
now t he power cones up, scrans and now, the cold water
goi ng in.

What's interesting, you can see even
t hough the core average power is only about 30
percent, you can see rel ative power of the peak bundle
went up to over 1. The relative power exceeded 1.
And again, this is even though the core was never
critical. So this is the average bundl e power.
Qobvi ously, what we could also do then is reconstruct
the pin power. This is one of the advantages of
spaci al ki netics.

MR. SI EBER: \Wen you say it never went
critical, but the power is increasing --

MR. DOMNAR:  Ri ght.

MR. SIEBER. -- which to nme says it has to
be critical during part of that transient.

MR DOMNAR |t never went.

MR. SI EBER: Wy does the power go up?

MR. DOMAR:. Well, there is a sinple
l[ittle prescription. |If you go back again to, you
know, the point kinetics and you use sonet hi ng we cal
the pronpt junp approximtion, eventually you can

wite an equation. Okay. So this is power.
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MR. S| EBER.  Ckay.

MR. DOMNAR. And this is again out of the
point kinetics, but you can wite an equation that
| ooks like this where this is the reactivity and, of
course, this is the beta effective.

MR. S| EBER:  Ckay.

MR. DOMNAR  This is the K constant of the
del ayed neutrons.

MR. S| EBER.  Ckay.

MR. DOWNAR  This expression shows you
that this is, though dark, | mean, this is the -- so
this would be a rate, rate of change --

MR. S| EBER.  Ckay.

MR, DOMNAR: -- of the reactivity.

MR. S| EBER.  Ckay.

MR. DOMWNAR: \What happens is we can have
this to be negative, but if this is positive, we can
have a positive period. Okay? So it's possible
Physically, what's going on is, you know, we have
here, this is the i nstantaneous reactivity. You m ght
think of it, after we have that initial spike, we
create, you know, a lot of precursors distributed
around the core.

And they are all sitting there, right,

with their own little half |ives, you know, to decay,
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to emtters. W have got things |ike bronm ne 87
which had a half |ife of about 70 seconds. So they

are just sitting there, you know, waiting to emt

neut r ons.

MR. S| EBER.  Ckay.

MR. DOMAR: They will not emt that
neutron until 40, 50, 60 seconds. They will be

mul ti plied depending upon the |ocal conditions when
they actually, you know, appear. So the

mul tiplication of those delayed neutron sources, if
you will, are going to be dependent upon, you know,
the rate of change of the reactivity not just the
initial precursor distribution.

So again, this comes out of, you know, any
cl assical kinetics book, but it's possible that the
reactivity can never be positive. But if the rate of
change is positive, and that's what we saw, you know,
from--

MR SIEBER  Pronpt, yes.

MR STAUDENMEI ER: This is Joe
St audenneier. Fromclassical static reactor analysis,
there i s sonething called subcritical nmultiplication.

MR. SIEBER R ght.

MR. STAUDENMEIER:  And if you want to

know, you take one neutron. That will turn into 1
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over 1 mnus K neutrons due to subcritical
mul tiplication. So you're increasing K while keeping
it below 1, but the multiplication on a given neutron
fromthe source is increasing as you go through that.

MR DOMAR So it's counterintuitive, but
it's interesting. But this again, this was a
nureri cal benchmark.

VICE CHAIR WALLIS: This is all because of
t he del ayed neutrons?

MR. DOMNAR. Right. Exactly. So perhaps
nore interesting to you is the assessnent of the
coupled codes for BWRs, which is a |lot nore
chal | engi ng.

W started out actually three years ago
wi t h doi ng t he Peach Bottom Turbi ne Trip, which was an
NRC sponsored coupl ed code benchmark. And the Peach
Bottom Turbine Trip, |I'm sure that you have heard
about it, but it's sudden closure of a Turbine Stop
Val ve.

The pressure generated unabated into the
core leads to a void coll apse, areactivity insertion.
Then it's mtigated or it's eventually ended when t he
bypass val ve opens. But what we did is we started
back in "02 to do this problemw th TRAC-M and PARCS

and let me just briefly show you sonme results from
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t hat .

What we used is a TRAC-B input deck. So
it's not TRAC-B the code. This is TRACE Version 3950,
but it's TRAC B i nput deck, which TRACE, you know, can
process. And this is the result that was published.
In fact, it just cane out this past Cctober, worked on
it wwth students. Also, | should nmention |I have been
coll aborating on all this BWR assessnment work with
Prof essor |vanov at Penn State and his students, and
then Tony Elsis fromstaff also worked on this with
us. So with Version 3950, we got a result.

MR. STAUDENVEI ER: Actually, it's not that
base 39. There were changes nade to 3950.

MR. DOMNAR:  Ri ght.

MR. STAUDENMEI ER.  There were speci al
changes added into the code.

MR. DOMNAR: Right, right. W took sone
of the two phase nodels fromTRAC-B, correct, and Tony
put theminto 3950. And then this is just show ng you
the conparison of the measured LPRM data again to
TRAC-M So the results here were pretty good.

CHAI RVAN RANSOM  This is presunably TRAC
before you had all those inproved interface drag
nodel s and all that stuff?

MR. STAUDENMVEIER: No, it isn't. There
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wer e sone i nprovenents stuck in a special version and,
actually, sone of themwere inplenmented incorrectly,
so that version has some errors in it, and | think
t here was sone hand-tuning of the results that went on
to get results that good.

MR. DOMNAR: Yes. The other part of this
isthat it's easier to do Peach Bottomthan stability.
This is very quick. This is a one, two second
problem So you know, this problem conpared to what
"1l showyou, you know, is fairly straightforward and
per haps sone of the areas in the nodels didn't really
show up.

What we're doing now is going to a TRACE
native input deck and you can see, you know, this is
33 channel s, nmeaning that what we did is we took the
740 sone odd bundles in the PARCS nodel and then
mapped themto the 33 channels. So this nodel nowis
bei ng used.

The first part of it was to just not do
the coupled problem just wused a fixed power
distribution versus tine inthe TRACEE GCkay. So this
is TRACE stand alone and this was Version 4068. And
again, in this nodel we have al so added, let's see,
|"mtrying to remenber, but | think 4068, we added, |

think, to this one the wall drag nodel from TRAC-B
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MR. STAUDENMEI ER: And the interfacial

Yes, the interfacial and the wall drag has been
changed over the base version and, actually, those
changes wil|l be going into code rel ease that will soon
happen, so it will be the base version of the code
soon.

VICE CHAIR WALLIS: Now, what is this
here? This is one code versus another code? |s that
what this is?

MR. STAUDENMEI ER° No.

MR. DOMWNAR: This is actual experinmental
data. I'msorry, | didn't show the | egend.

MR. SIEBER R ght.

MR DOMNAR: But this is the actual.

VICE CHAIR WALLIS: That's an experinent?

MR. DOWNAR: Yes. This is actually the
neasured data from Peach Bottom

VICE CHAIR WALLIS: A large transient
test.

MR STAUDENMEIER: It's a real reactor.
They instrunmented it.

VICE CHAIR WALLIS: Are we required to
trail the --

MR SIEBER. No, we don't have to.

MR. DOMNAR: And this is just show ng the
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power pulse. And again, this is froma version. This
i s coupl ed TRACE and PARCS. This one, again | didn't
showit here, but thisis fromVersion 4111, you know,
and what we have in this version again is the TRAC-B
wal | drag nodel

Now, the idea here was for us to be able
to set up these nodels and to foresee with doi ng sone
of this analysis. Even though we knew that, you know,
some of the nodels in TRACE woul d conti nue to change,
we wanted to have, you know, the input decks, all of
t he net hodol ogy there. So now when the new wall drag
nodel , the new nodel s appear, we're ready and all we
have to do then is run them

The nore challenging problem has been
stability. A very well-instrumented set of data was
Ringhals. This was a benchmark and it was actually
started back inthe early '90s and it's a Swedi sh BWR
Over cycles 14, 15, 16 and 17 they perforned, you
know, several tests, | think a total of 41 tests.

And what we did is chose two points, as
nmenti oned earlier, because we wanted to | ook at one
poi nt that was dom nat ed by i n-phase, so point 10, you
can see the decay ratio .71, the regi onal decay rati o,
.63. So we wanted to run one point where the gl obal

dom nates and then another point, .9, where the
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regi onal dom nates, .99.

And so these two points we have attacked
initially. W started this about a year and a hal f
ago and it has taken us until now really just to get
this guy. And again, | will show you prelimnary
results. But nore inportantly, as I'll show you, the
nmet hodol ogy is there. The nmachinery is there and |
will explain in a mnute what | nean by that. But
.10, the in-phase, is the one we're tackling.

The Ringhals coreis quite abit different
than the Peach Bottom core and in that sense it
provi des a good core to be assessed by TRACE/ PARCS
Ringhals, it's an ABB design. This about 2,200
nmegawatts thernmal. Peach Bottomis a GE4, about
3,200, 3,300 negawatts thermal. This is smaller
obvi ously, about 640 some bundles. This is larger.
This one has the internal jet punps. So there's
sufficient differences that they provide, | think, you
know, a reasonably good tool to assess TRACE/ PARCS
And t hen obvi ously, al so, both of themare plant dat a.

So initially, we just took a fixed power
distribution, put it into just initial mapping where
there were 20 channels and this was, again, trying to
first just assess the Ringhals TRACE Model w thout

being coupled to PARCS, and you can see from
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conparison here that results are pretty good.
Actual ly, Claudio Delfino, | think, didthis work when
he was still at Penn State a couple years ago.

MR. SIEBER:. That, | suppose, is to ne
al nost unbelievable. | nean, it's right on top of --

MR DOMAR Yes. So this is core

aver aged.

MR. SI EBER  Yes.

MR. DOMNAR: So the distribution, you wll
see sone of the distributions are not -- so that was

just to |l ook at the TRACE Model .

Then we wanted to assess the PARCS nodel ,
because here what we're talking about is a pretty
sophi sticated cross section library in order to nodel
this core, and we wanted to make sure that we were
processing the library correctly and we al so wanted to
get a feel for the accuracy of the PARCS sol ution.

So what we conpared this to, their core
simulator, when | say experinental that neans it's
their core simulator fromRi nghals, and we input the
tenperature density from their core sinmulator into
PARCS node-w se, so we wote a processor to take that
information for all the 600 and sone nodes tines 24 or
what ever that nunber is. So we processed that into

PARCS and then we conpare, you know, the power
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distributions as well as the node-w se power.
So this gave us confidence that stand

al one PARCS was correct and t hen stand al one TRACE was

correct. Then the problemreally becane now trying to

come up with a nodel that we could use to anal yze the
transient. This is where the issue now of how many

channels do we need in order to do this? Initially,
we used 20 channels. This was the initial nodel that
| showed you with the fixed power distribution.

A Japanese researcher named Hotta was t he
one who canme up with this initial design. On the next
slide you can see this is how he came up with these 20
channels. He was interested in nodeling this
harmonic, .9 there's an azimuthal harnmonic. So
knowi ng the harnonic, he decided what he would do is
he would then choose the napping of his neutronics
nodes, every one of these is obviously neutronics
nodes, at two, in this case 20, you can see it starts
from 11 and goes to 30, would map to the thermal-
hydraul i cs using this distribution.

VICE CHAIR WALLIS: If you know the
har noni cs, and you do, | presune.

MR. DOWNAR: Fromthe steady-state
solution --

VICE CHAIR WALLIS: If you don't --
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MR. DOMNAR: If you don't, you're out of

luck. You're right.

VICE CHAIR WALLIS: R ght. And you have
to have many nore channel s.

MR DOWMAR: Right. So that's the rea
problem with this mapping. A priori, you have to
know.

VICE CHAIR WALLI'S: Know t he answer.

MR. DOMNAR:  You have to know the answer,
whi ch makes no sense. So therefore, we began | ooking
at mappings that were using a nore fuel property-
based, geonetric-based mapping. So we started out
with 128 and kept adding fidelity. W needed to nodel
each one of the bundles different because of their
orificing.

W made it to 486 channels where here
every channel had its -- every neutronics channel had
its own thernmal-hydraulics channel, except for the
core periphery, | should have that here, except for
the core periphery, so we nodeled all the periphery
into the same channel, because they would be orificed
simlarly.

Finally, 645, you just say forget it. Do
one to one. So this slide here | just showed you,

this is the 204 channel nmappi ng, and you can see we're
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mappi ng sectors. 486 channels, now we're grouping,
and you can see where this is going, is that you want
totry to, you know, increase the nunber of thermal-
hydraul i cs channel s, but your tradeoff is going to be
conput ational tine, menory and conputational tine.

VI CE CHAIR WALLI S: Does this get the sane
answer then?

MR DOMWNAR: No, it doesn't. | wll show
you two slides. | will show you that. First, | wll
j ust show you what happens to your conputational tine.
This is showing you the initialization and this is for
.10, so we're just running a 1,000 second nul
transient, just the null transient and using a PC and
this is Version 4.036.

So we start out with 204 channels and we
eventually then get all the way to one to one napping
here. This is the runtime of PARCS. This is the
runti me of TRACE. And you can see what happens.
Initially, you know, PARCS is taking, you know, quite
a bit nore time, because what we are doing i s nodeling
every individual node, right, whereas here we just
have 204 channel s.

W increase pretty nuch asynptotically,
because we're still solving the same problem

regardl ess of what TRACE is doing. Qur runtine is
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i ncreasi ng because what's happening, we're having to
process nore information as we increase the fidelity
of TRACE. Now, we have to process nore node-w se, if
you will, quantities, right? W're getting nore
tenperature fluid informati on back

TRACE i ncreases pretty nmuch exponentially
because, you know, John woul d know better than I, but
| think what's happening here is the linear solver,
right, we're going as n squared, n is the nunber of
channel s, so you expect this to be increasing. So you
can see eventually, we get out here to one to one
mappi ng and it's al nost a break even.

But there i s sonme good i nformati on on the
slide, because it's giving you a feel for how much
time does it taketoinitialize, andinitializationis
the nost inportant or the nost time consum ng thing
and, | guess, nost inportant. |It's taking you here
about, you know, six, seven hours to initialize,
because this is a converged solution. W're about 10
to the mnus 4" in the vapor velocity converged here.
And you can see that out there at the | arger problem
you know, you're up over, you're up close to 17, 18
hours.

Now, | should point out that this is with

Version 4.036. Wat we have found is interesting.
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Back then we weren't getting very good decay rati os.
Qur decay ratio predictions were about .4, .5. The
interesting thing is as our decay ratios have gotten
closer to the experinental values, about .7. It's
taking longer for us just toinitialize and that kind
of makes sense, right, because as the core becones
less stable, it's going to take a |onger nul
transient in order for alot of those perturbations to
settle out. So now, you know, the runtinmes to
converge are actually naybe 50 percent higher than
this, so it's taking us now, you know, about eight
hours, nine hours to initialize.

| will show you some results for the in-
phase oscillation. W're using the 204 channel nodel.
Okay. W find that, you know, this is accurate enough
for the in-phase. For the out of phase, we'll
probably have to, you know, head over there.

So now, the question is in terms of
accuracy. Wiat we're showing here is the axial power
profile and then just showi ng here the RVS val ue for
the axially integrated radio power distribution for
204, 486 and 648 channels. And what you'll notice is
that, you know, this is their core sinulator, Sim 3K
What you will notice is we go from204 to 486, we see,

you know, a nice increase in the accuracy. But we go
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fromhere to here, it doesn't inprove much

So again, what we have chosen to do for
the in-phase is to stay here, okay, just because of
runti me considerations. Eventually, what we wll
obviously want to do is run the final solution down
here. So does that answer your question?

VICE CHAIR WALLIS: So it does sort of
converge?

MR. DOMNAR: Yes, yes, it does seemto
conver ge.

VICE CHAIR WALLIS: And Sm3K is the

ri ght answer?

MR. DOMNAR: We're using that as a reality

check. Cbviously, the right answer is the LPRM data
and, you know, we have not conpared to the LPRM data
yet, but that's the right answer.

And this just shows you how the runtinme
wi t hin PARCS breaks down. This is the 204 channel.
You know, we're spending a lot of time processing
cross sections. OCMFD, this is the course nesh
solution. One of the nice features of PARCS is this
nodal solver. That's the actual high order solution
W only do the high order sol ution when, you know, the
accuracy requires it, in other words when sonething is

significantly changing in the core. Qherw se, the
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finite difference solution is adequate. But that's
just giving you a breakdown of the PARCS runtines.

So now, the real proof, if youwll, isin
the ability of this nodel to do an actual stability
simulation. In order to do that, we had to do some
things with the nodel. One of themwas to use a
vari able axial nodalization. W're using sem -
inmplicit numerics and John will talk nore about this,
why we're doing this. But we use the variabl e axial
nodal i zation in order to mnimze the numerical
di ffusion. We want to run with the CFL close to 1
So in order to do that, we increase the node size as
we get higher up the core.

To initiate the instability, this is
i nteresting, because nost of the participants in this
benchmark, they will nove the control rod to start the
instability and I will show you, you know, results
with that, because that's what we did initially al so.

However, we wanted to be able to start the
instability, you know, with other nmethods. W wanted
to do a pressure perturbation, change the pressure out
there, you know, at the end of the steamline and | et
that propagate into the core. But nore inportantly,
we wanted to be able to do this experinent the sane

way that they did it at Ringhals, which is basically
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noi se analysis. They just |ooked at noise and from
that extracted the decay ratios and the frequencies.

So one of the things we did with PARCS i s
we introduced noise into PARCS and did the problem
that way. The logic here is obvious, that if you can
initiate the instability three different ways and get
simlar answers, that's going to give you confidence
that your solution is not dependent upon how you're
starting the instability.

The ot her thing is post-processing. Decay
rati o, obviously one of the possibilities is you just
| ook at the anplitude, you know, of the oscillation
and pick off fromthat, from successive peaks, pick
off fromthat the decay ratio. A nore precise nethod
is to use Auto Regressive Mving Average techni que and
we'll show you results fromthis.

What we did is we devel oped a set of post-
processi ng tools at Purdue and our col | eagues at Penn
State did also, so we both have then post-processing
capabilities and we run them independently with the
output to make sure that, again, it's not dependent
upon this. So that is kind of the nethodol ogy that
Joe spoke of.

Al'l of this machinery, you want to have it

in place and once there is a change in the code, al
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of this machinery is there already to be able to then
| ook at, you know, how the --

CHAI RVAN RANSOM  Have you ever used the
fast 480 transforns to | ook at the decay ratio and
frequency?

MR. DOMNAR: Not to ny know edge. No,
don't think we have.

CHAI RVAN RANSOM  OF course, and what did
you nean by noi se analysis? |Is that --

MR DOMNAR | will show you in a second.

CHAI RVAN RANSOM - - neutronics?

MR. DOWNAR: \What we do is we introduce
random noi se into PARCS using the noderator density
variable. W're not physically changing the thernmal -
hydraul ics conditions. W're just introducing noise
that, basically, will try to reproduce what was goi ng
on in the plant. | will show you that in just a
second.

So this is the first solution. |
shoul dn't say the first solution. Over the |ast years
t here have been nmany solutions, but this is using the
control rod perturbation with, again, Version 4111nil
and when | say nmod 1, this is the 4111 with the wall
drag nodel from TRAC-B because, again, as the TRACE

wal | drag nodel has been changing, we still wanted to
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be able to continue our work, so we use the TRAC-B
wal | drag nodel

Soinitially, we run just anull transient
for the first 10 seconds. W have initialized the
core, so we have run the 1,000, 1,500 second null
transient. W now restart and then when we restart,
we go for 10 seconds. Now, what we do right here then
is, as you're looking at the map, in the |ower south
center region, we nove a control rod in and out. W
do that in less than .2 seconds and the worth of that
rod, it turns out, is about .60 cents.

So we create a perturbation in the core,
and then watch what happens. And you can see that
we're getting here then -- this is the power and you
can see that we're getting a decay ratio prediction
here of about .7 and a frequency of about .56. And
t hen usi ng t he ARMA post - processing code, this 30 and
50, these are just different order FITs, if you wll,
and it's giving simlar answers.

That conpares then to the final report,
t he neasured val ues cl ose on the decay ratio, but the
frequency, we over-predict the frequency alittle bit.
In the final report, it has reported the uncertainty
in the decay ratio to be about, oh, .05. And these

uncertainties arereally about this ability to extract
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from the actual noise the decay ratio, because the
actual event, again, is just processing this noise
usi ng auto regressive nethods. And so therefore, the
authors of the benchmark problens indicated the
uncertainty would be between 5 to 10 percent as |

showed you.

Ther ef or e, what we felt would be
appropriate is for us to actually, you know, reproduce
t he event as best we could using PARCS. And in order
to perform noi se analysis, the cross sections are
perturbed by changi ng the noderator density, and this
change is only for the cross section evaluation. The
real thermal -hydraulic properties are not changed.

And when you make this change, you
basically are introducing, you know, into the core a
perturbation that will be based upon, a priori, you
know, know edge of the fundanental node, of the power
distribution. But also what you want to do is
gener at e random background noi se, so there's a random
nunber generator that al so generates or contributes to
t he noi se.

So you put this into PARCS and we chose
the anplitude and the frequenci es based upon what we
observed fromthe actual data, the Ringhals data. The

actual Ringhals data was in the range of .01 to 1
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hertz. (Okay. And you can see this is the PARCS noi se
simulation, again running a null transient for 5
seconds then generating noise at these anplitudes.

Now, just using ARVMAto process that data,
and again this is Version 4111ml, so this is TRACE
with the TRAC-B wall drag nodel and the decay ratios
are .668, .67. So they are a little bit under-
predicted. And the frequencies, again, a little over-
predi cted fromthe actual val ues.

So | guess that's where we are, you know,
with the stability. The plan is to continue this work
and now in Version 4150, there is a new wall drag
nodel. So that wall drag nodel will be used and the
wor k woul d proceed. W have not tackled .9. W did
some prelimnary initialization, but we'll do .9,
begin to try to look at results for the out of phase
osci |l l ati on.

So | thought what | would do is finish up
with some slides looking at, very briefly,
nodi fi cati ons we made for advanced fuel types, but
t hen showi ng you a few slides about the ACR-700. The
conventi onal BWR desi gns t hat we have been | ooki ng at,

t he 8x8 CE design, have not had | arge, internal water
hol es.

Large, internal water hol es nowintroduce
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an additional conplexity, because in addition to
havi ng an external bypass region, now there is this
internal water region, so there is some questi on when
you begin to bring a water density into your feedback
nodel , how do you weigh, if you will, the water
density around the fuel rods, this water density and
the water density in the channel s?

You want to nake sure that you're getting
appropriate feedback. This is true of also the
ATRI UM 10 fuel design having a |large water region in
here as well as the SVEA design. So you know,
basically, it's a mnor nodification, but it's
somet hing that NRR requested and we now t hen, again,
treat separately the water region internally and then
the water region external to the can in order to get
the density that is passed fromTRACE to PARCS to t hen
be the feedback into the cross sections.

We have al so nmade nodifications to PARCS
to be able to nodel the ACR-700. As you can see, |
nmean, we're |looking at a core that's, you know, very
different fromthose that we have anal yzed i n t he past
when it comes to the reactivity control devices. They
are comng in fromthe side and, you know, this is
really, you know, sonething that we have to make

modi fications to the neutronics in order to do this.
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W also have to neke nodifications to the cross
section nodel, so |l will just briefly wal k you t hrough
sone of those.

Again, as | nentioned, the control rods in
the PWR, you know, noving in vertically, but you're
seeing very di fferent novenent of control devices and
this requires us to rethink the logic by which we
perturb, you know, the cross sections in the core.
They have al so sonething that are referred to as Zone
Control Units in the ACR These are units that are
sitting there in the core during the depletion and
t hese Zone Control Units again are coming in fromthe
si des, we do have to nodel these.

So there's several unique things about the
ACR t hat have required us to make changes. W have,
you know, had to make our cross section nodel much
nore sophisticated, if you will. W have to treat
many nore feedback variables. The conventional nodel
t hat we have had for |ight water reactors has just had
five vari abl es.

For the ACR now we have had to add a
feedback variable for cooling inpurities, for
noder at or density, because now what we're | ooking at
is the noderator and the coolant are separate. The

coolant is light water. The noderator is heavy water
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and we have to be able to treat those as separate
vari abl es. So noderator density, noderator
tenperature, inpurities in the noderator, different
sol ubl e poi sons in the noderator.

But this 12'" and 13'"" ones are the nost
i nteresting, because what becane clear |ast year was
that the neutronics problem for the ACRIis
considerably nore sophisticated and conplex than
anything that we have tackled for the |ight water
reactor.

Specifically, what's interesting, by now
| think you m ght have heard about this "checkerboard"
voiding in the ACR Here |I'mshowing a 2x2 array of
fuel bundles and you're seeing here this is the
CANFLEX design and this is the central pin, which has
dysprosium and then you have rings of pins, slightly
enriched urani um

And what has happened is that it has
beconme clear that if you voided two channels in a
checkerboard confi gurati on and kept t hese two channel s
cool, you get a coolant void reactivity that is
different thanif you entirely void the configuration.
So this negative coolant void reactivity, in fact, is
positive for practical scenarios that woul d showup if

you get a header break, because you have hal f of your
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bundl es bei ng cooled in one direction and half in the
ot her direction.

What this does is this conplicates the
nodel i ng froma neutroni cs standpoi nt, because if you
go back and you renenber that two-step nmethod, what we
woul d normal |y do is we woul d take one bundl e, isolate
it, put zero current boundary conditions onit, right,
t hen honogeni ze cross sections. W would want to take
that bundle then into the core, right, and showit a
boundary condition now that is very different. That
gets exacerbated by the voiding problem because if
you voi d one of these channels, the boundary that this
bundl e sees, if you assumed over here it was cool ed,
is very different and that led to significant sources
of error.

So what we have done is, in collaboration
with staff, Don Carlson, we have cone up with nodels
to treat this where what we're doing now is we're
addi ng the conpl exity where you don't just | ook at the
properties of the individual node itself. Now, you
have to see who's next to you and t hen based on who's
next to you, you then add an additional perturbation
to the cross section.

So in PARCS never before when we did

f eedback have we cared who's -- all you care about is
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the properties of the node itself. Now, you have to
| ook next door and then, based on who's next to you,
you process the cross sections.

This, I'"mjust show ng you the conplexity
has increased, because now when we generate cross
sections, we have to generate a matrix of cases for
all of these possibilities of who's next to you. You
run a 2x1 where the other guy, right, has to be an
assenbly that voided 75, 50, 25, right? The node
itself is 75 and then that conbination next toit. W
al so do this for various burnup states. The point
being here is that the library that we have to carry
now in order to analyze the ACR increases in
conplexity significantly. So that's the object of
t hat slide.

| SL has devel oped a TRACE Mbdel of the ACR
and here you can see this is the core itself down here
where there's 284 channels. 142 are being fed by this
header, 142 by the other header, so if there is a
header break, half of the channels wll be voided
The other half would still be cooled at least for a
few seconds, so the checkerboard configuration, in
fact, is real.

And then so the PARCS nodel woul d | ook

like this and we woul d be mappi ng PARCS i nto TRACE
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So this work has progressed and the coupling of the
nodel s shoul d be ready by next nonth.

VICE CHAIR WALLI'S: You don't have the
answer yet? No answer yet?

MR. DOMNAR: No answer, no answer yet, no.
W have got the cross section nodel set up. W have
t he TRACE Model set up and nowit's a question of --
and we're working again with staff in order to cone up
with the scenarios on this.

MR SIEBER Doesn't sound like it will be
a good answer.

MR DOMNAR: No, | think there's going to
be --

MR SIEBER. Could be a wild transient.

MR DOMNAR  Yes. It should look a little
bit |ike, you know, what we have been seeing in the
turbine trip. You're going to have a power pul se.

MR. SIEBER R ght.

MR DOWAR  That will then be turned
around.

MR. FORD: But presunably AECL have got
their own nodel and you know of that nodel. |I'm
assumng that's true. How does it differ fromthis?

MR. DOMNAR:  Well, | --

MR FORD: In terns of physics, in terms
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of --

MR. DOMNAR If | could have Don naybe to
tal k about what AECL has. |1'mnot sure. | have not
been talking with AECL about their nodel. | have
their reports, but | have not, you know, | ooked

closely at how they are tackling this checkerboard
voi di ng scenari o.

MR FORD: So it cones down at the end of
t he day, which is correct.

MR. DOMNAR:  Yes.

MR, FORD: |s that not true, against
observati on?

MR CARLSON: Yes. This is Don Carlson in
Research. AECL has their own suite of codes that they
have evolved in the past for analyzing conventional
CANDUs and, as it turns out, the zero current boundary
condition, the sinple nethods, relatively sinple
nmet hods t hat we have used for |ight water reactors are
alot |ike what they were able to use for conventi onal
CANDUSs .

The nove to the ACR has given them
significantly different physics and they ran into the
same kinds of problens that Tom has descri bed here,
and they are doing different things to address it.

They seemto recogni ze the problens and it's a work in
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progress as to, you know, what exactly they are doing
to address it. But yes, they have to evolve their
met hods nuch |i ke Tom has had to evol ve his.

VR. FORD: Good. They nust be
considerably further advanced than we are in their
nmet hods, no?

CARLSON:  No.
DOMNAR:  No.

CARLSON: Certainly not.

2 % 3 %

DOMAR: So finally, just a couple
nore slides, sone things again that show what we're

doing. W have conpl eted ourTheory Users Manual. W

update those as we have cone up with new versions.

We're working on a Progranmmers Manual. We're trying

to chipinto the CPUtine, cross section processing,
coupling. TRITON is conplete. W're looking to
couple to a conmercial code. So these are sone ot her
t hi ngs.

| have nmentioned t hat we have a user base.
This is just giving you a snapshot of who they are.
W're actually over 50 now. | didn't update this
slide, but we have got sone nore users, Some in
Eur ope, sone | aboratories, and they comunicate with
us through our website. And we have a listserv

mailing list, so anyone that wants to participate in
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that is then dissemnated all of the information on
the | atest updates from PARCS on our website.

VI CE CHAIR WALLI'S: Wen you say you have
45 menbers, are they actively doing work or are they
just sort of listening to what you're doi ng?

MR. DOWNAR: They are actively doing --
many of themare actively doing work. W get a |ot of
guestions that are only com ng from people that are
actually doing work, because they find bugs. They
find problenms, you know.

SI EBER.  What's Arneni a doi ng?
DOMNAR:  |'msorry?

SIEBER: Do they run plants?
DONAR:  Who?

S| EBER:  Ar neni a.

2 » » 3 % 3

DOMNAR:  Actually, yes, they have
VWER

MR. SI EBER: Ch, okay.

MR. DOMNAR:  Yes, Brookhaven Lab did some
trai ning of the Armenians wi th RELAP/ PARCS

MR. SI EBER: Ch, okay.

MR. DOMWNAR: So they have got VVER 440.
But there is quite a bit of work going on out there
wi t h PARCS coupl ed to RELAP and with TRACE. Any ot her

guestions?
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CHAI RVAN RANSOM Wl |, thank you, Tom

MR. SIEBER. Yes, great presentation.

CHAI RVAN RANSOM  Looks |ike you got us
back on schedul e.

MR. DOWNAR:  Well, John was chonpi ng at
the bit over there.

CHAI RVAN RANSOM Wl |, we can take a
break until 3:15.

MR. SIEBER. Great presentation.

CHAI RVAN RANSOM  And start back with John
on schedul e.

(Whereupon, at 2:58 p.m a recess unti
3:16 p.m)

CHAI RVAN RANSOM Ckay. W're ready to
start. The next speaker is Professor Mahaffy from
Penn State. | think, | guess, responding a lot to
some of the anonynous letters that we received here,
| don't know that anybody here has really analyzed
those, so | hope you will explain to us what it was
all about, and | guess what the concern was and
what ever resolution there is of it.

MR. MAHAFFY: Well, | had assuned that you
paid attention to letters to that and you were ready
to ask ne questions. But before | go into ny prepared

material, | would |ike to pick up on sonething that
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came up this norning in the beginning. The question
was asked what is taking so long with this TRACE
devel opnent. And as sonebody who has been at it from
t he begi nning, the beginning, in fact, dating back to
when you, Rick and | were sitting on an Advisory
Commttee with Farouk, a very long tinme ago.

VICE CHAIRWALLIS: Is this where we tried
to persuade himto devel op a new code instead of
pul ling together these old ones?

MR. MAHAFFY: Well, in fact, if you really
take a serious look at it, it is a new code now.

VICE CHAIR WALLIS: (On.

MR. MAHAFFY: And, you know, that's a side
topic that we can talk about for an instant. But if
you | ook at what was really |l aid down, there was a two
stage process with what has becone known as TRACE
There was the consolidation effort and the gui delines
that were given initially on consolidation was that
this product woul d capture all the capabilities of the
predecessor codes, which have been naned.

VI CE CHAIR WALLI S:  Yes.

MR MAHAFFY: And when it was done, it
would perform as well or better than any of the
predecessors. Those were the basic guidelines in a

nut shel | .

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

262
VICE CHAIR WALLIS: Are you tal king about

the breeding of two dinosaurs wll only produce
anot her di nosaur?

MR. MAHAFFY: Yes. And this is stage two
now.

VICE CHAIR WALLIS: Right.

MR. MAHAFFY: Ckay. Stage two is now that
you have sonet hing that is manageabl e, you nove on to
advanced devel opnent and produce things that answer
concerns that have been rai sed by you, G aham and Vic
and | ots of other people in the past totry to inprove
your capabilities.

In terns of delays of the process, you've
seen sone of them discussed already, and | identify
really three of them |If you wanted to say okay,
well, they prom sed this and this done in X nunber of
years and now it's Y nunber of years out, the first
big thing that really introduced extra tinme and
devel opnent effort was the change in the statenent
about capturing capabilities, and that was a ri gorous
card for card ability to reproduce RELAP5 input, but
the TRAC-B actually got added on |later on, too.

That, as was indicated, took tine.
Another key itemthat has been hinted at is the

guestion of physical nodel devel opnent. \When we talk
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about original technology, the original plan was the
kind of mating of dinosaurs that you were talking
about. There would be a process by which we would go
t hrough and extract the physical nodels fromthe
predecessor curves that we designated to be the best
of those available and plug theminto this code.

Now, NRC, and | believe driven by Joe
Kelly as much as anyone el se, w sely decided at sone
point let's not do that. GCkay. Up front | made a
list of nodels that we could pull out of RELAP5 and |
think my I'i st probably aligned with anything Joe Kelly
woul d have said al so, and just be there. But what Joe
did instead was said all right, and he has given the
presentations to you, here are the failings that are
there. Let's just nove forward, rather than doing an
internedi ate step, and we get product after product
out of Joe.

And what you are really seeing now is a
bl endi ng there of the consolidation effort that was
tal ked about as the original goal of TRACE and the
advance devel oprment effort that noves forward.

VICE CHAIR WALLIS: It's hardly vast
developnment. A lot of it is fixing up some of the
real weaknesses in that.

MR. MAHAFFY: | understand that, but it is

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

264

advanced rel ative to any of the predecessor di nosaurs.
Okay. We're pushing the state of the technol ogy past
where it has ever been before. kay.

VICE CHAIR WALLIS: As he showed us this
nor ni ng sone of the predictions fromthe origi nal TRAC
filmthi ckness and that seened to be way off.

MR. MAHAFFY: But he put certain proviso
in there, but you al ways have to renmenber and that is
t he scope of these codes. NRC has never cl ai nmed that
TRAC was anything other than their |arge break LOCA
Code. GCkay. And that drove the selection of nodels
and the funding by the NRC for the extent of the nodel
devel opnment. RELAP5 had a different set of
transients, so it was supposed to analyze. And Vic
could tal k about that better than | can, but once you
get into things beyond l|arge break LOCA, vyour
capabilities in terns of the details of sone of these
nodel s have got to be much nore advanced.

And | know | was involved in some of the
oversi ght of the AP-600 qualificati on RELAP5 and t here
was a | ot of very good work that went into | ooking at
how it was assessing themand getting theminto that
code. So you've got two different paths there. And
they said if all we were doing was consolidation and

it were a fixed goal, we would have grabbed a whole
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| ot of nodels straight out of RELAP5, shoved theminto
this product as is and we would have net the stated
goals up front.

But a different path was followed and |
will tell you four years ago, | think, | publicly nade
a statenment, and it may have been in this particular
venue, that really we didn't call it TRACE t hen, TRAC
M whatever we called it, had achi eved the goal of all
the capabilities of all the predecessor codes. The
capabilities were there. Wether they were fully
tuned up or not is another question, as you saw with
t he nodel issues.

At this point intime, | mean, we have not
done a full set of assessnment, obviously. Joe
St audennei er can say nore intelligent things, | think,
than | can about this. But based on the assessnent
probl enms | have seen, |'ve done, |'ve seen presented,
this code is going to do on the whole a better job
t han any of the predecessors in natching a reasonabl e
assessment base. Wuld you agree with that, at this
poi nt ?

MR STAUDENMEI ER:  Yes, | think on a w de
scope assessnent.

MR. MAHAFFY: Yes. | believe you wll

find specific assessnent problens where say RELAPS
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would still do better. But if you took the broad
scope, we're in the ganme now, and there's certain
things it can do that people couldn't do before. So
|"ve identified two itens that have stretched things
out. Okay. The strict conpatibility with input.
This bl ending of the consolidation and the advanced
devel opnent work and that blending transitions into
ot her things.

Ckay. |'ve been working on advanced
nuneri cal nmet hods. There was sone parall el
capabilities we put in. There is a list of these
things. But then there is nunber three, and again Joe
handed this, and you don't want to under-rate this,
this has to do with digressions. ay. To the credit
of the NRC, and |'ve been in the code devel opnent
business for a very long tinme now and seen a | ot of
devel opnent teans. The NRC has put together
internally a first rate devel opnent team Very, very
good people involved in this.

But that's a double edged sword. Ckay.
They can do great devel opnent work for you, but if you
are an NRC nmmnager, and NRC is a very busy
organi zation with a ot of things to do, okay, you've
got a mission critical task you' ve got to get done.

You' ve got a task that's got alot of wide visibility.
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What you want to do is get your very best people
wor ki ng on these particular little items. And where
are your very best people? They are sitting on that
devel opnent team and so they get pulled off to do
vari ous odds and ends that have nothing to do with
devel opnent .

That has a doubl e inpact, okay. |npact
nunber one is the | arge chunks of time for people, you
know. As was said, Chris Murray got dragged off to do
a very inportant thing, conputer security, you can't
negl ect that, and t his happened, | think, to everybody
on the devel opnent teamwi thin the NRC. Just the base
time you' ve lost, but there is another thing that you
don't normally think about and in co-devel opnent,
you' ve got to be focused.

You know about this Vic, having worked
wi th RELAP5, you get on a roll. Now, you' re noving
forward on a very intensive task and you get pulled
away from that, the recovery tine is a difficult
probl emal so. You don't sinply lose the tinme that you
were allocated to another task. You |lose nore tine
than that, because you have to recover to that sw ng
of work, that pattern you are in and that's a probl em

CHAI RVAN RANSOM Wl |, is that a probl em

only with the NRC people or has that been a problem
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wi th yourself and ot her contractors?

MR MAHAFFY: CQutside the NRC, it's a
problem to the extent that people are not fully
funded. GCkay. The |ISL people nove fromone task to
another. I'monly paid half-time and there is a
period of tinme where | was devoting full-time to this
job and now |'mdown to half-tine. And when you are
not, you know, just two or three weeks straight
working on a specific task, you don't do it as
efficiently as you could have. So that is an issue.

But within the NRC, | nean, that's where
your critical core of developers is and that's
probably where you see the biggest inpact. It's a
di fferent devel oping technique. One thing |I know you
wer e concerned about, Vic, was the inpact to the fact
that it's a di sbursed devel opnent operation. And, you
know, |'ve worked in both nodes now, okay, and you
certainly have seen the concentrated node of RELAPS.
W had the sanme thing with TRAC

| was very pleasantly surprised by the way
the distributed effort has worked here. The
coordi nation that the NRC has provided for the
devel opnent team has been excellent. The process by
whi ch, you know, they work with information di sbursal

through this website, people talk to each other on a
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regul ar basis, | haven't seen any degradation in ternmns
of unit cohesiveness here versus what we had in the
old TRAC Project. | don't think that's a particul ar
i ssue.

Infact, it's better nowthan it was then,
because peopl e have | earned a | ot of | essons about how
you nmnage a large project. They have been
i mpl enented rather well within the NRC

Are there any other questions on this
particul ar itenf

CHAI RVAN RANSOM Wl |, one that | don't
expect you to answer it today, but | think it is
certainly of interest as they nove towards risk-

i nfornmed regul ati on and use of these tools, is what is
t he uncertainty associated with things |ike nunerical
nmet hods, one di mensi onal approxi mati ons?

MR, MAHAFFY:  Yes.

CHAI RVAN RANSOM  You know, things that
this thing can never be perfect, so it would be nice
to know what is the uncertainty that is associated
with methods like this? And hopefully in tine, in a
sort of generic way, so that you can bound, you know,
the results.

MR. MAHAFFY: Yes. | would have gotten to

some of that during the talk, but let's go ahead and
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address part of that now, and then maybe extend on
what | woul d have said during ny regular talk. [If you
| ook out there, 1 don't knowif you have been
following sone of the literature, but there has been
a body of literature building up in the area of
verification and validation. It's a big issue in CFD
They are starting to relearn |l essons that people in
the reactor safety community | earned a | ong ti ne ago,
because they have been burned so often with probl ens
with CFD results.

A fellow nanmed Over Kanpf at Sandia Lab
and a bunch of his coll eagues have witten a whol e | ot
of reports and some journal articles onthat. Patrick

Roache has got a thick book called Verification and

Validation, | think that cane out about siXx or seven

years ago actually. But people are giving sone fairly
deep thought tothat. |If you get into uncertainty due
to the nunerical nethods thensel ves, thereis a pretty
good technology based on Richardson extrapolation
anal ysis that people apply within the CFD comunity.
And we have started to apply it within the concept of
TRACE

In that, you do a systematic tinestep
sensitivity study, you do systematic nmesh refinenent

studi es, and by using the Richardson type anal ysis,
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you can put quantitative bounds on what error is being
introduced sinply by the fact that | picked ny nesh
size this big or ny tinestep size of one second versus
a tenth of a second.

CHAI RVAN RANSOM Wl |, is that being

guantified to sone extent?

MR. MAHAFFY: Yes. |If you go out and | ook

at the literature on Richardson extrapolation
anal ysis, you know, | can go out and | can give you
some kind of quantifiable nunber about the error
margin, and again in the field of verification and
val i dation, people tend to try to define things in
cl earer ways and they will distinguish between error,
which is a quantifiableitemversus uncertainty, which
is, at its roots, due to things we don't know and
can't know.

CHAI RVAN RANSOM  Yes.

MR MAHAFFY: Turbulence. | can't tel
you exactly which way the velocity is going to be
noving at this point and space in this roomand that
does things to ne.

CHAI RVAN  RANSOM Al t hough, there
certainly are things of interest, |I think, to --

MR MAHAFFY:  Yes.

CHAI RVAN RANSOM  -- quantifying the
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uncertainty in these nethods.

MR.  MAHAFFY: And so you can do a
reasonable job of naking sonme statenents with a
Ri chardson-based analysis of how nuch error is
associated with the fact that |'ve chosen this nesh or
this tinestep. |It's not going to be as rigorous as
you like in a code |i ke TRACE or RELAP5, because your
timestep size is running up and down and you have to
really just take snapshots and be systematic in
vari ous snapshots about what is going on.

But | have been fairly encouraged about
the ability to understand what ny nmesh i s doing to ne.
| don't always |ike the answers.

CHAI RVAN RANSOM Wl |, things |Iike one
di mensi onal approxi mati on of pi pe fl oware i ndependent
of even the nesh size, you know, so it's sone i nherent
approximation that may be quite close to the rea
result at tines.

MR MAHAFFY:  Yes.

CHAI RVAN RANSOM  And maybe somewhat
further away at other tines.

MR MAHAFFY: Yes. But that's an issue,
| think, we can start to cope with. Let's see, Chris,
is the report that we did on the sensitivity study on

Marvi ken sitting out on the website now? Yes, you
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m ght want to take a look at that. \Wereabouts does
t hat one sit?

MR. MURRAY: This is Chris Murray. W
have like a library in our website where | drop a | ot
of the documentation that comes in that doesn't fit
any real subject, you know, specific subject, but
peopl e can cone and pick it up.

MR. MAHAFFY: But, you know, under t hat
there is --

CHAI RMVAN RANSOM  This is on the --

MR MJRRAY: This is on our internal site
that | gave you a password for |ast year.

CHAI RVAN RANSOM  Yes, that's fine.

MR MJURRAY: | haven't -- | mean, we set
up this other external website for any of the canp
nmenbers to go to and |'ve got basic stuff there,
docunent ati on, sort of what the progress of the code
is and about the tracking system but | haven't
mgrated all of the supporting docunentation under
that site yet.

CHAI RVAN RANSOM  Ckay.

MR. MAHAFFY: Anyway, if you go out there,
| believe | saw it |isted under nmy student's nane,
Matt Lazor, L-A-Z-OR, and it is probably just a copy

of his thesis. He did a nmesh sensitivity Marviken,
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whi ch was rather interesting, inthat it shows you how
you get the right answers for the wong reasons. He
had started with an i nput deck that was provided to us
fromthe NRCthat did a fair job of matchi ng mass fl ow
rates, say at the break on one of the Marvi ken tests.
| don't renmenber right now which one he did the
speci fic study on.

| said okay, now, what | want youto dois
go in and do a Richardson-based analysis to tell ne
what ny error is associated with the nesh. And he
went and he did the study and as he refined the nesh,
the answers started to get worse. And by the tine he
reached a converged solution on the mesh, there was a
noti ceable decay in the quality of the answers in a
gualitative way that the nass flow rate curve | ooked
quite different.

| scratched ny head and said okay, |
understand that. Wat is happening with Marviken is
it's athermally stratified big tank of water, okay.
And the tine history of the nass flow rate, at the
exit, is sensitive to the tenperature of the water
that is coming into the nozzle, which in turn is
sensitive in effect to things like the diffusion
phenonena that's prematurely bringing sone of the

war mer water down to the nozzle.
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CHAI RVAN RANSOM  Ri ght .

MR MAHAFFY: And what was done in the
anal ysis was that you got the nesh size just right so
that the nunerical diffusion matched the diffusion
processes going on in the systemitself. |If you think
about it, really what is happening is you' ve got this
3-D tank and the water going down into the exit pipe
is it's not comng in some uniformdrop down of the
level, but it is being sucked in fromthe mddle, so
you're getting the warner tenperatures sooner than if
t he tank had just sort of uniformy come down with al
your water comng off the bottomat the tine.

So, you know, that's kind of an
interesting thing you learn when you do these
sensitivity analyses. And |I'm hoping people will do
a lot nore of that kind of stuff in the future.

VICE CHAIR WALLIS: You know, that's
nunmerics. There are all kinds of problens with the
one di nensi onal nature of the assunption that go into
the --

MR MAHAFFY: Yes, | talked a little bit
about that. You and | will probably get into
di scussi on on nonentum equations here shortly.

VICE CHAIR WALLIS: It was extraordinary

to ne that Joe tal ked about sone of the Wallis or Hugh
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or all of these interfacial frictionthings. They are
only valid for a long, long straight pipe. And if
they are used in reactor circuits where, you know, the
bend is very sharp --

MR, MAHAFFY:  Sure.

VICE CHAIR WALLIS: -- obviously,
somet hing conpletely different is happening in there.

MR MAHAFFY:  Yes.

VICE CHAIR WALLIS: It's anazing it works
at all.

MR. MAHAFFY: Well, if you think about it
| ong enough, and a lot of these things aren't too
amazing, it's just that there are an awful |ot of --
it's the old part business. There are an awful |ot of
phenonena in nany cases relevant to reactor safety
that, you know, they are not nodel ed correctly, but
they are not inportant.

VICE CHAIR WALLIS: It don't matter very
much.

MR MAHAFFY: Yes, and that's what it
shows you. An awful |ot of reactor safety analysis,
if you do a decent job of conserving energy and mass
and get a good check fl ow out the backend, one way or
anot her your nodel flow and get a fairly respectable

answer .
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Ckay. |'mjust going to address the
second letter that came up. | produced a witten
response and that castrated into things that the NRC
tal ked about in the first letter, but this --

VICE CHAIR WALLIS: Did you send that out?
| didn't receive it.

MR. MAHAFFY: | sent a response to the NRC
and they enbedded that in whatever they, you know,
did. And as Joe said --

CHAI RVAN RANSOM Did you ever see it?

VI CE CHAI R WALLI'S:  No.

MR. MAHAFFY: Anyway, you are about to see
it live. Everything | told the NRC, |I'm about to tel
you and it's in this view graph presentation. All
right? What |'ve done, first of all, is to identify
for you in bullet formthe key points that | saw in
that letter. Okay. There is a comment, a not too
happy comment. It says "TRACE nunerical methods are
an engi neering solution."

VI CE CHAIR WALLI S:  Yes.

MR. MAHAFFY: Okay. There is another one
that says "It seems to nme that there is a high
probability that convergence of the nunerica
equations to the continuous equations cannot be

denonstrated.” Those are related comments. There's
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"Generally nomulti-step method actual ly satisfiesthe
original FDEs." The next one, "The nunerical method
does not solve for the void fraction in a way that can
be theoretically justified."

Anot her one, "Wen a single phase is in
the flow system a linearized version of the basic
equations is solved." He says "Neither RELAPS5 or
TRAC/ TRACE attenpt to satisfy the non-linear ECS for
the two-fluid nodel."” And "Nunerical methods have
been devel oped to focus on CPU tine needed for the
cal cul ation" etcetera. There is sone confusion in the
letter about a coefficient, we call, "beta"” in the
nonment um equations. And then there is sonme general
comments on the nonentum equations in the letter.

First of all, let nme talk about the
engi neering solution. Quilty as charged. | wll nake
a blunt statenent.

VI CE CHAIR WALLIS: What else could it be?

MR. MAHAFFY: Well, no, | nean, you have
got to have good solid nmat hematics behind your
numerical method. |If you don't, you're sunk. There
is no question about that. But what | want to say is
t hat anyone devel opi ng nunerical methods for use in
production simulation codes is not doing their job if

t hey i gnore engi neering solutions. GCkay. You get the
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underlying mathematics right, but you have to
experiment. There is flexibility within the

mat hematical formulation. There are a nunber of
options that rise before you that you have to explore
to find the one that is going to give you the nost
robust, but still consistent sol ution.

VICE CHAIR WALLIS: Well, it's true in two
phase fl ow where there really is no fundanenta
equation i ke the Navier-Stokes equation you can turn
to and say --

MR MAHAFFY:  Yes.

VICE CHAIR WALLIS: W know the
fundanmental math and if we were clever enough, we
could solve that. You don't have that situation

MR. MAHAFFY: Yes. And |'ve given you a
list of conments here. You can see them But the one
thing I do want to nake point is you do stick to the
mat hematics. You tinker within the idea that the
resulting difference equations are still formally
consistent with your original partial differential
equations. GCkay. And I'mgoing to step back from
part of what you said. |'mworrying about the
nureri cal nmet hods.

Sonmebody has given ne a nmathenatical

probl emand we'll tal k about that in a m nute and t hen
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I|"min the business of doing a nunerical solution to
that mat hematical problem Okay. Convergence of the
differential equations. ay. Basically, |'ve got to
agree with the author's comment here within certain
bounds. Gkay. Formal convergence in the concept of
nunerical methods really is denonstrated by the Lax
Equi val ence Theorem which | have quoted here.

Basically, it says if you' ve got a
properly posed initial value problem and you' ve got
di fference equations that are formally consistent with
the difference equations or the differential
equations, excuse ne, and stability is a necessary and
sufficient condition for convergence. Ckay. Well,
you know, this was sonet hi ng t hat was hashed over many
years ago. TRACE, TRAC, RELAP5, they are in trouble
with the properly posed cl ause of the Lax Equi val ence
Theorem

W admit that. GCkay. And as we nobve
forward, things have got to be done about that. |
know Vic did sonme nice work.

CHAI RVAN RANSOM  Now, there is another
aspect of that too, though, when you deal with one
di mensi onal average system or whether you deal wth
mul ti-di mensional. They are vol une average nodel s,

when you tal k about multi-phase flow. You know, we
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have averaged over the phases to get nore or |ess the
single set of equations, so it seens kind of
ridiculous, let's say in the one di nensi onal sense, to
tal k about zero Delta X, you know, or any attenpt to
try to converge to that sort of dinension, which then
says it is an area averaged sort of phenonena that
you're dealing wth.

MR, MAHAFFY:  Yes.

CHAl RVAN RANSOM But in reality, it's
i nconsi stent with say the volunme average. So | don't
-- do nme that's not a big issue. You know, | think,
we' re never going to deal with zero | ength nmeshes and
we're nore interested in say consistent nmeshes where
maybe the | over d is approximtely 1 or something

i ke that, and what sort of uncertainty is associated

with the nodel at that level. That would be nore
meani ngful , | believe.

MR. MAHAFFY: | generally agree with you
there. It's just, you know, this issue, the nunerical

error what we often refer to as nunerical diffusion,
with first order terms. You need to get sone
under standi ng of what that is doing to you with any
gi ven mesh.

CHAI RVAN RANSOM  Sur e.

MR. MAHAFFY: And realize whether or not
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it is getting you into trouble.

CHAI RVAN RANSOM  But this was nore or
less i ke the Wl fgang Wil I f sort of concept where we
al wvays were trying to prove, you know, convergence and
the limt.

MR MAHAFFY: You know, | can show
convergence in any reasonable limt. | nean, if you
go back to the old literature.

CHAI RVAN RANSOM  Ch, pl ease, do. Right.

MR. MAHAFFY: Yes, you have to get your
nmesh pretty small before we get into --

VICECHAIRWALLIS: This is silly. If you
take the fl ow say entrance place in devel opi ng bound
linear on the wall and all the classical problens, you
cannot solve that by taking averages across the pipe.

MR. MAHAFFY: | hear you.

VICE CHAIR WALLIS: Wat happens is
essentially in the other dinension.

MR. MAHAFFY: Right.

VICE CHAIR WALLIS: And it's absurd to
then fiddle and fuss about whether or not it's
accurate, because it isn't.

MR MAHAFFY: You've got --

VICE CHAIR WALLIS: You still draw your

control vol une.
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MR. MAHAFFY: That's right.

VICE CHAIR WALLIS: You still nake an
appr oxi mat e bal ance.

MR. MAHAFFY: That's right. But there are
i naccuracies due to your discretization that vyou
better understand to nake sure they are not greater
than the inaccuracies due to your physi cal
approxi mations. That's where you are.

Anot her problemw th the Lax Equi val ence
Theoremif youreally look intothe literature, you'll
find that it's only going to be rigorous when you' ve
got a set of linear PDEs to begin with. OCkay. |It's
a guideline. GCkay. And that's what | say in the next
thing. You know, you've got a guideline here. But in
terms of SETS itself, which is the big issue for the
author of this letter, one thing | want to nake
absolutely clear is that fromthe begi nning, and you
know SETS was created nore years ago than | like to
t hi nk about, because | was still young then, | realize
fromthe beginning there were all kinds of potentials
for difficulties here.

And one of the things that we did, for
exanpl e, and we continue to do over the years is from
time totine do atest. |s SETS, as ny tinestep gets

smal ler, coming into alignnment with its answers with
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the Sem -Inplicit nethod? |If both of those nethods
are there as options, you know, if you don't Iike
SETS, fine, turnthe sem-inplicit option and run that
on TRACE. But what we see is that, yes, indeed, you
know, as your tinestep size gets smaller, the SETS
answers are going into sem-inplicit answers or if you
are approaching steady-state, even if the tinestep
size is much bigger with SETS, it goes to the sane
steady-state that a sem -inplicit would and it shoul d.

It's because SETS is a funny nulti-step
nmet hod and rmulti-step nethods, | think, get bad nanes
mai nly from some of these flux splitting techniques
that are used for multidi nmensional problens and
there --

VICE CHAIR WALLIS: Ch, SETS.

MR. MAHAFFY: \What is very enhancing to
SETS and at ldaho the flow of SETS was sonething
called "newy-inplicit.” Anyway, when you get into
this flux splitting algorithms, yes, you can get into
even serious problenms with consistency issues. But
this thing, you know, each step is using the sane
spacial difference operators. There is no attenpt
with these two steps to establish higher accuracy in
your second step than in your first. There is no

attenpt to sinplify your nultidinmensional spacial
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operators. There are no shortcuts there.

Al you are trying to do is stabilize a
basic method which is semi-inplicit. The other thing
we have done to denobnstrate convergence, | have
al ready tal ked about, and that's to take a | ook at
some of this Richardson extrapol ati on anal ysi s.

CHAl RVAN RANSOM | wonder if that's
simlar to, you know, | did sone work on using
fastforwarded transfornms to | ook at the output froma
nuneri cal nethod to see howt he different wavel engt hs,
you know, of a disturbance would decay. And the
conclusion | cane to there is all of these nethods
depend on some nunerical stability or danping, you
know, the Iimt.

MR MAHAFFY:  Yes.

CHAI RVAN RANSOM  To kill off the shorter
wavel engt h behavi or.

MR MAHAFFY:  Yep.

CHAI RMVAN RANSOM And that's just
somet hing you have to have. It goes back to the sane
Lax Equi val ence Theoremthat, you know, that nethod
nmust be stable in order for you to ever achieve
consi stency or convergence.

MR MAHAFFY:  Yes.

VICE CHAIR WALLIS: Well, it's |udicrous.
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| nmean, you get to the point where you' re worried
about stability when you have a mllimeter |ong
control volune and a one neter dianeter pipe.

MR, MAHAFFY:  Sure.

VICE CHAIRWALLIS: It makes absolutely no
sense.

CHAI RVAN RANSOM  For the anal ysis type
approach though, it |ooks at what happens at 2 del
vex, because that's the wavel ength that you must be
stable at in these nunerical calcul ations.

MR MAHAFFY:  Yes.

CHAI RVAN RANSOM  To ne it was insightful,
but never seenmed to be picked up as a general way of
denonstrating stability of these methods.

MR. MAHAFFY: Yes. Let nme give you an
exanple of the kind of thing we do fromtine to tine
and did quite frequently early on with this
nmet hodol ogy. |'ve got a set of four runs here, which
you'll have trouble telling the difference between,
but I do a base semi-inplicit run with TRACE letting
the TRACE ti mestep control do whatever it wants to do.
And t hen the dom nant control inthe tinestep thereis
the material collapse/stability Iimt for the sem -
inmplicit.

| looked at it and the sem-inplicit,
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basically, three mlliseconds was where, in this
particular case, it wanted to set the nmateri al
col |l apse/stability [imt nost of thetime. There were
sonme pl aces where it creeped up. | went ahead and put
a ceiling on the sem-inplicit at 3 mlliseconds for
a second run. Here you won't see the difference in
the answers at all.

SETS was being run for this problemwth
an upper tinme |limt of a tenth of a second. And
i ndeed, for a large portion of this transient, it was
running at a tenth of a second. Not the whole thing,
latent time it didn't. | reran SETS back down really
effectively at the dominant material Courant limt.
| woul dn't expect an exact match in this case anyway,
because if you |ook at the numerical diffusion
associ ated with these net hods, at the material Courant
l[imt, there is a noticeable difference.

| nean, it's there. But in this case
break mass flow matched pretty closely. You can see
alittle bit of difference here. 1In fact, if you | ook
really carefully, you will see sone oscillations in
the full up SETS nethod. Those are instabilities
driven off the fact that the choke flow nodels
eval uated explicitly. Oay. Wich is sonething we'll

tal k about in a m nute.
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VICE CHAIR WALLIS: As an engi neer, one

woul d say look, it isn't changing very nuch

MR, MAHAFFY:  No.

VICE CHAIR WALLI'S: And then second, it
nmakes no sense to have atinmestep with 3 mlliseconds.

MR. MAHAFFY: That's right, yes.

VICE CHAIR WALLIS: The fact that you put
i n sone nomentum equation which has conpressibility,
which | think will go bezerk, that isn't really
physi cal |y affecting what happens.

MR MAHAFFY: In this case, it's not
sinply the nmonentum equation. The mass and energy
equations along --

VICE CHAIR WALLIS: It must be sonething.

MR. MAHAFFY: It's the sem-inplicit

nmet hodol ogy. The fact that, if you | ook, for

instance, at a nmss equation, I'll show you an
instance in a mnute and you'll understand what's
happening. | nean, one of the nbst sensitive itens in

any ki nd of LOCA, you take a | ook at the void fraction
next to the break and that's what |'m plotting here.
You basically the only place you see a di fference here
is at the highest tinestep | evel for the SETS net hod.

You go down to the lower stability limt

times step level and everything is just |aying over
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each ot her.

CHAI RMAN RANSOM SETS is a tenth?

MR MAHAFFY: Well, SETS is a tenth
You're getting that green |line there. The one that
| ays | ow.

CHAI RVAN RANSOM Right. These don't have
the value in there, | guess.

MR. MAHAFFY: Yes. And again, there is
sonme oscillations early on when you are running the
high tinmestep off of the explicit evaluation of the
choke flow nodel. And that's pretty nmuch it. It is
doing a pretty good job. There was this coment about
mul ti - st ep net hods havi ng troubl e sati sfying the FDEs.
Here | have a suspicion that there was a typo in the
letter. The author was probably talking about
satisfying the original PDEs, which goes back to our
convergence discussion earlier, and | won't say
anyt hi ng nore about that.

| f the aut hor really was tal ki ng about t he
FDEs, | nean, they are what they are. And, you know,
we go through a process of verification and
val i dation. SETS over the years has gone through a
rat her substantial verification effort. You've got a
99. 999 percent certainty at this point that, you know,

the Fortran i npl ement ati on of the di fference equati ons
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are as witten, because we've done things like do
anal ytic eval uati ons and nuneri cal eval uations of the
Jacobi an for the sem-inplicit step.

Al so, sem-inplicit SETS have actually
been witten in three different conpletely separable
Fortran inplenentations and in each case we have
conpared the results of one to the results of the next
to make sure they match. So that's pretty solid.

There i s anot her corment here and |' ve got
-- I"Il let you read this later on at your |eisure,
and | just want to hit the highlights in sone further
view graphs. There are sone worries about the way
void fraction enters into the solution here with SETS.
The author of the letter correctly noted that thereis
a linearization step at the end of the tinestep that
generates a final newtine value of the void fraction
and was worried about the inpact of this.

And | want to explain really how that
feeds into things. |If you look at the tine
i npl enent ati on of the mass equation, for instance, the
real key itemin the mass and the energy equati on,
it's really not the mcroscopic quantities, but the
nmacr oscopi ¢ densities, the products of Al pha and Rho,
t he products of Al pha Rho EL, your big grand averages

over area and whatnot. And the nunerical method, this
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is, you'll see an anal ogy of what happens in RELAP5,
but let's just tal k about SETS in TRACE ri ght now.

Here is the stabilizer mass equation and
the last thing you do at the end of the tinmestep, you
stabilize your nass equations. And if you | ook at
this, this looks like a fully inplicit equation,
except what you have to realize is that these
velocities that are |abeled newtine have actually
been | ocked in by the sem -inplicit step. So all I'm
solving for here are these nacroscopic densities and
in 1-D that's at worst to tridiagonal matrix. 1In
fact, it's normally a lower triangular or an upper
triangular matrix, if you' ve got up-w nd differencing
and unidirectional flow

So you get that and the inportant thing
here is that when you nove on to the next tinestep,
you carry through this product as generated by the
solutioninto your old tinme values. So, for instance,
when | gotony sem-inplicit step, the old tine val ue
here in nmy time derivative it's just the solution as
generated there. The values |I'musing in the flux
ternms, they are the sane things that came out of this
sol uti on.

At no point have | gone back and, you

know, used any separable void fractions, whatever to
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recal cul ate these quantities. They are carried over
inaconsistent way t hat guarant ees mass conservati on,
energy conservation fromone step to the next. kay.

CHAI RVAN RANSOM Wl I, it says conpl ai ned
about. | think you probably do solve for Rho EL from
t he equation state and then di vide out for Rho by that
to get Al pha, | would guess.

VR. MAHAFFY: It's a little nore
conplicated than that and |I'm going to show you that
in a second.

CHAI RMAN RANSOM  Sone ot her vari abl e.

MR. MAHAFFY: But the inportant thing that
you' ve got to understand i s whatever we're doing with
this Alpha, and 1'Il show you what we're doing in a
second, it's not feeding into the tine evolution of
the mass content and the energy content of the flow
kay. In terms of Grahami s discussion, if you | ook at
a sem-inplicit equation, the stability comes in from
the fact that |1'm using an old time nacroscopic
density in ny flux termthat naturally introduces a
stability restriction that says | can't really run ny
ti mestep any hi gher than would give ne a natural flow
of density fromone cell to the next cell.

If nmy tinmestep is high enough, that in one

timestep | "' mtrying to grab macroscopi c densities from

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

293

two cells away for ny information and nmy fl uxes,
somet hing bad is going to happen and it does. It's a
nunerical instability.

VICE CHAIR WALLIS: | can see where you
get into trouble if Alpha is very close to 1. And
when you solve this thing you find that the define
poi nt growi ng has been around for bigger than 1.

MR. MAHAFFY: Well, forget the --

VICE CHAIR WALLIS: A hiking or something
t hat --

MR. MAHAFFY: Well, forget that. | nean,
even if Al pha --

VICE CHAIR WALLIS: Has that never
happened?

MR. MAHAFFY: Yes. Even if | inplenent
this on a pure single phase equation of state with
stability, okay, whether or not Al pha sonmething is not
going to influence the stability.

VICECHAIRWALLIS: Wth single phase flow
Al pha Rho is Rho itself.

MR. MAHAFFY: Yes, yes. But the fact that
the void fraction is 0 or 1 or anything in between
really has no influence onthis crushinthe stability
associated with sem-inplicit. [It's, you know,

somet hi ng anenabl e to nunerical analysis. You can go
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out and do a standard von Neumann analysis and
understand why that is happeni ng.

CHAI RVAN RANSOM  Wel I, the only conpl ai nt
that they m ght be getting at is you do need Al pha in
t he nonentum treatnment, you know.

MR. MAHAFFY: You do need the Al pha in the
nomentum treatnent, particul arly, in vari ous
correlations. And here is what we're doing.

CHAl RVAN RANSOM  As wel |, right.

MR. MAHAFFY: Here is the overall strategy
with the use of variables in SETS. You are trying to
do things as consistently as possible. This void
fraction that the letter's author was concerned about,
what happens is at the end of the tinmestep, you have
in any given volune these nacroscopic densities for
vapor, liquid, non-condensible gas, if it's present,
and what you can do, | nmean, what you don't know is
fundanment al variables |ike voidfraction, tenperature,
pressure, partial pressure variable, whatever.

Ckay. You can go in and based on your
equation of state, you could do a solution. You know,
|"ve got ny final state that says the product Al pha
Rho Gis equal to 3, you know. That nmay be the nunber
that | got after | solved all ny mass equations. So

|"ve got an equation that says Al pha Rho G equals 3
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and |'ve got another one that says 1-Al pha Rho EL is
equal to some other number. And | take this coupled
set of equations and | can iteratively solve for void
fraction tenperatures pressures. Right? It's just

math. We do that, but we only --

CHAl RVAN RANSOM  If it's 3, the other one
is -2, right?

MR MAHAFFY:  Yes.

CHAI RVAN RANSOM Which is a little
enbar r assi ng.

MR MAHAFFY: Well, it won't be.

CHAI RVAN RANSOM  Al'l ri ght.

VR. MAHAFFY: | f you' ve sol ved
conservation equations properly with a first order of
nmet hod, you won't end up with a negative nunber.

CHAI RVAN RANSOM  But you solve for the
two Al phas independently or do you use the --

MR MAHAFFY: VWhat we did --

CHAI RVAN RANSOM  -- fact that the sum was
equal to 17

MR MAHAFFY: We used the fact that the
sumis equal to 1. Okay. You have to. You know, if
you want to think about two independent Al phas, you
need an extra equation and that equation is the sumof

the two, volume fractions is equal to 1. And you
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know, you'll end up once you do your anomaly and your
iteration getting the sanme answer.

But all we do, and this concerns the
letter's author a bit, and | don't blame him we only
do a one shot linearization of that solution set and
it's just from experience. The reason we do that is
that there is tinestep control on change in void
fraction. Fromone tinmestep to the next, we're not
letting the void fraction change by nuch anyway. So
the linearized approxi mation, just as it works well in
RELAPS wi t h proper tinestep control for the whol e set
of mass and energy equations, is going to work well
here for this limted statement of | know t he nass
content and the energy content of each volunme. Qut of
that you get a void fraction

VICE CHAIR WALLIS: This again points up
on the uncertainties of being too finicky. |[If you
have sonmething like slow flow, you have liquid and
t hen vapor and then vapor and |iquid and vapor.

MR, MAHAFFY:  Yes.

VICE CHAIR WALLIS: Cbviously, you can't
have a given point for a fraction going fromO to 1
For the quite reason you forced it, because of these
pseudo partial differential equations, youforcedthis

flourishing never to be able to happen.
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MR. MAHAFFY: Yes. In this case --

VI CE CHAI R WALLI S:  So, you know, the math
is really -- should be regarded as a crude
representation of the physics and not taken so
tremendously seriously as being absolutely true.

MR. MAHAFFY: Now, let nme tell you why we
went to this trouble. It's nunerically and it's al
related to a problem |I'm going to talk in a little
nore detail here, a view graph or two down the |ine,
and it has to do with this pervasive probl emthat heat
transfer and friction coefficient, whether they be
interfacial or wall, were evaluated with old tine
| evel quantities and there are various instabilities
that rise on that.

| mean, because of the fact that these
things are on the ragged edge of disaster, | want a
void fraction that is going to be as well stabilized
as possible to feed into these correlations. And the
void fraction that's consistent with my final sem -
inmplicit equation solution is from engineering
experience, in effect, on the equations. The one that
allows things to run with the Ileast anount of
instabilities developing off of those various
coefficients. So it's used there.

Now, again, the Iletter author notes
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correctly that he threw everything else away. The
void fraction is the only thing we keep out of that.
Now, why is that? Oay. | don't use when | roll on
to nmy next timestep tenperatures and pressures that
| " ve deduced fromthe end of that tinestep. And there
is alogical reason for that. The reason is that if
you think about it, the stiffest parts of our
equations are solved inplicitly within that central
sem-inplicit step

kay. That's whether we have the inplicit
coupl i ng between the tenperatures in the phase change
terns, in the interfacial heat transfer and whatnot,
and that's where I'mgoing to get ny best relationship
between ny liquid tenperature and vapor tenperature
and the saturation tenperature. Wen | go back to the
solution of the final stabilizer mass and energy
equations, things are goingtodrift off alittle bit.

So I've got all these risk correlations
that really care where | |lie relative to the
saturation line and I want to use tenperatures and
pressures, as a coincidence, that will give nme the
best rel ationship, the nost stable rel ationship there
when | cone in and evaluate ny correlations. And
that's why thereis this funny mx there. Again, it's

engi neering. But what | argue is that if you | ook at
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this thing, they are all, you know, given new tine
| evel , the sanme nunber within the order of accuracy of
my nunerical method. Okay.

CHAI RMAN RANSOM  Well, the old tine
values are -- that's true of themas well.

MR MAHAFFY:  Yes.

CHAl RVAN RANSOM But it may not be as
stable Iike you said.

MR MAHAFFY: Yes. So | have a choice
gi ven the effective accuracy in ny nunerical nethod of
a nunmber of things to pick off, and I pick off the
ones that stabilize things the best and stability is
a requirenment for convergence and that's sonething
|"ve got nmy eye on, but |'mnot doing anything in here
t hat destroys the consistency with ny PDEs.

The issue was raised in the letter about
the treatnment of the single phase and here | need to
go back and I will look at it very carefully when
update the docunentation to reflect the addition of
our inplicit nethodology. It nmay be that the
docunentation is unclear. | will make sure it does
cl ear up here. Wen TRACE goes single phase, it does
do sonmething a little unusual, in that it changes the
set of equations that you are sol ving.

Normally, in two phase form what TRACE
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will dois it will have a nean mass equation, a nean
energy equation, a vapor nmass, a vapor energy and, if
necessary, non-condensi bl e nass equations. Ckay. And
when in the course of the iterative solution of the
sem -inplicit equation step you discover that your
void fraction i s headed | ess than 0 or greater than 1,
it's got tests in there that take a careful | ook at
the flux conditions, boiling and condensation
conditions. And if they indicate that only one
conclusion is possible, and that is you' ve gone single
phase, you change your equati ons.

You preserve the full nean mass and the
full mean energy equation so that on the whol e you are
still conserving rigorously your total mass and your
total energy. And then let's say we have gone to al
liquid system what | dois | instead of ny vapor mass
equation, |'ve got an equation that sinply says Al pha
equals 0. And |'ve got another equation that sinply

says T vapor is equal to T Ckay. And that's the

sat -
new set of equations.

And if you look at it, another way of
regarding that is mathematically it ends up to being
the sanme thing that would have happened if | would

have sat down and very carefully |ooked at the

condensati on process, say, over the course of the
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ti mest ep where vapor di sappeared, and | only integrate
my mass transfer term over the faction of that
timestep size in which there is mass to condense.
Ckay.

There is an Al gebrai c equival ency hi dden
underneath this nethodol ogy, but at no point do |
throw away or | gain that mass. The equations that
remain that | have listed, however, they are not
solved sinply in linearized form W take the full
non-linear mass, mxture nmass and mxture energy
equations, we iterate to solve them Ckay. So that's
the only correction there.

VICE CHAIR WALLIS: So you might be in
troubl e at the point where you are changing fromtwo
phase to single phase or vice versa where the
equations thenmselves are changing across the note.
That m ght give you sone problenms. | can see how t hat
m ght happen. Also, a problemif you have tried to
nodel on a node with nultiple connections, sone of
whi ch may be two phase and sonme of which may be single
phase and you don't know which is which, | think you
m ght have a real problemw th that one.

MR. MAHAFFY: You find out which is which.
kay, yes. M words have hidden a block of if tabs

that are checking to nmke sure, you know, |I'm
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understanding that not only is ny void fraction zero
right now, but every connection to that cell 1've
assured nmysel f that there is no vapor coning in there.

VICE CHAIR WALLIS: But you don't know
ahead of tinme, | nean.

MR. MAHAFFY: Yes, but, you know, | know
it's there, because of the nature of the sem-inplicit
nmethod. That's all | would like to say on that,
unl ess there are further questions. Sinply, we do
solve the full non-linear equations there.

CHAI RVAN RANSOM  Don't you have to nodify
the liquid velocity? | nean, this is related to Water
Packing as well, right, when you get this phase
transition?

MR. MAHAFFY: Yes. That's a separate
issue. It depends on how the phase transition is
occurring. |If it has occurred froma continuity way
nmovi ng through the volunme, you nost assuredly wll
have to do sonmething with that liquid velocity. And
ei t her your Wat er Packing | ogi ¢ has engaged and i f you
remenber the classic Water Packing correction that,
you know, RELAP5 and TRACE probably introduced the
same kind of thing independently 20 or 25 years ago.
Effectively, all you do is when you detect Water

Packing you artificially reduce the inertia of the
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fluid at the face, so that a snall pressure change
will allowthe velocity toconeintoline and fit the
di scontinuity in the velocity that is noving through.
CHAI RVAN RANSOM  That's still the basis
for the Water Packing al gorithn?
MR MAHAFFY: [It's one of two bases. What
we really like to see is situations where a |eve

tracker can take care of it, because it does a nuch

better | ob.

CHAI RMAN RANSOM  What wil | ?

MR. MAHAFFY: The | evel tracking | ogic.

CHAI RVAN RANSOM  Yes.

MR. MAHAFFY: |If I'mfortunate enough, and
level tracking is just that, it relies on vertica
upflow, if I've got a bunch of liquid flow ng up
through a vapor filled space, and | have ny |evel

tracking logic turned on, except for sone glitches
that Joe is headed to, it's not 100 percent yet, but
it's doing pretty well, it will in general do a much
better job, because it really has nuch nore cogni zance
of the nature of the discontinuity that's noving

t hrough the nesh. It does a better job of correcting
that liquid velocity and the vapor velocity to get a
good solution to a discontinuous process.

CHAI RVAN RANSOM  That one, too, many
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bases will have a zero liquid velocity until the
liquid gets there and then sonehow you have to --

MR. MAHAFFY: TRACE does sonething a
little different than RELAP5 does.

CHAI RMAN RANSOM | don't know what RELAPS
does.

MR. MAHAFFY: RELAP5, yes, | think, it
used to do this business. You talk about if the phase
is absent, there is a zero velocity.

CHAI RMVAN RANSOM  Ri ght .

MR. MAHAFFY: It may not do that any nore,
but in TRACE and in TRAC, what we always did was we
said okay, if | can't find any liquid to calculate a
liquid nonentum equation, |I'mgoing to assume one
dropl et present and I'mgoing to figure out just so

have advance noti ce when sonme |iquid appears what the

liquid velocity would be. Gkay. |It's just one
approximation. It tends to make things run a little
better than if | just always start at zero. |It's not

a perfect solution by any neans, but that's sonething
t hat happens to be done in there.

Not only your equation m stake, ny beli ef
is that we probably just have a semantics probl em on
this one and nmy understanding of solving it for the

non-linear equation of state is not the sane as
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whoever wote this particular paper, this letter. But
| will say that within the context of the sem -

inplicit step and certainly when I' mrunning the sem -
inplicit method as i npl emented in TRACE, to the extent
my iteration is converged, every quantity that |'ve

got is consistent with the full non-Iinear equation of
state. Ckay.

You know, your tenperature, pressure,
density, energy relationships all in a non-Ilinear way
are consistent with your equation of state as they
come out of the solution of the mass and energy
equations. That's really all | can say on that
subj ect for lack of --

VICE CHAIR WALLIS: The equation of state
is discontinuous, | mean, slow when you cross the
phase boundary.

MR, MAHAFFY:  True.

VICE CHAIR WALLI'S: You can handl e t hat
okay?

MR. MAHAFFY: Yes, we do. It does cause
you heartburn, you know, when you have phase changes,
when you're trying to solve a set of coupl e non-1linear
equations, and this is back to our little engi neering
interventions, there are various little if tests in

TRACE when it detects things junping across the
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saturation line. Sonetines it does sone things to
your next gas for a tenperature as you continue your
iteration, so you don't get too far out of Iline.

CHAl RVAN RANSOM Wl |, you have
i ncorporated Martinson's inproved equation of state,
| think, | nmean, that nodels the super heated |iquid
and the sub-cool ed steam state.

MR MAHAFFY: Yes, | believe, NRC --

CHAI RVAN RANSOM Do you have an equation
state for each of those?

MR. MAHAFFY: -- can speak to that better.
But | think we had the | atest.

MR STAUDENMEI ER: You know, we can
i ntegrate the RELAPS equati on state tabl es i nto TRACE.
It's an option.

CHAI RVAN RANSOM  So actually, it's two
equations of state?

MR. STAUDENMEI ER:  Yes.

CHAI RVAN RANSOM One for length and one
for vapor.

MR. MAHAFFY: But the reason we have gone
with two equations of state is really a question of
runtinme. | think if that wasn't an issue, we probably
woul d just | ock on to the RELAP5 equati ons and be done

with it. But when you run the old TRAC curve fit
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equations of state, they are substantially faster.

CHAI RVAN RANSOM  How do you get the curve
fit val ues?

MR. MAHAFFY: Yes, you woul d have to go
find Mangit Sahota and find out exactly the nysteries
he went through to create all of that.

CHAI RVAN RANSOM | think Mortensen went
t hrough the Hel mholtz function for the steamtable --

MR. MAHAFFY: Mortensen did an incredibly
good | ob.

CHAI RVAN RANSOM  -- and differentiated it
to get a --

MR. MAHAFFY: And Mangit did a good job
within the context again of |arge break LOCA. (Ckay.
An equation state that really did a bang up great job
in large break LOCA and has survived a whole |ot of
ot her applications, where it finally fell onits face
was Tom Downar's left, but when you get into
applications with coupled neutron kinetics and very
small errors in your liquid density, can nake a big
di fference in your answer.

You know, you see that when you run the
old TRAC equation of state. You know, we first
noti ced t he probl emwhen, it was probably Tomthat was

saying gee, | can't understand why everybody else is
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getting this answer and |I'mshifted off to sonething
el se, and he finally traced it down to say ah-ha.

CHAI RMAN RANSOM  Well, I'ma little
uncl ear what you are saying. What is used in TRACE?

MR MAHAFFY: Either one.

CHAI RVAN RANSOM  Ei t her one?

MR MAHAFFY: Either one.

CHAI RVAN RANSOM  You nean the user has a
choi ce?

MR. MAHAFFY: Yes. |f you are in RELAP5
node with TRACE, okay, if it knows the input has comne
from RELAP5 and, you know, there are flags that wll
tell it that, it will default to the standard RELAP5
equation of state, no questions asked. If |I'mrunning
a TRACE native deck, the default is the old TRAC
equation of state, but | can set in ny name |ist
vari abl e options, request or run the RELAP5 equati on
of state with no problem So they are both there.

CHAI RMAN RANSOM  Well, I'ma little
confused what you sai d about the neutronics coupling.
| thought you said it was a problemw th m nor changes
in, say, density.

MR MAHAFFY:  Yes.

CHAI RVAN RANSOM  That resulted fromthe

ol d TRAC equation of state.
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MR. MAHAFFY: Yes, that's right. Yes. |If

| go into the old TRAC equation of state and | give
it, you know, a pressure of 5 atnospheres and a
tenperature of 500 degrees calvin, | get a density.

CHAI RVAN RANSOM  Yes.

MR. MAHAFFY: And that density nay be off
by 2 or 3 percent. Ckay. And that makes a difference
to people doing the -- yes, for the RELAP. For an
awmful lot of transients it doesn't matter. But if
|"ve got the neutron kinetics feedback, it will nmake
a noticeable difference. The RELAP5 equation of
state, that error is way, way down. It is nmuch nore
preci se because Gen did a very good job, you know,
and his predecessors.

CHAI RVAN RANSOM  Wel |, why haven't you
just incorporated that as inappropriate?

MR MAHAFFY: It's there. You know, it is
i ncor por at ed.

CHAI RVAN RANSOM  No, but | nean, you seem
to be saying there are two, two options.

MR MJRRAY: W left the old in there,
because t he RELAP5 ones were sl ow, because the runs to
be twice -- to run two to three tines slower.

CHAI RVAN RANSOM | can't believe that.

MR. MJRRAY: That's why we left the
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original in.

MR. STAUDENMEI ER:  Yes. And actually, the
bi gger, the newer chips with the larger | evel 2 caches
have made the difference between the old -- the new
equations of state smaller and al so, in RELAP5, there
are still some users hanging onto the old equation of
states for RELAP because of runtine speed for the sane
reason, because it runs --

CHAI RVAN RANSOM  When you say ol d
equation of state, I'mnot quite sure what you nean by
t hat .

MR STAUDENMEI ER: Wl |, the tables.
There's nuch snaller tables.

CHAI RMAN RANSOM  Ri ght .

MR STAUDENMEI ER:  There's an old and a
new set of tables that can go into RELAP5. One is
about a negabyte in size and | think the |atest
version of the new ones is up around 12 megabytes in
size and there's people that still hang onto the old
smaller runs to run wth.

There's a TP or new and ol d tabl es that go
into RELAP5. But | think in the future we are going
to be switching over to the RELAP5 equation of state
as default and, especially, noww th these | ater chips

we're seeing a nuch smaller runtinme penalty.
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CHAl RVAN RANSOM Wl |, they are

reasonabl e, because it seened to have a good
t heoretical basis and should | ead to nore consi stent
behavi or, |I woul d guess, as you cross these saturation
curves.

VR. MAHAFFY: | haven't seen any
noti ceabl e di fference along those lines, but | agree
with Joe. | think it's headed that way. One thing I
noti ced when this whol e i ssue of runtinme first arose,
| took alittle bit of a |ook at what was going on in
the tabl e evaluations with the RELAP5 equation and |
saw sone things that could definitely be inproved and
| don't think that has been done yet.

My belief is that between changes in the
nat ure of cache and some relatively mnor inprovenent
tasks to the RELAP equation of state, it's going to be
a non-issue pretty soon and, you know, that will be
it. You know, you turn it on, you get it, you know.

MR. STAUDENMEI ER. You know, one thing in
NRC codes, every code has a different equation of
state and every <code has different materials
properties, and one thing | would |like to have nove
forward in the future is have an NRC steam properties
library, an NRC materials property library that get

mai ntai ned and kept up to date, that all the codes
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woul d link to the sane nateri als and equati on of state
libraries, so we don't have different ones in each
code version

MR. MAHAFFY: Ckay. |If | can nove on
there was a comment in there about time |l evels in SETS
and it says at a given tine -- well, basically, the
comment, to paraphrase it, said that there were many
time level evaluations in the SETS nethod. And what
| want to nmke clear is, in fact, at any given
timestep you only are worried about old tine
guantities and newtine quantities regardl ess of what
step you're in.

Now, this is not a nulti-step nethod that
generates internmediate things. There is no n+l/2
values floating around there. Yes, because it's a
two-step nmethod, for a nunber of the state variabl es
| will have values, two different evaluations of a
given state variable at the newtinme. Oay? But they
are evaluated in a way that is formally consistent
with the differential equations in each step and
wi thin the order of accuracy of the nethodol ogy, they
are the same nunbers.

VICE CHAIR WALLIS: So your tinmes are
al ways an n or n+1?

MR. MAHAFFY: That's right.
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VICE CHAIR WALLI'S: Your velocities and

things seemto be j+1/2.

MR. MAHAFFY: No, the j+1/2 is a spaci al
index. If you'll look at our indications, if you
woul d like nme to go back and | can put it up, but the
standard rotation we use, and | think is consistent
with RELAP5, is that your superscript is your tine
| evel and your subscripts are your spacial |ocations.

VICE CHAIR WALLIS: But you have
velocities at j+1/2.

MR MAHAFFY: Yes, those are --

CHAI RVAN RANSOM  Those are the sides.

MR. MAHAFFY: Those are the sides or the
vol une.

CHAI RVAN RANSOM O t he vol une.

VICE CHAI R WALLI S: Wl I, that makes sense
to nme if | have got a straight plate, but |I'm not

guite sure what j+1/2 nmeans when | have got changes of

t he area.
UNI DENTI FI ED SPEAKER:  Top, bottom
CHAI RVAN RANSOM  You' ve got j and K.
MR MAHAFFY: Yes, all that is is sone
indication. It's our way of saying it's the edge

between volune j and volunme j+1. That's what that

not ati on neans.
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VI CE CHAI R WALLI S: It doesn't nean it's

hal f way al ong?

MR MAHAFFY: No, it doesn't, it doesn't.
It's just an index notation that | think an awful | ot
of people --

VICE CHAIR WALLIS: So j is sort of the
vol une average throughout the thing, j?

MR.  MAHAFFY: Yes, when you get a
subscript j that's just an index for a vol une.

VICE CHAIR WALLIS: The average vol une,
vol une aver age.

MR MAHAFFY:  Yes.

VICE CHAIR WALLIS: But 1/2 is sone sort
of area average at the boundary then?

MR MAHAFFY:  Yes.

VICE CHAIR WALLI S:  Ckay.

MR. MAHAFFY: Now, they are saying the
i nfamous beta. And | can understand anybody being a
little concerned about this, and I will revisit the
docunmentation to see if there's anything that | can do
to make it clear.

But the first thing you have got to
under stand about this quantity beta is that it is not
part of SETS, per se. Gkay? Beta is another one of

these little engineering things that we did, again,
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consistent with the original partial differential
equations to inprove the stability of the overall
sol ution when the tinmestep sizes were allowed to get
substantially larger due to the fact that the SETS
nmet hod renoved the Courant stability limts. Oay?

And it's very anal ogous to t he
linearization that we did on the wall friction and the
interfacial friction ternms. Vic will probably
remenber. For exanple, when you're evaluating an
interfacial friction term you have got sone
coefficient nmultiplied by an absol ute val ue of the
relative velocity at the old tinme multiplied by the
relative velocity at the newtine. Ckay.

And that worked pretty well as | ong as you
were in sem-inplicit land, although | have got a
counter-exanple | will showyou in a fewmnutes. But
certainly, as soon as you're into SETS | and, you don't
want to do that and what you do is you start out and
you say absolute value of V new, relative value --
well, then add the value of V new. It's like aV
squared at the new tine and you linearize that.

And we do the sane thing down here with
the VDelta V operator. GCkay. |If you start out here,
at sone phase i +1/2, | have gone fromJs to Is just to

confuse you but, you know, this is just an indication
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that at phase between two volunmes | amevaluating, in
effect, ny nonentum transfer term here. And if |
linearize that, okay, in terms of the Delta V between
old time and newtinme, what | end up with is an
expression that | ooks like this. Gkay? That's just
the result of linearizing this expression.

But you get into trouble here it turns
out, because once | have gone through the
linearization, okay, | have got in particular this
termright here, which is the result of this newtine
velocity multiplying anoldtime velocity gradient, if
you will, and treated in isolation this is just a
forcing termin my nonentum equati on.

And if you look at this, if this little
fellow right here goes negative on ne, what wll
happen is | get into a situation where the faster |
go, the nore forces trying to act to accelerate ne
even nore. |It's a fundanmentally unstable node. And
so there is this exception clause in here.

VICE CHAIR WALLIS: A derivative of old
time velocity is a spacial derivative.

MR. MAHAFFY: Yes. This is a spaci al
derivative. So | have got this clause.

VICE CHAIR WALLIS: So the velocity is

going to accel erate things.
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MR. MAHAFFY: Yes, yes. So what happens
to ne is that | cannot use this termif this guy is
negative. | mean, although formally this
i nearization should be nore stable than a base
eval uation of this kind of a m xture, say, | can do
this kind of a mxture within the context of ny two-
step nethod. In classic RELAP | and, that would just
be old tine on both of these terns.

But | have got to introduce a factor of
beta that wll kill this termunder certain
ci rcunst ances where it's actually destabilizing, and
that's all that is. |It's engineering. | have gone
in.

CHAI RVAN RANSOM  What is beta, just a
mul tiplier on that?

MR. MAHAFFY: Beta is just a nultiplier on
this part of the expansion, okay, and it's 01. |If
this thing is positive, so that | don't have this
speci al destabilizing influence, then | just turn ny
beta on and I do ny full up linearization and it is
nore stable. Any way | do it, it's still consistent
with nmy underlying differential operator. But there
are tinmes when | got to turn beta to zero and | do and
that's all it is.

VICE CHAIR WALLIS: It seens very strange
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to nme that sinply linearizing should give you
instability if one of the things is negative, because
| would think it would take care of itself.

MR MAHAFFY: It can. |1t's because this
is old time. If this thing had been new tine, it
woul dn't have mattered. | would have this full on
i near form here.

VICE CHAIR WALLIS: You could have
linearized it in some other way.

MR. MAHAFFY: Well, yes. If I'mworking
with a full onlinear form it's not an issue, as you
say, because it does correct itself in the proper
f eedback, between the spacial feedback conbined with

the time feedback can correct itself. But when | do

this linearization and | lock in during ny tinmestep
size this gradient and | can't get any feedback
through that term here, it will destabilize. OCkay?

That's nmy hand wavi ng argunment for it. Okay.

VICE CHAIR WALLIS: So you have devel oped
an engi neering solution for it?

VR. MAHAFFY: It's ny engi neering
solution. But again, | will tell you |I have done the
mat hematical analysis. | amstill, you know, formally
consistent. M differential operator and ny

di fference operator are formally consi stent when | do
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an error analysis of all of this stuff.

Sone other issues were raised and were
rather relative to nomentum equations. There is a
note of the fact that in TRACE docunentation and in
ol der TRAC docunentation we keep referring to the
notion equation, and that is sonmething that | have
intentionally done for over 25 years now to clearly
i ndi cate we' re not eval uating t he conservative formof
the nomentum equation. GCkay. This is the non-
conservative form

But nore than that, you know, if you think
about it, nmonmentumis a vector quantity. Okay. As
soon as | try to nodel, approximte channel flow of
any sort, particularly channel flow at variations in
area and direction with a one di nensi onal equation, |
can't conserve nmonmentum At the best what |'m doing
is, in fact, I'msolving a kinetic energy equati on.

VICE CHAIR WALLIS: | think what you're
probably doing, you're following a streanine
anal ysi s.

MR, MAHAFFY:  Yes.

CHAI RVAN RANSOM  Ri ght .

MR. MAHAFFY: |f you think about what
happens, you know, when you go through the stream i ne

anal ysis, really what you're doing is you' re varying
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t he ki netic energy equation and that's how you have to
| ook at these things.

VICE CHAIRWALLIS:  There is a streanline.

CHAI RMAN RANSOM Wl |, it's fine in 1-D
and | agree with that, but what happens in 3-D, you
know, and you have now to solve for all the vector
conponent s?

MR. MAHAFFY: That's right. But what
happens in 3-D, if you look at the equations that we
inmplenent in 3-D, you know, they are formlly
consistent with the underlying partial differential
equati on.

VICE CHAIR WALLIS: They now have three
scal ers.

MR, MAHAFFY:  Hnf?

VICE CHAIR WALLIS: They now have three
scal ers and you can conserve these three scalers in 3-
D.

MR MAHAFFY:  Yes.

VICE CHAIR WALLI'S: Because you cannot
force 1-D nethod to conserve what's really a
mul ti di mensi onal point.

MR. MAHAFFY: That's right and that's
where things like lost coefficients conme in.

VI CE CHAl R WALLI'S: There nust be an awf ul
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| ot of bogus stuff devel oped where peopl e have tried
to do this.

MR. MAHAFFY: Yes. And you know, we have
done it oursel ves.

VICE CHAIR WALLI'S: Because | think it
sort of shoves the errors onto the other side of the
equation. The fact that you have gotten errors in
your | eft hand side, which is your bal ance over the
vol une, sonehow they are transferred to |ost
coefficients on the other side of the equation. So
you fix up the left hand side by enpirically doing
things to the right hand side.

MR. MAHAFFY: Yes. But again, see, ny
argurment is that the enpiricismon the right hand side
when | do any kind of 1-D approximation, it's
required.

VICE CHAIR WALLIS: You have got to be
very careful. Oherw se, you get things like
predicting a bend is a part and things |like that.

MR. MAHAFFY: Yes. And | will tell you,
and I'm not going to totally defend the nomentum
equati ons we have got here, because | haven't had tine
to go through on a termby-term basis and gi ve what
you would consider to be a sound mathematical and

physi cal justification termby-term W need to do
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t hat at some other tine.

VICE CHAIR WALLIS: Sonmewhere in the
docunentation that eventually is witten for this
code, everything will becone clear?

MR MAHAFFY: Ch, it's all clearer now, if
you look at it. W're not |ying about what our
equations are. Gkay. The terns are all there.

VICE CHAI R WALLIS: But the rationale, the
rationale will be clear.

CHAI RVAN RANSOM  The problemis with the
rational e.

MR MAHAFFY: Yes. | believe that we need
a better rational e docunent.

VICE CHAIR WALLIS: Right.

MR. MAHAFFY: And that's sonething that
needs yet to be done, but you can look at it. [If you
|l ook at the difference equations, | wll tell you

right nowthat if I have got one di nensional flow and

| have got reasonably continuous flow, | don't have
discontinuities like large sludge or liquid com ng
through, I'mgoing to get a respectabl e answer

conpared to, you know, what your fornmal differential
equations will say.
VICE CHAIRWALLIS: Going froma downconer

into alower plan and there is a turn of 90 degrees of
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some sort and everything gets averaged across an area,
t he moment umequati on gets varied as far as that goes.

MR. MAHAFFY: Yes. \Wat happens to you is
-- one thing you have got to understand about the
three dinensional thing is that unless you're really
doing full up CFD where you're properly resolving the
surfaces and the boundary | ayers and everything el se,
there is always sone approxinmation there. You're
never going to get it right.

You know, the 3-D to the extent we do it
in TRACE and in RELAP 3-D, it's always a very coarse
nodal i zati on. And when | cone around that bend, what
wi |l happen in TRACE, G aham is that you will get
full loss. If |I have got a flow that comes into ny 3-
D and nmakes a 90 degree turn, you will get full |oss
of that nonentum okay, because there is no --

VICE CHAI R WALLI S:  \What about the build-
up of new nmonentum com ng out the other end?

MR. MAHAFFY: The pressure. Ckay.

VI CE CHAI R WALLI S:  There nust be a hi gher
pressure on the outside of the bend than on the
i nsi de.

MR MAHAFFY:  Yes.

VICE CHAIR WALLI'S: But then 1-D can't

represent that.
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MR MAHAFFY: No, it's the 3-D. |I'm

tal ki ng about the 3-D issue.

VICE CHAIR WALLIS: Oh, the 3-D, yes.

MR. MAHAFFY: |'mtal king about the 3-D.

VICE CHAIR WALLIS: I'mjust saying the
probl enms you get with 1-D

MR MAHAFFY:  Yes.

VI CE CHAIR WALLI S:  Yes.

MR. MAHAFFY: Well, all you can do, the
way it's handled again, it's a Kkinetic energy
equation. The equations are fornulated in a way in
TRACE and they were in RELAP5, so that you are in the
[imt of inconpressible steady-state flow. You wll
recover sonmething that looks 1like a Bernoulli
Equat i on.

VICE CHAIR WALLIS: That has al ways been
a puzzle to ne, because people wite down |ike you did
on the next slide sonmething that | ooks |ike a nmonment um
equati on.

MR. MAHAFFY:  Ah.

VICE CHAIR WALLIS: But then by hocus
pocus it turns into an energy equation. You cannot do
that. You have got to do sonething to it to turn it
into an energy equati on.

UNI DENTI FI ED SPEAKER:  You got to multiply
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VICE CHAIRWALLIS: Miltiply the velocity.

MR. MAHAFFY: |If you go back a view graph
here, basically, if you |l ook at the derivation of the
TRACE equations to a point, and I'mgoing to tell you
the point on the next view graph, they really are
consistent with a derivation of a kinetic energy
equation in a sense. |'mstructuring themin a way
that my kinetic energy is preserved as | go through
what ever, changes in area, bends in direction.

VICE CHAIR WALLIS: Except when there is
a lost coefficient.

MR. MAHAFFY: Except when there is a | ost
coefficient.

VICE CHAIR WALLIS: You fix it up on the
ot her side.

MR MAHAFFY: You fix it on the other
side, because | don't have the resolution. You know,
unless |I'm doing full up CFD, | don't know what's
happeni ng goi ng around that bend.

VICE CHAIR WALLIS: Well, this is where
you have got to followit with things |ike added mass
coefficient. And added nmass coefficient, how does
that figure into sonething Iike this energy equation

you' re tal king about?
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MR. MAHAFFY: W don't do added nmss

coefficients in TRACEE Ckay? W have been up front
about that all along. And you know, | have said
actually here a couple of tines before if sonebody
wants to get a pure exanple where it nmakes a
nmeani ngful difference, go for it and we'll put it in
the code. And it will becone |ess of an issue as we
nove forward with the advanced net hods anyway.

But here, if you |ook down here at ny
final point, okay, we have got this quandary. Wen I
have a side connection to nmy 1-D flow, | have really
gone fromtrying to do a 1-D problemto a 2-D probl em
Ckay. And now, | have got to decide what am | going
to do, because to sone degree now, because it's a 2-D
flow, I have got a vector quantity and | have got to
worry about some of the issues there, that it's really
nmoment umr el at ed.

| could finesseit. | could do sonething
that was nore kinetic energy-related that woul d | ook
nore like Bernoulli flow at a fork wth |[ost
coefficients, but what we chose to do a long ti ne ago,
this was on the TRAC side and it carried through into
TRACE, was actually at these kinds of 2-D probl ens, do
somet hi ng where we worry about out and out nomentum

equati on conservation of nonentum

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

327

VW need to do that for jet punps. W need
to do that for situati ons where we have got ECC com ng
in at a right angle, the flow going through a main
pi pe, to do a reasonabl e job of capturing what's goi ng
on. If we don't do this, you can get into situations.
RELAPS in sone of its earlier incarnations when you
zi pped two pipes together with a zi pper connecti on,
you coul d get these funny circulation paths build up
and feed on thensel ves.

It was because this exercise was not
followed in the original RELAP5 derivation and there
were sone terns nissing in the nonentum equation t hat
shoul d have been there to account for the fact that
have got mass entering a flow stream w thout any
nmomentum in that direction

CHAI RVAN RANSOM Wl |, that was because
t hey were just sinple, one di mensi onal approxi mati ons.

MR MAHAFFY:  Yes.

CHAI RVAN RANSOM  That were never neant to
be used that way.

MR MAHAFFY:  Yes.

CHAI RVAN RANSOM  But | have heard that in
your vessel conponent that you have encountered
artificial circulations as well.

MR. MAHAFFY: Yes. And ny belief is there
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may still be sone residual ones. As we have seen them
come up --

CHAI RVAN RANSOM Do you know why that is
or, you know, what about the nmomentumformul ati on t hat
causes that?

MR. MAHAFFY: The ones | saw in the past
were situations where, when they were originally
i npl enent ed way back when, circa -- the first 3-D was
Dennis Liles went on a binge one weekend in 1977, put
it all into the code. It then took nme six nmonths to
get it working right.

CHAI RVAN RANSOM  You nean you have seen
phenonena |i ke that?

MR MAHAFFY:  Yes.

CHAI RVAN RANSOM  Dating back to those
days?

MR. MAHAFFY: Yes. | will tell you up
front that the first inplenentation of the nmomentum
transfer ternms were not such that they captured things
gquite correctly and you could get sone of this spin-
up. We fixed that in TRAC probably circa early 1980s.
There has been at | east one other thing that has
arisen since then that was fixed and | don't renenber
the history there. I'mnot going to claimthat al

spi n-ups have been crushed in this code.
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VI CE CHAI R WALLI S: | think it's a wird

thing. | nean, if you take just a T-junction com ng
fromthe side you say it's coming in w th no nonentum
actual Iy you have got a nonentumbal ance. Then if you
use your energy method, you don't |ose that energy.
You have Bernoulli's Equation and all that com ng
around.

MR MAHAFFY:  Yes.

VICE CHAIR WALLI'S:  You haven't |ost that
ener gy.

MR. MAHAFFY: That's right.

VICE CHAIR WALLIS: Al though, you have
apparently | ost some nonentum So you know, you got
to be careful.

MR MAHAFFY: But it's worse than that if
you' re not careful

VICE CHAIR WALLIS: Unless you mx them
you probably need to follow two Bernoulli Equati ons.
You have got two streans in the pipe with different
velocities. That's what you do really consistently.

MR. MAHAFFY: Yes, well, let nme tell you
what the worst case scenario is. This happened in
RELAP5 and, to be fair, it happened in very early
versions of TRAC also, is that when you're in the

situation of this so-called notion equation and to get
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a feel for the notion equation, look at this equation
down here at the bottom of the view graph where, you
know, we're doing a dv/dt not d Rho vdt. Ckay? |It's
legitimate. Okay. | can wite this equation and

differentiate.

VICE CHAIR WALLIS: | don't understand
that at all. Wy should dwt j+1/2 depend only on a j-
1/ 2?

MR. MAHAFFY:  Ah.

VICE CHAIR WALLIS: | don't understand
t hat .

MR. MAHAFFY: Now, let's get to that in a
m nut e.

VICE CHAIR WALLIS: It started off
dependi ng on both of them

MR MAHAFFY:  Yes.

VICE CHAIR WALLIS: But nowit only
depends on --

MR. MAHAFFY: No, no, | will get to that
in a mnute.

VICE CHAIRWALLIS: The velocity here only
depends on the area there. It doesn't make sense.

MR. MAHAFFY: Yes, it's a gane, but it's
a legitimte game again within the order of accuracy

of the methods and | will explain that. [|'mdoing a
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digression here. |If | have got a notion equation
form the place where people get into trouble with
side junctions is the following, and that is okay, |
have got a right angle junction. | have got flow
comng in at right angle to nmny main flow through a
pi pe. Ah, okay, it's at right angles. There is no
norment um source, so | don't put any source termin
this equation. And if you go through the derivation,
that's wong.

It's true you don't put a source termin
a pure, fully conservative nmonentumequati on, but when
you go to this formof the equation there has to be
sonmet hing that | ooks |i ke a source termto account for
the fact that mass has entered the flow without
corresponding velocity in the direction of the main
flow stream

VICE CHAIR WALLIS:  And therefore, it has
to be accelerated up to that velocity.

MR. MAHAFFY: Yes. Wen | wite down an
equation formthat, you know, is your rod d velocity,
dtime plus V Delta V, etcetera, if | don't add sone
kind of a termin there, |I'mnot obeying the | aws of
physi cs when | have got a side junctions, because in
t he absence of the --

VICE CHAIRWALLIS: This isn't just a side
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junction, is it, j-1/2?

MR, MAHAFFY: | will get tothis in a
m nute. Gkay? |'mone step behind you. Okay?

VICE CHAIR WALLIS: Well, we could spend
forever doing this.

MR. MAHAFFY: We coul d spend forever, but
| et nme roughly go through this. | assume you buy this
first equation in the mddle roughly in terns of
moment um transfer.

VICE CHAIR WALLIS: | would have to see
the figures to see what it refers to.

MR MAHAFFY: What it is --

VICE CHAIR WALLIS: But it nmakes nore
sense than the second equati on.

MR. MAHAFFY: Yes. The first equation
all that is is | have drawn sonme kind of a nomentum
volunme and it's donor cell. Ckay?

VICE CHAIR WALLIS: Yes. You have got it
going in and com ng out.

MR MAHAFFY:  Yes.

VICE CHAIR WALLIS: And staying inside.

MR MAHAFFY: Yes. |In effect, it's a
donor cell volune and |I'm saying that the downw nd
velocity is representative of what's going on in that

one volunme, and | have got the nmomentum flux out. |
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have got the momentum flux in. This next equation,
okay, the trick | play is as follows. | take over
here in this term | just do a chain rule
differentiation.

VICE CHAIR WALLIS: | understand that.

MR. MAHAFFY: And then | go in and | take
my nmass equation for this volune j and | wite the
flux terns of mass in and out of that, okay, and
conbine them all with these flux terns multiplied
here. It's all just Al gebra.

So what | have done is | have done a chain
rul e breakup of this. | have witten ny finite vol une
formfor the mass equation in a formal way and | have
added everything together, then | have divided by ny
volunme times 1 mnus Alpha Rho | that was sitting
right here. And this is the end result.

VICE CHAIRWALLIS: It doesn't make sense.
Anyway, let's not talk about it now.

MR. MAHAFFY: Ckay. |If you would like, |
will give you a detailed step-by-step derivation of
t hat .

VICE CHAIR WALLIS: kay. That doesn't
seem to nake sense to nme, how a j+1/2 can di sappear
conpletely fromthe equation

MR. MAHAFFY: It's magic, but it happens.
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VICE CHAIR WALLIS: Well, that's okay.

MR. MAHAFFY: | will give you a step-by-
step if you would Iike.

VI CE CHAIR WALLI S:  Yes.

MR. MAHAFFY: | have got it somewhere.
can find your enail address and | will email it to you
or would you like to ne to email --

VICE CHAIR WALLI S:  Ckay.

CHAI RVAN RANSOM  Thi s donoring the
monmentum fl ux, you know, which has been an argunent
for a long tine, should you donor or should you
average across the junction.

MR MAHAFFY: Yes, in this derivation
we' re donoring the nonentum fl ux.

CHAI RVAN RANSOM  Al'l ri ght.

MR. MAHAFFY: Ckay.

CHAI RVAN RANSOM Wi ch is the nomentum
flux is all due to whatever is entering the vol une.

MR. MAHAFFY: Yes, yes. GCkay. | wll
send a copy to Ralph for everybody and | will send a
direct copy to you, Graham so you have got the ful
how do we get from here to here. By the way, this
derivation also exists in a hard to find Los Al anos
docurnent that Bob Steinke wote a nunber of years ago

when he docunented the T nonentum source terns in
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TRAC, but | have lost nmy copy of that. | will have to
reproduce this. | did this original derivation 25
years ago or nore anyway and it's in old now

Basically, you do another substitution
which you will have to see the step. It will confuse
you even nore than the last one did. And you end up
with an expression that |ooks like this. | show you
what the T contribution to that is and that is how we
do the side junctions with a ot of steps out that |
will give you. Okay?

And | al so show you howwe do a | inearized
inmplicit formof the T-junction terns. But yes, we
have taken a step there. W have tried to do
something that, in some formal sense, will conserve
noment um when we have got sonething that | ooks |ike a
| ocal 2-D probl em

Let me talk briefly about where we're
headed with the nunerics and why we're headed that
way.

VICE CHAIR WALLIS: Well, this sort of
thing concerns ne, because you're going to come up
wi t h docunentation two years fromnow, which says this
is the way we do things and that is going to be it.
And then sone, | won't use any adjectives, ACRS Menber

decides to |l ook at this and says gee whi z, sonething
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is really strange about what you have done here and
says | don't think it's right, what are you going to
do?

Are you going to say | don't believe that
guy. He can't hold up the whol e i ssuance of this
code, because he has nowraised a problemw th a basic
equation. That's because you have never had us review
it before.

MR. MAHAFFY: What |'mgoing to do is
this. I'mgoing to, as ny first step, | will go back

to the official current version of the Theory Munual

and | ook at the section of the manual that docunents
t hese steps that | just sumarized i n two vi ew graphs.

VICE CHAIR WALLIS: Right.

MR. MAHAFFY: To see how thorough it is.
| mean, if it's conplete, and | think it won't be, you
know, I will just send it to you as is. |If it's not
conplete, not only am | going to give a docunent to
you, but I'm going to use the formal TRACE update

procedure and whatever | do for you is going to becone

part of the Theory Manual imediately. Al right? So

it will exist online as part of the Theory Manual and,

hopefully, that will kill two birds with one stone for
you.

VI CE CHAI R WALLI S: Because | think | know
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what the mass conservation equation is and | can see
how you do the manipulation, but | can't see how a
j +1/ 2 di sappears.

MR. MAHAFFY: Ckay. You will see it.
There are two steps in between here and | apol ogi ze.
| was trying to summarize the key terns in here rather
than give to you the derivation

VICE CHAIR WALLI S:  Ckay.

MR MAHAFFY: \Were we're headed.
Basically, SETSitself was devel oped in the late 1970s
just as a quick way to renove the Material Courant
stability limt. The real history behind that, and I
may be the only one that renenbers this anynore, if
you go back to the original TRAC Large Break Loss of
Cool ant Acci dent Code, the way we dealt with breaks
where the flow velocities was very high was we
actually had "a fully inplicit" conponent avail abl e.

kay. You could flip a flag and you coul d
get a pipe for however | ong you wanted where the mass
energy and notion equations were evaluated fully
inmplicitly with a caveat that we were still doing old
time on the coefficient terns, andit's very anal ogous
to what went on in RETRAN, for exanple, in
retransl ator incarnations.

But based on the experience we had there,
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what | saw was that as we noved into the era of smal
break LOCAs and | saw that com ng even before Three
Mle Island, it was natural that we were going to have
to do those kinds of cal cul ations.

The armount of effort that was going to be
necessary to change the structure of the code and
introduce the new coding to go to a real fully
inmplicit numerical method was going to be rather
extrene, and the cost per tinmestep for fully inplicit
nmet hod was going to be a big step also. And | woke up
inthe mddle of the night with a set of equations in
nmy head that becane SETS as a way to stabilize the
sem -inplicit nethod that was al ready there.

VI CE CHAIR WALLI'S:  Thinking about it, I'm
sorry, |I'm going back to a point that Vic nmade
earlier. | think you need a review group that isn't
contami nated by all the past thinking onthis problem
You need a review group of really smart field
dynam sts, if they exist in the world, who have not
been contami nated by the previous work of RELAP or
TRAC or sonet hing and you want themto sit, have them
revi ew sone of this basic stuff and see what they say.

MR MAHAFFY: Look over at sone of those
guys. | don't disagree with it.

VICE CHAIR WALLIS: The last thing you
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want is for themto shoot sonething down at the | ast
m nute when you are ready to issue the code. It
shoul d happen now.

MR. MAHAFFY: The one thing, let ne give
you one word of caution to that, in that when you get
into field dynam sts who are uncontam nated by RELAP
and TRAC, generally what you are getting into are
peopl e who have done single phase CFD. And one
experience that | have had over the years is that
peopl e who do single phase CFD are very nai ve about
t he kinds of problens that you get into when you go
two phase. So they are good to a point.

VI CE CHAIR WALLI S:  Yes.

MR. MAHAFFY: It's very tough to pul
t oget her the kind of uncontam nated group of experts
wi th the kind of know edge of two phase that you need.

VICE CHAIR WALLIS: Wwell, | think it's
very tough to get those who will agree with you,
because if you had asked George Batchelor, who is a
pretty revered nenber of the community before, | think
he may have di ed by now, certainly before he had sone
problems with old age, he was saying 20 years ago a
ot of this stuff is nonsense.

MR. MAHAFFY: A |l ot of people have said

t hat .
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VICE CHAIR WALLIS: Right. | don't think

we can just brush it off.

CHAI RVAN RANSOM | think it's tough to
find people to serve that role, but | think it would
be worth | ooking for a snall group who coul d do that,
that are not associated with say TRACE or RELAP5 and
be know edgeabl e enough to shed sone |ight on that.

VI CE CHAIl RWALLI S:  Peopl e generally woul d
be respected, | think, by a very broad group of
pr of essi onal peopl e.

MR.  MAHAFFY: Anyway, let ne tell you
where we are headed, so we can think about the group.
Okay. Because to ne, SETS is a thing of the past for
large part. It didits job, but that wasn't --

VICE CHAIR WALLIS: Just call it SETS so
it gets into the record spelled properly.

MR MAHAFFY: Yes. But to nme when
created that thing, it was a patch until we coul d get
into a log where we could run true, fully inplicit
cal culations. GCkay. The French with CATHARE went
that direction and they have been pretty darn
successful. Basically, you need to | ook at your
inmplicitness at two |l evels. There is the issue of the
coefficients and as you will see, we can deal with

that within the context of the current numeri cal
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net hods fairly directly, and we have already dealt
with part of it.

And then there i s the question of stepping
up to the issue of evaluating your transfer terns
inplicitly to bring it up to a fully inplicit |evel.
And as | said, only the French with CATHARE have
real ly stepped up and done the full bl own problem It
took thema long tine. You can't kid yourself.
There's a |l ot of engineering that goes on with this.

The nore non-linear terns you get in your
equation set, the nore problens you get wth
convergence and the nore little bits of tricks you' ve
got to come up with when you sit down and nmake your
initial guesses on the Tayl or series expansions that
are fundanental to your iterative solutions of your
non-|inear equations.

What | want to do is show you sonet hi ng.
Some of you may have seen this before. It's an
exanpl e of something | used as a test problem when |
was first l|ooking at this business of linearized
inplicit terms for interfacial drag. And the little
plots I'mgoing to show you actual | y probably cane out
of RELAPS rat her than out of TRAC or TRACE. But there
is an inportant |esson here. There we go.

VICE CHAIR WALLIS: Well, what is the

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

342

geonetry of this colum?

MR. MAHAFFY: This is a very sinple
colum. | don't remenber the cross sectional area.
That doesn't really matter to sonme degree. |It's a
straight vertical colum. M recollection was it was
about 10 feet high and stagnant water injected bubbl es
at the bottom and you'll see a plot of the void
fractions. But it was a low void fraction, 2 or 3
percent. And you |et the bubbles rise up through the
col um.

VICE CHAIR WALLIS: They grow?

MR. MAHAFFY: Yes, they grow as the

pressure changes. Again, it was only about 10 feet of

wat er .

VICE CHAIR WALLIS: There's no face
change?

MR. MAHAFFY: There is no face change.
It's an air bubble problem | wanted to cleanly
separate issues here. | don't want the face change

contami nating what is going on with the interfacial
drag on the bubbl es.

VI CE CHAI R WALLI'S:  From what | know about
bubbles, it's rather remarkable, they go in at 1.6
neters a second.

MR. MAHAFFY: Yes, up here? 1Isn't that
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pretty inpressive? It's an instability. Gay. It's
an instability based off of this termthat you get.

VICE CHAIR WALLIS: It nust be a nmonentum
equati on of some sort.

MR MAHAFFY: Yes, you've got a nonentum
equati on.

VICE CHAIR WALLIS: You've got no added
mass. You' ve got to have added mass when you're
dealing with a bubble, because all that's inertia is
in added nass.

MR. MAHAFFY: As long as the bubble is not
accel erati ng.

VICE CHAIR WALLIS: But it is, because
you've got a T velocity.

CHAI RVAN RANSOM Wl |, is this a problem
with linearization of the interfacial drag where
you've got absolute value of old tine velocity
difference times new tine velocity difference?

VICE CHAIR WALLIS: It's going to be Vdt.
You've got to put a Rho in front of that.

CHAI RMAN RANSOM  And the old time
velocity difference goes to zero so the drag goes to
zero?

MR. MAHAFFY: Okay.

VICE CHAIRWALLIS: | think the problemis
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your bubbl e has no inertia, so any force out of bounds
will give it an infinite accel eration.

MR. MAHAFFY: Al right. Here's the deal.
Now, the root of the problemis this. You' ve got,
nunmerical, a forcing term here for your drag that's
based on an old tine.

VICE CHAIR WALLIS: Right.

MR. MAHAFFY: And a newtine. GCkay. And
| actually, at one point, did a derivation to show you
can derive sone kind of a stability bound on this, but
that termis fundanmentally numerically unstable.

VICE CHAIR WALLIS: That's supposed to
bal ance gravity essentially in this problem

MR. MAHAFFY: In this problem that's what
is going to happen.

VICECHAIRWALLIS: And if it is not quite
i n bal ance, your bubbl e which has no inertia, because
you haven't given it any added mass --

CHAI RVAN RANSOM It shoots up to high
vel ocity.

VICE CHAIR WALLIS: It shoots up to high
vel ocity.

CHAI RVAN RANSOM  Now, the next line --

VICE CHAIR WALLIS:  Now, the next tinme it

has a big term
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CHAI RVAN RANSOM  Yes.

MR MAHAFFY: Yes, even --

VICE CHAIR WALLIS: Gve it sone added
nmass.

MR. MAHAFFY: Ignore this. GCkay. Pretend
this doesn't happen, because it does drop down. But
even after it has dropped down, this business has to
do with the graphic added frequency. Wat is
happening is you have got an envelop here, you see
t hose velocities --

VI CE CHAIR WALLI S:  Yes.

MR. MAHAFFY: -- oscillating up and down?
You know, there is no question of crossing |lines or
anything. It has established sone kind of nean
velocity it wants torun at and it is oscillating back
and forth across that. The second line, |'ve gone in
and |'ve dropped the ti nmestep size, done not hi ng el se.
Al 1've done is |'ve set the tinestep size down to a
mllisecond, which was under the threshold for this
particular instability and it cones up and everything
i s snoot h.

VICE CHAIR WALLIS: What's the term na
vel ocity of this bubble?

MR.  MAHAFFY: Now, you're getting a

term nal velocity here of about .15 nmeters a second.

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

346
VICE CHAIR WALLIS: That's what | could

cal cul ate on the back of an envel ope.

MR. SIEBER  Yes.

MR MAHAFFY:  Yes.

CHAI RVAN RANSOM  Ckay.

MR MAHAFFY: Yes. You could do that if
you had --

VICE CHAIR WALLIS: And that's the right
answer ?

MR. MAHAFFY: | hope so. | don't renenber
what the correlations were in here.

CHAI RVAN RANSOM  Why did you say you' ve
got this with RELAP5?

MR. MAHAFFY: Yes, | believe these plots
were from RELAP5. |'ve got the same results out of
ol d versions of TRAC

CHAI RMAN RANSOM  What about TRACE?

MR. MAHAFFY: TRACE? Well, TRACE does the
linearized terns and this is gone.

(Whereupon, at 5:00 p.m the neeting

continued into the evening session.)
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E-V-E-NI-NG SE-S-S1-ON

5:00 p. m

CHAI RVAN RANSOM  Al'l ri ght.

MR MAHAFFY: RELAP5 now has the
linearized inplicit drag term

CHAl RMVAN RANSOM So it tends to danp
t his?

MR. MAHAFFY: It will get this answer
right here. ay? Gkay. |If you run the linearized
implicit, it wll get this same answer, even at
substantially higher tinmestep sizes. Atenth of a
second.

CHAI RVAN RANSOM Wl it oscillate like
t hat ?

MR MAHAFFY: No, it will not.

CHAI RVAN RANSOM Wy did it take 10
seconds oscillating unrealistically?

MR. MAHAFFY: Part of that is an artifact
and you will see it in the next view graph. You see
t hat ?

CHAI RVAN RANSOM It's a void fraction
that's so low. |Is that what it is?

MR. MAHAFFY: Yes, you know, there is |ess
void there. As the void fraction settles out to its

final value, this right here is just nunerical
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diffusion really operating.

CHAI RVAN RANSOM  You sai d sonet hi ng, on
that previous slide you had two tinmesteps. One was
. 001 and one was .02.

MR MAHAFFY:  Yes.

CHAI RVAN RANSOM  And the solid curve,
guess, is .001.

MR MAHAFFY:  Yes.

CHAI RVAN RANSOM So there were no
oscillations in that case.

MR. MAHAFFY: That's right.

CHAI RVAN RANSOM  Sufficiently small

MR MAHAFFY:  Yes.

CHAI RVAN RANSOM  That's only when you get
the larger tinmeset you get all nunerical

VICE CHAIR WALLIS: In a way you just stop
bubbling at the bottom of the colum. You get an
expansi on wave and the first bubble gets free of the
ot her bubbl es and goes rushing out at the highest
velocity of all.

MR MAHAFFY:  Yes.

VI CE CHAIR WALLI S: Expansi on wave of void
fraction. That's what's probably happening in the
begi nni ng of this whole thing.

MR.  MAHAFFY: Yes, and then you're
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triggering --
CHAI RVAN RANSOM  These are all nuneri cal .
MR MAHAFFY: Yes, but this is --
VICE CHAIR WALLIS: It's not entirely
nunerical. The bubble velocity at the top is higher

at the begi nning, because the bubble is on its own.
When t he ot her bubbl es catch up and nake a hi gher void
fraction, the bubble velocity drops.

CHAl RMVAN RANSOM If | interpret this
right, the bubble in the small tinmestep case took 10
seconds to reach the top station where you are | ooki ng
at it.

MR MAHAFFY:  Yes.

CHAI RVAN RANSOM  |'m saying that the
trend is be back here when it was predicting these
| arge velocities that reach the top went sooner.

VICE CHAIR WALLIS: Well, others have a
velocity at the top of the colum when it isn't there.

CHAI RVAN RANSOM Wl |, it got there.

MR. MAHAFFY: Yes, it got there.

CHAI RVAN RANSOM  Because of these

vel ociti es.

MR. MAHAFFY: You see, it does have a zero

vel ocity.

CHAI RVAN RANSOM It took this |ong.
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VICE CHAIR WALLIS: Well, I'"'msaying it

does have a higher velocity than the other bubbl es.

CHAI RVAN RANSOM Wl |, only nunerically.

VICE CHAIR WALLIS:  No, no, no, it
physi cal |y does, too.

MR MAHAFFY:  Yes.

VICE CHAIR WALLIS: Because there's nore
drag when you get nore bubbl es side by side.

MR. MAHAFFY: M guess is that the
physi cal nodels in either RELAP5 or TRACE are not
sophi sticated enough to catch the phenonena you are
tal ki ng about .

VICE CHAIR WALLIS: Well, this is a very
si npl e exanpl e.

MR MAHAFFY:  Yes.

VICE CHAIR WALLIS: W should be able to

represent.

MR. MAHAFFY: But two things | want you to

take away from this exanple, | mnean, regardless of
what's going on. The first is, okay, explicit
evaluation of certain terns results in nunerical
instabilities. They tend to be bounded oscillations.
And secondly, the nmean value of these bounded
oscillations you have no guarantee that it's the

correct mean value. And you get a |lot of analysts,
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|"ve seen this happen over ny entire career, saying
you'l | get these things, any of these codes that you
run, you get these funny oscillations in there.

The worst thing | hear anal ysts say i s oh,
gee, look thereis jitter in the experiment and there
is jitter in our calculations. W're doing great.
You know, it's two different things all together. But
the other thing they assune is that there are
oscillations and their results are oscillating about
the correct mean value. And you are not assured of
that with this class of instability. So it's
somet hi ng you want to avoid.

VICE CHAIR WALLIS: Do you do this with
your seniors? | nean, do you have them run TRACE on
very sinple problens Iike this one and see if there
are any anomal ous results?

MR  MAHAFFY: Well, that's the whole
pur pose of this class.

VICE CHAIR WALLIS: You see what happens
in nost text books is there are, you know, a hundred
probl enms per chapter, which illustrate the nethods.
And if TRACE is a really mature code, you ought to be
able to have a whole Iot of sinple, sinple problens
illustratingthe nethod which gi ve reasonabl e answers.

MR. MAHAFFY: See the purpose of this
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class | teach is not necessarily to focus on the
reasonabl e answers. It's to informstudents of the
kind of problens that you get into with nunerically-
based simulations, so that they can make good solid
engi neering judgnents and not just say ah, yes, the
conputer said this, here is truth

VICE CHAIR MWALLIS: But NRRisn't
necessarily going to do that when they use TRACE

MR MAHAFFY: Well, send themto Penn
State for a senester. Anyway, okay, in terms of --

VICE CHAIR WALLIS: There is one anomaly
you shoul d --

MR. MAHAFFY: It's one anomaly. It's just
one exanple. You know, there are |ots of
instabilities you get of f of heat transfer
coefficients. Right now, in terns of getting things
nore inplicitly evaluated, the first step that we have
taken is there is a switch in TRACE that you can flip
and you will evaluate, not quite fully inplicitly,
"1l tell you the caveat in a second, the interfacial
heat transfer coefficients. Ckay.

And not quite as sinply that right now
we' re not eval uating any contributions fromvelocities
inmplicitly, that phases into another part of

generating el ements to the Jacobian that |I didn't want
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to do right away.

VICE CHAIRWALLIS: Is the bubbl e detached
from the top of this columm or and if you had a
foam ng m xture, the bubble would never burst.

MR MAHAFFY:  Yes.

VI CE CHAIR WALLI S:  How do you get it out
of this colum?

MR  MAHAFFY: The columm, there's a
pressure boundary condition that it just wanders into.

VICE CHAIRWALLIS: Sonething that lets it
wander out?

MR. MAHAFFY: It just wanders out into a
pressure boundary conditi on.

VICE CHAIR WALLIS: If you had a foam ng
solution, it would never get out of the liquid. How
does it know whether it is a foam ng solution or not?

MR. MAHAFFY: Physics aren't smart enough
in this code to do that.

VICE CHAIR WALLIS: It seenms to ne it's
very inportant.

MR. MAHAFFY: For this exanple, no.

VICE CHAIR WALLIS: But if I take two
col ums, one soapy water and one is still water and |
bubbl e air into one and bubble air into the other,

get conplete different answers.

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

354
MR. MAHAFFY: Yes, |'msure you do.

VICE CHAIR WALLIS: Well, there's got to
be sonething that's predictable with TRACE

MR. MAHAFFY: | woul d have to change
properties in TRACE. | don't have any soapy m xture
properties in TRACE right now.

CHAI RVAN RANSOM  TRACE has the nunbers
know edge - -

VICE CHAIR WALLIS: No, no, it's just a
guestion of whether or not the bubble bursts at the
t op.

CHAI RVAN RANSOM Wl |, that's different
ci rcunst ances.

MR. MAHAFFY: Yes. Anyway, so right now,
we can run with these inplicit interfacial heat
transfer coefficients. It is not the default option
inthe code and, in fact, users can't get at it right
now, because there are going to be problens. Ckay.
The biggest problem | found when | inplenented this
and submitted it, | ran a full regression test set.
Understand that every time we create a new code
version, there are like 1,400 test problens that are
run before the update is accepted.

| ran those 1,400 test problens and |

think sonething like two-thirds of themran and then
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one-third of themjust died on me. | started working
my way through the ones that died and | got through
about 20 of themand in every case it had to do with
t he way the TRACE correl ati on package ri ght now deal s
wi th condensation of a sub-cool ed vapor. That needs
to be fixed. There are sone other outriders.

Joe Staudennei er has found sone cases t hat
are not related to that. | found one just the other
day. We have just got to slowy go through there.
When you are doing fully inplicit evaluations of
things, you don't like to have discontinuities.
Ri ght ? Sonetimes even abrupt changes in the wong
di rection.

VICE CHAIR WALLIS: Let ne see if what you
are telling us is that TRACE is still in this other
research stage and it's not in the stage of being a
t ool .

MR MAHAFFY: It is a tool.

VICE CHAIR WALLIS: An engi neering tool.

MR. MAHAFFY: It is an engineering tool to
t he extent TRAC or RELAP were engi neering tools. But
now I'mtal king --

VICE CHAIR WALLIS: So we're talKking
fundanment al things which can lead to quite anomal ous

answers.
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MR. MAHAFFY: In ternms of the picture |

just showed you, what | am telling you is that |
resol ved that one, but there are fundanental things.

VICE CHAIR WALLIS: Wth the initial

ti mestep.

MR, MAHAFFY:  No.

VI CE CHAIR WALLIS: No?

MR. MAHAFFY: We did a linearized inplicit
form of that and 1'lIl be happy to show you the
equations if you want to see them |'ve got themin

an appendi x here.

VICE CHAIR WALLIS: | mean, the real thing
you need is an added nass.

MR. MAHAFFY: In this case, | would argue
that I don't think the added mass woul d change this.

VICE CHAIR WALLIS: You put in a bubble.

MR. MAHAFFY: It doesn't. Okay?

VICE CHAIR WALLIS: You put in a bubble
density of zero, you've got infinite acceleration.

MR. MAHAFFY: No. Let ne rem nd you those
curves were generated with RELAP5. It hasn't had a
mass termin it.

VICE CHAIR WALLIS: Oh, so that's --

MR. MAHAFFY: Ckay?

CHAI RVAN RANSOM So it nay or nay not.
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| don't know what they have in it. Do you know?

MR MAHAFFY: Wien this was run the added
mass was definitely there.

VICE CHAIR WALLIS: COkay. Well, then --

CHAI RVAN RANSOM It is there in nod 2,
but I don't know if they have it on nod 3.

MR MAHAFFY: It's in nod 3 al so.

VICE CHAIR WALLIS: It's not in TRACE

MR, MAHAFFY:  No.

VICE CHAIR WALLIS: You said you didn't
touch it with a barge pole.

MR. MAHAFFY: Yes, | get the sane answers
with TRACE, the sane oscillations of RELAP5 in TRACE
so it didn't nmke any difference here. Now,
understand that when we're tal king about this, we're
nowinto step 2. And again, I'mtelling you we've got
this overlap between the consolidation and the
advanced devel opnent. ['mnot talking to you about
advanced devel opnent. Yes, we're in exploratory work.
Only the French have been here before and they have
done it in a slight different context.

W are going to have to work through a
nunber of nunerical issues and correl ati on package
issues to get all of this fully inplicit technology to

work for us in our nunerical methods. Wen it is
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done, you're going to see nuch better behavior.

You' re going to be seeing nmuch hi gher timesteps, much
nore reliable answers, because you don't have these
strange boundary instabilities that are doing
unpredi ctable things to you.

Ri ght now, what |I'mworking on, and |
woul d be working on if | wasn't sitting here in front
of you, is gettingthe inplicit evaluation of the mass
and energy flux terns. Very shortly, probably next
week, | want to get going on the inplicit eval uation.

CHAI RVAN RANSOM It already is inplicit
now, right?

MR, MAHAFFY:  Huh?

CHAI RVAN RANSOM Wl |, on the mass and
energy terns, the velocities are inplicit.

MR. MAHAFFY: The velocities are inplicit,
but, you know, if you just |ook --

CHAl RMVAN RANSOM Density and void
fraction.

MR. MAHAFFY: The density is explicit in
the sem-inplicit step and the only way it becones
inplicit is with that corrector step.

CHAI RVAN RANSOM  Yes.

MR. MAHAFFY: \What |'mtal king about now

is a true full inplicit nmethod. There is just one
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step. And in that one step, the densities and the
velocities are all inplicit in the flux term Okay?

CHAI RVAN RANSOM  Ckay.

MR. MAHAFFY: And that's, you know, RETRAN
does that.

CHAI RVAN RANSOM  There's sone iterative
process you have to go through to get to that point.

MR MAHAFFY: Sure. [It's a non-linear set
of equations and we have to solve the non-linear
equations. No question about it. There is also the
guestion of getting inplicit evaluation of the wall
heat transfer. Part of that has been done by Jay
Spore. |'ve got to get his update adapted and into
the code, and then |I've got to push it on to finish
t he j ob.

The | ast stage of this devel opment will be
to engage a full inplicit evaluation of all the terns
in the notion equation, so we get the inplicit choke
flow nodel, t he inmplicit i nterfacial dr ag
coefficients. Wen this is done, what | see is that
there probably will really be three options in TRACE
to begin with, and they will be w nnowed down. You
can run in the old node that's famliar to people who
use RELAP5 and TRAC, which is, you know, sem -inplicit

type methods or a SETS nearly inplicit type nethod or
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you can take one step up off of that and you can
engage inplicit coefficients or you can take the final
step and you can engage inplicit transfer terns al so
in mass and energy and nonmentum and go to a fully
inmplicit method. So that's the direction we are
headed with the numerical nethods.

MR. DENNI NG Now, do you see that, you're
tal ki ng about a rel ease two years fromnow, do you see
a fully inplicit capability two years fromnow? |Is
t hat what you're sayi ng?

MR, MAHAFFY: It will certainly be
avai l able. Two years, you know, based on nmy know edge
in numerical nethods and ny know edge of the
devel opnent history of CATHARE, two years is where
we' re just beginning to get reasonably robust with the
fully inplicit nmethod. 1It's still going to have its
probl enms. There will be odd glitches here and there,
because sonething in some correlation package has
still got sone odd junp in it that sonmebody hasn't
found yet. And we'll be working through those issues.
But it should be close.

CHAI RVAN RANSOM  John, a coupl e of
corments on that. One, even with that capability,
there are sonme problens that, | nean, say at | east are

material limted in terms of the accuracy of the
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answers you're going to get.
MR. MAHAFFY: Right.
CHAI RVAN RANSOM  So you woul d want to
restrict the tinmestep in those cases.

MR, MAHAFFY: You never --

CHAI RMAN RANSOM And the second one is do

you know anything, is there any conparison of let's
say CATHARE has been able to achi eve to show what the
benefits are, you know?

MR. MAHAFFY: Too bad Joe Kelly is not
here. He used to work on the CATHARE Team But
CATHARE is run. Right now, it is at the heart of
EDF's real tine reactor simulator for training
operators, for exanple. |It's a very fast code and
then | have seen in nodalizations they use on those
and, you know, they've got nmany hundreds of nodes.

CHAI RMVAN RANSOM  Well, it would be
interesting to see if you have li ke the TRACE Proj ect,
it would be interesting to have some benchmarks
agai nst that code, you know, to see basically how you
conpar e.

MR MAHAFFY: Yes, it would. It would.

CHAI RVAN RANSOM | don't know how t he
French feel about that.

MR. MAHAFFY: Yes, the DNRC needs to

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

362

negoti ate sone of agreenents with the French or sone
such to pull that off.

CHAI RVAN RANSOM I n fact, at one tinme, |
t hink the French --

MR. MAHAFFY: Actually, we have access to
CATHARE

CHAI RVAN RANSOM  -- mmde that avail abl e
to the NRC.

MR STAUDENMEI ER:  Yes, and | nean, we're
even allowed to use their nodels and correlations if
we want to.

CHAI RVAN RANSOM  Yes.

MR. STAUDENMEI ER:  The one thing that they
do want is to be able to review any publications that
we have that conpare TRACE and CATHARE to nake sure
that we're not using it in some unreasonabl e way and
bashi ng the code.

MR MAHAFFY:  Yes.

MR STAUDENMEI ER: And based on our not
knowi ng how to use it essentially.

MR. MAHAFFY: But you bring up a really
i mportant point, Vic, and that has to do with probl ens
where the material Courant stability limt says
somet hi ng about t he physi cal phenonena continuity ways

and whatnot. And we don't propose to ever elimnate
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the sem-inplicit method froman option set here,
because, as you saw, Tom Downar runs it for stability
anal ysis, because it has the |least nunerica
di f f usi on.

One thing that | have |ooked at on the
side, it's not a project | have reported to you here
today, we're going to study sone high order nethods
for use in two phase flow. And what we did was to
take sone of the ones that show up in sone of the
advanced CFD quicklist. W also did a |eaf method.
And 1'Il tell vyou, it's dicey at best. Those
nmet hodol ogi es when you cut over to two phase flow are
just not robust enough to hold up agai nst abuse.

And we've done this is a fully inplicit
two phase context, which is where you' ve just about
got todoit, they boil down solong inthe iterations
to do a decent job of solving the problem that as far
as | can tell, you're just about as well off running
the sem -inplicit nmethod with snmaller nesh size to get
t he sane ki nd of, you know, artificial diffusion that
you would with the second order or third order upw nd
schenes.

CHAI RVAN RANSOM Wl |, even the Marvi ken
probl em tal ked about a |ot of one characteristic of

that is that thermal interface nust be propagated
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realistically. Oherw se, you begin to defuse the
energy and change the pressurization in the tank.

MR.  MAHAFFY: Yes, but, you know, the
poi nt of our studies, and I'I|l get a publication out
of that at sonme point here, to propagate that
interface realistically, it's not a 1-D problem
anyway. It's got to be done at least in two
di nensi ons.

CHAI RVAN RANSOM | woul d guess that's
probably true.

MR MAHAFFY:  Yes.

CHAI RVAN RANSOM But | don't have any
data one way or the other.

MR MAHAFFY: Yes. W did sone
prelimnary 2-Dcal cul ati ons and you real |y need t hem

CHAI RVAN RANSOM  And | guess what | woul d
encourage you to do is have your tinestep algorithm
smart enough, | guess, to recognize when it is needed
to restrict the tinestep, even if you use a full
implicit formulation.

MR. MAHAFFY: Oh, yes, that's a given.
That's a given. An awful |ot of our timestep control
algorithm is based on, you know, net changes in
various variables, percentage changes. |It's got

nothing todowth stability limts. |1'mnot going to
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let my void fraction change by nore than .05 per
ti mestep, for instance.

There are all kinds of restrictions in
there. And they have to be refined, but they wll
al ways be there. But in the long run, you know, as
peopl e have always found it doesn't excuse the user
from paying attention and doing tinestep sensitivity
studies to quantify their error.

Okay. We're past everything | wanted to
say.

CHAI RVAN RANSOM  kay. Well, 1 guess --

MR MAHAFFY: Two hours in.

VICE CHAIR WALLIS: Well, you've got this
25 and 26 in tal king about nonentum equations and
you're playing around with the versions of velocity.
Just to say that when there is a fl owthat goes around
the bend or sonething like that, you know, the
nmonmentum equation is really witten from dvx dt dw
dt .

MR. MAHAFFY: Right.

VICE CHAIR WALLIS: The dVvx dt is terned
like dy/Vy, dvx dy, a convergence term \When you go
around t he bend, | don't see how you can t hrow out the
dw Vx. What is V? Is Vin the direction of the

pi pe? | nean, there's no way you can translate this
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nonment um equation, which has three directions, into
velocity in the direction of the pipe.

MR. MAHAFFY: It's a 1-D approxi mation.

VICE CHAIR WALLIS: There is no way you
can do it.

MR. MAHAFFY: There is no .

VI CE CHAIRWALLI S: That's sonet hing el se.

MR. MAHAFFY: That's right.

VICE CHAIR WALLI'S: You have to turn it
into a newy equation or sonething.

MR. MAHAFFY: Wat you have to do and what
| will do at sonme point is a clear derivation of this
equation fromthe rigorous --

VI CE CHAI R WALLI S:  Fl ow goes around a 180
degree bend. It comes in in one direction and goes
out the other direction, no friction. It sinply has
turned its nonmentum fromone direction to the other.

MR. MAHAFFY: That's right.

VICE CHAIR WALLIS: And there is no way
you're going to convince nme there's no change in
nmonent um

MR. MAHAFFY: Okay.

VICE CHAIR WALLIS: But according to your
equation, there isn't a change in nonmentum So

there's sonething, you know, very fundanmental about

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

367

t hat .

MR. MAHAFFY: See, that goes back, you
know, again, 1'll speak to you as a |icensed physi ci st
and that is, you know, | nmake mistakes. | said it
before, 1'Il say it again. |In one dinmension

approxi mati on nonentumis meani ngl ess.
VICE CHAIR WALLIS: Well, isn't the
di mension a | ong pipe?

MR, MAHAFFY: Yes.

VICE CHAIRWALLIS: O is it the dinmension

of X Y, Z?

MR MAHAFFY: It needs to be done and
hasn't been done and maybe I'l|l |earn sonething that
| didn't suspect the last tinme | did this. 1'Il do
the derivation for you again. You have to think of
t hese equati ons as being a formof the kinetic energy
equation. That's the only way you can justify it.

VICE CHAIR WALLIS: But it isn't. It's a
noment um equat i on.

MR MAHAFFY: If it looks |ike one --

VICE CHAIR WALLIS: Anyway, |'mjust
saying there is a fundanental problem which we have
had before, we've tal ked about it.

MR, MAHAFFY: Yes.

VICE CHAIR WALLIS: And it doesn't seemto
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have gone away with your presentation here.

MR. MAHAFFY: | can get you that form of
the equation starting wth the kinetic energy
equation. Al right? | have to nmake sone
approximations and | will spell themout for you.

VICE CHAIR WALLIS: A single phase,
there's no problem | think, with that.

MR. MAHAFFY: Ckay.

VICE CHAIR WALLIS: But two phase you
m ght have a difficult tine.

MR. MAHAFFY: It's a little dicey.

VICE CHAIR WALLIS: Right.

MR. MAHAFFY: But, yes, we need to do
that. But that's the only theoretical way you can
justify this kind of --

VICE CHAIR WALLIS: Ckay. And that's the
kind of thing that's going to be --

MR. MAHAFFY: -- npotion equation.

VICE CHAIR WALLIS: ~-- in the
docunent ati on eventual |y as a proper derivation, which
makes sense, which will convince a reasonabl e person
t he backbone for the nechanics?

MR. MAHAFFY: | think that's been prom sed
to you before and I"'msorry | can't do it today. W

don't have enough time even if | had it in front of
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me, | guess.
VICE CHAIR WALLIS: Anot her probl em here
that isn't trivial that if you try to present this

stuff tothe editors of the General Fluid Mechanics or

sone respect abl e junk, Physics of Fluids or sonething.

| think many of you have sonme difficulty with the way
t hi ngs are mani pul at ed.

MR. MAHAFFY: Well, just as --

VICE CHAIR WALLIS: | think we owe it to
this professional community to convince themthis is
an okay thing to do. The argunment usually is well,
what ever happens with all of this stuff and whatever
you think about it, it works. That seens to be the
answer that everybody falls back on.

MR MAHAFFY: It's the ultimate
engi neering sol ution.

VICE CHAIR WALLIS: Right.

MR. MAHAFFY: W can actually do better
t han that.

VICE CHAIR WALLIS: | think you have to do
better than that.

MR. MAHAFFY: But as | told you, you know,
nmomentum is three dinmensional. It's a vector
guantity.

VICE CHAIR WALLIS:  Yes.
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MR. MAHAFFY: | have to come up with a

scal e equation for you. And the way you get a scale
equation is by starting with the kinetic energy
equation and clearly indicatingthe approxi mati ons you
have to make to get to the point that you see in these
manual s.

CHAI RMVAN RANSOM  Thank you. Next is
Chri stopher Murray, who is going to tal k about
verification issues.

VICE CHAIR WALLIS: Well, we seemto be
still on time reasonably.

CHAI RVAN RANSOM Right. And defi ne what
you nean by verification.

MR. MJURRAY: It's defined, yes. Were is
the m crophone?

VICE CHAIR WALLIS: There is one
verification that says does the code represent the
equation. And the other verification is does the code
represent in a reasonable way reality? These are
quite different things. And you're going to tell us
whi ch verification you are tal king about?

MR. MJURRAY: Yes, | think. 1 always drop
back to the software engi neering view and use that.

VICE CHAIR WALLIS: So you say that the

code nust represent the equations?
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MR. MURRAY: | say that the code has to do
what you intended it to do. If you neant to say X
equals 1, well, you better have said X equals 1, not

X equal s 2.

VICE CHAIR WALLIS: Well, that's right.
Does it represent the equation.

MR MJRRAY: Yes.

VICE CHAIR WALLI'S: But you don't go back
and question whether or not the equations are good
approxi mations of reality?

MR. MJURRAY: No, no, that's validation in
nm Vview.

VICE CHAIR WALLI'S: That's fine.

MR. MJRRAY: \Whether it represents --

VICE CHAIR WALLIS: That's different.

MR. MURRAY: -- reality. |Is this working?

VICE CHAIR WALLIS: So all we're
i nterested in here is the software clear
representation of the math.

MR. SIEBER R ght.

MR MJURRAY: That's correct.

VICE CHAIR WALLIS: It would be a trivial
guesti on.

MR MJRRAY: Yes, I'mhere to sort of

address sone of the issues that the letter had with QA
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and testing. Like John did, | broke it down into
three. There were essentially three bullet points
that | took away fromthe letter. NRC has no approved
software quality assurance procedure. The NRC Codes
have never undergone verification. And the NRC Codes
have not been assessed under an approved qualified
procedure with "frozen" versions.

| can't speak to all the previous codes.
| don't have the longevity in this business that
everybody else in this roomhas. But | can certainly
answer sonme of these questions about TRACE

As to the SQA procedure, there is two
docunents that are in the NRC archives, | guess, on
two NUREGs that do govern our quality assurance
procedures. The first NUREGis, | think, a nore
general brochure, but the second one was witten in
1999/ 2000 tinme franme by Frank Odar or at |east that
was the point at which it was published as a NUREG
It was witten a bit sooner than that, | know, because
| saw the drafts when this project first started back
in '97/98 tine frane.

And this is the docunent right here,
actually both of them so they do actually exist in
paper that we can get. | think the NUREG 1737 is the

one we base nobst of our processes off of. The
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essential itemthere calls for devel opnment of a

proj ect Specific Quality Assurance Pl an or an SQAP for
each code devel opnent effort. And that was done back
in"'98 by a couple of people that were involved in the
devel opnent back at that tinme that are no | onger with
t he NRC.

That docunent, unfortunately, is not in
some archival format. | had to pull it off of sone
files. | renmenber getting an email with that plan
back when | was at Penn State and started on this
proj ect and we went back and dug it up. In addition,
sone of the contractors do have their own interna
gual ity assurance procedures. This SQAP that was
devel oped for TRACE supersedes all of those.
Traditionally, that's what NRC relied on in terns of
its code devel oprment, was that each | ab or institution
that was doing its devel opment for NRC had to have one
of these quality assurance procedures in place.

The SQAP basi cal | y addresses the lifecycle
of a code update. It takes you fromthe tinme of
conception of whatever fix or feature needs to be put
into the <code through its devel opnent, what
docunentati on needs to be there and the anount of
testing that gets applied to the code. And then once

it has been subnmitted to the NRC or to the code
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caretaker at the NRC, what gets done with it at that
point to the point that it is put into our
configuration nmanagenent system

CHAI RVAN RANSOM Wt hin the devel opnent

systemis there any actual review of an individual's

codi ng?

MR. MJURRAY: Yes, I'mgoing to go through
that. That does get done. | think one of the things
| can talk to is it doesn't always -- especially for

the large updates, we don't always do |ine-by-line
reviews. | certainly amlooking at the patch files
that cone in and through a conbi nati on of the tools

use for applying the code updates and just visual

i nspection, | can catch a lot of errors. It doesn't
nmean | catch them all. | nean, but the very big
updates that cone in, | don't always have the
knowl edge.

Like let's say John's inplicit work, if |
were totry to do a line-by-line review, | don't have
t he necessary knowl edge to really review that froma
i ne-by-1ine standpoint.

CHAI RVAN RANSOM | know one thing that
was discussed a long tine ago was the concept of
Argolis progranm ng or coding in which | guess is used

in large software projects and that's where one guy
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develops it, wites it up and then another person
actually recoates it, you know, and presumably woul d
even, if there is any nodeling involved, put his own
slant on that until finally, you know, there is sone
agreenent between the individuals.

Now, it's a very expensive process, but
one that probably results in, you know, higher quality
products, and it would be interesting to know whet her
people |ike Mcrosoft what they do in these regards.

MR. MURRAY: The new buzzword they have in
the software engineering conmunity and, you know,
codevel opnment is this "Extrenme Programm ng Mdel . "

CHAI RMAN RANSOM  It's what ?

MR MJRRAY: It's called "extrene
programm ng” and in that nodel they actually have
programers sit side-by-side.

CHAI RVAN RANSOM  Yes.

MR. MJRRAY: Program at the same term nal
| think conpanies |ike -- another technique that is
used widely is they do actually have neetings. |
forget the official termfor it, but you get a group
of five people or so, gointo a roomand you do |ine-
by-line reviews up on the wall of chunks of about 100
lines at a time, because they found, you know, there

is awhole art tothis and they find that that's about
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t he anount that you can really reasonably work with in
a finite amount of tine.

And there are software engineering
conpanies that do that. | don't know that M crosoft
does that, but --

CHAI RVAN RANSOM  Any t hought about using
t hose kind of nmethods in your work?

MR. MURRAY: W try. See, | try to inject
sonme of that and I'mgoing to go through sone of that
alittle bit later. | try to inject as nmuch as | can,
the look at individual lines and I'm going to touch
upon that a little later.

MR. DENNING Christopher, |I'mhaving a
hard tine telling as you're discussing this, is this
the way it is supposed to be done at NRC or is this
the way it is actually happening right now? 1 nean,
it was obvi ous when you tal ked about the plan that it
was buried sone pl ace.

MR MJRRAY: Yes.

MR. DENNING So obviously that plan was
not in front of everybody being i medi ately foll owed.
These things you are tal king about here, is this the
way it is supposed to happen?

MR. MJRRAY: Right now, this reflects the

pl an.
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MR. DENNING That reflects the plan?

MR MJRRAY: Yes.

MR. DENNI NG But you dug the plan up from
the -- what is actually happening right now or what
has been happeni ng over the last four years?

MR. MJRRAY: Everything in here does
happen. There's a couple of slides afterwards that
|"mgoing to show here is where the weakness is that
| see are and here is where we're not neeting all of
these all the time. GCkay. So | think I"'mtrying to
be honest about that and I'mnot claimng that every
individual is hitting every elenent for every single
update. You know, this is a people process.

MR DENNING | nean, it doesn't surprise
nme that you haven't reviewed every piece of coding.
But | haven't heard that there is an independent
revi ew of every piece of coding and that | certainly
would think is a minimnum Sone technical person mnust
be doing an independent review of every piece of
technical coding. |Is that happening or is that not
happeni ng?

MR. MJURRAY: There is in a submttal that
| get one of the lines on there is that it needs a
revi ewer, other than ne.

MR DENNI NG  Yes.
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MR. MJRRAY: And | have actually gotten

requests to be the reviewer and no, | don't want to be
on that line. I'ma third step in the process. And
sonebody has to review that submttal. Now, | don't
al wvays know to what |evel that reviewer is | ooking at
things. That's why |I'msaying | don't claimthat
every update gets each individual line reviewed. The
reviewers are looking at, from an architectural
st andpoi nt, does the update neet sort of our goals for
the code? Are we missing nmajor features that a user
wants to see?

You know, these codes have so nany
different features or restart where you can restart
off of a previous calculation. And if |I'madding a
new variable to the code, am| nmaintaining ny ability
to restart from previous calculations? So there is
| ogi stical type features that need to be there and
t hese revi ewers shoul d be | ooking for that in addition
to are the equations correct? There is a requirenents
docunent that gets witten and they shoul d be | ooki ng
and saying hey, are we mnissing sonething in the
equati ons?

MR DENNING But I'mstill not hearing
you say that confidently sonebody is independently

reviewi ng every piece of coding.
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MR, MJRRAY: Not --

MR. DENNING That some qualified person
is?

MR. MJRRAY: Not |ine-by-1line.

MR. DENNING Not |ine-by-line?

MR MJRRAY: | nean, it's --

MR STAUDENMEI ER: This is Joe
St audennei er, NRC. | know when | review stuff |

generally either review line-by-line or cone very

close to line-by-line review of code. | nean, if
there is a block, I will kind of |ook at blocks and
understand what they nmean. | mean, maybe | nissed a

typo sonewhere in that block, but generally
understand what the bl ocks are doing. But | can't
speak for what everyone does, but | expect that that's
the level that people are Ilooking at code and
under st andi ng what is going on and checking the test
cases that are submtted with it that are done.

| know nyself, I'll take the changes and
conpile theminto a | ocal version of ny code and run
test cases in addition to what the person has done to
make sure that it works okay. |I'mtaking it beyond
what is nornally done by nost people probably, but
that's what | tend to do. But | mean, sone changes

maybe 10,000 |ines a code or sonething like that if a
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bi g change cane in adding a | ot of things |Iike change
t he whol e nunerical nmethod or thousands of |ines of
codes.

So in that type, | can't say that | read
every line, but | do read at |east at the bl ock | evel
and understand what is going on for that. And even if
| read every line, | can't claimthat that woul d keep
all errors from goi ng by.

VICE CHAIR WALLIS: W have had this
problem with vendors who have brought us codes and
docunentation. It would be the docunentation. Let ne
go down to sone equations and say well, it | ooks to us
as if this j+1/2 should be j-1/2 in this termin this
equation. | mean, in some cases you're right, there's
an error. W go to another equation. W say this
| ooks as if it should be sonething el se and say oh
yes, you'reright. W'Ill fix that. And then they say
but it's okay in the code.

Now, how do | get any assurance that it's
okay in the code when it's not okay in the
docunent ati on?

MR. SIEBER: The problemis --

MR. MJURRAY: Right, that's valid. That's

a valid concern

MR. STAUDENMEI ER:  Yes. Actually, one
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thing that is supposed to be done is that the

equati ons, base equations in the code, are supposed to
be confirnmed and | think in terns of that, if thereis
a change to an equation or a correlation, we will be

checking that the Theory Mnual is consistent wth

what's in the coding.

VI CE CHAI R WALLI S:  But even when there is
no change, when it's sinply sonebody typed it wong in
t he docunentation or sonething.

MR. STAUDENMEI ER: Ri ght .

VICE CHAI R WALLI S:  What is the reference,
whi ch says sort of explicitly what it really should
be? If it's not in the docunentation, where is it?

MR. STAUDENMVEI ER Well, hopefully, it's
traced back to an initial paper that --

VICECHAIRWALLIS: Is it something that's
happeni ng - -

MR. STAUDENMEI ER:  -- in devel opnent
that's beyond the docunentati on.

VR. SI EBER:  But validating the
phenonenol ogy is not what this process is, right?

MR. STAUDENMEI ER: No, right.

VICE CHAIR WALLIS: No, but I'msaying --

MR. SIEBER. And so it doesn't make any

di ff erence what the physics and t he t her nodynani cs and
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the hydraulics are of the situation. It's whether
what ever sonebody decided it was going to be and
what ever nunerical nmethod they are going to enploy is
coded properly.

VICE CHAIR WALLIS: As |long as you know
what should be coded, but if the docunentation is
itself garbled, how do you know what should be
encoded?

MR. SIEBER M/ personal experience in
writing sonme pieces of the --

MR. MURRAY: | mean, ny approach -- sorry.

MR. SIEBER. -- is that you wite the code
before you wite the docunentati on and you end up with
a lot of corment cards inside the code, so that you
don't |ose your train of thought in the process of
doing that, and then you flowhart all the |ogic and
it won't conpile if you have typos init.

And then after you get it to run, you run
all the test cases and sonebody else is doing the
verification and validation, that's when you start
witing the manual and | think a | ot of people do it
t hat way.

MR MJRRAY: | nean, there are a | ot of
di fferent approaches a person can take when they are

first witing, you know, a subroutine to performsone
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task, solve sonme equations, you know, to verify that
that's been coded correctly.

MR. SIEBER  Yes.

MR. MJRRAY: And you can create separate
driver prograns.

MR. SIEBER R ght.

MR. MJRRAY: That drive it outside of what
you are eventually putting in to show that you're
getting a correct answer.

MR. SIEBER: That's right.

MR. MJRRAY: And create spreadsheets of
values. And | did this for signal variabl es when
was nodi fying the signal variable |ogic in TRACE

MR SIEBER Yes, that's a conmon --

MR. MJRRAY: There are 100 and sone odd
signal variables and | had to have every single, you
know, type with different inputs and then, you know,
| had to calculate what should the output be from a
certain control block and put it in there and go one-
by- one and check what the code prediction was agai nst
what rmny, you know, side cal culations showed. And if
you don't do that, you have no confidence.

There's ot her techni ques where you can do
-- anot her thing you worry about is well, did the test

that you have designed adequately hit every |line of

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

384

code? You have got to do coverage testing and show
that every single -- in your test suite that you have
built to test that feature, executes every line.
Okay? Because if you're missing lines, you don't know
whether it's right or not.

And there are some techniques that |
advocate and | | ook for developers to follow, and I
have a m ninmum standard and | really hope that | see
nore, but | al so have to keep the devel opnent process
noving forward, and so | have a mnimumthat | | ook
for.

But going on to just what the SQA Plan
tal ks about. It says, basically identifies, there's
two kinds of code updates, differentiates between
them There's new features or nodeling capabilities
and there's bug fixes. By their nature, bug fixes
don't require the sane | evel of docunentation because,
presunmably, you're just --

MR. SIEBER: Correcting things.

MR. MJRRAY: -- fixing what you al ready
have docunentation for. So first we conceive of sone
desired nodeling capability. Al right. W identify
whi ch bugs get fixed. The devel oper has a certain set
of responsibilities. The first thing they do is they

prepare a Software Requirenments Specification.
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For anybody that's not famliar with what
a requirenent is, it's what the software should do
froma user's perspective, howit should function, you
know, what a user sees when they sit down and they are
going to work with the code and what task they are
trying to performwith it.

They prepare a Test Plan that ties each
requi renent, they tie a test to each requirenent. So
general ly, in software engi neeringlingo, you usually,
you know, bulletize your requirenents, give a nunber,
an I D nunber to them and then you wite a Test Plan
that there is a test for every requirenment, so that
you can show that you have net all the requirenents,
and a reviewer would look to see if there are 10
requi renents, there should be at |east 10 tests.

The developer then also prepares a
Software Design and |nplenmentation Docunment. One
thing that's going to happen, and it wll becone
obvious in a second in the next slide, is that the NRC
has sonme responsibilities, and so there's reviews
inserted in here. | don't want to nake it sound |ike
the devel oper does all these things sequentially
wi t hout any feedback.

The desi gn docunent basically just states

what or how the code wll meet its stated
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requi renents, and the devel oper perforns the code
devel opnent. They test their changes according to the
Test Plan. They docunent that testing process in a
conpl etion report and they send us the submttal
package.

On the NRC side, we're responsible for
reviewing that SRS, reviewing the tests, well,
reviewing all those docunents. W review the coding
provi ded by the contractor. | do sone of that as a
code caretaker. Sone of the NRC staff does that. In
sone cases, a contractor reviews a contractor's work.
W try to search for some i ndependence in these sorts
of information reviews.

W repeat and verify the results of the
conpletion report. W incorporate the code changes
into the configuration control systemand | update our
i nternal devel opnent website. W incorporate the code
changes into the configuration control system and |
updat e our internal devel opnent website. Once it's on
the website, that new snapshot of a code is on the
website, all the devel opers have access to it and can
pi ck that up and be using that as a base.

VICE CHAIR WALLIS: Are there coments
where if | have the code docunentation, | have

Equation 3.2.7.1, which is sonme version of a nonentum
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equation or sonething, and | go to the code and | can
see a coment, which says the followi ng |ines, put the
coefficients into --

MR. MJURRAY: | think sonme of that, yes,
there are corments like that. |'mnot going to sit
here and tell you that every line is --

VICE CHAIR WALLIS: | can sit down with
t hat docunmentation and the code and | can have a one-
t o- one correspondence of everything?

MR, SIEBER  No.

MR. MJRRAY: Not everyt hing.

VICE CHAIR WALLIS: It would seemto ne
you have to have that. Qherwise, there is no
guarantee that the code represents what's in the
docunent ati on.

MR STAUDENMVEIER: | nean, it's not down

to equation nunbers from the Theory Manual in sone

cases.

VICE CHAIR WALLIS: But it would have to
be.

MR. STAUDENMEIER  But it will be Iike
interfacial drag for bubbly slug, for this. There
will be a coment there and you can see what the
equations are in the code and see what the bubbly sl ug

equation was in the Theory Manual, but it nmay not have
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t he Theory Manual equation nunber in the coding, and

that would be actually pretty difficult to naintain.
| f you change the equation nunbers in the Theory
Manual , because you inserted nore equations, then you
have to have a process to go back into the code and
change that equation nunber.

VICE CHAIR WALLIS: | think you need to do
t hat .

MR STAUDENMEIER So if we were to do
that, we would have to add sone --

VICE CHAIR WALLIS: | think you need to do
t hat, because these are the conmpnest causes of error.
What you think is in the code isn't what you have
witten down in sonme authoritative docunent and you
cannot nmake a one-to-one conparison, so then you get
all sorts of errors.

MR. MJURRAY: | think the other thing that
it does, if you get into doing that, isit limts your
code architecture. There's places where, you know, we
have nodul arized things, so you sol ve things by
conponent .

VI CE CHAIR WALLI S:  Yes.

MR. MJRRAY: And sonme of these equations
for a pipe, let's say, they apply to a pipe and a

pressuri zer and a punp and a valve, and so in each of
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those spots for each of those conponent types, you
have got, you know, sonme, you know, code that repeats
itself and you woul d have to naintain that in all four
of those places.

VI CE CHAIR WALLI S:  Yes.

MR MJRRAY: | think that that woul d be
very difficult.

MR SIEBER | think one of the harder
things is if you' re enploying coding that s,
basi cal |l y, nuneri cal nethods to solve partia
di fferenti al equations  or simul taneous |inear
equations or sonmething |ike that, the description of
the problem you're solving in equation form in
mat hematic terns, in the technical nmanual is going to
be a lot different than what the coding is. You know,
you woul d | ook at this and then you would go to, in ny

case, the I BM Nuneri cal Met hods Handbook and say this

is the way you solve this kind of an equation. Here
is the code set that does it.

VICE CHAI R WALLI'S:  Not in TRACE, because
if you listen to John Mahaffy, he takes his noment um
equation and he has all kinds of ways of upw nd
di fferenci ng and doing this and taking the divergence
termand witing it in sonme way, which makes it | ook

better and all that.
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And when it gets to a final finite
difference form which is going to be used in the
code, it's got to be absolutely explicit, no way you
can msinterpret it. There has got to be a way of
checki ng that what you have witten down there as the
nunmerical method is actually encoded property.
O herwi se, you have chaos.

MR MJURRAY: A code of 100,000 Iines.
mean, what | think is nore useful in the comment is --

VI CE CHAIR WALLI S: Suppose soneone in the
code has aj-1/2 instead of a j+1/2, how are you goi ng
to find it unless you have got sone authoritative
equation you can go into and you can identify that
Iine of code and make t he conparison?

MR. STAUDENMEI ER. Usual |y, those type of
bugs turn up in bad cal cul ati ons and you trace it down
to sonmething like that.

VICE CHAIR WALLIS: Coul d be.

MR STAUDENVEI ER° But | nean, | guarantee
any code the size of TRACE or RELAP5 has errors init,
and we know t hat because we keep getting error reports
and fixing them And you find new ones when you push
it into uses that you haven't used it for before and,
hopeful |l y, you have wrung out all the major bugs that

cause big changes in your calculation results, but
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there still may be sonme in there that are causing
subt | e changes or don't show t hensel ves until you get
into some special case or sonething like that, but
that's, essentially, the process.

| mean, you try to put good practiceinin
devel oping it and have docunentation and we are doi ng
that, but there still are going to be bugs that are
going to be found when people are using the code.

VICE CHAIR WALLIS: M experience with
witing many codes to solve many problens is that
writing down the equations and witing down the first
version of the code is the nost trivial part of the
whol e problem And then there are all kinds of ways
t hat somet hi ng goes wong, and finding out what that
is takes far |onger than constructing the solution
nmet hod, witing down the equations. [It's not a
trivial thing at all.

MR. STAUDENMEIER.  And I'mnot trying to
say that it is. And actually, part of our peer review
process, | know we have tal ked about starting up a
contract within the branch, we haven't done it yet, is
for soneone to go in and verify +the actua
mat hematical ternms that can be verified |like the
correlations, that they are consistent with the Theory

Manual and coefficients that go into matri x sol utions
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t hat you have constructed then consistent with the --

VICE CHAIR WALLIS: But when you have,
say, nested |oops and things, you think the thing is
goi ng through these | oops in sonme kind of a way that
you have all worked out in your head and all that, and
you're danm sure that's what it's doing, but it isn't.
There is sonmething el se happening there where a hal f
is getting stuck in there or it's not going through
the whole |loop or, you know, there is sone strange
glitch. It happens all the tine.

MR STAUDENMEI ER: And sone of the nodern
debuggers can step through | oops and you can see how
t hey are stepping through | oops and verify that when
you' re doi ng your code devel opnent with the debugger.
| nean, you take steps and it goes through each |line
of the code and you can see what's bei ng cal cul ated at
each step, so that has hel ped t he devel opnent process,
t he nodern debuggers.

And actually, Fortran 9095, you can use
nore descriptive variables and the array | anguage
logic in there makes it easier to wite cleaner
| ooki ng code that | ooks nore |ike what the equations
are down on paper than ol der dialects of Fortran.

MR. MJRRAY: Generally, what | think is

important also in conmenting isn't always just tying
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somet hi ng back to, you know, here's the equation. |
think statenents that lets you get inside the
devel oper's head, what they were nmeaning to do when
t hey put a pi ece of coding there, not necessarily what
they -- sonetines it's so easy to see conments, you
know, start | oop and, you know, that doesn't help you
at all.

But if there is a small two or three
sent ence coment that says here's why |'mplaying this
l[ittle nunerical gane, because later onif | do see an
anonmaly against the manual, | know which one is
correct and | can fix it right away. | amnot |eft
wondering okay, nowdo | fix this or if I fix this, am
| going to break 20 other test problens? And it's
nore inmportant to be getting inside the devel oper's
head in ternms of conmmenting code and docunenting a
code.

And that's where we cone to with this
slide, is where | see the gaps of that process are and
how we inplenment them Enforcenent of the SQA
standards are not always as rigorous as it could be.
A lot of that, when | say it's not as rigorous, it's
that we're not always enforcing certain of those
docunents, the SRS or the SDID, are necessarily

getting witten. That has happened a few tinmes
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internal tothe NRC. W're pretty good about forcing
our contractors to wite that docunentati on.

There have been sone projects in-house
t hough, ESBWR and AP-1000. Well, it hasn't happened
yet for 50.46. | think | can see it's going to happen
where we're a little |l ooser on requiring an SRS to be
witten or a SD D

MR. SIEBER  So that would be your fault?

MR. MJRRAY: To sone degree for not
forcing it, but that's where | take ne to the second
slide, is that there is a general desire not to be too
heavy- handed in the application of the process.

One of the things | worry about is if |
get too particular and say no, you're going to have
this docunment before | ever see it and it's going to
be of a quality that I"'mwlling to accept, then |I'm
either -- going to isolate that developer. In sone
cases, with the high priority projects in-house,
t here's nmanagenent pressure to nmake sure that stuff
gets done and that, you know, is not sonething that
can always stand up to, | guess.

MR. S| EBER.  Ckay.

MR. MURRAY: | nean, what | want to say is
that there is sort of a people process in trying to

manage people. There is a very social aspect to this
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devel opnent .

MR. STAUDENMEI ER. Yes. One exanple |
will give for what he's talking about, like the
interimreflood nodel went into the code. Normally,
we woul dn't have put that in the code w thout ful

Theory Manual docunmentation to go along with it, but

Joe Kelly got noved on to -- he had to do the ESBWR
fil mcondensation nodel and he has to start that up

before he finishes the interim reflood nodel

docunentation, and now he is noving on to 50.46.
Eventual |y, the docunentation will be conpleted, but
it's not contenporaneous with the nodels going into
the code as we would like it to be.

VICE CHAIR WALLIS: That's the sane
problem we have wth these vendor codes. The
docunentation is the orphan child. |It's done at the
very end i nstead of being done at the beginning while
you' re devel oping things and being used as a really
hard reference to what exactly you're doing, and then
it gets garbled and you get typos in it and all Kkinds
of stuff and inconplete stuff, and the guy is off on
sonmet hing el se, never comes back and really fixes it
up, but it's absolutely vital to get it right.

MR. MJRRAY: Secondly, also follows from

the first bullet, the SQA docunentationis, | find, of
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general ly poor quality and it doesn't really allow e
to know what the devel oper was thinking all the tine.
| look to a lot of the software in the SQA
docunentation so | can say okay, was the devel oper
considering this or was he not? And if he wasn't,
then there's a way to fix that. The docunents don't
al ways contain sufficient information to filter into
t he code manual s.

CHAI RVAN RANSOM  You have three sources,
| guess, |ISL, Penn State and devel opers here in the
NRC.

MR, MJRRAY:  Yes.

CHAI RVAN RANSOM  You' re tal king about all
of then®

MR, MJRRAY:  Yes.

CHAI RVAN RANSOM I n general ?

MR MJRRAY: LANL-T was anot her one,
anot her devel oper that we have had, Purdue.

MR SI EBER:  Purdue.

MR. MJRRAY: |s another devel oper.

CHAI RVAN RANSOM  Pur due, right.

MR. MJRRAY: They also do sone limted
TRACE updating as well. But | mean, what you would
like to see is if, to give a good exanple of the

sufficient information not being filtered into code
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manual s, we have a user guide that is supposed to
expl ai n what each of the conponents are and how t hey
wor k, what the hidden i ssues are in using themor what
the guidelines should be, you know, where they are
appl i cabl e and where you have got to watch out for
usi ng them

And t hat user guideline, there should be
sone documentation or sone information somewhere in
either the SRS or that SDID that is sort of outlining
that, so that | can just take it and cut and paste
and, you know, slap it into the user guide document
with some mnor editing.

And | find that sone of that stuff is just
not there at all and that's a problem as | see it,
because now you have to play catchup later on. Now,
we' re here and saying, you know, we're going to have
something two years from now and you're questioning
well, can you really get all that docunentation done
i ke you' re saying you' re going to and, you know, that
seens like alot and it is and it's partly because of
this.

And you know, a |l ot of that |I blame on two
things. | blame on anbitious schedul es that are put
into place and | think we're not al ways doi ng t he best

j ob of maki ng sure that our devel opers under st and what
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expectations are and then hol ding to that, maki ng sure
that there's managenent backing to hold to that, so
that when a devel oper conmes in and says here's ny
docunentation, Chris, and | say no, it doesn't quite
have it, it doesn't quite neet what we need it to
neet. And they say oh, you know, we don't have
anynore tinme to do it, because, you know, we have got
to get this work done. And so | do shoul der sone of
the responsibility for that.

CHAI RVAN RANSOM |'m sure you run into
the problem too, that this is probably the | east
desirable part of the job on the part of the
devel opers.

MR, MJRRAY: Yes.

CHAI RMVAN RANSOM  They al ways seemto
negl ect the docunentati on.

MR. SI EBER.  You know, the typical excuse
is don't worry, I'll get to it.

MR. MURRAY: | mean, now, | try to take a
practical or a pragmatic approach to sone of this and
this leads ne to the next slide, how do we get it
right?

One of the problens with sone of that
docunentation is if it falls out of like the SRS and

the SDID, there are standard accepted ways of writing
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these in the software engineering conmunity, but
engi neers are not software engineers. You know,
nucl ear engi neers are not software engi neers and don't
al ways know this.

What | would |i ke to see are nore standard
tenplates, and not just tenplates, because the
tenpl ates are out there, but two things. Tenplates in
our Franemaker, we wuse Framenaker for all our
docunentation, so we need Franenaker tenplates, so
that people don't have to pull something from word
over. And secondly, it ought to have a | ot of the
text that ought to be there already there.

| mean, thereis alot of boilerplate text
that can appear in these docunents related to TRACE
There's requirenents that will always be there. You
can't break the restart system |If you add a
vari abl e, you have to be able to back up the tinmestep
successfully and have it maintain that or restore that
n-1 vari abl e.

You know, there's different requirenents
that will always be in the code and those need to just
be in these tenplates, so that the devel oper doesn't
have to rewite that every single tinme, and that wll
reduce t he burden on the devel oper and, | think, allow

us to get better docunentation each tine.
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Another thing that | think will help the

process is NRC staff should prepare the SRS in-house,
and that that should becone the basis for the
statenent of work. R ght now, we rely on the
devel oper to tell us what our own requi renents are and
that, to me, seens to be a choke point. |If we're not
reviewi ng that properly, we're starting froma point
we can't maintain anyway.

And that SRSreally needs to be witten by
us first, but there is a penalty in that and our
contracting process gets stretched out, you know,
because we have got to wite the docunent. But if we

al so have the tenplate, that should mnimze that.

CHAI RVAN RANSOM | think we need to nove
al ong.

MR. MJRRAY: Ckay. |'msorry.

CHAI RVAN RANSOM | think we're getting

the picture that this is a problemarea and it al ways
has been a problem area for the NRC. | don't think
t hey have ever recogni zed how much it really takes to
docurnent and keep t he docunentati on up to date and, as
a result of that, we have generally had poor
docunent ati on.

MR,  MJRRAY: kay. In terms of

verification, | will just take you quickly over how we
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verify the code. | have already gone over a little
bit of what our definition is.

For TRACE we do verification in a variety
of ways. The devel oper performs their own targeted
verification for their features or code updates that
they are working on. It may involve any of these
following, line-by-line reviews, that is certainly a
form of wverification, driver prograns, small test
probl ens designed to exercise only the feature being
nodi fied or added. This is ny mninmum standard ri ght
here. | look for these.

They shoul d denonstrate 100 percent |ine
coverage of the Fortran being changed, and | don't
generally seethat. | run a regression suite of 1,300
plus tests. That suite is always growi ng and that
suite is designed for me to ensure that ot her features
that the developer didn't intend to change really
don't change.

CHAI RVAN RANSOM |s that a point-by-point
conpari son, sone netric devel oped as far as how wel |
this new version agrees with a previous version? In
ot her words, these are all transient problens, right?

MR. MJRRAY: Yes. |'m conparing.

CHAI RVAN RANSOM  Are you conpari ng these

ti mestep or point-by-point?
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MR. MJURRAY: Yes. There's four. Let me

think. There's one, two, three different files that

we conpare, use a Unix Diff conmand, just conpares

di fferences of characters. And one of those files is
-- there is full nunerical precision output of somne
key vari ables every tinestep. And then there is the
nessage file and the output file that we al so conpare.

The out put file, because the nunerical precisionisn't

al ways -- you know, some nunbers may only be down to
the third decimal place. You can run for 200.

CHAI RVAN RANSOM  What |'m | ooking for is
what information do you finally get out of all this
because, clearly, you can't go through 1,300 plots.

MR MJRRAY: Joe showed in his slide, |
| ook at three criteria, three criteria, and | put it
on our web page. | have scripts that | run that
consolidates all this information on |like a web page
that | can just nove through

The first thing | look at is were there
any test failures. |If there are failures, problens
that used to run that don't run, that's sonething |
| ook at. Secondly, | look at all the differences. |If
there are any differences in test problens that
shoul dn't show differences, then that's a flag.

CHAI RVAN RANSOM  Now, you're saying
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di fferences. You nean out too eight significant
figures or sonething |ike that?

MR. MJRRAY: Yes, yes, that's right,
because we have that one file that | ooks at things out
to that |evel.

And then there's a set of sort of
performance netrics, runtinme, the end tine of the
probl em the nunber of outer iterations, the nunber of
ti mestep backups, the nmean tinmestep size, and | | ook
at that across the whole suite and | can get a good
neasure of code performance just based on those, is
t he code on the aggregate running better or worse.

CHAI RVAN RANSOM  Ckay.

MR. MJRRAY: The devel opnent projects get
revi ewed at periodic code coordination neetings once
or twice a year. That's where we try to do line by --
| try to encourage devel opers when they are giving
presentations of what they have worked on to sort of
get at the code level, so that we can see what the
code | ooks |ike. You know, the devel opers are either
going to sit in front of us, their other peers, you
know, devel opers, like I'"msitting before you and sort
of just present sonething.

What | try to encourage, and this is

somet hi ng t hat has changed since | have cone here, is
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show us the data structures, you know, show us your
overal | design, what your data structures | ook |ike,
because if we see those details we can see a lot. It
doesn't always involve line-by-line reviews though.
That's what | was told.

Before being submitted to the code
custodi an, nme, the update and its change sunmary file
gets revi ewed by anot her devel oper who i s i ndependent
of the devel opnent project of interest. W have gone
through that. The changes are reviewed by the code
cust odi an to ensure adherence to standard progranm ng
gui delines. W have a standard set of progranmm ng
guidelines that's wup on our website that al
devel opers are expected to follow. | ook for that.

The update is integrated in the official
source base and then the regression suite is rerun
That sounds a little backwards, but really, we run a
regression suite and then once it has passed the
mustard we put it in the official source base. W
check it into our CVS repository. Any new test
probl ens that the devel oper created get put into the
regression test suite.

In terms of the third concern, which was
about assessnent and whether it is being done with an

approved process with a frozen code version, right now
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the TRACE assessnment is currently underway. Qur

intent is to deliver a Devel opnental Assessnent NManual

that is based on a single frozen code version. So |
don't know what was done in the past, but that's not
going to be the case for TRACE

CHAI RMAN RANSOM  That will contain
conmpari sons to cases where you have physical data on
accuracy?

MR. MJURRAY: That's right. Théssessnment

Manual is only going to be conparisons to data.

CHAI RVAN RANSOM  Yes.

MR. MJRRAY: And we're going to have the
facilities, we're going to have automated facilities
that do that for us, so that fromversion to version
|"'m going to be able to rerun the entire suite of
assessnent cases on a cluster or a multi-processor
machine and it will regenerate all the plots and al
those plots are going to get updated in the manua
automati cal | y.

Now, the analysis that goes along with
those plots will have to be | ooked at by an engi neer,
but at any tinme that we run the assessnent set, nost
all of the manual |abor is going to be done for us,
and that's what | think is goingto allowus toreally

reach this, being able to say we do it with a frozen
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code version. |It's very hard to do that otherw se.
Requi renent s for an assessnent process for
an NRC system code are fundanentally different from
t hose of vendors. W have a need for a nore broad-
based assessnent than vendor codes generally need.
Vendors usually only have one reactor type they have
got to worry about. W have got to worry about them
all, but that doesn't mean that we don't do targeted
assessment where we need it right now And so |iKke,
at this point, application to TRACE or of TRACE to
current NRC projects is being supported by targeted

assessnments for specific applications |Iike 50.46 and

ESBVWR

The one criticism | think, I can lay on
the process that | have not seen to date is no
rigorously docunmented process for input nodel
devel opnent. | haven't seen where our nodels are

being maintained in a central repository the way they
probably ought to be. There's not sonme naster guide
that says this is how, you know, thou shalt nodel a
st eam generator or, you know, a Westinghouse punp or
somet hi ng.

And we have tried to get to that point.
There's weekly review neetings that are conducted

that are designed to ensure conmmobn nodalization
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approaches. That way if we nodel a core in an
integral effects facility with 2 foot nodes up the
core, that the plant nodels will also have that sane
nodal i zation. So these weekly review neetings are an
effort to nove towards sone institutional know edge,
| guess. The lessons learned will filter into the
User's Manual and SNAP as user gui deli nes.

It seens |like there's sonme |ines m ssing.
Here we go. Well, | think the slide will showit, the

lines. What this graph or this picture is trying to

showis what |, luckily, it's not that |ong, think our
assessnent will follow, the tine line.

Right now, | think we're still in this
Phase | assessnment, which is really just gathering

i nput decks and getting all the i nput nodel s toget her.

Once they are all together, we wll have this
automated. We'll have a framework that we can
aut omat e.

CHAI RVAN RANSOM  So you're going to have
nore than 1, 300 probl ens when you get all of these in
here, too, or what?

MR MJRRAY: Yes. | nean --

CHAI RVAN RANSOM  You' re asking --

MR.  MJRRAY: There's basically two

different -- yes, | nean, what wll happen is the
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regression suite is a little different froman
assessnment suite with the caveat that every assessnent
problemw ||l be in ny regression suite, but | may not
necessarily run it out intime as far as I woul d have
for the full assessnent, because the regression suite
is just meant to show that we're nmaintaining
functionality and reliability of input and that
features aren't degrading. But the assessnent is
real ly what shows adequacy, you know, agai nst dat a.
And so every assessnent problemw |l bein
my regression suite, as well, but it mght be we'll
treat the ti mestep, you know, or the end tinme, so that
it runs faster, because |I'm envisioning that once we
fully automate our assessnent suite, it nay take a

coupl e weeks to run t he whol e t hing, maybe | onger than

t hat .

But right now what | sort of envision is
that right now we're still creating the different
facility nodels and we'll assenble, basically, our

aut omat ed framework together. And at that point,
we'll sort of have a draft, what would amount to a

draft manual. But | think that, at this point, you

know, there will still be deficiencies in the code
that will need to be worked out. And so down here
we'll start addressing those deficiencies, but each
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time we do we're going to be rerunning that whole

assessnment suite in an automated way and see how we

get better.

CHAI RVAN RANSOM Is that a two year tine
l'ine?

MR. MJURRAY: Huh?

CHAI RVAN RANSOM Is that a two year tine
l'ine?

MR. MJURRAY: Yes, this is our two years
out to the TRACE 5.0 release. And at that point, we
woul d enter -- now, | have a little bit of tine here
for converting to a published NUREG for our
docunent ati on, because that takes tine for the NRC
process and needs to be planned for. And then we
woul d enter, essentially, adifferent |ifecycle nodel,
which is the only difference between what we' re doi ng
now and what this is, this green |ine up here.

| "' m envisioning that what we would do is
we would -- at this point, you have your Version 5.0
rel ease. There may be people out there that are
runni ng that rel ease and may cone across maj or
critical fixes that are killing a code in sone way
that you are going to need to address, you know, so
peopl e can get a job done and this would be sort of

that branch, which is the rel ease branch
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But over the course of a year, you would
be addi ng features, new features to the code, but you
have got to freeze at sonme point. You can't add nore
features, because if you keep doing that you'll just
al wvays have a noving target, which is sort of what has
been happening up to this point.

And so at this point, you have a feature
freeze and then in here is your assessnent phase on
that frozen version. Well, it's not frozen. |It's
just chilly at this point. And you will identify
i ssues and you will have to fix those, but because of
our automated set we will be able to see the effects
of those across the whol e set, you know, nuch qui cker
than we used to and in that way, we'll iterate to the
next rel ease.

But now, the devel opers are still working,
so there's going to be this devel oper branch that you
break off here that the developers may still be
wor ki ng with and, at some point, you' re going to have
to nmerge those features back into now your new 6.0
release. So it's sort of a |leapfrog effect and that
is sort of how !l envision the devel opnment will happen
inthe future. And that's it.

CHAI RVAN RANSOM  Ckay. Well, thank you,

Chri s.
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MR. MJRRAY: Sorry that took |onger than
it should have.

CHAI RVAN RANSOM  We're short of time, but
let's go ahead with the SNAP presentation. W can
di spense with ny conments. You can probably nove
fairly quickly. | think that we have all been nade
awar e of kind of the structure of the SNAP capability.
s yours on?

MR GNGRICH | think so.

VICE CHAIR WALLIS: This is a whol e new
presentation, too.

MR. SIEBER. It may be quicker than you
t hi nk.

UNI DENTI FI ED SPEAKER:. Ch, that's the
first clue.

MR GANGRICH M nanme is Chester
G ngrich. | am project manager for SNAP and, as you
say, we'll go through this pretty quickly. | just
want to talk real quick about the new changes. The
system architecture for SNAP has undergone a nmj or
change, but the structure is still -- what's going on
her e?

CHAI RVAN RANSOM  When you say mmj or
change, | nmean, have you gone to a different software

phi | osophy or codi ng or support?
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MR G NGERICH Sonewhat different. What

we have done is we have cone up with this CAFEAN
architecture. |It's an application programrer's

interface that is kind of the | ayer between the vi sual
and the plug-ins that we have been using in the past.

CHAI RVAN RANSOM  What notivated that?
Did the old software just didn't work or wasn't able
to do the job?

MR. G NGRICH  The goal of SNAP, as
originally intended, was to provide a user interface
t hat was somewhat devoid of having to know about the
actual --

CHAI RMVAN RANSOM  Ri ght .

MR G@NGRICH -- format of the cards and
stuff like that. And the second thing was to provide
a consistent interface for all of the research, well,
even the U.S. NRC codes. So we had to nmake sure that
we had sonething that was easily extendable, so that
it could be easily inplenented for other codes and
sonmet hing that was easily maintai nable. Ckay?

So fortunately, | have a contractor that
is very good, that knows a | ot about code desi gn, has
been very good at keeping up with the industry
standards. So we have cone up with this application

programm ng interface called CAFEAN. It's actually a
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JavaBean. | don't know if you have heard the
buzzwords, but JavaBean industry standard interfaces
and the CAFEAN plug-in interface is actually published
or, actually, right nowit's in a draft form but it
is sem-frozen at this point. 1I1t's published and can
be | ooked at by anyone who has a web browser.

It's very rigorous, but a very sinple
application interface. | think it went fromlike
1,200 pages down to like | think the | ast version was
only like 120 pages.

CHAI RVAN RANSOM 120 pages of coding you
mean?

MR GNGRICH It's the docunent, howit's
interfaced with the CAFEAN package, and what it
provi des you is howto use these. | wonder if | have
a pointer on here. | guess | can get up and point.
How to use the different -- how RELAP or TRACE or any
of these codes can actually talk to this application
interface.

Oh, you actually have a weapon. Thank
you. And basically, right now we have our own | ayer
of standards that we apply to these JavaBeans, so a
conmponent bean woul d be like for a pipe, in CONTAINit
woul d be a cell. And what we have done is we used to

have an application for post-processing, VEDA very
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simlar to the NPA. W have conbined that as a pl ug-
inunder this GU client application, so even the VEDA
animation stuff is all done using this architecture.
In the future, we're going to be noving AcGace into
this, too, | believe, but we'll get to that.

The CAFEAN stuff, the plug-in al so covers
how the calcul ations are done, how the executabl es
actually talk to this runtine and display of data as
they are running and as to the database server. Even
t hough it's not shown here, there is an interface to
CAFEAN
S| EBER. Does that exist?

G NGRICH Wi ch?

2 3 3

S| EBER: The dat abase server.

MR GNGRICH Yes. Actually, that is
being inplenented. W used to have a dat abase
interface to Oracle, Sybase, anything that supported
SQL. But IBMrecently converted or released their --
| forget the name of it. They had a free -- well, it
wasn't free. They had a version of a database server
that they recently released into the public called
DERBY and we're actually inplenmenting that. So you
won't even have to have your own dat abase system You
can actually just use SNAP ri ght out of the box and it

will keep track of things for you.
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Let's see. Yes, next slide. Design
i mprovenents. As | tal ked about, this CAFEAN st ands
for this Common Application Franework for Engi neering
Anal ysis. W have converted the TRACE plug-in into
this JavaBean format, which is basically --

CHAI RVAN RANSOM  Now, the TRACE pl ug-in,
does that nean a converter that will read a RELAPS
deck?

MR G NGRICH  No.

CHAI RVAN RANSOM  And spit out a TRAC
deck?

MR G NGRICH No, this is just the TRACE
plug-in interface, the GJ for building decks and
such.

CHAI RVAN RANSOM  You didn't have to
rewite all of that, did you?

MR GNGRICH Wll, it wasn't rewitten.
It was, basically, converted, nassaged into this new
JavaBean format. As | said, the post-processor has
been noved into the interface as a plug-in itself.
The dat abase has been converted or is bei ng convert ed.
There is a jEdit text editor that is a very powerful
text editor. |It's freeware that we directly export to
now when you conplete creating your nodel on the

gr aphi cal si de.
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Ri ght now SNAP still has sone m sfeatures
that may need to have the user go in and edit by hand,
so we can edit. W can export directly to the jEdit
editor, so if the user wants to go in and nmake a
change at SNAP this doesn't support yet, he can still
do that.

CHAl RVAN RANSOM Wl |, one of the
criticisms that | have heard of this is that,
general |y, SNAP and, say, converting a RELAP5 deck or
generating, | guess, a TRACE deck, spit out a binary
file.

MR G NGRICH Right.

CHAI RVAN RANSOM Wi ch was sort of
nmeani ngl ess to the user, and so it was not possible to
go back and edit that in the normal input stream

MR G NGRICH WIIl, that's one reason we
had this. Yes, that's one of the reasons we had this.

CHAI RVAN RANSOM  Are you going to be able
to do that?

MR GANGRICH Yes. And we actually
address that in another way, too. W have an editor
that can go right in to | ook at the raw binary format
in a data structure.

CHAI RVAN RANSOM  And interpret it, |

guess.
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MR GANERICH [|['msorry?

CHAI RVAN RANSOM Wbuld it interpret it?

MR, G NGRICH  Yes.

CHAI RVAN RANSOM  So that the user would
know what was i ntended?

MR A NGRICH Exactly. So that's
actually provided with the distribution of staff when
you download it. W also support something called
reference nodels. One of the criticisns we have had
in the past, when we noved to this new architecture,
we got rid of what was called the underlying reality
| ayer, which kept a physical representation in SNAP' s
nmenory at all tines.

So if you did renodalization of a pipe,
for instance, you al ways kept sonewhere in that data
structure the original pipe dinensions, so that no
matter how many times you renodalized it, you would
al ways be able to go back to the original pipe. Wll,
we bl ew that away, because it was a really ugly data
structure.

So to recapture the ability to go back to
our original pipe, what we did is we nmake these
reference nodel s, which allows you to go right back to
t he ori gi nal nodel for any conponent in that nodel, so

we have recapt ured sonet hi ng we had | ost acci dentally.
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The extensibility, we're actually noving
over to the standard industry or rather this industry
standard JavaBeans has brought us a lot. W can use
any JavaBean that's out there on the web, any JavaBean
anywhere anyone has developed for a graphica
interface, a plotting package, anything of that
nature, we can grab it and jam it right into a
directory. That's all you do. You just place these
JavaBeans into a directory and when you | oad SNAP, it
reads it.

CHAI RMAN RANSOM  It's all run in Wndows
on PC?

MR G NGRICH It will run under W ndows
and it runs under Linux. Anything that has a Java
virtual machine it will run under. | believe Joe
Kelly even uses it on a Mac.

Li ke I was saying, some of the stuff we
have been able to get. GCkay. This JavaBean gi ves us
-- the custombeans can be i ndependent!|y devel oped and
shared and we can use a shared repository for
contributed beans. Anything that is witten is
witten as an i ndependent and right now, we have --
it's not really an agreenment, but kind of a
gentl eman's agreenent, between naval reactors, KAPL

and Bettis, and they | ove this approach, because they
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have a lot of stuff that we can't see, because they
are super secret stuff.

But they can still use this architecture,
because any plug-ins they make, they keep, but they
get to use all of our graphics, all of our data
structures without hurting thenmselves. Likew se, we
get some stuff out of them too, but I will get into
that |ater.

This Python scripting here, Python is a
scripting | anguage, very popular. |I'mnot sure if you
have heard of it. It's kind of like PERL only it's an
advanced PERL. W got this, because there is actually
a preexisting Jython, which is a Java inplenentation
in PERL -- in Java. Soneone help nme here.

MR. STAUDENMEI ER: Pyt hon i npl enentati on
in Java.

MR. G NGRICH  Thank you. And that was
i npl enented very easily in SNAP because of its
subject. You know, it's a very strict, you know, we
have a very clean interface. And CORBA, it's just
that's old news. W haven't changed any of that.

Plug-ins contain all anal ysis code
specific classes. That neans that TRACE knows all
about TRACE conponents. RELAP knows about all of

RELAP conponents. And right now, all of our plug-ins,
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except RELAP, are in this new format. RELAP, if you
will remenber, was the first one we had inpl enented
and we changed our architecture, and we just sinply
haven't gotten back to converting it yet. There's a
strong interest in doing so. It wasn't initially in
our plan, because we hadn't planned to change the
architecture. This will either be done in 2006 or the
Navy may end up doing this. They have expressed
interest in doing this thensel ves and paying for it.

There are feature plug-ins. A feature
plug-in still fits in the same architecture using the
sane tools. W have this RELAP to TRACE Vessel
Conversion Wzard because, obviously, a TRACE 3-D
vessel, you know, you will need help if you' re going
to be nmaking any migrations in that direction from
RELAP. As | said, the APl is published. You can
actually go to this website and you'll see it. You
can read it in great detail.

|"mgoingtotry togo throughthis pretty
quick. | have nmentioned a ot of this already. W
support different w ndowing types. W have this
mul ti -wi ndow node where you have each frane, each
conmponent is in a different wi ndow, but the nore
popul ar for wi ndow users is to have all of it under

one window with each little box capturing the
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functionality.

CHAI RVAN RANSOM  Now, is that one of the
NPA type graphical displays?

MR G NGRICH Yes, this is what you're
seei ng here.

CHAI RVAN RANSOM  And that's just carried
over into this then?

MR A NGRICH Yes. You can |oad this.
Vel |, you probably --

CHAI RVAN RANSOM  There is going to be an
aut omat ed way of producing this nass?

MR G NGRICH There is indeed. That's
one of the things that we have added, and one of the
reasons we want to put the animation, this NPA
functionality inside of this GJ, is because now when
you bring up -- let nme see if | have it. Here is how
t he conponent navi gat or works, just | abeling different
parts here. This is not really sonething you need to
-- what you could do, now, when you normally build a
nodel or edit a deck, you will be | ooking at this. To
make an animation, to make --

CHAI RVAN RANSOM Is that a drag and drop
type function?

MR G NGRICH Yes. To make these things,

there is a palette up here. You don't see it al
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right here. You see sone of the tools. You will see
pi pes and things.

CHAI RVAN RANSOM  Val ves and j uncti ons.

MR GNGRICH R ght. Any conponent and
code supports will be up here. You can just drag and
put it on the palette and connect them

CHAI RVAN RANSOM  You t hen open up a box
to put the data in for that conponent?

MR G NGRICH Yes. Wat will happen is,
et me go back, that will open up a properties view
| f you double click on any conmponent you drop, you
will see a properties view

CHAI RVAN RANSOM  Ckay.

MR G NGRICH Ckay. Everything has a
property, because everything is a bean. Anything you
can see is a bean and all beans have properties.

MR SIEBER: Baked bean.

MR. G NGRICH And one of the neat things
about beans, if you select several of them say you
sel ect several pipes and you say | want to change the
property of the length for all of these pipes all at
once or | want to change the coefficient of friction
or whatever, whatever property it supports, you can
bring up this property thing and only the comon

properties will be editable, and you really get that
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for free, because the JavaBeans support that kind of
editing. W didn't have to do any extra progranm ng
for that.

So anyway, that's howyou woul d change t he
properties of a pipe or any of these conponents. And
everything is a bean even these connections here are
beans. You can, you know, change whi ch conponents
t hey connect to, you know, different features.

Now, you see, this is an ani mati on nodel .
This is the equivalent of an NPA deck. Wat we
actually did here is we took our -- | keep getting the
direction mxed up. W just grabbed this inmage.
There is a "select all" under edit and you drag that

over to an ani nati on nodel canvas and drop it, and it

will automatically build this view for you. It wll
show you the pipe. It will even attach this range
di al ogue here. You have to tell it what the range is,

but it attaches that dial ogue for you. Let's see.

CHAI RVAN RANSOM A previous nodel had a
U-tube in | thought, didn't it, or is that enbedded
within that blue bar?

MR GANERICH ['msorry?

CHAI RVAN RANSOM  Wel |, | thought your
previ ous nodal i zation diagramhad |like a U-tube --

MR G NGICH Onh, not that particular
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one. No, |I'msorry.

CHAI RVAN RANSOM  Oh, okay.

MR GNGRICH | just neant, generally,
when you take a nodalization and nove it over. Yes,
t he nodalization this canme froml ooks just like this.

CHAI RVAN RANSOM  Oh, okay.

MR GNGRICH So it nakes creating
animati on nodels extrenely easy and all these are
custonm zable. They are just graphics. Let's see.
Oh, yes. One of the inprovenents we have done in
these animation nodels is we can have nultiple data
sources. One of the data sources is a Python. You
can just wite your own Python script if you just want
to make up, you know, sone kind of a sequence to
conpare your data with or to maybe show you a timng
sequence or sonet hing.

You can actually hook this up to an
experimental data channel and, at the same tinme, hook
this up to a code calculation, so you can conpare
maybe all three at the sane time and you coul d have
your code, your experiment and maybe a test you wote
in Python running side-by-side.

CHAI RVAN RANSOM  Does this NPA capability
all ow you to interactively run?

MR G NGRICH  Yes, yes.
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CHAI RVAN RANSOM  So you can open val ves,

cl ose valves as the thing is running?

MR. G NGRICH Yes, absolutely. This has
greatly enhanced NPA. Here you're seeing, this here
is asource editor for one of the scripts. You can go
in here and edit any variable. You can assign
vari abl es, user vari abl es, to conmponents of your i nput
deck. Any value that is editable in the deck you can
assign a user variable to and bring it forth.

These are editabl e dial ogues now as you
can actually see. You can nake an engi neering
tenplate, if youwill, and hand it over to an anal yst
and say okay, if you have a bunch of these to run,
there were a bunch of calculations Iike this you want
to run, just go into this tenplate, change the
paranmeters you want to change, dunp the deck or just
submit the calculation and that's all he has to do.
It greatly sinplifies that kind of work. Let's see,
did I mss anything?

Paranetric constants. Yes, you can even
define. Sonme of the constants you can define to be
paramnetric variables. Code SNAP has an ability to say
okay, what range do you want to vary these paraneters,
t hese special variables, over and it will submt for

you a whol e sequence of runs that only varies those
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vari abl es.

MR. STAUDENMEI ER:  An exanpl e of that
m ght be a break spectrum you could run. You could
define variables that define the break size and tel
it to run 10 cases in the range of this range and it
will automatically fire off 10 runs with vari ous break
sizes for you.

MR G NGRICH Yes, there is a |ot of SNAP
"' m not showi ng you. There is an execution nonitor,
whi ch actually runs |i ke a daenon. You can put it on
your cluster. It talks over the network or it has
that ability to talk over the network.

W can set up this execution daenon on our
cluster, have the analyst sitting at his desktop PC
who i s connected to that network and submits 100 runs
to the cluster just by selecting paranmetric run and
submitting this job. | haven't done 100 runs, but |
have tested the capability. It does work. It needs
a little work. Right now, if | start the job as
nysel f and Joe conmes along and submts a job to it,
it'"s going to be running it as ne on the cluster.

CHAI RVAN RANSOM |'s there any thought or
plan to build this as an intelligent interface that
woul d hel p the nodel devel oper?

MR. G NGRICH  Soneone's feeding you
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information, | think.

CHAI RVAN RANSOM  Par don?

MR GANGRICH This is just one of the
things that has cone up. You're really hitting the
nail on the head. One of the criticisns we have had
is that this is still alittle bit too hard for an
average user to use, but we are looking. 1In 2006 we
are going to be submtting, what do you call that, a
request for --

MR. STAUDENMVEI ER: Request for a proposal.

MR. G NGRICH  Request for a proposal for
doing, for creating a nore intelligent possibly rule
driven -- we haven't really specked out exactly what
we would want out of it yet. W don't want to take
t he anal ysts out of the | oop, because we want to nmake
sure he's doing sonmething intelligent with this
anal ysi s.

CHAI RVAN RANSOM Wl |, the hope was that,
originally, with intelligent interfaces is you bring
sone standards into it.

MR. G NGRICH  Exactly.

CHAI RVAN RANSOM  And so nore peopl e who
do things in a simlar way.

MR G NGRICH Right.

CHAl RMAN RANSOM  And of course, that has
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a common node failure nmechanismbuilt in.

MR G NGRICH There is always that ri sk,
yes.

MR. STAUDENMEI ER Coul d you go back to
that channel tenplate? One thing we envision with
these intelligent interfaces are these engineering
tenplates where the analyst puts in physica
di mensions of things and then automatically, in the
background, that will be noted up to code nodalization
guidelines and things like that for that type of
conponent .

MR. G NGRICH  Exactly.

MR STAUDENMEI ER: And for the cal cul ation
that you have done, so that the anal yst doesn't have
to worry about details like that. So you're building
an --

CHAI RVAN RANSOM  Presunmably, it inproves
the reliability.

MR G NGRICH Right.

CHAI RVAN RANSOM O reduces the chance of
error, | guess.

MR G NGRICH Yes. W can actually build
inall of the user recormmendati ons right here, so that
gets into it.

MR. CARUSO Have you thought of including
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t he capability of building piping networks specifying
t he conponents and engineering ternms like 8 inch ID
schedul e 80 pi pe?

MR G NGRICH That is actually what the
Navy wants to do. | have said the Navy wants to be
able to take a CAD draw ng.

MR, CARUSO R ght.

MR G NGRICH An actual --

MR CARUSO | wasn't so bold as to
suggest that, but that's what | was thinking about.

MR GNGRICH They will.

MR. STAUDENVEI ER: But sonmething like this
could build that in. You could have a selection for
the specific pipe type that you want, it would be a
dr op- down nenu.

MR. CARUSO R ght.

MR. STAUDENMEI ER: And you would pick it
and naybe | ost coefficients, you could say you have an
el bow t hat bends this nuch.

MR. CARUSO R ght.

MR. STAUDENMEI ER° And things like that.

MR. CARUSO  Standard el bow, a 5D bend.

MR. STAUDENMEI ER. Yes, get standard | ost
coefficients for that geonetry or things |ike that.

MR GNGRICH The initial proposal for
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t he generic GUI, which started way back in '95 and Joe
was on the team |'m not sure if you sat on those
teans. You did? Ckay. So that's --

MR. CARUSO. That was one of the
suggestions | nade back then.

MR G NCGRICH Ch, okay. Yes, that's
still onthelist. One of the things we want to do is
to make a |ibrary of conponents and you could do that
now, except that there is no special graphical view of
that. It would just be loading a nodel in. You can
cut and paste between nodels very easily in SNAP, so
that is how you would handl e that for now, but you
coul d easily.

MR MJURRAY: Yes, | think SNAP al |l ows us
to do a lot of things now, a lot of the things that
you want. It's just we still have to -- what we have
heard is sone of our users don't necessarily want to
be the ones to do all that, and so we need to do and
build a lot of that stuff for them But a really
advanced user can do all that for thenselves nowif
they really want to.

MR G NGRICH Yes. The coment was at a
recent stakehol ders neeting that they didn't want to
actually have to learn the code and | earn how SNAP

worked, and that is a very good criticism It's an
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extra layer of work to learn how to use SNAP
Eventually, | would like to just have SNAP repl ace al

of the input processing across the board for all of
our codes. Kind of like Joe was tal king about having
a common materials library and a cormon steam tabl e,
this could be the comon user interface.

CHAI RVAN RANSOM W need to wind this up.

MR G NGRICH | have one nore slide.
Future activities is develop PARCS plug-in. W're
currently working on MELCOR. It's al nbst done. W'l
have it a finished version in June.

CHAI RVAN RANSOM |Is MELCOR going to be
i ncorporated into the codes, TRACE?

MR G NGRICH  No.

MR KRESS: It's stand al one.

MR G NGRICH It's a stand al ong plug-in,
yes. Renenber, all of these plug-ins can be stand
alone. W don't have to distribute anything with it.

MR KRESS: Yes, that would affect the
runtime.

MR G NGRICH Yes. That's another reason
to have plug-in type capabilities. You don't want to
have to | oad all of the stuff when you're doi ng any of
this. W want to replace the existing plotting

package. The existing plotting package is C based.
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It required X-Wndows, the biggest killer right here.
It requires X-Wndows to run on, so we had to put an
X- W ndow enul ati on on your Wndows platformto use it.
It's difficult and expensive to maintain. |[If this was
inJava, this woul d be a no-brainer, but, you know, in
C, we have to kind of get out of our nice, clean
interface and go into the old interfaces.

This is what we were just tal king about.
W want to inprove these user interfaces, illicit,
something a little bit nore intuitive to the users,
devel op a sinple graphical user interface. W're
going to try to get something together in 2006

MR SIEBER. \What are the illicit user
requi renents?

MR. KRESS: WII| the MELCOR plug-in have
MACCS associated with it?

MR G NGRICH No, but that's sonething
we're going to add probably in the future. W need to
| ook not only at MACCS, but there's also others like
RADTRAD and somre of these other things --

MR KRESS: Yes.

MR GNGRICH -- that the Agency uses
t hat woul d be useful to be able to nove data fromone
of these codes to another.

MR. KRESS:. Then your database could
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include all the site specific data.

MR GNGRICH Yes, it could. The
dat abase i s sonething that we really haven't seen nuch
here, but it's extrenely powerful. Anything you can
see here is retrievable and has a specific ID
associated with it. |It's extrenely hidden, but it's
very powerful.

CHAI RMAN RANSOM  Ckay. well, | would
like to thank RES for putting together the
presentation today. It has been very informative. |
don't know. Can we dispense with the record at this
point? W can go off the record. | think we're
essentially wound up.

(Wher eupon, the neeting was concl uded at

6:45 p.m)
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