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1 UNITED STATES OF AMERICA

2 NUCLEAR REGULATORY COMMISSION

3 . . . . .
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6 PHENOMENA

7 . . . . .

8 WEDNESDAY,

9 NOVEMBER 19, 2003

10 . . . . .

11
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P-R-0-C-E-E-D-I-N-G-S

8:33 a.m

The meeting will nowCHAIRMAN WILLIS:

come to order.

This is a meeting of the Advisory

Committee on Reactor Safeguards Subcommittee on

Thermal-Hydraulic Phenomena.

I am Graham Wallis, Chairman of the

Subcommittee.

The Subcommittee members in attendance are

Tom Kress, Victor Ransom, Jack Sieber and Peter Ford.

Dr. Sanjoy Banerjee is attending as a

consultant to the Committee.

The purpose of this meeting is to hear

presentations from the NRC staff and its supporting

contractors about the development and use of use of

the TRACE thermal-hydraulic computer code. This

Subcommittee will gather information, analyze relevant

issues and facts, and formulate proposed positions and

actions as appropriate for deliberation by the full

Committee.

Ralph Caruso is the designated federal

official for this meeting.

The rules for participation in today's

meeting have been announced as part of the notice 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



5

1 this meeting previously published in the Federal

2 Register on November 13, 2003.

3 A transcript of the meeting is being kept,

4 and will be made available as stated in the Federal

5 Register notice.

6 It is requested the speakers first

7 identify themselves and speak with sufficient clarity

8 and volume so that they can be readily heard.

9 We have received no requests from any

10 member of the public pertaining to make an oral

11 presentation.

12 I have a few preliminary remarks before we

13 start.

14 The NRC has a long history developing

15 computer codes to analyze the behavior of nuclear

16 reactors. As part of his regulatory mission to

17 evaluate and assess to computer code to be used by

18 industry to demonstrate the safe operation of nuclear

19 power plants, the NRC has developed several of its

20 code. And the ACRS has been very supportive of the

21 NRC having its own codes.

22 About ten years ago during the review of

23 several advanced reactor designs and with the

24 burgeoning availability of advanced computer at

25 greatly reduced cost, the staff decided to consolidate
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1 its support for a number of separate computer codes

2 into one code that could perform multiple functions.

3 They also decided to take advantage of

4 increases in computer power to restructure the codes

5 to reduce maintenance and improve the ability to

6 include new information or modeling techniques as they

7 developed.

8 We understand that the result of this

9 effort is now known as the TRAC RELAP Advance

10 Computational Engine, otherwise known as TRACE or

11 TRAC-E.

12 As part of its oversight function, the

13 ACRS reviews analytical codes developed by both the

14 staff and the industry. This Subcommittee meeting

15 today is the first in a series of meetings to acquaint

16 the ACRS with the progress that the staff has made

17 with the development of TRACE. During these meetings

18 we expect that the staff will provide the members with

19 information about the technical foundations of the

20 code, its implementation, assessment against

21 experimental data and its application to regulatory

22 issues.

23 At the end of this process, we envision a

24 meeting with the full Committee and appropriation of

25 a letter providing our advice to the Commission on the
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program. The Committee will also enter interim

letters if it decides that an issue raises a question

that requires more immediate action.

On a personal note, I've been on this

Committee for six years, and this effort has been

going on while I've been on this Committee. And I

would very much like to be able to report a major

success story, either today or in the near future.

And if there are things that are preventing this being

a major success story, we would like to know them now.

With that, I will now proceed with the

meeting. And I call upon Dr. Jack Rosenthal of the

Office of Nuclear Regulatory Research to begin.

DR. ROSENTHAL: I'm Jack Rosenthal. I'm

the branch chief of the Safety Margins and Systems

Analysis Branch of the Office of Nuclear Regulatory

Research. And I was asked to make a few introductory

remarks, and then my staff advised me not to say too

much because they have a lot to say in the next two

days. They thought that would be better. But I just

wanted to say just a couple of words on process and

couple of words on product.

Process wise, it must be at least a year

ago we had one of these one day marathon meetings on

all things calculational and experimental. And at
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1 that point, Dr. Wallis advised us he wanted to get

2 more involved and in greater depth.

3 Over the spring we did bring in some of

4 our contractors to discuss the experimental program,

5 and it was piecemeal. And then in reality, we begged

6 off on briefing the Committee while we were busy

7 working on the code. But now we're ready to move

8 forward with briefing the Committee. I think you'll

9 find this meeting of substance.

10 And then what I'd like to do is when you

11 identify related areas that you want to hear more

12 about; a specific numerical treatment, an expanded

13 explanation of some experiment, we'll keep a list

14 going. And then over the course of the winter we'll

15 schedule other meetings and attempt to go into those

16 areas that you want. So we'll be able to get through

17 the presentation.

18 But we look forward to working with you on

19 the code substance wise.

20 NRR used the RELAP5 that RES developed to

21 do the audit calculations of AP1000. We have used

22 TRACE to do other audit calculations of AP1000. We are

23 developing capability for TRAC to do ES-BWR audit

24 calculations. So the code is a prominent role in

25 independent analysis to guide the decisions.
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We use the code to resolve or to work on

GSI 188, which involves hydrodynamic blow down of a

steam generator. And we used at least the PARCS aspect

coupled with RELAP in this case to work on an issue

called -- on boron dilution issue, GSI 185.

So we really are using these products to

address safety issues directly and to perform audit

calculations with other work presented to us. So it

really is important to us.

I think that we've come a milestone now.

We consider the consolidation effort completed. And

now we can spend our efforts at making the code

better. That is something that we're all anxious to

do and it's starting to happen, so it's quite exciting

time.

With that, let me turn the mike over to

Joe.

CHAIRMAN WILLIS: Can I ask you something

before Joe starts?

DR. ROSENTHAL: This is what he warned me

about. I'm sorry.

CHAIRMAN WILLIS: Maybe I should be asking

just the group in general.

This is a design task, making something.

Usually one starts out with a sort of specification.

NEAL R. GROSS
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1 Say I want this thing I'm creating to do A, B, D, F,

2 G. And you have pretty clear statements that it's got

3 to be ten times as fast as previous codes, do away

4 with certain problems with all codes which are listed,

5 and so on and so on.

6 And you also have measures of success,

7 which says, you know, it's got to be running on this

8 kind of computer at this speed or something, some sort

9 of thing it's got to do.

10 And then when you've designed it and built

11 it, you check has it done all the things we set out to

12 do? Is it, in fact, ahead of specs? Is it doing

13 better than we thought it would do or is it way

14 behind? You've got some kind of measure of how well

15 it's doing.

16 Is that the sort of thing we're going to

17 hear from Joe?

18 DR. ROSENTHAL: Joe has some of that in

19 his presentations.

20 CHAIRMAN WILLIS: Well, I'll be looking

21 for it. I hope it's there. Thank you.

22 MR. STAUDENMEIER: Okay. I'm Joe

23 Staudenmeier. I'm head of the Codes and Models

24 Development Group in Jack's branch. I'm going to try

25 to give you a brief overview of other things we're

NEAL R. GROSS
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1 doing and then mostly concentrate on TRAC code

2 development.

3 The objectives I hope to accomplish today

4 is to provide an overview of our activities going in

5 the branch in terms of thermal-hydraulicing system

6 code development and get feedback from the Committee

7 on topics that they would like to see more details on

8 in the future.

9 As you know, this is the first in a series

10 of meetings that we're going to have discussing TRAC.

11 And today is more of an overview level type meeting.

12 I think we have quite a bit of technical detail, but

13 it'll show you enough to get a feel for everything

14 going on. And we're in the process of setting up

15 future meetings where we go into a lot more detail on

16 topics of your interest.

17 CHAIRMAN WILLIS: Now you're not just

18 going to talk about development? You're going to talk

19 about what it can do, aren't you?

20 MR. STAUDENMEIER: Yes.

21 CHAIRMAN WILLIS: As it has been

22 developed, I understand?

23 MR. STAUDENMEIER: Yes. We're going to

24 talk about what it can do.

25 Okay. First, give you an overview.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



--

12

1 Even though we're developing TRAC, RELAP5

2 has disappeared off the map. Right now it's in a

3 stable maintenance mode with some limited development

4 going on. It's main priorities in development are

5 fixing outstanding bugs. There's never any shortage

6 of outstanding bugs in these codes. And we're also

7 putting in level tracking into RELAP5. That was a big

8 request from our CAMP members, which is our

9 international code applications and maintenance

10 program. So that's being implemented into the code

11 also.

12 CHAIRMAN WILLIS: These bugs are bugs that

13 have been around for 25 years or something?

14 MR. STAUDENMEIER: I think most of them

15 are recent. I mean, you fix a bug in one place, new

16 ones pop up. I don't think we have any that are 25

17 years old on the list.

18 CHAIRMAN WILLIS: Well, the code is pretty

19 old.

20 MR. STAUDENMEIER: I think RELAP5, well

21 Vic knows better than I. I don't know, maybe late

22 '70s or early '80s.

23 DR. RANDOM: 1975 it started out.

24 MR. STAUDENMEIER: Yes. The current, I

25 guess, renovation of it RELAP5 mod 3 was early 90s.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
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1 CHAIRMAN WILLIS: So these are bugs in the

2 genes, something.

3 When you say a "bug," is this a bug that

4 gives you the wrong answer, the numerical answer, or

5 is it just a computational glitch?

6 MR. STAUDENMEIER: Sometimes it gives you

7 wrong numerical answer. It could be numerical

8 instability, lots of oscillations or it could be

9 something that makes the code outright die and stop

10 running.

11 CHAIRMAN WILLIS: Okay. I understand the

12 latter. How do you know the former, the wrong data is

13 wrong?

14 MR. STAUDENMEIER: Well, generally it's

15 people notice these bugs in assessment calculations

16 where they're comparing to experimental data and they

17 see something, wrong behavior of the code compared to

18 the data trends or something like that, or heat

19 transfer coefficients off by a factor, something that

20 they know is wrong.

21 CHAIRMAN WILLIS: So it's wrong against

22 data?

23 MR. STAUDENMEIER: Against data or

24 numerically. I mean, it could be lots of oscillations

25 where it should be smooth behavior, something like

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
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1 that.

2 CHAIRMAN WILLIS: Okay. Okay.

3 MR. STAUDENMEIER: Okay. Future

4 development for RELAP. RELAP isn't going away in the

5 near future. I think it's going to be around at least

6 for the next four or five years. It's going to be

7 maintained in stable maintenance mode, anyway, fixing

8 bugs and finishing level tracking. And there'll

9 probably be some, after level tracking is finished, if

10 there may be some next feature that CAMP members want

11 in the code that happens in the next few years, that

12 may go in.

13 CHAIRMAN WILLIS: Well level tracking is

14 sort of, to me, going from liquid to gas or some

15 vapor. But actually you have another kind of level

16 tracking where you go from, say, a bubbly pool to a

17 drop suspension. Is it fine between regimes rather

18 than a real level?

19 MR. STAUDENMEIER: That's the level

20 tracking we're talking about from --

21 CHAIRMAN WILLIS: Between regimes?

22 MR. STAUDENMEIER: -- liquid continuous

23 regime to vapor continuous regime.

24 CHAIRMAN WILLIS: Something like that?

25 Okay.

NEAL R. GROSS
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1 MR. STAUDENMEIER: Yes. From like bubbly

2 flow to mist or something like that.

3 CHAIRMAN WILLIS: But it could be the end

4 of an annular film or something like that, too?

5 MR. STAUDENMEIER: It could be. Our level

6 tracking isn't that smart yet to know where the end of

7 an annular film is, but that could be enhanced in the

8 future.

9 MR. BANERJEE: Are you going to tell us

10 more about any of this or just give us a list?

11 MR. STAUDENMEIER: For RELAP5, I'm not

12 going to talk anymore about RELAP5.

13 MR. BANERJEE: Do those problems also come

14 up with TRACE?

15 MR. STAUDENMEIER: TRACE, I would say, has

16 many of the same type of problems that RELAP 5 does.

17 MR. BANERJEE: You'll discuss it there?

18 MR. STAUDENMEIER: Sure. We'll be talking

19 about problems with TRACE. And you could probably

20 look through the problems and there are essentially

21 classic problems that come up in two phase flow's

22 codes.

23 DR. RANDOM: One thing in the past year on

24 PTS, was saw some deficiencies identified, you know,

25 in RELAP5 but no plan to correct those? Is that still
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1 the situation?

2 DR. ROSENTHAL: Yes. Right there as this

3 meeting is going on there is a pressurized thermal

4 shock review meeting, and Ivan Catton is discussing

5 all these issues with the staff. And some of those

6 issues will be -- I think we're addressing the issues.

7 DR. RANDOM: Did you say Ivan Catton?

8 DR. ROSENTHAL: Yes. He's --

9 DR. RANDOM: A consultant or --

10 DR. ROSENTHAL: As a consultant to us.

11 Now I'm talking too much. I apologize,

12 Jeff.

13 We have a peer review ongoing of the

14 pressurized thermal shock program. It's a multi-day

15 review in greater depth than we could do it with ACRS.

16 And he's addressing those issues with them. And is

17 being provided with the ACRS transcript, so he knows

18 the concerns that you raised.

19 And even yesterday we agreed to rerun

20 actually fracture mechanics calculations with the

21 different heat transfer coefficient to see what the

22 sensitivity was.

23 But if we could -- PTS is going on on the

24 tenth floor of the building, I guess what I'm saying.

25 CHAIRMAN WILLIS: So I guess the answer is

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
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1 you haven't fixed the problems, but you're working on

2 them?

3 MR. STAUDENMEIER: Okay. I guess ideally

4 we would like by the end of maybe the next four or

5 five years, that TRAC would run RELAP decks so well

6 that everyone would want to use TRAC instead of

7 RELAP5, and we have a smooth program for people to

8 move over that. But we'll assess a need for

9 maintaining RELAP5 beyond that time or when we get to

10 that time.

11 Current NRC use of RELAP5, AP1000. It's

12 been used for some preliminary calculations for ACR-

13 700, I believe, PTS and operating plant calculations.

14 CHAIRMAN WILLIS: Are you going to show us

15 that TRAC is better than RELAP5?

16 MR. STAUDENMEIER: We're going to show you

17 that it's at least as good as it later on, in a later

18 presentation. And not for everything yet, but I'd say

19 a lot of applications. There's some still some bugs

20 remaining to be worked out.

21 MR. BANERJEE: Well, ACR-700, the

22 dormitory is completely different in many features.

23 How are you using that for that?

24 MR. STAUDENMEIER: Well, the reason RELAP5

25 is being used for some preliminary calculations, the
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1 Koreans through our CAMP program have contributed a

2 RELAP5 component called Can-Chan, that's supposed to

3 be a CANDU channel that did some small modification to

4 I think the horizontal flow regime map for rod

5 bundles. I don't know how good it is. It wasn't done

6 with a detailed development process I don't think. I

7 think it was some sort of a first modifications you

8 would think about doing. But ultimately, I think for

9 CANDU analysis there's probably going to have to be a

10 new horizontal flow map and rod bundles developed, and

11 other components that are different in CANDU than in

12 typical pressurized or boiling water reactors. So

13 that'll be being looked at over the next couple of

14 years to prepare for when CANDU comes in for design

15 certification that there will be a program looking at

16 what code development and what test data has to be

17 taken to get in a CANDU analysis capability into the

18 codes.

19 MR. BANERJEE: Will you use RELAP or

20 TRACE?

21 MR. STAUDENMEIER: TRACE will ultimately

22 be used, and essentially the deck is being developed

23 in RELAP5. We'll use the translation capability

24 that's being developed to run RELAP5 decks in TRACE to

25 run that deck in the future in TRACE. But right now
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1 since RELAP5 has that Can-Chan component, it's going

2 to be used for some preliminary calculations, is my

3 understanding. I haven't been involved in the CANDU

4 effort, but I think that's what's going on.

5 Okay. PARCS is our 3-D reactor kinetics

6 code that we have coupled to both RELAP and TRACE.

7 Some recent developments in PARCS is we

8 now have burnup capability to burn out a fuel cycle.

9 Currently 2.5 is our current version, it's under

10 active development. Current priorities is to complete

11 the documentation.

12 Users manual is in pretty good shape.

13 We're working on a theory in programmers manual for

14 PARCS. Right now it's coupled through PVM, a parallel

15 virtual machine, some software developed at Oak Ridge

16 for loosely coupled calculations.

17 We found that we're taking runtime hits in

18 that as the processors have gotten faster, we're

19 spending more time in communications. So it's gotten

20 to the point where 20 to 30 percent of the CPU time is

21 being used in essentially the overhead of using PVM in

22 PARCS. So we're going to be replacing that with some

23 tighter coupling into TRACE. Some direct subroutine

24 calls there is a library call.

25 Recently we've improved the runtime by
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1 almost a factor of two within the last month or two,

2 other than the PVM coupling time.

3 We're doing assessment with PARCS and

4 TRACE coupled together against Peach Bottom turbine

5 trip data. In the future, we'll probably do Peach

6 Bottom stability data. Right now we're doing Ringhals

7 plant stability data, that was measured as part of an

8 international standard problem.

9 And right now, I guess the main thing

10 we've seen with these coupled calculations for BWRs,

11 at least that there's no real good way to do reduced

12 channel mapping like reduce the number of neutronics

13 channels to thermal-hydraulic channels. We've been

14 running with 30 thermal-hydraulics channels but found

15 that when you do this mapping, it gets kind of

16 arbitrary, and you start mixing thermal-hydraulics

17 channels together that aren't really behaving alike

18 because they're close together neutronically. So

19 we're moving to a one-on-one channel mapping. Within

20 the next few months we're going to be running Ringhals

21 with all 648 channels.

22 CHAIRMAN WILLIS: Well, that's an

23 improvement, isn't it?

24 MR. STAUDENMEIER: Yes. Well, right now,

25 I mean it's not really going to cost us much in

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



21

1 runtime because PARCS takes 10, you know 20 times as

2 much time for time steps as TRACE does with 30

3 channels in the code. So, I mean we could go to 300

4 and be even.

5 CHAIRMAN WILLIS: So the thermal-

6 hydraulics is more efficient than the kinetics?

7 MR. STAUDENMEIER: It was surprising to

8 me, too. And that's why we're also looking at PARCS

9 speedup efforts to see if there's more performance we

10 can ring out of PARCS also.

11 DR. RANDOM: We passed in a one day your

12 point kinetics. So, you know, the neutronics part has

13 always been a trivial part.

14 MR. STAUDENMEIER: Right.

15 DR. RANDOM: So now it's grown to quite a

16 significant burden in the computational sense.

17 MR. STAUDENMEIER: Yes.

18 DR. RANDOM: What would you say, like half

19 and half or more?

20 MR. STAUDENMEIER: Well, PARCS is about

21 ten times as much now with our current noding. I

22 would have expected about half and half with our

23 current noding based on some past reading kinetics

24 calculations I've seen with RAMONA and also some TRAC-

25 B coupled 3-D kinetics. But I'm not sure where the
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performance programs are in PARCS or why it's taking

so long per time step. But we're starting to look in

to that, do some performance profiling of the code and

speeding it up. And we're also looking at parallel

processing within PARCS itself.

CHAIRMAN WILLIS: How does this compare

with the commercial codes or the codes used by

industry? And PARCS is an NRC development, isn't it?

MR. STAUDENMEIER: I know there's a

Studsvik product called the S3K where I think they

have a very fast code. They model every channel in the

code hydraulically. And I think they do things like

lot ejections in under a minute, and things like that.

CHAIRMAN WILLIS: But Studsvik, that's a

Swedish government --

MR. STAUDENMEIER: This is Studsvik of

America that developed these codes. Studsvik is still

centered in Sweden, but their fuel management and

transient analysis software is developed at Studsvik

of America. They have an office in Boston and Idaho

Falls, and in Gaithersburg now because Studsvik and

Scanpower merged together and Scanpower has an office

in Gaithersburg.

DR. RANDOM: What do they use for the

thermal-hydraulic part?
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1 MR. STAUDENMEIER: Well, they're moving to

2 RAMONA because Scanpower had the RAMONA code and

3 they're looking at integrating the Studsvik's

4 neutronics with RAMONA thermal-hydraulics. But they

5 developed some thermal-hydraulics in-house, which is

6 essentially equilibrium modeling.

7 CHAIRMAN WILLIS: So how do you compare

8 with something like what Westinghouse or GE uses?

9 MR. STAUDENMEIER: I'm not familiar with

10 Westinghouse's 3-D kinetics. I don't think they have

11 highly cut -- I don't think they have their 3-D

12 coupled to a sophisticated thermal-hydraulics code

13 because PWRs you don't really need that for a lot

14 ejection.

15 CHAIRMAN WILLIS: I think GE's working on

16 it.

17 MR. STAUDENMEIER: GE has 3-D kinetics in

18 TRACK G. I don't know the runtime performance of

19 their code with 3-D kinetics. I've seen calculations,

20 but I don't --

21 CHAIRMAN WILLIS: They use for a

22 benchmark. And yet they saw we can do thus-and-so in

23 this time, you can compare with what you can do.

24 MR. STAUDENMEIER: Yes. You could ask the

25 NRR that in a proprietary meeting or a closed meeting,
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1 since they have the code in-house they can run

2 something for you.

3 CHAIRMAN WILLIS: Oh, yes. It's a good

4 measure of your performance. I mean, if you can

5 really say I have something which does more quicker

6 than industry, then that's an achievement.

7 MR. CARUSO: A question about, you're

8 going away from PVM. Are you going to -- one of the

9 ideas behind going to TRAC was to be more modular, to

10 allow you to plug new technologies into the code. Will

11 going away from PVM compromise the modularity at all?

12 MR. STAUDENMEIER: No. Actually, what

13 there will be, inside the code there will be

14 essentially a 3-D kinetic solver interface, call

15 interface that should be general enough that you could

16 plug in any 3-D kinetic solver underneath that, or

17 that's what our design goal is on that anyway. And I

18 don't see any reason why that can't be done. And it

19 would be either linking to a PARCS library or using a

20 PARCS module in the code and Fortran 9 determines if

21 you had a program --

22 DR. RANDOM: This coupling between the

23 neutronics and thermal-hydraulics an implicit type of

24 coupling or --

25 MR. STAUDENMEIER: Yes. Not right now,
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1 it's not implicit coupling. And that's something that

2 will have to be looked at, especially for BWR

3 calculations where you get strong coupling between the

4 voids and the kinetics.

5 I guess another thing is PARCS limits the

6 time step size, too. TRAC can take bigger time steps

7 than PARCS, but it gets to outrun PARCS right now.

8 John Mahaffy wants to say something on it.

9 DR. MAHAFFY: Yes, this is John Mahaffy.

10 I am aware that there is a research

11 project at Purdue in which they are doing an implicit

12 coupling between PARCS and TRAC. They really haven't

13 put out any kind of concrete results from that. I

14 don't believe it's even funded by the NRC. I think

15 that's a side project as part of somebody's thesis.

16 But that work is in progress.

17 MR. STAUDENMEIER: Yes. When things

18 settle down, that's definitely something we're

19 interested in, especially getting implicit coupling

20 between the voids and the kinetic solution for PWR

21 calculations.

22 CHAIRMAN WILLIS: Right.

23 MR. STAUDENMEIER: Okay. The future

24 development for PARCS, Oak Ridge is developing their

25 TRITON cross section generation suite, which in the
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1 past it's been called SCALE and something else before

2 that. And the new thing about TRITON is they now are

3 going to have a lattice physics solver so that they

4 can actually have better development of cross sections

5 for reactive fuel bundles.

6 So PARCS is going to be able to hook into

7 that in the future. Right now it can read HELIOS

8 cross section files, which was a Scanpower code,

9 lattice physics code and we should be able to connect

10 it up to CASMO, which is the Studsvik lattice physics

11 code and we'll look at that in the future.

12 DR. RANDOM: HELIOS is that database? Or

13 HELIOS also happens to be the name of a server at

14 Purdue.

15 MR. STAUDENMEIER: Oh, yes, I don't know

16 about that.

17 DR. RANDOM: But it doesn't the data file

18 stored there. That's not the meaning of this, right?

19 MR. STAUDENMEIER: Probably not. No.

20 HELIOS is the name of a code, a Scanpower code as part

21 of their fuel management package.

22 Okay. Finally on to TRACE. TRACE stands

23 for track RELAP advanced computational engine. And

24 it's the current focus and future focus of NRC

25 thermal-hydraulic system safety code development.
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1 The goals of a modernization project were

2 to develop a modern maintainable and extensible code

3 that had all the capabilities of our previous codes

4 RAMONA, RELAP5, TRAC-PWR, TRAC-BWR.

5 CHAIRMAN WILLIS: Is there something

6 incompatible about saying I'm going to make a modern

7 version of an antique? I mean are there some

8 different characteristics now that codes could have in

9 a modern world that the old codes never had? It's not

10 just a question of encompassing their capabilities?

11 There are some things that modern codes could do that

12 they could never do before?

13 MR. STAUDENMEIER: That's right. And --

14 CHAIRMAN WILLIS: Have you found out what

15 those are and detailed those and set those as a part

16 of your objectives?

17 MR. STAUDENMEIER: I mean, TRACE will do

18 many things that those codes never could. I guess,

19 another code you could add to that list of things it

20 he COBRA series of codes, COBRA-TF, COBRA-TRAC or

21 COBRA-NC has you'll see in a later side --

22 CHAIRMAN WILLIS: If you had a customer

23 here, I would say that the goals of a project ought to

24 be to meet some needs of a customer. And you have the

25 list of what the customer wants. And I don't see that
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1 here at all.

2 MR. STAUDENMEIER: Well, I think the

3 minimum list is to have the capabilities of all these

4 codes.

5 CHAIRMAN WILLIS: You mean that they were

6 meeting the needs --

7 MR. STAUDENMEIER: And then go beyond that

8 from there. But that's the base level of needs that

9 we have, is to --

10 CHAIRMAN WILLIS: But if there was some

11 sort of -- if you could sort of look at the needs of

12 the agency and say in the future we're going to need

13 to do this, this and this, was want to run a Monte

14 Carlo thing with 10,000 different code runs instead of

15 just the five or ten we could do in the past; then

16 you're going to have to develop that capability.

17 MR. STAUDENMEIER: Right.

18 CHAIRMAN WILLIS: But I don't see that.

19 Did anyone go through that sort of

20 intellectual -- not even that, intellectual. I mean,

21 at the hearing --

22 MR. STAUDENMEIER: At the start of the

23 project there were a list of views or capabilities

24 written down.

25 CHAIRMAN WILLIS: That you try to aim for?
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1 MR. STAUDENMEIER: A lot of them were make

2 the code more robust, make it faster. There were some

3 additional capabilities listed like dissolve gases in

4 the liquid to look at gas coming out of solution one

5 on accumulator depressureizes. I don't know the

6 complete list. But this code will be well suited.

7 It's well suited to do everything the past codes can

8 and it also gives a platform or a development platform

9 that's easy to add future needs.

10 As you know, this is mainly a reactive

11 agency. We react to things that happen outside and we

12 can't --

13 CHAIRMAN WILLIS: There's now risk-

14 informed regulation. In the old days when you had it

15 the other way, we just had to make one calculation.

16 It's deterministic.

17 To do risk-informed, you may want to do a

18 whole spectrum of stuff in order to say, well, you've

19 got to make some probability assessments and

20 statistics and so on. It's a different world.

21 MR. STAUDENMEIER: Oh, yes.

22 CHAIRMAN WILLIS: So we need something

23 more.

24 MR. STAUDENMEIER: And I think you'll see

25 we're developing things to do those type of
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1 sensitivity studies you're talking about.

2 CHAIRMAN WILLIS: Yes. So it may mean

3 orders of magnitude improvement and capability. But

4 it may mean carrying the uncertainties along while you

5 do the calculation and actually not just giving a

6 result, but giving uncertainties where they're

7 unsolved.

8 MR. STAUDENMEIER: And that is a goal that

9 eventually. We don't have an uncertainty analysis

10 methodology building yet, but that's something we're

11 going to be doing in the future, we have planned.

12 CHAIRMAN WILLIS: You see what I'm getting

13 at? It's going to be a modern code.

14 MR. STAUDENMEIER: Yes.

15 MR. BAJOREK: Joe? Just one other point

16 to add on that.

17 This is Steve Bajorek from Office of

18 Research.

19 Another one of the major goals was

20 oriented towards resources on each of these codes.

21 Each one of these RELAP TRAC-P, TRAC-B took it's own

22 maintenance group in order to keep the code up to

23 date, add models to that as technical improvements are

24 made to -- grid spacers are one. You would have to

25 add it to all of those codes. By combining these
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1 codes and doing the code consolidation, it's enabled

2 the agency to focus its resources on one set of

3 coding, maintaining one code so that as improvements

4 to the models are made, we can do it across the board

5 and benefit all types of analysis; large break, small

6 break, PWRs, BWRs and have one team that's able to use

7 that same code to extend it to things that we really

8 don't understand at this point, like the ACR-700 and

9 other types of reactor systems.

10 MR. STAUDENMEIER: Yes. I mean the first

11 goal of this was to encompass all the capabilities and

12 also modernize the software architecture so that it's

13 easy to add new models into. And I think we've had

14 great success in doing that. The code is much earlier

15 to develop for than any of those predecessor codes.

16 You'll see that later in John Mahaffy's talk.

17 A lot of the things that you used to have

18 to do by hand like memory management of components and

19 setting pointers within a big global container array,

20 software compilers can do that for you because Fortran

21 95, which we're using, has dynamic memory allocation,

22 derived variable types. So we have names for

23 everything everywhere and we don't have big container

24 arrays and pointers into that, which was a source of

25 a lot of errors in these codes in the past.
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1 So, I mean the first part of this success

2 is getting a modern maintainable software architecture

3 where you can add new models to the code and extend it

4 in the future with things you haven't thought of yet.

5 And I think we've been very successful in that and

6 very successful in encompassing the capabilities of

7 the original code. And you'll see that we're now in

8 active development of things well beyond that in one

9 of my later sides.

10 MR. BANERJEE: What was the reason to stay

11 with Fortran historical when most modern CFD codes are

12 written in C now, all the commercial ones?

13 MR. STAUDENMEIER: I think part of it is

14 that we have a lot of people that know how to program

15 in Fortran. Fortran 90 or 95 is, I think, is a lot

16 cleaner to program in than C or C++. It doesn't let

17 you wonder off into bad areas because C++ is a very

18 big language and there's a lots of things you can use

19 in that poorly.

20 Fortran 90 or 95 has essentially all the

21 things that we need for our code in it.

22 MR. BANERJEE: So why do Fluent and Star

23 CD and CFX use C?

24 MR. STAUDENMEIER: I don't know. You'd

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

2 know why you'd use Fortran in spite of all these other

3 guys doing --

4 MR. STAUDENMEIER: I know why we use

5 Fortran, yes. And I don't know why they use C or C++.

6 But I think it was a good choice to use Fortran. Now

7 that Fortran 2000, the next iteration is going to have

8 object oriented features. So anything that we would

9 have liked about C++ that that would have that we

10 would like to us, we could use that and add it into

11 the code. But I think we have a nice clean readable

12 code now in Fortran 90 or 95. I mean, there's not

13 really any features that C++ has that I think we

14 really need to use.

15 I mean, you could think of features that

16 you could use just to use, but I don't think we've

17 been really limited in our code development by the

18 language.

19 MR. BANERJEE: You had a point, John?

20 DR. MAHAFFY: Yes. This is John Mahaffy.

21 The decision, in fact, it wasn't something

22 that was arbitrary. Vic Ransom may remember, there

23 was a committee of illustrious experts that was

24 conveyed, what was it, seven eight years ago?

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

begin setting some of the parameters for some of this

code development.

Two of the people on that committee were,

in fact, computer scientists. But Lloyd Le Broc was

one of them and there was an illustrious guy from UCLA

whose name that I'm blanking on right now.

But, they both agreed with the idea of

Fortran 90. And the fellow from UCLA, the way he put

it was that Fortran, at that time 90. We're into 95

now and moving into 2000 whatever. But the way he put

it was the language itself, as Joe said, contains what

you need to know, but it's more compact language.

There's less you need to know to be expert. His

advice was that unless you have a core of people who

are doing the program continuously all the time, you

don't want to deal with C++ because it takes a greater

effort to maintain the kind of level of expertise you

need in C++.

And the NRC was talking about, and if it

gets into this easily maintainable, easily extensible

architecture, you're going to be rolling in engineers

for a module here, a module there. And, you know, you

can't guarantee they're C++ gurus. That's touch to

do.
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1 And I've been there. I've almost done

2 that. And I've been back. And I think that advice

3 was good.

4 We have within our own history, there was

5 a fellow that worked largely on the architecture that

6 we'll be discussing in a little bit here, named Skip

7 Dearing from Los Alamos. Skip Dearing, you know, most

8 of his adult professional life while it was available,

9 programmed in C++. His conclusion after working on

10 this was we were better off sticking Fortran 90.

11 So, I mean there are bits and pieces of

12 sound evidence that, you know, first of all the

13 decision was not arbitrary. And secondly, it was a

14 good decision. It's given us something that's easier

15 within the context of the NRC to keep up and extend.

16 MR. BANERJEE: Is it because the numerical

17 framework of the system is pretty invariant? Nothing

18 changes much, whereas in most codes you tear out the

19 numerics and replace it somewhere, the internal

20 projection method?

21 DR. MAHAFFY: No, no. The numerics

22 varies. I go in there and change things from time-to-

23 time, other people do. Fortran 90 is an easily

24 modularizable language. There's lots of things you

25 can do there. Again, as Joe said, the things you need
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1 that are in C++ are in Fortran 90. We're able to do

2 it.

3 I mean, we can sit down. This is probably

4 not the context. You could have a later meeting to

5 look at programming details of this, if it's

6 interesting to you. But it's held up very well for us

7 over the years.

8 MR. BANERJEE: Okay. And it's easily

9 parallalizable?

10 DR. MAHAFFY: Yes. And I'll address that

11 when I get up and talk to you.

12 MR. STAUDENMEIER: Yes. I don't know if

13 you've looked at Fortran 95, but I mean the vector and

14 array language, and it is very powerful and it can

15 make for very clean programs.

16 MR. BANERJEE: I've worked with 90, yes.

17 DR. SIEBER: What language are they

18 teaching young engineers in college these days?

19 MR. BANERJEE: C.

20 MR. STAUDENMEIER: Java.

21 DR. SIEBER: Java.

22 MR. BANERJEE: Java and C, that's what

23 they're teaching.

24 DR. SIEBER: Okay.

25 MR. KELLY: Joe Kelly from Research.
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1 And the decision to stay with Fortran is,

2 as they said, a rational one although I did lobby

3 against it at the time. But it's also part of a

4 substantive of a larger decision. And the larger

5 decision was to consolidate these capabilities into an

6 excellent code rather than starting from start and

7 doing a complete total rewrite not having a single

8 line of code the same, which is exactly what would

9 have happened if we had decided to make such a radical

10 language switch as going from Fortran to C++.

11 Once the decision to stay with a code was

12 made, that allowed one really strong positive, was we

13 already had an operating code. So that as we upgraded

14 the architecture and migrated to Fortran 95 we could

15 make a change in the way the internal communications

16 was done and compare the answers, and it better be

17 identical to what it was before. If not, we knew we

18 had a problem.

19 So all along the development path as we're

20 making these drastic changes to the code architecture,

21 the code was testable. Whereas, if we had started

22 from scratch and had to do a complete total rewrite,

23 it would have been years before we got to the position

24 where we had a code that could do calculations.

25 So there were a lot of positives for
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1 sticking with Fortran 95 including these capabilities

2 into an existing code.

3 CHAIRMAN WILLIS: Okay. Joe, could we

4 move along?

5 DR. RANDOM: One thing further on that,

6 there was at the time the decision was made, there

7 wasn't a revolutionary model that came to surface that

8 would replace, say, the two flow model that was

9 embedded in these codes. And so there wasn't a lot of

10 motivation for starting over again, I don't believe.

11 As far as I know, that's still the situation today.

12 MR. STAUDENMEIER: Okay. Yes. I think--

13 CHAIRMAN WILLIS: The only thing I'd add

14 to this slide here is does this code fulfill the

15 requirements as spelled out in the Reg. Guide and SRP

16 that you guys wrote?

17 MR. STAUDENMEIER: I'd say not yet. We

18 haven't done an extensive review of the physical

19 models, an assessment of the physical models yet.

20 CHAIRMAN WILLIS: At least you should be

21 consistent with your own guidelines.

22 MR. STAUDENMEIER: We will be doing that.

23 And we will be consistent with that Reg. Guide.

24 CHAIRMAN WILLIS: So we can look at your

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

MR. STAUDENMEIER: Right now I'd say no,

because we've stuck with the existing correlations in

the code to keep it a running code. We're going to be

examining the correlations in the future. You'll see

some presentations tomorrow from Joe Kelly about

developing new physical models. And I think you'll

see that his development process and his physical

models is following things as stated in they're stated

in the Reg. Guide.

DR. RANDOM: Joe, one thing I'd like to

hear myself as you go along, is how peer review has

been brought in to kind of guide the overall project.

Certainly in the past, the NRC utilized peer review a

great deal. I mean, some of the people might not have

liked it, under the Tom regime and whatnot, but it was

pretty powerful in terms of keeping everything

acceptable, I guess, within the technical community

and across the board. And I'd be interested in what

has been done along those lines as you've evolved the

code and what your plans are for the future on that.

MR. STAUDENMEIER: Yes. In terms of peer

review, other than the initial meeting where they

talked about -- well, there was an initial meeting of

the experts, then there was a meeting in Annapolis
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1 where worldwide people convened to talk about

2 requirements for future codes.

3 Beyond that there really hasn't been much

4 peer review outside some use of the code by CAMP

5 members or NRR and providing feedback based on that.

6 So this is our first venture into, I guess, peer

7 review or outside review of a code. I think it's an

8 important part of the code development, and I think we

9 really -- once we get our first assessment on hand, I

10 think we really need to go out and have everything

11 peer reviewed and look where to go beyond that for the

12 future.

13 And Office of Research within the past

14 year has initiated more of a peer or a push to having

15 important office products peer reviewed. And I think

16 that's a good idea. And, hopefully they'll put the

17 money behind it to go out and actually do that. And

18 I'm all for that.

19 DR. RANDOM: Well, certainly when you look

20 at some of the documentation, I mean you can't get a

21 two or three day meeting. A person has to really sit

22 down with them that material and kind of pour over it

23 if they're to provide anything meaningful in the way

24 of feedback.

25 MR. STAUDENMEIER: The documentation will
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1 actually probably be the limiting thing in when we can

2 actually go out for a peer review. All the

3 documentation is in draft form essentially now.

4 DR. RANDOM: Right.

5 MR. STAUDENMEIER: And needs to be updated

6 to a final form so we can actually give it to outside

7 people to look at and provide comments on.

8 MR. BANERJEE: In particular, the peer

9 view for the correlations used and everything which

10 relates to physics is very important. So, in the past

11 these things have been pretty ad hoc. Somebody saw

12 some relationship in the literature and stuck it in,

13 and then it would come up front of this advance core

14 review group or something, and see that there are

15 other possibilities.

16 So, it's pretty essential to do that.

17 Because if I recall, a lot of the correlations even

18 today are pretty arbitrary anyways. They're chosen

19 because somebody knows they exist, or they may not be

20 the best. And then they've been tuned.

21 I can give you a couple of examples off

22 line.

23 MR. STAUDENMEIER: Yes, I'm sure. I know

24 that's been true in the past. I mean, we definitely

25 want technically defensible correlations that are
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1 recognized as good correlations and that meet the test

2 against experimental data, code assessment against

3 experimental data. So that is a good area for a

4 detailed peer review or in the future we could have

5 a presentation where we present the whole closure

6 model package that's used in the code.

7 MR. BANERJEE: And how it's implemented,

8 actually.

9 MR. STAUDENMEIER: Right. How it's

10 implemented is important in many cases on how you

11 average quantities over cells and what density you

12 actually feed in or what void fraction you feed into

13 evaluate the correlation. There's many ways you could

14 average or pull numbers in to get numbers back out. So

15 that is very important in these types of codes.

16 Okay. I guess a second goal of this

17 project was maintain our investment --

18 CHAIRMAN WILLIS: I think we've all read

19 this.

20 MR. STAUDENMEIER: Input models, okay.

21 Are there any more questions? Provided productivity

22 enhancing graphic analysis environment, all in --

23 CHAIRMAN WILLIS: I think that when you

24 say as good as or better, you need -- there are

25 probably several metrics, it's not just one metric in
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1 terms of comparison with data. It's other things.

2 MR. STAUDENMEIER: Right now, I guess our

3 metrics are a comparison with data and code

4 robustness, is what I'd say. And we haven't worried

5 so much about one time yet, but that's something we're

6 going to start looking at now.

7 CHAIRMAN WILLIS: And the adaptability to

8 different platforms and things like that?

9 MR. STAUDENMEIER: Right. Okay.

10 DR. SIEBER: So this was run on something

11 other than a 1950s workstation, right?

12 MR. STAUDENMEIER: Right. It'll run on

13 your Windows PC.

14 DR. SIEBER: Okay.

15 CHAIRMAN WILLIS: Does it run on the Mac?

16 MR. STAUDENMEIER: Yes. Joe Kelly

17 develops on a McIntosh. Mac OS10, not S9. And so if

18 you have OS10 you can run it.

19 DR. RANDOM: Another thing that would be

20 interesting on, from reading the NRC's research

21 program and whatnot, it's amazing the number of

22 organizations involved in this. I mean, you have ISL,

23 you have Penn State, you have the NRC people working

24 on it. You have Los Alamos working on it. How do you

25 coordinate all that, you know? And certainly from my
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1 experience in the past, I know today with the internet

2 and things like that, communication is better,

3 certainly. But still, it's who is the driving force,

4 you know? Who ultimately makes the decision as to

5 what; we're going to do it this way or that way?

6 MR. STAUDENMEIER: I mean the NRC is the

7 driving decision, essentially. We have periodic

8 codevelopment meetings where we gather everyone

9 together, hash out issues and come up with a way to

10 move forward. So --

11 DR. RANDOM: Do you resolve differences

12 among the different developers that are working on it?

13 MR. STAUDENMEIER: Yes, people throw out

14 ideas for what -- what their ideas how to solve it,

15 other people will provide feedback and maybe say, "Oh,

16 I think this is a better direction to move on that."

17 And it works surprisingly well.

18 I mean, Jennifer Uhle was carrying the

19 load essentially by herself for quite a long time in

20 this development project. I mean, right. now we're

21 probably at our peak number of in-house NRC

22 developers. I'm sure it was -- it gets fairly chaotic

23 at times now with all the people involved. And I

24 really don't know she handled it. She did an enormous

25 job in just keeping the project moving forward when
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1 she was in charge of it, because she was essentially

2 carrying --

3 DR. RANDOM: How many people do you have

4 working on it in-house?

5 MR. STAUDENMEIER: Well, I'll get to that

6 in a slide.

7 DR. RANDOM: Okay. Go ahead.

8 MR. STAUDENMEIER: But we have -- okay.

9 DR. RANDOM: I'll wait until then.

10 MR. STAUDENMEIER: Yes. Actually SNAP,

11 SNAP won't run on Mac OS10 yet. There's some Java 3-D

12 libraries that haven't been ported to there yet or

13 aren't fully running yet. I think I saw that there's

14 beta versions of those out. So within the next year,

15 SNAP will probably run that, too.

16 DR. KRESS: SNAP an acronym?

17 MR. STAUDENMEIER: SNAP is symbolic

18 numerical -- I don't know.

19 CHAIRMAN WILLIS: We have a whole

20 presentation. We have two hours presentation.

21 MR. STAUDENMEIER: Yes. You'll see plenty

22 of SNAP in the afternoon.

23 But essentially our model of computer SNAP

24 is our frontend, and it's a graphical user interface.

25 It's essentially a computing environment for all the
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1 NRC codes. You'll develop models in SNAP, modify

2 them, clip a menu item in SNAP that says go run this

3 model. It will either run it locally on your machine

4 or it can connect to a Linux cluster sitting off

5 somewhere else, or any other machine sitting off

6 somewhere else. Run the job and come back and post-

7 process answers within SNAP.

8 You'll see it this afternoon. It's a very

9 powerful environment. I don't know the last time

10 you've seen SNAP. But it's very much improved.

11 DR. RANDOM: Who is developing SNAP now?

12 MR. STAUDENMEIER: Ken Jones at APT. He

13 has his own small company called APT.

14 DR. RANDOM: So it started out on ISL and

15 then it's migrated to Ken Jones?

16 MR. STAUDENMEIER: It started out as ISL.

17 I think Ken at the time was working at either ISL or

18 it was Syntec, I guess, at the time.

19 DR. RANDOM: Yes.

20 MR. STAUDENMEIER: And Ken was working in

21 maybe one of their subsidiaries or as a contractor.

22 Ken's back here. He can answer that this afternoon

23 when he comes up to talk about his history.

24 DR. RANDOM: He was the XMGR developer,

25 wasn't he?
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1 MR. STAUDENMEIER: He did a lot of work

2 with XMGR, yes. Okay.

3 CHAIRMAN WILLIS: And you've already

4 talked about the rest of it.

5 MR. STAUDENMEIER: Yes. We're supporting

6 commodity platforms because you really can't beat

7 price performance and even outright performance,

8 there's not much performance to gain. By spending ten

9 times as much as you spend on a PC, you don't get much

10 performance gain by that extra amount of money.

11 We're supporting standard programming

12 languages to make everything portable and network and

13 software file formats, Fortran 05, Java, there's some

14 bridge code in C and C++ that's linked in.

15 Yes, Java, SNAP is written in Java now.

16 Originally that was written in C++ and it was moved

17 over to Java a few years ago.

18 Using standard networking protocols.

19 CHAIRMAN WILLIS: So most people can use

20 it; that's really the message here?

21 MR. STAUDENMEIER: Right.

22 Standard file formats we're sticking to

23 because there's lots of openly available software and

24 tools to manipulate this file formats. So we don't

25 want to reinvent anything. We want to leverage all
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1 that work out there that's done by other people.

2 CHAIRMAN WILLIS: You don't want to get

3 something which is just peculiar to the NRC?

4 MR. STAUDENMEIER: That's right.

5 CHAIRMAN WILLIS: Okay.

6 MR. STAUDENMEIER: And when I started

7 here, I mean all the codes, a lot of codes relied on

8 essentially proprietary software packages like SPLAY

9 or things like that you had to pay $20,000 a year for

10 a license or things like that. And we want to move

11 away from that.

12 In my opinion, our tools are much better

13 than they were then and they're using openly available

14 software protocols.

15 TRACE development team. The internet and

16 desktop workstations has made it possible to develop

17 a code like this without the physical infrastructure

18 of a national laboratory. Back in the 70s or 80s

19 you essentially needed a super computer to develop and

20 run these codes on. Now PCs are fast enough and for

21 our codes, they're essentially as fast as the fastest

22 computer you can buy. Because your codes don't really

23 take advantage of the advance architectures that are

24 in what are called super computers right now.

25 CHAIRMAN WILLIS: Okay. We can read this
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1 one, too, I think.

2 MR. STAUDENMEIER: Okay. In-house, we

3 have five people, five separate bodies, I'd say about

4 half of our time we spend on code development. Quite

5 a few contractors have been involved in the effort.

6 Applied Programming Technology is Ken Jones' company

7 on SNAP. ISL, Los Alamos and Penn State and Purdue.

8 DR. RANDOM: Is University of Maryland

9 helping out? I saw something in some of the research

10 stuff that looked like they were involved.

11 MR. STAUDENMEIER: University of Maryland

12 had been doing some code assessment for us. And

13 Professor Wolfe retired in the last year or so, so

14 there's no one there to lead the assessment effort

15 anymore, so we don't have work being done there now.

16 DR. RANDOM: Where is that?

17 MR. STAUDENMEIER: Universityof Maryland.

18 DR. RANDOM: Maryland? Right.

19 MR. STAUDENMEIER: Yes. And the professor

20 there that, I guess, headed the assessment effort, he

21 has retired so we don't have work there anymore. But

22 we have had work there in the past for assessment.

23 DR. RANDOM: Okay.

24 DR. KRESS: Was that where the transient

25 area model was being developed?
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1 MR. STAUDENMEIER: Excuse me?

2 DR. KRESS: The interfacial area model,

3 was that where that was being developed?

4 MR. STAUDENMEIER: No. That was being

5 developed at Purdue, the interfacial area transport,

6 I believe. I don't know. Is that correct, Joe? Okay.

7 DR. RANDOM: Also, UCLA they're doing the

8 subcool boiling model development. But I don't know

9 how closely that's tied in with this.

10 MR. STAUDENMEIER: I'll cover that in a

11 later side.

12 DR. RANDOM: Okay.

13 MR. BANERJEE: But one of our concerns

14 when we saw that presentation was not the quality of

15 the work, but the quality of the tie-in with TRAC.

16 MR. STAUDENMEIER: Of which?

17 MR. BANERJEE: Of TRAC or whatever.

18 MR. STAUDENMEIER: The subcool boiling

19 model?

20 MR. BANERJEE: Yes.

21 MR. STAUDENMEIER: Well, it isn't tied in

22 with TRAC yet, but it will be.

23 DR. RANDOM: Yes.

24 MR. STAUDENMEIER: And I'll get to that in

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

2 this work at Purdue will get --I actually don't have

3 anything on that in my slide, because that's not in

4 our near term plans to integrate interfacial area

5 transport, at least I don't think it is. But

6 eventually we're looking at integrating that into the

7 code to eventually to replace all standard --

8 CHAIRMAN WILLIS: Our recommendation when

9 we looked at this work and the Penn State work and the

10 other work, was don't have a research program where

11 they develop it there way and then assume that five

12 years from now somebody's going to translate it into

13 TRAC. TRAC has got to go along with the work they're

14 doing so that they're developing parameters and

15 structure which is capable with TRAC from day one.

16 MR. KELLY: This is Joe Kelly from

17 Research.

18 And that's very true. And at least for

19 the Purdue work, I'm going to be doing that over the

20 next couple of years. And I have a design to task to

21 develop a small pilot code. And the purpose of that

22 pilot code is to determine what is the most

23 efficacious way to implement an interfacial area

24 transport within a two code framework. Because there's

25 certain different ways you can do it. You need two
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1 bubble momentum equations or can you get by with one.

2 If so, how do you -- and so and so forth. So that's

3 the idea, is to have a research tool. And I will be

4 working to do that.

5 MR. BANERJEE: When are we going to review

6 this program? Because that are controversial aspects

7 as to whether such an approach actually can work? And

8 if it does work, what does it buy you? So I think it

9 would be interesting to have that up for some review.

10 CHAIRMAN WILLIS: Yes. We'll do that.

11 MR. BANERJEE: Because it's been going on

12 for a long time --

13 CHAIRMAN WILLIS: We haven't heard about

14 it for a long time.

15 MR. STAUDENMEIER: And we can put in a

16 request as wanting to see details of that experimental

17 program in it. We would try to accommodate that.

18 Configuration control is maintained at the

19 NRC. Later presentation today will show essentially

20 our configuration control and testing.

21 Current status. Architectural change is

22 nearly complete. We're trying to work out the last

23 bugs in the RELAP5 translation in running.

24 We're debugging existing models. We have

25 improvements in physical models and numerics in active
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1 development.

2 CHAIRMAN WILLIS: How about the input

3 text? Can you just take RELAP input text and use

4 them?

5 MR. STAUDENMEIER: Right. You can do that.

6 I'll go to the next slide -- not everyone yet, but we

7 have --

8 DR. RANDOM: You have to do that through

9 SNAP, right?

10 MR. STAUDENMEIER: Through SNAP, yes.

11 DR. RANDOM: One question that would be

12 interesting is the sort of trade off between SNAP

13 exclusively and improving the input capabilities of

14 TRAC, say, which have been quite crude from the

15 beginning and I think still are probably not very user

16 friendly.

17 MR. STAUDENMEIER: And that's right. I

18 mean, SNAP has always been seen as the new input

19 processor. Essentially SNAP is -- right ASCII input

20 processing and TRACE is still there in essentially

21 TRACE format which is very similar to TRAC-P format

22 and TRAC-B format. I guess we see as phasing that

23 capability out over some period of years, that SNAP is

24 to the point now where I think almost anyone would

25 want to use SNAP. There's still some remaining bugs to
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1 be sorted out. But SNAP has these capabilities you're

2 talking about like loop closure and things like that.

3 DR. RANDOM: Well, are you eventually

4 going to -- why not just integrate these two together,

5 you know, so that basically SNAP provides the

6 interface to TRACE on the same machine?

7 MR. STAUDENMEIER: That's what is going to

8 happen. SNAP is essentially going to develop your

9 input model in SNAP. It dumps a file. TRACE reads

10 that file in and you don't -- right now there's an

11 ASCII format file its dumping. In the future for RELAP

12 it dumps a binary format file that TRACE some reading

13 of. But in the future you probably, ten years from

14 now, wouldn't even think about ASCII input decks or --

15 at least people learning the code from now on probably

16 won't think that much about ASCII input decks.

17 They'll see SNAP as their input processor.

18 And you'll see in this afternoon's

19 presentation that SNAP is now very powerful and

20 there's very few reason why you wouldn't really want

21 to use. I mean, there's some small bugs to be worked

22 out, but it's very powerful for most uses and greatly

23 increases productivity during renodding -- well, let

24 me talk about that in my later.

25 Okay. Current priorities, complete RELAP
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1 file support, complete interim reflood model, which

2 you'll hear about from Joe Kelly tomorrow. Some

3 condensation work, Joe Kelly is also working on, he'll

4 talk about tomorrow.

5 CHAIRMAN WILLIS: This is available for

6 use?

7 MR. STAUDENMEIER: TRACE is available for

8 use. Interim reflood model isn't into the base

9 version.

10 CHAIRMAN WILLIS: Yes, but it's available

11 without these improvements, is it?

12 MR. STAUDENMEIER: Right. It is available

13 without these improvements. And people are using it.

14 CHAIRMAN WILLIS: How about the runtime?

15 MR. STAUDENMEIER: Well, I'll talk about

16 runtime in a couple of slides coming up.

17 CHAIRMAN WILLIS: Okay. Let's talk about

18 all these things later so we can move on then.

19 MR. STAUDENMEIER: Yes. Current

20 priorities. We need to add a rod bundle interfacial

21 drag model and complete modularization of the

22 interfacial drag. That's one thing we're missing in

23 our correlations package that TRAC-B and RELAP5 had.

24 That's a simple addition. It's going to be a best

25 correlation for rod bundle interfacial drag and
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1 bubbly--

2 CHAIRMAN WILLIS: So if you haven't done

3 the second bullet, how do you know it's any good?

4 MR. STAUDENMEIER: Well, we have done some

5 preliminary assessments so we know what the big

6 problem areas are and we know where it does fairly

7 well right now. And Steve Bajorek will talk about

8 that in a talk tomorrow. But we need to get to the

9 point where we'll stabilize the code. It's almost at

10 that point now. We'll stabilize, go through more

11 complete assessment and then identify things after

12 we've done this last bit of model improvement and

13 stabilization.

14 CHAIRMAN WILLIS: So you'll stabilize but

15 not fossilize?

16 MR. STAUDENMEIER: Correct.

17 MR. KELLY: Joe Kelly from Research again.

18 And I can give a little bit more

19 information on the rod bundle interfacial drug because

20 it actually was the code assessment that was done at

21 the University of Maryland that identified a

22 deficiency in the high pressure PWR small break LOCA

23 type conditions in the current TRACE models.

24 And they also went in and put in -- and

25 checked it for those conditions. Then when I was
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1 doing the interim reflood model, I ran into the same

2 problems and I checked it for those conditions for the

3 low pressure level swell conditions and it did a much

4 superior job to anything we had now. And so that's

5 when the decision was made to go ahead and put it in

6 and redo all of the assessment with that model.

7 MR. STAUDENMEIER: Yes. And we've also

8 done some BWR related calculations with -- included in

9 special code versions, and it's done a better job in

10 those -- predicting void profiles in those situations,

11 too.

12 DR. FORD: Excuse me. The second bullet.

13 Will we be seeing a demonstration of some of these

14 calculation versus physical data?

15 MR. STAUDENMEIER: Tomorrow Steve Bajorek

16 has some.

17 MR. BAJOREK: Yes. Yes. Tomorrow I'd like

18 to try to go through a summary of all of the

19 assessments that we've done in the past year. I'm not

20 going to go back to 2002 and look at the interfacial

21 drag, but between now and tomorrow I'll try to get a

22 little bit more on that. But I want to give an

23 indication on how the code is performing with respect

24 to the code consolidation, show some of the flaws that

25 we need to fix and what our plan is for the next year,
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1 and what assessments we're going to be picking up on

2 in order to try to get the job of improving the code,

3 proving its accuracy and quantifying what we've got

4 there.

5 MR. STAUDENMEIER: I think that's a good

6 topic for maybe a future meeting where we could have

7 a full two day meeting on just showing code assessment

8 results. I mean, you could easily fill up a two day

9 meeting with that.

10 DR. FORD: And how much is the runtime

11 improved? You say "improve runtime performance." A

12 factor of ten?

13 MR. STAUDENMEIER: No. The runtime, a

14 priority is to improve the runtime performance. In

15 some models it actually runs faster than the old code.

16 I'd say, most cases it runs slower right now. But we

17 haven't concentrated on runtime improvement and

18 optimism yet. We're just concentrating on stabilizing

19 the architecture and getting the code working

20 robustly.

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

22 MR. STAUDENMEIER: That is one of the

23 final goals, and I think that we will be getting big

24 runtime improvements. And actually, I have a slide

25 coming up where I just fix the physical model that
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1 improved runtimes greatly. I think the things -- we

2 have to worry about fixing our physical models first.

3 I think they're causing a lot of runtime and

4 robustness problems.

5 And in running these codes, usually the

6 biggest performance hit isn't actually the actual

7 runtime for time step. Even if it was a factor of two

8 greater. I mean it's parts sometimes during these

9 calculations where the code just bogs down and runs at

10 real low time steps and have a solitary behavior, and

11 it's usually due to bad physical models or bugging the

12 code somewhere and not the actual time per time step

13 taken in trying to refer to the time step.

14 CHAIRMAN WILLIS: Are you talking about

15 runtimes of days or something like the old codes

16 rather than minutes?

17 MR. STAUDENMEIER: If you make a big

18 enough model, you can make it run as long as you want.

19 I mean, most things that we look at, I mean --

20 CHAIRMAN WILLIS: Regulatory needs someone

21 wants to sit down with this code, have a question and

22 get an answer within the hour, not next week.

23 MR. STAUDENMEIER: And I think most things

24 you can get answers within the hour.

25 DR. FORD: Well I thought in the very
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1 beginning of the program, as you had mentioned earlier

2 on as to what your expectations were, that (a) an

3 absolute is that it must predict the physical

4 phenomena. But the other thing I would have thought

5 is that you must decrease the runtime.

6 MR. STAUDENMEIER: Yes. And as I said, we

7 are going to decrease runtime and that is a goal of

8 ours.

9 CHAIRMAN WILLIS: Orders of magnitude.

10 Computers improve by orders of magnitude every,

11 whatever it is, 2 years or something. You should be

12 doing the same thing with this code. It's ten times

13 faster every three years.

14 MR. STAUDENMEIER: I mean, the code does

15 follow Miller's law. It doesn't violate Miller's law.

16 As computers get faster, it gets a lot faster with the

17 computers --

18 MR. BANERJEE: But nothing in the code

19 follows Miller's law.

20 MR. STAUDENMEIER: I mean, some things it

21 does -- you'll see, John Mahaffy will talk about some

22 parallel processing capability that you could get runs

23 like wall clock speed ups on, not reducing the actual

24 total CPU time. But there's other advanced numerical

25 stuff that we're looking at that could increase
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1 runtime implicitness of the numerical methods, that's

2 where we think we'll see a big runtime increase.

3 But I think right now our biggest runtime

4 increase is going to be debugging our physical model

5 package --

6 CHAIRMAN WILLIS: Is someone going to show

7 us?

8 MR. STAUDENMEIER: You'll see a slide in

9 a couple of minutes if you just wait, where I'll show

10 you how improving a physical model will improve your

11 runtime.

12 CHAIRMAN WILLIS: Okay. So you're

13 actually going to show data. On all these measures of

14 success, you're going to give us evidence?

15 MR. STAUDENMEIER: That's right.

16 CHAIRMAN WILLIS: Great.

17 MR. STAUDENMEIER: Legacy deck support.

18 Input decks from these codes will run with little or

19 no modification.

20 Okay. SNAP. You'll see plenty of SNAP

21 this afternoon, so I'll skip over this.

22 Right now we've finished pretty much the

23 corridor oriented details and we're moving towards

24 more of an engineering oriented interface, and you'll

25 see examples of that this afternoon.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



62

1 CHAIRMAN WILLIS: Some members of the

2 Committee, not necessarily those who are here, don't

3 understand why you use SNAP rather than going for

4 something that's commercially available.

5 MR. STAUDENMEIER: Well, SNAP's at a

6 commercial company and it is available now.

7 CHAIRMAN WILLIS: I know. But it's

8 specific for this -- than something that's there

9 already for other purposes and out there in the

10 marketplace.

11 MR. STAUDENMEIER: I don't know of any

12 products like that. I mean, we'd have to contract with

13 -- do a sole source contract with some software

14 company that has a similar product, I guess, and get

15 them to adapt it to all our codes that we want to put

16 in. But actually now you'll see SNAP has created this

17 open environment that pretty much anyone can take

18 their code and write a plugin for SNAP without

19 modifying the core of SNAP and make their code with

20 SNAP if it has this sort of a component junction type

21 of paradigm.

22 So someone could take RETRAN and write a

23 SNAP plug in for RETRAN and RETRAN could use all the

24 infrastructure of SNAP or any other code that looks

25 like that could use the infrastructure of SNAP.
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1 DR. RANDOM: Does SNAP also handle the

2 output display, like the XMGR?

3 MR. STAUDENMEIER: SNAP goes well beyond.

4 SNAP right now uses XMGR. It's now called AcGrace.

5 XMGR has become an open source project on the internet

6 called Grace. And then AcGrace is all virgin of it.

7 That links to all the NRC codes. But it's going to go

8 well beyond that in the next few years. It does

9 animations. Right now, it doesn't do it yet, but

10 it'll essentially take your graphical input mask and

11 it will animate that in output. It'll do what the MPA

12 did or it will connect off and do interactive

13 capabilities with calculations. You can make masks

14 like MPA masks and animate that mask.

15 DR. RANDOM: Well, in that sense then is

16 TRACE than just a module of SNAP?

17 MR. STAUDENMEIER: It's the computational

18 engine.

19 DR. RANDOM: All right.

20 MR. STAUDENMEIER: I mean SNAP is the

21 front end and back end, and that's what it's advance

22 computational engine. It feeds -- or TRAC essentially

23 into the computational engine post-process results.

24 DR. RANDOM: Well, that seems like the

25 logical way to go.
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1 MR. STAUDENMEIER: I mean, it would be

2 more of that -- I mean essentially the original idea

3 was to remove all input processing from TRAC, but it

4 turned out we are limited in the number of Java

5 developers we had and had more Fortran developers, so

6 more of that was kept in TRAC. In the future, we'd

7 like to move more of that input processing out of TRAC

8 and move it all over into SNAP and have it just --

9 TRAC just picks up this binary snapshot of this data.

10 The system at the beginning of the calculation runs

11 through it, dumps this out. But SNAP post-processes

12 this stuff. So I mean the ASCII interface will

13 essentially disappear in the future.

14 DR. RANDOM: In that sense are you able to

15 observe the calculation as it's proceeding?

16 MR. STAUDENMEIER: Yes.

17 DR. RANDOM: In a graphical sense?

18 MR. STAUDENMEIER: Yes.

19 DR. RANDOM: Yes.

20 MR. CARUSO: Is SNAP going to be also used

21 for CONTAIN and maybe MELCOR --

22 MR. STAUDENMEIER: CONTAIN support will be

23 finished the end of December, I think is the current

24 schedule. MELCOR is sometime next year.

25 MR. CARUSO: Okay.
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1 MR. STAUDENMEIER: Or parts will be

2 integrated into SNAP.

3 MR. CARUSO: Okay.

4 MR. STAUDENMEIER: Okay. Now we get to

5 runtime performance. Everybody's been asking about

6 runtime.

7 DR. KRESS: Before you go there, you know

8 one of the traditional ways to improve runtime is to

9 lengthen the finite difference time step at the

10 expense of accuracy. When you compare, say, these

11 runtimes to different codes like TRAC, are you using

12 the same time step or are you getting the same

13 accuracy, or how --

14 MR. STAUDENMEIER: We're getting the same

15 accuracy and there's some time step controlling sizes

16 that limits time step sizes based on rate of change of

17 stated variables in the code.

18 DR. KRESS: Yes, you have --

19 MR. STAUDENMEIER: We don't truly limit by

20 truncation error yet. That may be something to look

21 at the future as having a measure of truncation error.

22 We don't look at that yet. If things are changing

23 fast in our variable, it limits the rate of change of

24 how fast the variable can change and reduces the time

25 step based on that.
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1 Okay.

2 CHAIRMAN WILLIS: So it's longer than the

3 code that you had before?

4 MR. STAUDENMEIER: For runtime

5 performance, actually the small model which run really

6 fast and you don't really care that they've slowed

7 down so much right now, run slower than the --

8 CHAIRMAN WILLIS: This may surprise you.

9 I must be completely naive because, again, I start

10 with the assumption that you're trying to make orders

11 of magnitude improvement rather than just run as fast

12 as it did before.

13 MR. STAUDENMEIER: The orders of magnitude

14 improvement were never in time for time step. They

15 were always looked at being able to take larger time

16 steps and decreasing the number of time steps in a

17 calculation. And work is being done --

18 CHAIRMAN WILLIS: The time isn't computer

19 time. It's the physical time being modeled.

20 MR. STAUDENMEIER: Right.

21 CHAIRMAN WILLIS: And if the computer can

22 make the same number of calculations faster, if it

23 can, now it must be able to run the code quicker?

24 MR. STAUDENMEIER: Oh, yes. I mean, if I

25 compared this to the machine that was it running on
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when we started the project. This is on the same

machine, essentially, that the two different codes--

CHAIRMAN WILLIS: Okay. But if you look

at machines --

MR. STAUDENMEIER: This is two different

codes on the same machine.

CHAIRMAN WILLIS: Okay. But if you look

at machines, you've probably got an improvement which

is really significant?

MR. STAUDENMEIER: I mean, that wouldn't

be a fair comparison.

CHAIRMAN WILLIS: How much is that?

MR. STAUDENMEIER: To take either one of

these codes and compare it to how fast it ran on a

computer seven years.

CHAIRMAN WILLIS: Yes. If a guy

wants to run a calculation with this thing,

faster can it be run today than it could be

you started?

MR. STAUDENMEIER: And I can't

from NRR

how much

run when

remember

what was available seven years ago. But the

calculations are much faster.

I know when I ran calculations seven years

ago, they took a lot longer time than they take now.

CHAIRMAN WILLIS: Is it ten percent faster
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1 or ten times faster? What is it?

2 MR. STAUDENMEIER: Well, I'd say it's more

3 on the order of five to ten times faster now with the

4 computer speed.

5 DR. MAHAFFY: This is John Mahaffy.

6 Figure a factor of ten.

7 CHAIRMAN WILLIS: A factor of ten. Yes.

8 MR. BANERJEE: Why is the time going up?

9 MR. STAUDENMEIER: Why is the time going

10 up? We haven't tracked down what the big runtime hit

11 is. This is measuring truly performance per time

12 step, essentially. So it's for the small problems,

13 the small one do problem.

14 MR. BANERJEE: The time steps are the

15 same?

16 MR. STAUDENMEIER: Time steps are the

17 same, essentially. I mean, they're slightly different

18 because we're having little bugs fixed here and there

19 to make the progression of the calculation slightly

20 different.

21 So essentially we're taking 1.7 times more

22 per time step on simple calculations.

23 Fortran 90, depending on how you implement

24 interfaces and call interfaces, different compilers

25 have different hits, runtime hits. This is in a
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specific compiler, specific computer. And these

numbers may be different on a different computer and

a different compiler.

This is on our -- compiler on an AMD

Athlon chip --

DR. SIEBER: This is all 32-bit.

MR. STAUDENMEIER: Right. It's as 32-bit.

The code is double precision, but it's 32-bit chip

essentially.

DR. SIEBER: Yes. On the other hand, with

the new 64-bit chips you got a lot more of addressable

memory. So, you don't have to use virtual memory.

MR. STAUDENMEIER: No. We're not using

virtual memory yet.

DR. SIEBER: Oh, you aren't.

MR. STAUDENMEIER: Our calculations are

well within the limits of 32-bit memory addressing.

Except for maybe post-processing and graphical output

files.

DR. SIEBER: These codes are intering

codes, right?

MR

presentation o

DR

enough to allo

. STAUDENMEIER: Yes, you'll see a

n that, the merits and how that works.

. SIEBER: So is double precision good

w the itering to occur without hunting
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1 on a PC?

2 MR. STAUDENMEIER: Yes, we think so.

3 DR. SIEBER: Okay. Have you ever sat down

4 and looked at the answers to see where the iteration--

5 how the iteration converges?

6 MR. STAUDENMEIER: I haven't specifically

7 done that. I know John Mahaffy has done that, and he's

8 added some new checks in looking at residuals as they

9 converge versus time sets. And you could possibly ask

10 him about that during his presentation.

11 DR. SIEBER: Okay.

12 DR. FORD: I just want to make sure that

13 I understand. You said that the time steps are the

14 same between that used in TRACE as compared to TRAC,

15 therefore the accuracy is the same?

16 MR. STAUDENMEIER: Yes.

17 DR. FORD: The accuracy in terms of

18 observation versus calculation?

19 MR. STAUDENMEIER: Well, I mean, I'll

20 cover that in the next slide. I mean, we fixed some

21 bugs and make the answers better, but essentially the

22 accuracy is close to the same, yes.

23 DR. FORD: And so this --

24 MR. STAUDENMEIER: It'll lay curves

25 essentially over the top of each other, in most cases.
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1 DR. FORD: And so this increase in runtime

2 is due purely to the difference in complexity between

3 TRACE and TRAC?

4 MR. STAUDENMEIER: Well, I think it's due

5 largely to the ability of Fortran 95 compilers to

6 optimize code. And they're sensitive in some ways of

7 transferring data between -- in subroutine calls and

8 things like that. And we have to track that down and

9 see what's going on. But it's been demonstrated in

10 the past that different compilers don't handle some

11 things very well and we have to go back through and

12 look and see how we're transferring data. And

13 essentially, we're going to have to do some runtime

14 code profiling and see where this extra time is being

15 taken up in the new code and look at what we can do to

16 fix that. But I think we should be able to get the 1-D

17 things back down to the TRAC, Fortran 77 level. We

18 just have to find out what's slowing it down now.

19 And if you see down at the bottom of the

20 list, the largest problems are running faster in this

21 code per time step, and that's partly due to a new

22 matrix solver that's in the code. So when you have

23 multiple vessels or even just one large vessel and

24 multiple 1-D connections to that vessel, this new

25 matrix solver speeds things up quite a bit.
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1 CHAIRMAN WILLIS: If I want to run a

2 reactor model as to BWR stability or something, and I

3 want to run a model, every channel instead of having

4 just hot channel and the rest, that's a tremendous

5 increase in the number -- amount of things I'm going

6 to compute.

7 MR. STAUDENMEIER: Right.

8 CHAIRMAN WILLIS: I mean, it's a hundred

9 times as much or something. So you need to have a

10 corresponding increase in speed in order to say well

11 now do this.

12 MR. STAUDENMEIER: Well, I don't think it

13 will be a problem. I think we'll be able to with our

14 Peach Bottom and Ringhals work. Like turbine trip

15 modeling every channel in the core, we're going to do

16 calculations in under an hour. I think. I'm

17 confident of that. Because we do them very fast now.

18 MR. BANERJEE: Where is the code spending

19 its time?

20 MR. STAUDENMEIER: I don't know yet. We

21 have to do some runtime profile. We haven't gotten to

22 that point to track down where the performance hits

23 are.

24 MR. BANERJEE: Where does TRACP-F77 spend

25 its time?

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

73

MR. STAUDENMEIER: It depends on the

problem. Like this last problem, the AP-600 with

multiple 3-D components and many 1-D to 3-D junctions,

the last time I checked, which was when I was doing

AP-600 calculations, I did profiling and actually

found a performance improvement at the time with how

some matrix multiplications were being done. It was

spending essentially half it's time on the matrix

solution for that every time step. And I put in a

small modification and it cut it essentially, the

matrix solution time down in half and we spending a

quarter of its time in matrix solution then.

So, I would expect that this new matrix

solver, since it's faster than the old code, it's

spending less of its time in the matrix solution and

more in just filling up matrices with the coefficients

of the equations and things like that and transferring

data back and forth between components and things that

need it.

DR. RANDOM: Was the level if implicitness

seen between the old version and the new in terms of

interface drag and treatment --

MR. STAUDENMEIER: Yes, the level of

implicitness and those things is the same. One thing

that's been improved is if you had flow loops, 1-D
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1 flow loops that came out of, say, a radial face and

2 then went back around after a while and connected into

3 an axial interface, you had to use semi-implicit

4 numerics in the vessel. But now with the new matrix

5 solver, it's been changed that you can run sets

6 everywhere with those type of connections. But

7 essentially it's the same level of implicitness in

8 everything.

9 We have some work ongoing that's looking

10 at increasing the implicitness first in interfacial

11 heat transfer. And then wall heat transfer and fully

12 implicit 1-D components. And then move on to look at

13 full implicit 3-D components.

14 DR. RANDOM: This drop in performance must

15 be due to the change in the way you modularize the

16 code, I guess, and communication between the different

17 parts of it?

18 MR. STAUDENMEIER: Yes. That's what it is

19 and how Fortran 95 optimizes these new code

20 constructs.

21 I know of some places in the 3-D vessel

22 where stepping through matrices is done in wrong order

23 in IJK space in a multi-dimensional array. That's

24 stepping through the last index first and looked at --

25 you can probably get like ten percent speed up on the
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1 large vessel problems in that case for that. We have

2 to search through the code and look for where the

3 runtime is. I mean, that's all it comes down to, is

4 we're going to look through and study it and try to

5 solve it.

6 DR. FORD: We're never going to let you

7 get off this graph, I'm afraid.

8 I've got a higher level question.

9 MR. STAUDENMEIER: That's too bad. The

10 next one --

11 DR. FORD: Is there an easy answer to the

12 question as to what's the value of TRAC? The accuracy

13 you say is the same. The individual codes that it's

14 modeling, like TRAC-P and things like this, and yet

15 the runtime is greater. So apart from the academic

16 enjoyment of having an all seeing, all dancing code,

17 what's it value?

18 MR. STAUDENMEIER: As I said, it's not

19 finished yet and the runtime will get faster. Right

20 now it's at the stage of the project where we've

21 completed these architecture enhancement and debugging

22 things. And you'll see on the next slide it runs much

23 faster, it some cases with some bug fixing --

24 DR. SIEBER: We may not get to that slide.

25 MR. STAUDENMEIER: Here it comes. TRACE
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1 Robustness. Preliminary code assessment results have

2 identified some robustness and physical model

3 problems.

4 I recently had some error corrections to

5 the annual-mist interfacial drag in critical flow

6 model and we've greatly improved robustness.

7 CHAIRMAN WILLIS: It's not just

8 robustness. It's not just robustness when it's just

9 reducing its time steps. Is that when you mean by

10 robustness?

11 MR. STAUDENMEIER: Well, robustness also

12 means the code used to just shut down sometimes with

13 minimum time steps. It's the minimum time step wants

14 to reduce it further, but it can't because you've

15 limited the minimum time step you can run at. So

16 robustness is one way to characterize that is how

17 stably it makes it through a calculation.

18 And after these improvements, the code

19 gives better results in almost every problem I've seen

20 and vastly better results in lots of problems.

21 Like, you can see, TLTA took 142000 time

22 steps before these corrections. Now it's down to 17000

23 time steps. SSTF, another BWR LOCA test, more than a

24 factor of 40.

25 CHAIRMAN WILLIS: So you'd expect --
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1 MR. STAUDENMEIER: Browns Ferry more than-

2 -

3 CHAIRMAN WILLIS: -- run time, wouldn't

4 you--

5 MR. STAUDENMEIER: Well, yes, this will

6 vastly -- these weren't the tests that I used to check

7 runtime.

8 Semi-Scale, reduces it by -- I don't know,

9 like on the order of less than 10 percent but the

10 improvement in accuracy of what PCT vastly improved in

11 that calculation.

12 LOFT, about 30 percent decrease for a

13 small break.

14 Here's a case where the LOFT calculation,

15 a large break, wouldn't make it through the

16 calculation with these improvements. It runs through

17 and it's running faster up to the point of where the

18 original code stopped running also.

19 And other than interfacial drag, there's

20 a bug I suspect somewhere in interfacial heat transfer

21 causing some similar robustness problems in some other

22 calculations. Actually, Joe Kelly I think has

23 identified at least one place in interfacial heat

24 transfer. And we'll go assessment or else look

25 through our other correlations and see where the code
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is causing problems and you could see some other step

change in runtime improvements when we get out the

clutches in our correlations package.

DR. FORD: Not being a computer guy, but

what's the benefit of this? You're showing that

there's a decrease in the time steps to do a specific

calculation. Well, so what?

MR. STAUDENMEIER: You can do more

calculations if you run it 40 times as fast. You may

be able to do more sensitivity calculations on the

accident that you're looking at or things like that,

or you just get the results back faster. It could

change from being limited by how fast it takes the

code to run something to being limited by analyzing

the results. But also sensitivity calculations for

uncertainty analysis, you can make lots of parameter

variations, and look at how sensitive the results are

to the things you're looking at and changing.

DR. FORD: Yes. And there's less things to

go wrong, presumably. But that's not born out by your

previous graph.

MR. STAUDENMEIER: As I said, this is

totally different runs and --

DR. FORD: Okay.

MR. STAUDENMEIER: Befi
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1 complaining it wasn't running fast, now I show it runs

2 fast and now it's something else. What good is it

3 when it runs fast?

4 DR. SIEBER: He's never satisfied.

5 MR. BAJOREK: Joe, this is Steve Baj9orek

6 again.

7 I think what might be being missed is the

8 improvement overall between what the code does and

9 what it's doing on the new platforms.

10 If we look at the last three cases on

11 here, the LOFT and the Semi-Scale, I can't remember

12 the exact numbers, but Semi-Scale, for example, I

13 think is running in a couple of hours or so to get one

14 of the transients done.

15 MR. STATDENMEIER: It was about 300

16 seconds, actually. But at least this one. There's

17 another Semi-Scale one I didn't run that may have been

18 taking hours. If it was taking hours, I think it'll

19 run much faster now if I run it.

20 MR. BAJOREK: But the Semi-Scale cases are

21 running in a relatively short period of time. I don't

22 know if it's minutes or a couple of hours. But

23 running similar cases with a vendor's code several

24 years ago, running Semi-Scale cases of similar

25 complexity took days, closer to a week.
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1 LOFT, the large break and also the small

2 break, again I think they are running now in a couple

3 of hours or, you know, an afternoon, something like

4 that. Again, when we had done assessments with a

5 different code to run similar cases, in fact the L3-1

6 in particular, it took days to run.

7 You know, so we don't have exact numbers

8 on that, but if we're looking at the overall increase

9 in performance, we're now running assessments that

10 same day, that same afternoon that had previously

11 taken us quite a long time.

12 Now, one of the other things that I think

13 is very important, is we do have some cases that are

14 still taking days to run. And as we're getting away

15 from code consolidation and spending more time on the

16 constituent models, we're finding the bugs and

17 clutches. And I think the first three cases are good

18 examples of when we've had the time to look at the

19 models, find the bugs and fix them, we're taking those

20 remaining cases that have been taking days to run, and

21 those are also going back to the point where they can

22 run in hours or minutes.

23 DR. SIEBER: Rather than dwell on runtime,

24 I think there's another thing that you said that makes

25 me curious, and that is that you get better answers,
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1 which I interpret meaning more accurate answers. How

2 do you know that answer A is more accurate than answer

3 B?

4 MR. STAUDENMEIER: Most of the cases I've

5 showed, we have --

6 DR. SIEBER: You can adjust --

7 MR. STAUDENMEIER: We have experimental

8 data, so most of these I've showed are test

9 facilities. So a big comparison in test facilities.

10 And there's other measures of the calculation, like

11 one may be very oscillatory, that's an obvious

12 numerical instability. When you fix it, it gives you

13 smooth curves.

14 DR. SIEBER: Right. I don't think of that

15 as accuracy, though. It's more of a stability issue.

16 But you can adjust the answer you get, right, to some

17 extent?

18 MR. STAUDENMEIER: I mean nodalization you

19 can adjust.

20 DR. SIEBER: Yes.

21 MR. STAUDENMEIER: The answers somewhat by

22 changing nodalization. Other than that, like going in

23 and changing the correlation parameters, you can't

24 really adjust the things. I mean, we have a

25 correlations package that's been developed and
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1 compared to separate effects data. And we run them

2 against these integral type test facilities which I

3 showed for these runs to show that the whole code is

4 holding together.

5 I think with a pass codes like REPLAP4 had

6 a lot of adjustable parameters --

7 DR. SIEBER: That's right.

8 MR. STAUDENMEIER: -- that you could set

9 in the input. Things like RELAP5 and TRAC and those

10 codes, the big step in those was removing all these

11 adjustable parameters in those so that the users can't

12 have a big impact over the answers.

13 DR. SIEBER: But the correlation

14 coefficients are really just nobs. You only set them

15 once, though.

16 MR. STAUDENMEIER: That's right. I mean,

17 they're nobs -- I mean, some of them are purely

18 empirical correlations, some of them are semi-

19 empirical based --

20 DR. SIEBER: Right.

21 MR. STAUDENMEIER: -- on some sort of

22 physical model. And you have to set those

23 coefficients in the thing, I mean we're not at the

24 point where we can -- it's too complex to get them for

25 first principles. You have to set them with some sort
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1 of test data, compared to some sort of test data. And

2 then you live with them from there on, though.

3 DR. SIEBER: That's right. They're built

4 in.

5 MR. STAUDENMEIER: Right.

6 DR. SIEBER: One final question in this

7 area, if I accept that it is more accurate and you're

8 basing that on test data, how accurate is it really?

9 Are we talking five percent, ten percent? And what

10 parameters, output parameters tend to give you the

11 worst levels of accuracy?

12 MR. STAUDENMEIER: Well Steve Bajorek will

13 cover that in more detail and show you some actual

14 plots. I don't have plots here to show. I probably

15 should have threw in a plot or two. But I was showing

16 actual results for Steve tomorrow.

17 MR. BAJOREK: Well, we'll go into that

18 tomorrow.

19 DR. SIEBER: All right.

20 MR. BAJOREK: That's been an issue in code

21 development for a long time, what matrix should you

22 use to try to gauge the accuracy of a code.

23 DR. SIEBER: That's right.

24 MR. BAJOREK: I'm going to talk about that

25 tomorrow and show how we're going to try to get away
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1 from a simple subjective approach which has been used

2 through the code consolidation and up to now to try to

3 get some quantifiable matrix on the code performance.

4 And that's an important part of our focus over the

5 next few years.

6 DR. SIEBER: Okay. Well, I'm interested

7 in that, so I'll be eager to listen tomorrow.

8 MR. STAUDENMEIER: Specifically for

9 reflood, Joe Kelly will be going over reflood modeling

10 and show you what's important and show you plots of

11 important parameters.

12 CHAIRMAN WILLIS: The code is keeping

13 track of uncertainties. It'll give you a best estimate

14 prediction and uncertainties and so. And you can see

15 if the data are within these uncertainties.

16 MR. STAUDENMEIER: Yes. We don't keep

17 track of uncertainties now. But that's something --

18 DR. SIEBER: Well, do that. Then you

19 might know what to make of the fact of the scatter.

20 That's the ultimate panacea, because once you know the

21 uncertainties, you can make a judgment as to what the

22 accuracy really is.

23 MR. STAUDENMEIER: Yes, that's part of our

24 future goals is to --

25 DR. SIEBER: That's a keep.
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1 MR. STAUDENMEIER: Yes. Is to implement

2 some measure of uncertainty into the code so that

3 you'll get a measure of uncertainty out with your

4 calculations.

5 Documentation, they're all in draft form.

6 Users guide input format is up to date. We need to

7 change that to recognize that SNAP exists and will

8 become the user interface essentially.

9 Need work on modeling guidelines.

10 Theory manual, mostly update. We will be

11 revising it as correlations packages get revised.

12 Assessment. It's out of date. It'll be

13 revised when new assessment is completed.

14 Programmers manual.

15 CHAIRMAN WILLIS: Well, I guess we're

16 going to talk about this, but in the theory from what

17 we've seen is that people take something like momentum

18 equation, and declare this is it. And sometimes it's

19 a justification which is a little hooky. But they

20 declare it. And then they go and work tremendously on

21 the details of the coefficients in the correlations.

22 But the modeling of this conservation of something

23 also has more idealizations. And there's no attempt to

24 parameterize that or correct it, or anything at all.

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

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



86

1 you've reduced maybe a stokes equation to something

2 which describes a box, which it doesn't look like the

3 real geometry and all that. There's a lot of

4 assumptions in there, a lot of errors introduced by

5 doing that. They're not quantified in anyway at that

6 stage.

7 And then there's a lot of stuff on how

8 accurate is some correlation for heat transfer, which

9 is little detail really compared with this big

10 simplification of some conservation law.

11 So really, there ought to be some

12 attempts--

13 MR. STAUDENMEIER: Yes. We don't address

14 that in detail. I guess we always thought it has been

15 taken care of in our assessment calculations against

16 integral experiments that have these errors in that

17 they show good results.

18 CHAIRMAN WILLIS: If you make it, say, a

19 one dimensional analysis of something which is

20 multidimension, is that you're introducing errors

21 which may be a factor of two right there.

22 MR. STAUDENMEIER: Yes.

23 CHAIRMAN WILLIS: And if that's inherent

24 in the structure of the code, you're not going to

25 catch it by tweaking all these correlations.
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1 MR. STAUDENMEIER: Yes, that's correct.

2 And I guess one thing is to use the correct tool for

3 the problem. And if you need real multidimensional

4 type of effects, you're not going to get it in these

5 type of codes.

6 CHAIRMAN WILLIS: You need to put in

7 something else.

8 MR. STAUDENMEIER: You need to go to

9 something like CFD.

10 CHAIRMAN WILLIS: Plus factor or something

11 which is correlatable?

12 MR. STAUDENMEIER: Possibly, yes. Well,

13 that's one thing that we'll look at in our theory

14 guide. It doesn't really talk about those

15 simplifications and approximations, but including

16 documentation on that. Because I know we'll be pushed

17 on it from here. But, yes, I think it's a good idea

18 to have that even without being pushed on.

19 CHAIRMAN WILLIS: Well my old approach

20 used to be to say I start the documentation and if the

21 first ten pages look hooky, I don't need to read the

22 rest of the document at all.

23 MR. STAUDENMEIER: Actually, we're also

24 addressing another one of your concerns, which is to

25 get rid of TRAC-Es in the theory manual instead of
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1 what the variable name in the code is for interfacial

2 drag or heat transfer coefficient to say this is the

3 interfacial drag coefficient defined like this.

4 Okay. Deficiencies. Documentation is not

5 yet complete is one major deficiency. Some things

6 that have been identified through calculations that

7 have been --

8 CHAIRMAN WILLIS: Is that not yet

9 complete, because there's something inadequate about

10 parts of it or is it not complete because it's missing

11 commas and punctuation marks, or that type?

12 MR. STAUDENMEIER: A lot of it is it just

13 hasn't been detailed review. Like the users guide is

14 mostly accurate. It's missing user guidelines.

15 CHAIRMAN WILLIS: But you know what's in

16 TRAC. And the original TRAC is developed in the old

17 days. I mean, when it first was developed I

18 understand documentation was so bad that no one who

19 wasn't a developer of it knew what really happened.

20 And it was major effort to write down clearly what is

21 actually in the code and why.

22 MR. STAUDENMEIER: Right.

23 CHAIRMAN WILLIS: But you're not at that

24 stage. You really know what's in the code and why?

25 MR. STAUDENMEIER: Yes. My understanding
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1 is the code was revised or documentation was revised

2 greatly after CSAU offered to document this --

3 CHAIRMAN WILLIS: Well, after they found

4 what the code really was.

5 MR. STAUDENMEIER: Yes.

6 CHAIRMAN WILLIS: Yes.

7 MR. STAUDENMEIER: And that's the current

8 state of the documentation. I mean we've changed

9 formats some and --

10 CHAIRMAN WILLIS: But now it makes sense.

11 MR. STAUDENMEIER: We make error

12 corrections.

13 I think it makes sense. I mean, there's

14 still some TRAC-Es that has to be removed, but that

15 will be upgraded as we move on. I mean, the

16 documentation --

17 CHAIRMAN WILLIS: But the outsider can

18 look at it and say this makes sense to me?

19 MR. STAUDENMEIER: I think so, for the

20 most areas. I mean, there's some areas where it

21 probably needs better explanations. But I think for

22 the most part it's understandable to at least someone

23 that's working in the field.

24 DR. RANDOM: I've read a little bit of the

25 theory manual, and I say that latest version that came
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1 out in 2002 I think is a great improvement over past

2 documentation. It's very readable. I haven't got far

3 enough to dig into a lot of the appendices to know how

4 complete the explanations are.

5 And a lot of it is very up front, as a

6 matter of fact, in terms of what the effect of the

7 numerics are on stabilization and that type of thing,

8 and what it's done, which often times has sort of

9 slipped under the rug in the past. And I think that's

10 a step in the right direction, too.

11 MR. STAUDENMEIER: Yes. And I think it

12 also tries to show basic correlations in the code and

13 where they're bad or not doing very well.

14 DR. RANDOM: Yes.

15 MR. STAUDENMEIER: So I think that

16 documentation, even though it's draft, it's fairly

17 complete and it's readable. But we need to make

18 improvements.

19 I mean, the biggest thing -- most out of

20 date document now is probably the programmers manual,

21 because that was done a few years ago and there's been

22 substantial changes to that. But we see that as the

23 last priority because the developers have been working

24 and are familiar with it. But then to turn it over to

25 someone else that hasn't seen the code, that's where
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1 we really need the programmers manual so someone, a

2 new person that gets added to the project can pick

3 this up. He needs to change part of the code, he can

4 look in the programmers manual, see what needs to be

5 changed, what you're not supposed to touch.

6 Like I know a big complain of John

7 Mahaffy's is the code's architecture has improve so

8 much, it's too easy to find out what's going on and

9 modify. And people keep breaking his parallel

10 processing part of the code because of that, because

11 they're not leaving stuff alone that they should. And

12 the coding is very accessible now and it's easy.

13 DR. RANDOM: You're talking about members

14 of the team doing this?

15 MR. STAUDENMEIER: Yes.

16 CHAIRMAN WILLIS: Now, we've had

17 presentations of the momentum equation by other code

18 developers which would get a C- or a D as a grade.

19 Let's hope it doesn't happen with yours.

20 MR. STAUDENMEIER: Well, we're not going

21 to give -- I mean, we're going to cover code equations

22 today. I think a detailed presentation on momentum

23 equation -- no, we've heard concerns about the

24 momentum equation and we will be documenting --

25 CHAIRMAN WILLIS: Are you doing the same
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1 thing as they did?

2 MR. STAUDENMEIER: We will be documenting

3 it and making sure it's well documented.

4 CHAIRMAN WILLIS: At least it doesn't show

5 the straight pipe as a pump or something like that, or

6 a bend as a pump?

7 MR. STAUDENMEIER: No, it doesn't show a

8 bend as a pump.

9 CHAIRMAN WILLIS: So it's not as bad as

10 that.

11 DR. SIEBER: Just done once.

12 DR. FORD: When will these deficiencies be

13 resolved?

14 MR. STAUDENMEIER: All of them? I don't

15 know. I mean, we'll work on them as we can and

16 prioritize them. But giving a schedule on resolving

17 all these issues is just a wild guess based on nothing

18 -- wild guesses as surrogates for facts, I don't know.

19 CHAIRMAN WILLIS: Arbitrary judgment.

20 DR. FORD: A deficiency to me means that

21 you buyer beware. In other words, it's not correct in

22 certain aspects. And yet you're using it, you say,

23 for AP1000. What's the risk associated with using it

24 with these current deficiencies?

25 MR. STAUDENMEIER: Well, I guess the key
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1 thing is understanding what the deficiencies are and

2 if they're important in your calculation. AP1000 has

3 some robustness problems that I'm looking at that I

4 think are going to be traced to condensation and

5 interfacial heat transfer. I'm not sure yet, but

6 that's my feeling for it.

7 So, up to the point where it has the

8 problems, I think the code is doing okay. And the

9 calculation beyond that point, who knows. But I thin

10 that that will be fixed and we'll be doing some

11 assessment against test data for that, too.

12 Essentially it's understanding the

13 limitations and what it's okay to use the code for

14 right now and what it's not okay to use the code for.

15 DR. SIEBER: These passive plants that are

16 the driving forces for various denominators are so

17 small that accuracy is critical, in my view. If you

18 have a safety system that's a pump system, you know,

19 the forces are very large there and you know that when

20 you turn the pump on, the water's going to flow

21 provided there's water there to flow.

22 And so I think that as you go through this

23 process, you really have to pay close attention to the

24 accuracy that you're getting. Because it could mean

25 the difference between an interfering phenomena
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1 existing and not existing.

2 MR. STAUDENMEIER: Yes, I agree with that.

3 That's one reason why we have passive and integral

4 test data.

5 DR. SIEBER: Yes. Right.

6 MR. STAUDENMEIER: And we're going to do

7 detailed comparisons against that before declaring the

8 code is good.

9 DR. SIEBER: Right.

10 MR. STAUDENMEIER: For ESBWR, NRR's using

11 it for some calculations. They've had some success

12 with at least getting to the point of minimum vessel

13 inventory and beyond that. We haven't really moved

14 into the long term phase of the accident.

15 DR. SIEBER: Okay.

16 MR. STAUDENMEIER: It could be talked

17 about in a future meeting on ESBWR.

18 MR. BAJOREK: It's also what's driving the

19 order in which many of these are getting resolved.

20 At this point RELAP is being used to base

21 the regulatory decisions for AP1000. We've done a

22 fair number of AP1000 calculations with TRAC and they

23 actually compare quite favorably with the RELAP

24 calculations.

25 DR. SIEBER: Okay.
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1 MR. BAJOREK: Which is a bit of a

2 assessment in and of itself.

3 DR. SIEBER: Yes. A secondary order

4 assessment.

5 MR. BAJOREK: Yes. Yes. You get into

6 the question of which code you start to believe at

7 that point.

8 DR. SIEBER: Yes.

9 MR. BAJOREK: But we don't have the time

10 and the schedule to do all of the assessments that we

11 would want to do with TRACE to quantify its accuracy

12 for AP1000. That's why NRR has gone with RELAP for its

13 work with AP1000.

14 ESBWR, however, we're going to be using

15 TRACE version coupled with CONTAIN in order to get

16 better dynamics between what goes on in containment.

17 Because of that, most of the near term work is going

18 to focus on getting the condensation models correct.

19 Because those are going to be the most important in

20 that analysis.

21 DR. SIEBER: Right.

22 MR. BAJOREK: Things like the horizontal

23 flow maps, the interfacial drag in the core, which

24 would be very important for AP1000, can wait a bit.

25 Okay. Just because they're at a lower priority
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because it's covered elsewhere.

DR. SIEBER: Yes.

DR. FORD: So on slide 11 where you say

that TRACE is being currently or planned to be used

for ESBWR AP 1000 and ACR-700, what you're really

saying is that you're already using RELAP. And

there's a difference between TRACE and RELAP, you use

RELAP, is that right?

MR. BAJOREK: That's right. And right now

we would say that RELAP has the better assessment base

for what's going on in AP1000. The results from

AP1000 TRACE calculations are useful. They help us

with assessments. In some cases we use them to help

evaluate the plant, but we wouldn't have to depend on

those because we have another avenue for evaluation.

DR. FORD: Right.

MR. STAUDENMEIER: Yes. Because like for

AP-600, I think probably on the order of 50 to 100

man-years of work was put into making RELAP work for

AP-600 if you count in all the code assessment and

fixes and analysis was done for that. It was an

astounding amount of people working on it.

So to reproduce that in a short period of

time with any code would be impossible. But, I mean,

we're going to look at assessment against some of

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 2344433



97

1 those same things. We're not going to do -- we're

2 going to have to spend that total amount, probably, on

3 assessing a new code just because of all the things we

4 learned during the past project, we'd be smarter about

5 doing some things. We were just feeling our way along

6 back then. But we'll be assessing against key test

7 data that was done part of that program.

8 CHAIRMAN WILLIS: When you say this

9 deficiency, I wonder what the measure is of that? I

10 mean, you say the horizontal two face flow models are

11 deficient. Does that mean that at the separate

12 effects level when you compare with a simple test, you

13 get the wrong answer or does that mean something else?

14 MR. STAUDENMEIER: Just that there was

15 never a lot of effort put into the TRAC horizontal

16 flow model, mainly because of its past emphasis on

17 large break LOCA calculations.

18 CHAIRMAN WILLIS: So how do you measure it

19 to the --

20 MR. STAUDENMEIER: For small breaks, I

21 mean horizontal flow regime map become more important

22 for small breaks and there wa never a lot of emphasis

23 put on that.

24 CHAIRMAN WILLIS: Yes. Let's just take it

25 take horizontal two phase flow models. I mean, I can
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1 take the models in TRAC.

2 MR. STAUDENMEIER: Right.

3 CHAIRMAN WILLIS: And say I'll now use

4 them to predict what happens in oil pipeline. And off

5 from the pressure drop by a factor of five or

6 something. That doesn't sound very good for oil

7 pipelines. And yet it may be that when you use it a

8 nuclear reactor it doesn't matter.

9 MR. STAUDENMEIER: And it could be. But

10 currently we haven't even assessed the horizontal two

11 phase flow map yet.

12 CHAIRMAN WILLIS: But the old excuse for

13 not improving these has been oh it has no effect on

14 PCT or something, even though it's got the physics all

15 wrong and so on, and it doesn't work for all pipelines

16 and other applications. It doesn't have any effect on

17 PCT, so we don't worry about it. But the danger there

18 is you say okay now we've got the code, we'll use it

19 to predict something else like water inventory in the

20 passive system and it may turn out it has a tremendous

21 effect on that.

22 MR. STAUDENMEIER: That's right.

23 CHAIRMAN WILLIS: But these errors have

24 been accepted over the years because they didn't seem

25 to effect some measure of success.
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1 MR. STAUDENMEIER: That's right.

2 CHAIRMAN WILLIS: It's now no longer the

3 measure of success.

4 MR. STAUDENMEIER: And we know --

5 CHAIRMAN WILLIS: We have to be careful,

6 I think, about what you mean by --

7 MR. STAUDENMEIER: We know applications

8 where it is important and RELAP has better horizontal

9 flow mapping than TRACE does.

10 CHAIRMAN WILLIS: Depending on what

11 measure?

12 MR. STAUDENMEIER: On what measure?

13 Comparison to experimental data against phenomena.

14 DR. RANDOM: Is that part of that the out

15 take models, for example you know in horizontal

16 stratified flow if you had the break on the top of the

17 pipe, the side or the bottom, well you got different

18 flow splits. I don't know whether those models are in

19 TRAC or not.

20 MR. STAUDENMEIER: Yes, they have the same

21 model that RELAP has.

22 DR. RANDOM: Well, they do in the current

23 one, I know I read.

24 MR. STAUDENMEIER: Yes. The current. It's

25 been in there for at least the last ten years, I know.
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1 DR. RANDOM: What is it? More the

2 transition from stratified flow to slug flow, that

3 type of thing and it's not comparable or --

4 MR. STAUDENMEIER: Yes. Looking at hot

5 leg like when you have voided water or water in a hot

6 leg and looking at entrainment up in the steam

7 generators or things like that. I think that's the

8 cases where in small break LOCAs and you get into like

9 condensational reflux modes that TRACE or TRAC really

10 hasn't been assessed against experimental data. But

11 I mean these are the type of things we're going to

12 look through our correlations package, identify places

13 where it's deficient and replace the models or improve

14 the models that are there. And it's just going to be

15 a process, a structure process of going through

16 reviewing them, identifying deficiencies and replacing

17 them.

18 Right now Joe Kelly's doing that with the

19 rethread model. He'll be doing it with some

20 condensation he's working. And we'll look at other

21 correlation packages in the future.

22 The other deficiencies --

23 CHAIRMAN WILLIS: Well you always get the

24 question, though, from the engineering types who say

25 "Well, you're just being academic. You're looking for
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1 some perfect correlation or perfect." Well, that's

2 not what we're doing. It doesn't matter from our

3 engineering purposes. Something crude is okay. But

4 you have to be able to answer that, because they have

5 some truth to what they say sometimes.

6 MR. STAUDENMEIER: Yes, there is. I mean,

7 you don't want to spend time -- I mean we have limited

8 developer time and we don't want to spend that

9 developer time defining unimportant details. We want

10 to spend that developer time improving the places

11 where the code needs the most improvement.

12 CHAIRMAN WILLIS: You have to have a code

13 which lets the user detect this. I mean, when it's

14 being used for a new application, there's got to some

is way that the user can run the code quickly enough and

16 come in say ah-ha, for this particular use, this

17 particular part of the code is giving me trouble, and

18 can recognize that. Otherwise if it's just used

19 blindly, it might have deficiencies which are not even

20 seen.

21 MR. STAUDENMEIER: That's true. I mean,

22 to do that you have to understand the phenomena it's

23 going to happen in your accident and recognize whether

24 the code has models in to cover that or not, or maybe

25 they weren't meant to cover that, but it still does
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1 okay.

2 CHAIRMAN WILLIS: Well, you have to have

3 that sort of curiosity and you have to have a code

4 which lets you pursue your curiosity.

5 MR. STAUDENMEIER: Yes.

6 MR. CARUSO: Does the code -- are you

7 including, I want to say intelligence in the code that

8 alerts the user if he becomes too creative in setting

9 up his models with models like horizontal heat

10 transfer? I mean, that tells him well, you are

11 setting up a model that's outside the range of

12 applicability or you're getting into areas where this

13 is uncertain or there are problems?

14 MR. STAUDENMEIER: Well, the theory

15 manuals ideally will document that and show you the

16 range of where the correlations have been assessed

17 over.

18 SNAP in terms of modeling, plant modeling

19 was working on putting the expert wizards type of

20 things in there to help you set up a plant model and

21 nodalization that you need for what type of

22 calculation you're doing and things like that. So we

23 are trying to build in -- give the user the

24 information he needs in order to help him along with

25 this type of calculation he's doing.
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1 I guess if I go into every one of the

2 deficiencies, I think we'll be over schedule here.

3 CHAIRMAN WILLIS: So, I understand.

4 MR. STAUDENMEIER: If you have any

5 particular ones we could --

6 CHAIRMAN WILLIS: Maybe later on some of

7 you can do a presentation on one or two deficiencies,

8 so we can at least see the approach.

9 MR. STAUDENMEIER: Okay.

10 CHAIRMAN WILLIS: Isn't that true, there's

11 going to be a presentation somewhere on --

12 MR. STAUDENMEIER: Well, reflood heat

13 transfer, you'll see past deficiencies in the code --

14 CHAIRMAN WILLIS: And the condensation

15 model and things --

16 MR. STAUDENMEIER: Right.

17 CHAIRMAN WILLIS: Sure.

18 DR. SIEBER: Everything is tomorrow

19 afternoon.

20 MR. STAUDENMEIER: Yes. People following

21 me will answer all of your questions. You'll need to

22 ask them.

23 Future development work. Right now

24 there's development in progress adding a droplet field

25 that eventually could be used in entrainment models or
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1 better reflood models. But the structure is going in

2 the code to add a droplet field to the code.

3 DR. RANDOM: At another velocity field

4 than you've put in?

5 MR. STAUDENMEIER: Right. It'll be a

6 liquid continuous phase and a droplet phase, so

7 there'll be, yes, separate equations tracking the

8 droplets from the film.

9 ATLATS offtake model, coding has been

10 completed. One of our interns working under Steve

11 Bajorek that came from OSU where ATLATS facility is,

12 implemented a correlation for the ATLATS offtake into

13 the code. It's not in the mainstream version yet. We

14 still have to put it through some more testing and

15 assessment.

16 DR. RANDOM: We ever resolve what the

17 offtake behavior was due to? You know, there was some

18 question whether there was slugs going back and forth

19 or whether it was true entrainment.

20 MR. STAUDENMEIER: I don't know. I'm not

21 familiar with the experimental program. But I'll have

22 to become familiar with it --

23 DR. RANDOM: I hate to have a correlation

24 for a phenomena that's not there, incorporate in the--

25 MR. STAUDENMEIER: It'll be something that
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1 the user has to fit the ATLATS offtake model on, so

2 it's not something that's going to be on by default.

3 So it's something that you'll have to make a conscious

4 decision to set it on and, presumably if you do make

5 this conscious decision, you know something about the

6 model.

7 DR. RANDOM: Or willing to go back again,

8 like you mentioned, it's wise to try to avoid those

9 kind of things if you can.

10 MR. STAUDENMEIER: Yes.

11 DR. RANDOM: Because that allows the user

12 then the option of --

13 MR. STAUDENMEIER: Yes. Eventually we'd

14 like to get rid of these type of options and have the

15 code decide automatically, but it's not at that state

16 now.

17 Steve, do you want to say something about

18 it?

19 MR. BAJOREK: I think from the tests and

20 the visualization it was clear that a lot of the

21 entrainment was coming from transition to a slugging

22 and oscillatory behavior in the region between the

23 offtake and the steam generate inlet plenum. I guess

24 we would sort of look at that as some type of a change

25 in the flow pattern that's going on in that region of
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1 the hot leg as opposed to a change in the kind of

2 entrainments that I think is typically thought of like

3 in the Schrock type correlations, droplet shear off of

4 a smooth stratified or wavy interface.

5 While we have the coding set up so that

6 you could use the correlation that was developed from

7 ATLATS, we think that in the long run proper

8 implementation of that is going to mean looking at

9 that in conjunction with the horizontal flow pattern

10 matters to make sure it's implemented only for the

11 right conditions as opposed to just blindly turning it

12 on or off for a particular transient.

13 CHAIRMAN WILLIS: Right. Joe, you going to

14 go a few minutes more?

15 MR. STAUDENMEIER: Yes.

16 CHAIRMAN WILLIS: I think we can probably

17 read the slides.

18 MR. STAUDENMEIER: Okay.

19 DR. SIEBER: There's only one left.

20 DR. FORD: The last one bullet. Has

21 anyone done an analysis of what the net value of doing

22 this is? For instance, the cost of development must

23 be considerable versus the benefit? Has anyone sat

24 down and done what's the net value of doing this?

25 MR. STAUDENMEIER: To having an
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1 independent assessment capability for reactor

2 regulation, is that what you're --

3 DR. FORD: No. The coupling of TRACE to

4 the other NRC codes?

5 MR. STAUDENMEIER: Oh, coupling of TRACE

6 to other NRC codes? I mean, some calculations I mean

7 you just get to the point -- I mean it speeds user

8 productivity that he doesn't have to transfer data by

9 hand. But there's some calculations where it goes

10 beyond just being a convenience to becoming necessary

11 where you get tight feedback between the different

12 things that you really need to solve a couple of

13 calculation for it. So, for that I mean the benefit

14 is you're actually able to solve the true physical

15 problem.

16 And the cost you'd have to look at, I

17 guess, is what your uncertainty would be in solving it

18 in a detached manner and making approximations versus

19 solving it in a true coupled manner. But the cost

20 isn't actually going to be very much to couple like a

21 fuel rod code to TRACE. Now with our new ECI

22 capability. Like CONTAIN was coupled to TRACE in a

23 matter of a couple of months, essentially. And

24 essentially no modifications to TRACE except add some

25 additional variables that CONTAIN wanted to see. But
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1 essentially it was dropping a few subroutines into

2 CONTAIN and then it was magically able to talk to

3 TRACE and they're able to communicate and run

4 together. So in terms of code development, it was a

5 very small cost.

6 I mean putting the ECI infrastructure into

7 TRACE to being with was a fairly large investment, but

8 that was known up front and that was one of the design

9 requirements is we wanted to be able to communicate

10 with other codes to do these sort of coupled

11 calculations. And add couple capability fairly

12 quickly then have to integrate this whole FRAP code

13 into TRACE, we can have this communications interface

14 present in a quicker manner.

15 DR. SIEBER: I understand the niceness, if

16 you like, for the requirement to combine models for

17 two different physical entities where physically

18 there's a joint. But if that's to be done at the

19 expense of increasing the runtime by a factor of ten

20 because of complexity, you know, you have to come into

21 some value judgment. Has that been known?

22 MR. STAUDENMEIER: Well, I mean, I don't

23 think it's going to increase runtime by a factor of

24 ten. But, yes, you're right it does have to have some

25 sort of judgment on that. But mainly we're being
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driven by user requirements. Everything users ask us

to do, I mean if it's totally crazy and think, oh,

it's going to take a million dollars to do this and

you're only going to use it for one calculation, that

doesn't matter, then we would recommend not doing it.

But for something that's of general use and interest

to a wide number of people, then we make the

investment and do it to gave capability to our user

community that they need for doing some sort of

analysis.

CHAIRMAN WILLIS: I'd like to take a break

at 10:30. But if there's some high level questions.

We're going to get into lots of detail later.

Do you have a high level question?

The runtime for your presentation was two

hours, and that is what we have achieved.

MR. CARUSO: I have one high level

question.

CHAIRMAN WILLIS: A final question.

MR. CARUSO: Is any of the TRACE

development work aimed at gas reactors or nonwater

cooled reactors?

MR. STAUDENMEIER: Well, there was work in

TRACE in the gas reactors. It was thought they were

adding modifying their 3-D kinetics to be able to
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1 model the gas reactor geometry. So it was more PARCS

2 work. There would have been some models that would

3 have had to be added to TRACE for like a pebble bed

4 core heat transfer thing and maybe some pressure drop

5 correlations through a medica like that.

6 That work was stopped. Yes, I don't know.

7 Someone I think probably -- I think it was decided

8 maybe that MELCOR would do most of the calculations.

9 MR. BAJOREK: Yes. Joe?

10 Yes. We looked at the situation and since

11 there wasn't anything driving HTGR to the gas reactors

12 in 2003, we decided to stop the work on TRACE and made

13 the decision that in the future because those reactors

14 are actually going to need a new regulatory framework,

15 a better avenue would be to use MELCOR because that

16 has the various tracking for fission products, fission

17 product release. It can handle single phase and it

18 looked as though it's going to be a lot easier to

19 teach MELCOR to do the heat transfer in a pebble bed

20 or a single phase prismatic core than it would be to

21 try to get TRACE to do fission product release and

22 track multiple constituents through the containment.

23 CHAIRMAN WILLIS: Okay. Can we --

24 MR. STAUDENMEIER: We have packages added

25 to do liquid metal heat transfer. Some people have
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1 used it for that. Out at Los Alamos they're using for

2 that for like accelerator production.

3 Okay. We're using experimental data --

4 CHAIRMAN WILLIS: We've read all that

5 already.

6 MR. STAUDENMEIER: Okay. Summary of

7 upcoming presentation.

8 CHAIRMAN WILLIS: Yes, we know that.

9 MR. STAUDENMEIER: You'll see the

10 presentations.

11 CHAIRMAN WILLIS: Yes, we know that.

12 We'll see that. Take a break until 10:45.

13 Thank you, Joe, for being very

14 communicative and robust.

15 (Whereupon, at 10:35 a.m. a recess until

16 10:48).

17 CHAIRMAN WILLIS: Okay. Let's get back

18 into session. We're going to hear from Professor John

19 Mahaffy from Penn State.

20 DR. MAHAFFY: Well, good morning. I was

21 asked to present some material that's going to be

22 review for at least two of you that I recognize here,

23 just to bring some other Committee members up to

24 speed.

25 I had provided a large amount of material.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



112

1 I would say most of it you'll see me flash by the

2 viewgraphs. Jump up and yell if you want to ask a

3 question on it, but I don't want to cover all of this

4 unless there's something key that you want to go

5 through.

6 I'm going to talk, first of all, in an

7 overview of the architecture of the code. But let me

8 come back to somewhere that Joe began.

9 The architecture of code was driven by

10 three high level requirements that were sent before

11 any of us laid down any work on this thing that we now

12 call TRACE. The coding had to be readable and

13 understandable; the coding had to be maintainable; it

14 had to be extensible.

15 And let me remind you of something based

16 on some of the questions.

17 There was an oh, by the way, when you're

18 done we want it to run faster than the previous

19 applications.

20 But these are the primary driving items,

21 and it's difficult to do check boxes on these things,

22 but we try to do it for you.

23 Some of the things that help you out,

24 we've heard discussion from Joe. I'll talk a little

25 about the evidences in the recent development. Now
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1 you have people going in doing things that those of us

2 who have been developing code for 30 years have some

3 idea of what it took to do it in the old days and

4 what's happening now. And these things are working a

5 lot better in terms of development efforts. Bringing

6 in engineers, getting specific models implemented, the

7 engineers go away and do something else. And they're

8 not necessarily part of the core team of developers.

9 Computer science modular and object

10 oriented. The curious thing here, and I didn't really

11 think about this until rather recently, a fellow named

12 Bill Reed, some of you may know from a long time in

13 Las Alamos, he actually used those words when he was

14 pitching what became the TRAC code. And there is

15 enough of that that survived in TRAC, I think drove

16 the decision as that's the point where we're going to

17 start an evolutionary approach that Joe talked about.

18 It was another design decision. Do we write from

19 scratch or do we evolve?

20 I think history has shown that the

21 evolutionary approach has paid off for us. We have

22 something that is not recognizable as TRAC anymore.

23 DR. RANDOM: One comment on that, though.

24 DR. MAHAFFY: Yes.

25 DR. RANDOM: It seemed like the read made
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1 it modular by component, meaning steam generator,

2 pressurizer, this type of thing and it specialized the

3 modeling to those components.

4 DR. MAHAFFY: Yes.

5 DR. RANDOM: That turned out to be a

6 mistake because of its inflexibility and later was

7 modified.

8 And I don't know, are you still at that

9 point in TRACE where it's modular by component.

10 DR. MAHAFFY: What you see, there are

11 different levels of modularity in TRACE. The

12 modularity by component, and let's just use this as an

13 opportunity to move forward. Let's see if there's

14 anything here.

15 Yes, let me answer that question a minute

16 down the line, can I do that for you?

17 DR. RANDOM: All right. Sure.

18 DR. MAHAFFY: When we get to the right

19 viewgraphs.

20 General characteristics of code. The one

21 thing I want to talk to you about is that as time goes

22 on here, people are not going to be thinking in a

23 public level in terms of this acronym TRACE. It was

24 already said before; it becomes a module contained in

25 the symbolic nuclear analysis package, all right? And
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1 this will take a minute. Here's our little sketch of

2 what's going on in this package.

3 We've got a bunch of programs that can

4 talk to each other. SNAP is really the overall

5 driver. And I've SNAP a lot. I used it as a basis of

6 a course, and it is a very powerful tool. Even now

7 when they talk about bugs, yes, there are still bugs

8 in there. But even with the bugs in that for somebody

9 whose been developing input models for a long time,

10 this is incredibly powerful. You know, I can do a

11 whole more with SNAP until I hit some bug that limits

12 me, and I have to go off to a text editor, than I

13 could ever do before.

14 But you look at it, there's a

15 computational engine. This actually has this picture

16 we've shown the input processing that used to be done

17 for TRAC pulled off. And at one point we had these

18 things physically separated for a brief moment in

19 history. They're actually tied more tightly together

20 at the moment than they ought to be. But if you look

21 at the flow of what's going on, the old TRAC series

22 stuff comes in through an ASCII processor and it moves

23 into the computational engine. RELAP5 is coming in

24 through SNAP, that's what ought to be happening

25 anyway. There some information from RELAP5 that moves
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1 into something that looks like this to get converted

2 a little more, as was discussed. That's a history in

3 available developers. And then this computational

4 engine can operate in parallel. We'll talk about that

5 later with other support applications. 3-D neutron

6 kinetics is one of them.

7 But in terms of the future, all this

8 stuff; these blocks through here, this is just so that

9 we don't waste -- you know, Lord knows how many

10 hundreds of thousands of man-years of effort in these

11 archival input models of plants and experiments. But

12 when you're doing something new, and this stuff goes

13 away, you're coming straight into the ModelEditor

14 interface that you'll see later and it's talking in a

15 little different way with its own input checking and

16 whatnot, with the computational engineer. All right.

17 DR. RANDOM: Out of curiosity, what kind

18 of file exists after you get through going to SNAP in

19 terms of an input file? I assume you can give it a

20 name and call it --

21 DR. MAHAFFY: It's called a TPR, it's a

22 platform independent binary file. Are you going to

23 talk about that, Ken?

24 MR. JONES: Yes.

25 DR. MAHAFFY: So let Ken take care of that
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1 file for you.

2 DR. RANDOM: It's nothing that they use or

3 would look at directly, though?

4 DR. MAHAFFY: No, it wouldn't. And, you

5 know, if the user gets nervous this thing can spit out

6 ASCII input decks if you want to go look at them.

7 There are no plans in any foreseeable future to

8 destroy ASCII input decks. But us old guys that get

9 nervous about this stuff have all retired and have

10 gone onto greener pastures somewhere. And the young

11 kids that don't care and have more faith in this

12 visual stuff, move on. And then you'll see it go

13 away. But, yes, it's here.

14 DR. RANDOM: It seems like both a benefit

15 and a danger, though?

16 DR. MAHAFFY: Yes.

17 The interesting thing, listen to Ken talk

18 about some of the checking. There's some interesting

19 stuff that goes on that builds up a heavy -- there's

20 a lot of things you can do in terms of feedback that

21 gives you a high degree of confidence of what's into

22 SNAP and gotten past to the code and back again.

23 There's a lot of power in cross checking to make sure

24 that what the code is seeing in its internal data

25 structure is what you meant it to see in terms of the
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1 geometric representation. But I'm not going to talk

2 about that.

3 Now, your question. Here is part of

4 modularity. You still see loops driving certain

5 generations that go through pipe components, channel

6 components, pump components. And under that you might

7 be doing special things in terms of your heat transfer

8 correlations for a pipe wall versus a channel. And so

9 there is this modularity by component that allows you

10 within physical regions to do different things as

11 appropriate in terms of your correlated information.

12 All right. So that's there.

13 DR. RANDOM: You say loop driving? You

14 mean--

15 DR. MAHAFFY: In terms of the code, okay?

16 Right up here there is -- in Fortranland it's a DO

17 loop. All right. There's a DO loop that runs over all

18 components in the system.

19 DR. RANDOM: And then it'll call and

20 sequence?

21 DR. MAHAFFY: Yes. And each component

22 it'll work it's way down and it'll be able to access.

23 From a practical standpoint, a lot of this stuff is

24 the same. Okay. The fluid physical properties are --

25 well, we're not going to talk about that today. I
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1 mean you can have isolated loops in a system where one

2 loop is a liquid sodium loop and one loop is a water

3 loop. So, you know, these components may in fact be

4 using different fluid properties, depending on where

5 they are.

6 DR. RANDOM: Well, I assume there are more

7 components like trols, trips?

8 DR. MAHAFFY: Yes.

9 DR. RANDOM: Neutronics?

10 DR. MAHAFFY: Trols and trips. The

11 neutronics really is that block called parts. We're

12 really not doing --

13 DR. RANDOM: -- higher yet?

14 DR. MAHAFFY: Yes, let's go back up. It

15 doesn't want to back for me. There we go.

16 Neutronics really is isolated off in

17 another computational package. There are point

18 kinetics calculations that can still be done, but

19 we're pretty much steering away from those. It was

20 important historically, but most of the interesting

21 calculations now you want to do a better job in your

22 neutron kinetics. And that gets passed and you have

23 to worry about where this occurs in your computational

24 flow. I'll talk about that a little bit later on.

25 So that's the kind of modularity by

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433. .



120

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

component.

There's also a modularity by computational

mesh. And coming from RELAP5 world, you probably

recognize that sort of thing more than the component

modularity. So that there are a lot of calculations

going on at a low level on the hydrodynamics that

you're seeing.

Okay. Here are the things we operate on

for (1) the hydrodynamic solution. Here are the

things we operate on for 3-D hydrodynamic solution.

Here are the things that operate in the conduction

space for the walls. So there's another class of

modularity there.

Data structure. A lot of the data still

gets stored by components and we're using something

called a derived type. And this probably doesn't mean

anything to you unless you're a Fortran 90 programmer.

It looks like a structure in C. But for each

component it has a component array that marches to the

components and then within the components you specify

properties.

There are also global arrays that are

accessed for the solution that look more like your

mesh dependence. But I'm not going to go --

DR. SIEBER: Are these the indices that
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1 you're showing, you know, of the schematics --

2 DR. MAHAFFY: I've got an index here over

3 components.

4 DR. SIEBER: Yes.

5 DR. MAHAFFY: And here's the index over

6 volumes within the component. Now, we have -- again,

7 when you get to the global array and you see more of

8 this with some recent stuff that's not in the official

9 code. When you get out to the global solution, you are

10 seeing data structures that also look more like what

11 you're used to in RELAP5 where you stream through

12 every variable in the whole system.

13 DR. SIEBER: Like for one point.

14 DR. MAHAFFY: Yes.

15 DR. SIEBER: But here you're saying

16 through all the pressure for all the cells in that

17 particular --

18 DR. MAHAFFY: Yes. Basically you've got

19 an array of pressures, all cells in a given component

20 are grouped together. That sort of modularity occurs

21 in the component data structure.

22 I'm not going to go into this unless you

23 guys have some computer science questions. You can

24 look at this. This tells you how data gets passed

25 around.
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1 Here's an important feature that's new and

2 it has to do with the language, and we use it very

3 strongly. We have this thing called name based pointer

4 assignment. Pointer is an object in any kind of

5 advanced language.

6 What we have, and we build it into the

7 data structure of TRACE, any kind of variable that's

8 accessible within the code, we have subroutines that

9 when passed an ASCII name that's unique to a given

10 variable, they will return a programming pointer

11 object that points to the location in memory where

12 that variable is available. So actually I lied. You

13 got to give a name, a component, a cell or something

14 like that to get at it.

15 But we now have a capability to do a lot

16 different. What was the old computational science

17 term? You know, it's data driven computing is what it

18 is. So it can do some interesting things there.

19 DR. SIEBER: Well are you saying by this,

20 that if you want to couple another code to it, that

21 you can link it by giving it the --

22 DR. MAHAFFY: We'll see this with the ECI.

23 This started with the ECI. I can send an ASCII

24 request into TRACE that says give me void fraction,

25 and I give it a name. I call it ALP, but you can
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1 change your dictionaries.

2 Here's the component where it is. Here's

3 the cell where it is. Set up a link so I can pump

4 this out at certain time intervals. And it's very

5 cognizant of this sort of stuff. But we also do it

6 internally.

7 For instance, when I need to set up by

8 boundary conditions in a given component space so it

9 knows what's going on next door, we no longer have

10 hard wire code that really is saying, all right, you

11 got to move this, this, this and this. What we have

12 is very generic code that's pumping information based

13 on an table of pointers, okay. And those pointers are

14 assigned by lists in a module in our code. So that if

15 I need to add a new variable that needs to be moved

16 between two components or various other things, I just

17 add it to one or more of these lists that tell me what

18 needs to be moved and when. It makes things a whole

19 lot similar in terms of programmers coming into this

20 code and doing something useful.

21 And here's a sample if you want to get

22 into it. I'm going to skip it. Of how we set up some

23 of these pointer assignment routines based on ASCII

24 names.

25 Here's how we move data, and really 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



124

1 bottom line, this set of lines is important. Once

2 we've set up all these pointers to tell you where the

3 data's coming from and where the data's got to go,

4 that's all done at initialization before the

5 computation gets running away, moving data is a really

6 tight small programming structure. It is very, very

7 fast. It's not one of our timing problems in this

8 code.

9 Other features. Okay. Everything in here

10 is allocatable. There are no fixed chunks of memory

11 in here. We assign memory on fly based upon the

12 structure of the input.

13 Another thing that was important. When we

14 moved from the old Fortran data structures, which are

15 these ugly container arrays with variables that tell

16 you where things are to the new data structure, this

17 was all done in a scripting constructs. And it was

18 done in a way that the data structure now has very

19 unique patterns and names in it so that if we come

20 down the line five years from now with enough morphs

21 in the language or better wisdom about how our data

22 should be laid out to take advantage of speeds of new

23 generations of compilers, it's not that much work to

24 go in there and do really massive surgery on this data

25 structure.
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1 Now, you want everything to go from a

2 component orientated data structure to a purely

3 RELAPish data structure that you know and love from

4 the old days, in fact I've done that in a half a day

5 with some experiments, just running some strips. It's

6 quick.

7 We've got a rich set of information.

8 Pardon the TRACEese here. I've given you some names of

9 some arrays if some of you ever want to dig into it.

10 But there are arrays of information that tell you in

11 all kinds of flexible ways whose talking to who and

12 how.

13 MR. CARUSO: Did you discover very many

14 bugs in the old TRAC container arrays when you took

15 them apart?

16 DR. MAHAFFY: Yes. And this is something

17 I want to talk to you about. We'll do it now.

18 This whole business of evolution versus

19 revolution. Okay. When we started with the hold TRAC

20 code and we went through -- we do things in two ways.

21 We try to isolate this. There are steps when you're

22 moving and advancing the code, and there are less of

23 these happening now than there were over the last six

24 years -- there are steps where you know in principle

25 that what you have done to that code should change not
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1 a single bit in the answer. These are what we call

2 null results. And as a programmer I know that I'm

3 about to engage null results. I've rewritten the

4 numerical schemes in large ways in various places, and

5 I know null results or I know that it's a round off

6 area results and I can put metrics on bounding on

7 that, too.

8 And I go in and we run the previous

9 version of the code. We run the new version off of a

10 basis set of assessment that Chris Murray has pulled

11 together over the years. Every time I create an

12 update to the code, I'm running over a thousand test

13 problems to prove to myself that I have not undermined

14 some capability that's already in that code. Okay.

15 And I'll run that set of a thousand test problems.

16 And if I get non-null answers when I believe I

17 shouldn't, I'm going in there and I'm finding out why.

18 And the why is often bugs that have been in there.

19 Within the last six months, I've found two bugs that

20 I know have been in there for 25 years.

21 This evolutionary approach has done a

22 remarkable job in terms of cleaning out bugs that had

23 been inherited from the predecessor code. And the way

24 in which we're doing our testing, I can tell you that

25 I've put a -- you know, I'm not going to claim I've
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1 put zero bugs in that code over the last six years.

2 I undoubtedly have. It's the nature of programming.

3 But I will tell you that I've put by two orders of

4 magnitude less bugs into that code than over a

5 comparable period of six years 25 years ago because of

6 these testing procedures.

7 DR. RANDOM: John, one quick question.

8 This new structure and all, is this your brain child

9 or did you work with other people or did it --

10 DR. MAHAFFY: No. This was a collaborative

11 effort and there's dangers with design by committee,

12 obviously. Yes, I contributed significant amounts,

13 other people did significant things. Skip Dearing did

14 wonderful things for us during this period of time.

15 DR. RANDOM: Now he's at Las Alamos.

16 DR. MAHAFFY: He's a Las Alamos. He's not

17 even involved in reactor safety anymore. He's moved on

18 to other things.

19 DR. RANDOM: Any others that --

20 DR. MAHAFFY: Yes. I mean, Skip Dearing

21 was involved. In terms of actual programmers, Susan

22 Woodruff was involved. Paul Giguere. You can look at

23 the whole set of code developers. Again, we have

24 these coordination meetings and we've had them since

25 the beginning. And people sit down and they look at
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1 what's being done. And you can look at anybody who

2 was on the list of code developers in this project

3 over a wide range, you've seen the various

4 organizations. If you sit down, these things get

5 presented. People kick them around a little bit.

6 They get changed.

7 So you're not going to find one person

8 that's done it. It's been a remarkable collegial

9 experience. People have been very friendly in the way

10 they've dealt with these things.

11 DR. RANDOM: I'm just trying to get a feel

12 for whether this was one person's brain child or

13 whether there was some diversity.

14 DR. MAHAFFY: A lot of the data structure

15 that you're seeing here if you look for a dominate

16 person in it, it was probably Skip Dearing. He's the

17 guy that applied it. Before there was Skip -- before

18 we really started coding, there was a group of us. I

19 was involved, Chris Murray was involved a little bit,

20 I believe, and the cluster at Las Alamos where we

21 looked at a whole range of potential data structures

22 and we did timing studies based on existing compilers

23 to see what was reasonable and what wasn't.

24 And this is one of the reasons I put this

25 caveat. You know, if we don't like this data
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1 structure, we can change it. Because the compiler

2 capabilities have changed. You've heard this before.

3 The compilers as they change with time deal with

4 different things at different levels of efficiency.

5 And from the very beginning we wanted to be able to

6 produce something that if we have to morph it into

7 another form to take advantage of some new generation

8 of compilers, we can do it and we don't have to spend

9 six months at it. As I say I've done some major

10 changes on this in six hours.

11 DR. RANDOM: Well, the underlying thing,

12 I guess, is driven by computer science considerations

13 and, I guess, flexibility you just mentioned.

14 DR. MAHAFFY: Yes.

15 DR. RANDOM: Were those the motives for

16 it?

17 DR. MAHAFFY: Those are the motives, and

18 again the back -- you know, readability,

19 maintainability, extensibility.

20 DR. RANDOM: Yes.

21 DR. MAHAFFY: You know, we've sat down

22 there. That's Farouk talking. He's laid those. He

23 chiseled those in stone tablets and he brought those

24 down to us and we've kept those in our minds ever

25 since.
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1 DR. RANDOM: Now you say radiability; this

2 has to do with things like indices, pointers,

3 understand what they are?

4 DR. MAHAFFY: Indices, pointers. And,

5 again, you look into that array you saw that viewgraph

6 set. Let's go back and peer at this thing.

7 DR. RANDOM: Also there was some

8 discussion of Fortran, and I would guess that one

9 reason for sticking with Fortran is it's from an

10 engineering point of view, quite readable.

11 DR. MAHAFFY: That's right. That's can

12 write readable C. I can write -- you know, every year

13 there's an international obfuscated C contest. All

14 right. And believe me, you can obfuscate C a whole

15 lot better than you can Fortran.

16 I'm guilty of writing some really

17 obfuscated Fortran, as some of the people sitting in

18 this room can attest, and I make a conscious effort to

19 clean things up. And I think everybody has. We kick

20 each other around if things get out of line.

21 But, yes, it's readable. And you had the

22 comment about some complaints. You want to hear the

23 dark side of things. It is so easy to find data in

24 here that every now and again you'll get a developer

25 whose in a hurry, decides to take a shortcut to get at
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1 some data, and they violate the rules that I've laid

2 down in terms of data flow to maintain parallel

3 calculation capabilities. You know, "Gee, I know

4 where that is, I'll just grab it." Well, you can't

5 grab at this point in the computational cycle because

6 it's not a synchronization point.

7 And we have all kinds of automated

8 services that are list driven that move the data when

9 it needs to be moved. You want data moved from one

10 part of the calculation to another, you adhere to

11 certain standards of populating lists and letting our

12 service to move data take care of it for you.

13 Extensible architecture. The one thing

14 that I want to impress on you is that we have looked

15 ahead in this process. We're not sitting here with

16 blinders about reproduce the capabilities of

17 predecessor codes. There are enough of us who thought

18 about these problems over enough years that we've gone

19 in there. And I've just produced a list of some of

20 the high obvious items.

21 We want to be able to eventually to

22 implement higher order numerical methods. The

23 numerical methods in any of our reactor safety codes

24 can't be published in a reputable journal anymore,

25 right? They want at least second order accuracy.
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1 More implicit numerical methods. I've got

2 a number of tasks working on that. We're moving up

3 from the old semi-implicits in the sets to fully

4 implicit where necessary.

5 DR. RANDOM: When you say "higher order,"

6 I don't know if you want to talk about this now, but

7 on time, for example, it's only first order --

8 DR. MAHAFFY: That's right.

9 DR. RANDOM: -- and space --

10 DR. MAHAFFY: We're pushing the space

11 first. We'll look at the time later.

12 DR. RANDOM: Why is that? I'm curious

13 because you run hundreds of thousands of time. You

14 would think that the --

15 DR. MAHAFFY: Yes. You know, the reason

16 for that is personal experience as anything. We had

17 a major effort in the TRAC program, circa 1980, where

18 we put a number of man-months into taking that thing

19 up to second order accurate in time. And the amount

20 of difference it made in runtime and accuracy was

21 minimal.

22 Now, we had a much poorer assessment set

23 in those days. Let's face it. The capabilities now

24 for running a large set of test problems have

25 radically improved. And we want to revisit that
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1 issue. Okay. For a much more limited -- what we were

2 running, maybe 50 standard assessment problems that we

3 do over and over again; for those we didn't see

4 improvement results. And that's, you know, a personal

5 bias and I kind of step back from that.

6 In terms of higher order methods, one

7 thing here. I've got a graduate student working on

8 that. You can, for instance, there's a method out

9 there called Quickest. It's a Leonard method. It

10 advertises itself as both higher order and space and

11 time. Well, if you look at that, my student ran for

12 me a Richardson extrapolation sensitivity study on all

13 of that. And despite all the claims, it still boils

14 down to a first order accurate in time and space

15 because of little details that it forgave that Leonard

16 doesn't mention in his papers. I expected them. But

17 it's got a lower order that it defers to and then stay

18 at an upwind different scheme. So it's still

19 something useful.

20 DR. RANDOM: Maybe you want to talk about

21 this later sometime, but when you have a code with

22 discontinuities buried within it like void fractions

23 going from zero to one.

24 DR. MAHAFFY: Yes.

25 DR. RANDOM: Why those points tend to
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1 limit the accuracy you can achieve.

2 DR. MAHAFFY: That's right.

3 DR. RANDOM: And high order methods don't

4 do you much good.

5 DR. MAHAFFY: Well, what you do is, you

6 know, in a high order method is you have to -- a high

7 order method by itself is pretty useless. You've got

8 to at the very least have some kind of a flux

9 correction method in there to capture the

10 discontinuities. And you have to be willing to stand

11 up in front of people and admit up front that, you

12 know, when I get a discontinuity, folks, I'm falling

13 back to something that's formerly first order accurate

14 because that's the best I can do.

15 You know, I could wave my hands and do

16 fancy mathematics, but it's going to boil down to

17 first order accuracy to handle those discontinuities

18 robustly.

19 Yes, Sanjoy?

20 MR. BANERJEE: Yes. A couple of

21 questions.

22 All these higher order methods and space

23 work if you're really dealing with PDEs and things.

24 But when you get to the sort of momentum equations

25 that we've seen where there are junctions and things
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i coming into boxes, and flying out of them.

2 DR. MAHAFFY: Yes. And again --

3 MR. BANERJEE: Weird angles. How do you

4 do higher order for those things?

5 DR. MAHAFFY: At some point you don't.

6 Okay. And if and when we're ready to come and tell

7 you folks that we believe we have a higher order

8 method that is robust enough to survive in this kind

9 of environment, you'll see qualifiers on it.

10 CHAIRMAN WILLIS: But do you ever do it

11 for things like these boxes that Sanjoy is talking

12 about; only one dimensionalize, idealized concepts?

13 DR. MAHAFFY: The really idealized stuff,

14 okay, you're right.

15 CHAIRMAN WILLIS: You can't.

16 DR. MAHAFFY: If I've got a plenum, what

17 I can do for you is that I can tell you that on a

18 purely mathematical basis that each of the fluxs

19 coming into that box I have evaluated to check into it

20 for accuracy. But what does that mean in terms of

21 everything getting mixed up in that box, you know?

22 You've lost it. Sure.

23 MR. BANERJEE: One of the problems that

24 Graham had, and I had with some of the previous

25 presentations was that even at very low order it was
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1 very hard to have a rational scheme for preserving

2 mass momentum and energy in these boxes. Maybe mass

3 and energy --

4 DR. MAHAFFY: Mass and energy, but

5 momentum.

6 MR. BANERJEE: Is very hard?

7 DR. MAHAFFY: Yes. And you're going to

8 see, as I go into another talk on the mesh topology,

9 that we have not resolved that yet. And I'll talk

10 about that later, if you'll allow me to delay that

11 particular issue.

12 MR. BANERJEE: Sure.

13 CHAIRMAN WILLIS: I think the NRC should

14 offer a prize to the first person who resolves that

15 issue.

16 MR. BANERJEE: Well, I think it has to be

17 multidimensional.

18 DR. MAHAFFY: No. I mean, the resolution--

19 MR. BANERJEE: Because this is a

20 multidimensional system.

21 DR. MAHAFFY: Here's your answer. Okay.

22 If you want to resolve that issue, if you want to

23 resolver a lot of the things that you worry about and

24 I worry about on momentum equation, and what you want

25 to do is get the NRC to sign up to be a participant in
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1 the Neptune Project, which France kicked off a couple

2 of years ago, and that is model the whole thing with

3 CFD. Right. Okay.

4 MR. BANERJEE: These are truly

5 multidimensional components.

6 DR. MAHAFFY: Yes.

7 MR. BANERJEE: And to try to make them

8 work by one dimensional doesn't work.

9 Let me say one other thing about higher

10 order schemes. There are schemes higher order which

11 will handle this discontinuities, like variance of the

12 INNO schemes where, you know, you sense the

13 discontinuity and you take -- you never take a

14 difference across it.

15 DR. MAHAFFY: That's right.

16 MR. BANERJEE: So that's not the problem.

17 DR. MAHAFFY: It's another flavor of mesh

18 matching. People give these things different names

19 and they wave their hands a bit. But these techniques

20 are old and they just keep getting resurfaced in a

21 number of different ways.

22 MR. BANERJEE: Right. But the real

23 problem is the physics of how to do this across

24 complex geometries which are inherently

25 multidimension.
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1 DR. MAHAFFY: And the answer is you're

2 doing some kind of CFD. That's what it does.

3 The other thing we can do for you --

4 CHAIRMAN WILLIS: And you can beat it to

5 death with numerical methods, but if you got some

6 fundamental gross approximation in the physics, you're

7 not going to get any better accuracy.

8 DR. MAHAFFY: Yes.

9 DR. RANDOM: Well, I think that's an

10 important point. And as we move towards some of these

11 risk-informed methods, you know, uncertainty fit into

12 these becomes a key issue. And how to evaluate the

13 uncertainty of one thing versus another. And I think

14 some of these probabalistic methods that are evolving

15 are very powerful in that direction where you feed in

16 all the sources of uncertainties, do your 60

17 calculations.

18 DR. MAHAFFY: Yes.

19 CHAIRMAN WILLIS: If you have all the

20 uncertainties.

21 DR. RANDOM: Right.

22 CHAIRMAN WILLIS: But in many cases you

23 don't.

24 MR. BANERJEE: You mean let your momentum

25 go over 360 to -- random number generator.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



139

1 DR. MAHAFFY: Yes. But you can have a

2 whole two day meeting on uncertainties and still not

3 cover that.

4 CHAIRMAN WILLIS: So this is your last

5 slide on architecture?

6 DR. MAHAFFY: I hope so.

7 CHAIRMAN WILLIS: Okay.

8 DR. MAHAFFY: Other things, additional

9 field equations. I'm in the business of putting a

10 droplet equation in now. What we've done as served us

11 well for making that easy.

12 Improve solution procedures. We've

13 isolated the equation solvers from the generation of

14 the terms in the equations. It's easy to slap in a new

15 solver. You'll see me putting a Priloft method in

16 there pretty soon.

17 Additional component modules. That's been

18 happening. People do it. There's a procedure for

19 doing that. We actually even have on our developer's

20 page, you have access to that.

21 CHAIRMAN WILLIS: That will be something

22 like a T?

23 DR. MAHAFFY: Well, we're hoping to get

24 rid of the T. I'll talk about that. But there are

25 various components. Somebody in the audience could
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1 talk about some of the things that are going on for

2 the ESBWR. But --

3 MR. BANERJEE: Let me ask you before you

4 go, you're using still some pressure velocity coupling

5 type of formulation for the numerical map?

6 DR. MAHAFFY: At the heart of it we're

7 using what's called a semi-implicit method.

8 MR. BANERJEE: Right.

9 DR. MAHAFFY: And if you trace that back

10 far enough, it's the old ICE method from Hirt and

11 company.

12 MR. BANERJEE: Now, how easy is it for you

13 to incorporate a method where you have something like

14 a Jacobean like CATHARE?

15 DR. MAHAFFY: It better be easy, because

16 I've got to get that done in the 1-D within the next

17 year.

18 MR. BANERJEE: Okay. So you'll actually

19 calculate that Jacobean --

20 DR. MAHAFFY: Yes.

21 MR. BANERJEE: By algebra somehow?

22 DR. MAHAFFY: No. That's not my proposal.

23 MR. BANERJEE: Okay. Why not?

24 DR. MAHAFFY: If you look at it, there's

25 a lot of literature on this. And if you look at it
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1 from a rational computational basis, ideally you've

2 got to do a mix. But if you think about it, there are

3 certain, in effect, functions and regards to their

4 constituent relationship that gives you interfacial

5 heat transfer, a surface. Think of that as some

6 function of my primary system variables.

7 From a purely computational standpoint it

8 is quicker for me on those types of functions,

9 certainly, to evaluate it twice for two different

10 values of pressure, take a difference and divide by

11 the difference in pressure than it is goes through and

12 get the algebraic --

13 MR. BANERJEE: But wouldn't you have to do

14 the algebraic once by using Mathmatica?

15 DR. MAHAFFY: No, no. no. I'm telling you

16 after I've done that -- yes, I understand that. I also

17 use mathmatica to generate my algebraic derivatives.

18 That's the way I do it. I've done that for a long

19 time.

20 You know, right now you use Mathmatica,

21 you used to use Maxima.

22 But that's done. It's in your code. What

23 I'm telling you is you look at the code that

24 Mathmatica spit out to give the derivative of

25 interfacial heat transfer on the vapor side with
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1 respect to pressure.

2 MR. BANERJEE: Right.

3 DR. MAHAFFY: Okay. And you do an

4 operation count. The operation count in that is

5 higher than if I just evaluate the function twice, do

6 my two differences and my division.

7 MR. BANERJEE: That's by --

8 DR. MAHAFFY: Yes. You're just doing a

9 finite difference analysis.

10 MR. BANERJEE: So you treat it together as

11 the most --

12 DR. MAHAFFY: What we're trying to do,

13 yes.

14 MR. BANERJEE: Okay. So you are going

15 through a Newton-Raphson sort of procedure?

16 DR. MAHAFFY: Yes.

17 MR. BANERJEE: That makes me happy.

18 DR. MAHAFFY: Yes.

19 MR. BANERJEE: Because I've always the

20 pressure velocity coupling to be difficult to --

21 DR. MAHAFFY: Be careful. The pressure --

22 we have always within the pressure velocity coupling

23 scheme, what we call semi-implicit, it's the same

24 semi-implicit method that's been used. We'll look at

25 this in RELAP5 with a couple of differences. But the
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1 difference that we're following is that you look at it

2 -- we're not doing a single linearization. The semi-

3 implicit method represents a set of coupled non-linear

4 equations. When solved properly they will rigorously

5 conserve mass --

6 MR. BANERJEE: In total or for each

7 component?

8 DR. MAHAFFY: For each volume they were

9 rigorously conserve mass.

10 MR. BANERJEE: How do you do that by

11 adjusting one pressure?

12 DR. MAHAFFY: Well, you're adjusting

13 temperatures, too.

14 MR. BANERJEE: It doesn't work. You have

15 to adjust the volume fraction as well as the

16 pressures, which is your --

17 DR. MAHAFFY: You're adjusting all of

18 those things. We can look at it. Those were slides I

19 wanted to skip in the numerical method, but if you

20 want to, we'll look at them.

21 MR. BANERJEE: You can do all time. But

22 Brian Spalding tried this and she put a outer loop

23 with --

24 DR. MAHAFFY: Yes, yes. Brian Spalding,

25 I sat down with Patankar, circa 1980, and I told him
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1 what was wrong with their methodology. And I think he

2 finally caught on. But --

3 MR. BANERJEE: Anyway, the whole thing

4 becomes academic if you are going into the Newton-

5 Raphson proceeding.

6 DR. MAHAFFY: We are doing Newton-Raphson.

7 And I can convince you, we rigorously conserve mass

8 right now.

9 MR. BANERJEE: For each phase, not for the

10 total?

11 DR. MAHAFFY: For each phase. Yes.

12 MR. BANERJEE: Okay. You can do that.

13 DR. MAHAFFY: Yes.

14 CHAIRMAN WILLIS: Can we move on to the

15 next.

16 DR. MAHAFFY: Yes, let's get on.

17 DR. RANDOM: John, just a clarification

18 here. Accomplishing that by an iterative scheme.

19 DR. MAHAFFY: Accomplishing it by an

20 iterative scheme. You know, we're taking what's in

21 RELAP5, but we just keep reiterating.

22 DR. RANDOM: Yet, but you told me you're

23 talking about --

24 MR. BANERJEE: You're talking about a

25 iterative scheme at the converters.
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DR. MAHAFFY: Yes. And we converge. And

it is structured as a Newton-Raphson -- I like to say

when I grew up Newton-Raphson was a method that didn't

update to Jacobean. And Newton updated to Jacobean

each iteration. We do a Newton scheme within that way

of definition. All right.

Let's talk about the field equations. I

want to go through this quickly. You guys interrupt me

when there's something you want to see.

Basically there's some general background

histories here. And the background is that in the

beginning, I can remember being at meetings with Vic

at various times, and RELAP5 would be doing one thing

because they were the code that was designed to run as

fast as possible and they were trying to capture the

approximations in as little bit of equations as they

could.

TRAC was the code that was supposed to

just only be run once every three years to double

check RELAP5 or whatever you needed. And it was all

kinds of detail that was supposed to be in there, and

perhaps wasn't. But the important thing is there was

a converging evolution between these things. And the

thing that's worked for us is that if you look there's

not a lot of difference between the actual field
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1 equations in RELAP5 and TRAC. And we tried to look at

2 those.

3 And a lot of what goes on, you know, I can

4 talk to in terms of simplified equations. If you

5 really look at when you go to 1-D modeling, this is

6 what you get in terms of converting your divergence

7 operator over to 1-D averaging.

8 To me, the equivalent of this in the

9 momentum equation is where you get into your biggest

10 error problems. Okay. And I'm not going to satisfy

11 you in any kind of near term situation because I'm,

12 stuck with this area averaging convention.

13 CHAIRMAN WILLIS: This is simply a

14 definition of divergence, really.

15 DR. MAHAFFY: Yes. But the idea -- the

16 other thing it involves here, it's right here. Okay.

17 When you do this, and you do your error averaging

18 there's this assumption that the product of the

19 averages is equal to the average of the products.

20 That's what kills you in any of these equation sets.

21 That's the biggest source of error in --

22 MR. BANERJEE: But you can always put a

23 distribution coefficient.

24 DR. MAHAFFY: You can put a distribution

25 coefficient in. And we can look at that as time goes
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1 on.

2 MR. BANERJEE: Why do you use, just as a

3 matter of discussion, the momentum equation is a

4 vector equation. And Brian -- I mean Graham and I and

5 many of us has problems because when you go into these

6 volumes and things like that, it's very hard to do

7 this properly in terms of the linear momentum equation

8 because your directions were changing.

9 DR. MAHAFFY: Yes. What you want to do, I

10 didn't reproduce it here. I didn't have time and we

11 don't have time to talk about it. But if you look at

12 this -- I suspect Vic's been through this exercise,

13 too. But if you take this equation and you do a

14 rigorous -- the easiest way to look at it is you do a

15 volume average of equation --

16 CHAIRMAN WILLIS: You reach a place where

17 you can't solve it.

18 DR. MAHAFFY: What you do is you end up

19 with these distribution functions that you don't have.

20 CHAIRMAN WILLIS: But even then you have

21 forces from the wall you don't know, all kinds of

22 things. But that's not get into that.

23 DR. MAHAFFY: I can get rid of those walls

24 forces, but that's another time. I've gone through

25 that exercise.
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1 MR. BANERJEE: I've actually changed this

2 to a mechanical energy equation, which is a scalar

3 question. But at the end of it it doesn't really help

4 you very much either.

5 DR. MAHAFFY: No.

6 MR. BANERJEE: You see, you end up more or

7 less at the same point.

8 DR. MAHAFFY: This is something --

9 MR. BANERJEE: We knew it came from multi-

10 dimensionality.

11 DR. MAHAFFY: We can spend a whole day

12 talking about this.

13 CHAIRMAN WILLIS: We've got to move on.

14 DR. MAHAFFY: Yes.

15 DR. RANDOM: Well, there are two points

16 here, actually. There are multidimensional

17 applications for multidimensional treatment and then

18 there are 1-D. And if you talk about, an example, oil

19 pipelines or chemical plant systems, you are not going

20 to treat those multi-dimensionally. And consequently,

21 if you reduce it to one dimension, these are no longer

22 vector equations. They're actually scaler equations.

23 The only thing that has any vector property is the

24 body force. And the only components that's left is

25 the one that's projected on the spacial dimension.
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1 CHAIRMAN WILLIS: There's no way you can

2 get something like the momentum equations for a T just

3 by writing down some averaging law. It doesn't work.

4 DR. RANDOM: That's right.

5 MR. BANERJEE: We could even in pipelines,

6 we've moved to 3-D components wherever their terrain

7 changes and drafts and --

8 DR. MAHAFFY: Well, but somewhere you have

9 to have boundary conditions that are taken from the 1-

10 D, you know. So you match them up there.

11 MR. BANERJEE: But that's the trick how to

12 do that.

13 CHAIRMAN WILLIS: Let's move on.

14 DR. MAHAFFY: Yes. Again, you want to set

15 up a day where we can discuss momentum equations,

16 that's fine. But we shouldn't mess with it here. And

17 I will concede that, you know, there are things we can

18 do to improve it, and I'll be happy to sit down with

19 you and show you how we get what we get. And then

20 where I see the places where we could do something to

21 improve it. But, again, I go back to the Neptune

22 Project if you really want to get this right.

23 MR. BANERJEE: Or will you be able to

24 incorporate in this structure 3-D components if we

25 found out laws of how to get the distribution from a
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1 1-D to a 3-D and vice versa?

2 DR. MAHAFFY: Yes. That's the big issue.

3 And you've seen it before in Joe's presentation. I'm

4 going to talk about it again. One of the ideas with

5 this whole code coupling issue is we want to be able

6 to couple this so that TRACE in effect becomes

7 boundary conditions to a CFD code. And you hit the

8 nail on the head. The real trick in that, and I'm

9 involved with some OECD work where we're talking about

10 benchmarks on this and whatnot. The real trick is

11 getting that distribution to convert your 1-D solution

12 into something useable as an input to a CFD where

13 you're going from --

14 CHAIRMAN WILLIS: Here's what you should

15 do. You should have straight pipes or a simple 1-D.

16 But when you get into, say, going into the downcomer

17 with a T, with a little piece of CFD there.

18 DR. MAHAFFY: Yes.

19 CHAIRMAN WILLIS: Then you have -- plenum,

20 and you have a piece of CFD because that's what you

21 need to model what's happening.

22 DR. MAHAFFY: The code is structured so

23 that if you need to, you can do that. We don't have

24 specific coupling on this specific code to some CFD --

25 it's doable, it's a formality.
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1 MR. BANERJEE: But you can plug it in?

2 DR. MAHAFFY: You can plug it in.

3 MR. BANERJEE: Provided you get these

4 rules, okay, to do.

5 DR. MAHAFFY: Yes.

6 CHAIRMAN WILLIS: Okay.

7 DR. MAHAFFY: Again, the other thing

8 that's interesting in TRACE is that we actually

9 quietly have two sets of flow equations. We do

10 something a little different when we switch into 1-D,

11 and it's done in a conservative way. You guys have

12 seen all this stuff.

13 CHAIRMAN WILLIS: These are differential

14 equations.

15 DR. MAHAFFY: Yes.

16 CHAIRMAN WILLIS: And you're going to

17 apply them to boxes, right?

18 DR. MAHAFFY: The boxes are in the

19 solution methodology, all right? We just --

20 CHAIRMAN WILLIS: It always bothers me.

21 I mean, you want to start with the box and write the

22 equation for the box.

23 DR. MAHAFFY: Well, when somebody tells me

24 field equations what I want to do is I want to write

25 the differential equation is that I then average over
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1 volumes to get the boxes. Once I average over the

2 volumes, I'm starting to get into my numerical

3 methods, really. But --

4 CHAIRMAN WILLIS: When you average over

5 the volume, you get what you could have got by writing

6 the equation for the box right away.

7 MR. BANERJEE: That's just a methodology.

8 CHAIRMAN WILLIS: Okay.

9 MR. BANERJEE: Let's get on with them. If

10 you want to do.

11 CHAIRMAN WILLIS: Because the differential

12 equations came from little boxes.

13 DR. MAHAFFY: Yes, they did.

14 MR. BANERJEE: Either one way or the

15 other.

16 CHAIRMAN WILLIS: Okay.

17 DR. MAHAFFY: We can solve it all, you

18 know. The computers are getting big enough at some

19 point we just solve the Boltsman equation and we're

20 done.

21 MR. BANERJEE: It all came from an action,

22 pure and simple.

23 CHAIRMAN WILLIS: Who phased flow. Okay.

24 DR. MAHAFFY: Okay. Here's one thing I

25 wanted to highlight, something that remains to be
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1 done. If you look at RELAP5, it's going to allow you

2 to calculate any number of non-condensable gas

3 species. Right now TRACE is inherited from the old

4 TRAC code a scheme where it supports a wide range of

5 non-condensable gases, but you can only track one at

6 a time. You make a decision up front, you're tracking

7 nitrogen in a system and that's what you do.

8 There is work that's actually largely been

9 completed out at LANL, and it's based on some stuff

10 that was lost years ago to get back to the full

11 capabilities RELAP5 did.

12 One thing I will say, it looks like we

13 need to get extra stability to push it a little beyond

14 the numerical representation that was done in RELAP5.

15 We can talk about details of that if you want to.

16 The other thing that is in TRACE are trace

17 species. You can put any number of mass equations in

18 there you want as long as it's a trace species that

19 there's an interact --

20 CHAIRMAN WILLIS: So you can do chemical

21 reactions and things like that?

22 DR. MAHAFFY: Yes. As long as they're not

23 interacting thermal-dynamic. You got to watch it. If

24 you're doing chemical reactions and that contributes

25 thermal-dynamically to the system, we're not going to
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1 do that for you.

2 CHAIRMAN WILLIS: It doesn't appear in the

3 energy equation.

4 DR. MAHAFFY: As long as it's not enough

5 energy to contribute to the energy equation we're

6 okay. But, for instance, I've got a project through

7 the DOE where we're doing water chemistry. Okay. And

8 we got all these trace species and we can put in

9 whatever chemicals we want, and we can follow them

10 around. And you can exchange. You can set up things

11 so that you have a trace species in the liquid and it

12 comes out into the gas. But it's not going to do your

13 dissolved nitrogen problem because it's a trace

14 species. It doesn't --

15 CHAIRMAN WILLIS: So it'll boron? It'll

16 do boron, for instance.

17 DR. MAHAFFY: Well, boron's already there

18 in a special field anyway.

19 MR. BANERJEE: But boron will have a vapor

20 pressure, too, right?

21 DR. MAHAFFY: You could do it, but at no

22 point do we do anything with boron that contributes to

23 the thermal-dynamics of the system.

24 CHAIRMAN WILLIS: Energy equations you

25 mean?
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1 DR. MAHAFFY: Boron just sits there and it

2 does what it does. It plates out. It interacts.

3 Well, it contributes to the thermal-dynamics of the

4 system to the extent it interacts with the neutron

5 kinetics. But that's where boron's important.

6 MR. BANERJEE: But let me understand why

7 it's so difficult to put some of the stuff into the

8 thermal-dynamics. I mean, it's just a chemical

9 reaction, right?

10 DR. MAHAFFY: Yes.

11 CHAIRMAN WILLIS: What's the problem?

12 DR. MAHAFFY: It's easy to write mass

13 equations, okay, that stand alone. Given a velocity

14 field from a full set of your fluid equations that

15 you've solved, it's easy to generate any number of

16 mass equations where your densities are being

17 propagated around by a predetermined velocity field.

18 MR. BANERJEE: Species condensation

19 equation.

20 DR. MAHAFFY: Yes. Yes. That's easy to

21 do. As soon as these species start feeding back into

22 the pressures, I've got some dissolved nitrogen in a

23 liquid, it comes out into the gas, there's enough

24 coming out into the gas, it's noticeably changed the

25 pressure. Okay. Then I've got to add coupling
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1 equations--

2 CHAIRMAN WILLIS: So you don't do partial

3 pressures?

4 DR. MAHAFFY: We do partial pressures.

5 CHAIRMAN WILLIS: Okay.

6 DR. MAHAFFY: Okay. But we're not -- we

7 don't have that coupled in yet. And these are tasks

8 later down the line. But I'm telling you --

9 MR. BANERJEE: Do you see any problems in

10 principle or just that you wanted to defer that task?

11 DR. MAHAFFY: No. It's a task that hasn't

12 been done yet.

13 MR. BANERJEE: Okay.

14 DR. MAHAFFY: This was an easy thing to

15 do. There was a need for people at times to look at

16 trace species, whether you're doing water chemistry,

17 you're doing radionuclides that you're trying to

18 follow around, it was an easy thing to put in the

19 code. It's in there. I'm just making sure you

20 understand that there's a class of these things that

21 we don't have yet.

22 MR. CARUSO: What defines a trace?

23 DR. MAHAFFY: What defines a trace species

24 is that it does not interact thermal-dynamically with

25 the rest of your system.
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1 MR. CARUSO: And there's a metric to

2 determine that so it doesn't raise the pressure by--

3 CHAIRMAN WILLIS: It's an inert gas --

4 MR. CARUSO: -- more than one percent?

5 DR. MAHAFFY: You could define whatever

6 metric you want. I mean, my metric is that I don't

7 care what's going on, it won't interact thermal-

8 dynamically with this system.

9 MR. BANERJEE: It's a passive scaler that

10 sits in the liquid.

11 DR. MAHAFFY: Yes, that's right. It's a

12 passive scaler that sits in the vapor.

13 MR. CARUSO: All you solve for is the mass

14 fraction.

15 DR. MAHAFFY: That's all you're doing.

16 MR. CARUSO: Right?

17 DR. MAHAFFY: That's all you're doing.

18 It's there, it's useful, but it's not as useful as--

19 MR. BANERJEE: But doesn't transfer from

20 one place to the other.

21 DR. MAHAFFY: It will transfer. Okay.

22 Again, you can have a passive scaler --

23 MR. CARUSO: So can you do the --

24 DR. MAHAFFY: -- in a liquid. It can

25 transfer to a passive scaler in the vapor. But in
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1 doing so, it can't effect the total pressure of that

2 vapor.

3 MR. CARUSO: So you can't calculate

4 opening a soda can?

5 DR. MAHAFFY: Not now.

6 MR. CARUSO: Not yet?

7 DR. MAHAFFY: Not yet. That's something,

8 one of the NRC guys can tell you about a schedule on

9 that, but it's something we failed with.

10 CHAIRMAN WILLIS: Because if I shake up

11 the -- I get different answers.

12 DR. MAHAFFY: Yes.

13 DR. RANDOM: A point of clarification. If

14 you inject nitrogen into the system, though, it is

15 considered to be -- it's partial pressure detracts

16 from the steam --

17 DR. MAHAFFY: Yes. See, the nitrogen is

18 followed by this special non-condensable equation.

19 DR. RANDOM: Okay. So you have a special

20 vapor component?

21 DR. MAHAFFY: Yes. There is an equation

22 for the nitrogen.

23 MR. BANERJEE: Yes, you see on the right

24 hand side which has to be changed if you're

25 transferring from one place to the other.
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1 DR. MAHAFFY: That's absolutely correct.

2 That's right. And that hasn't been implemented in

3 that. You've seen the stack of things we had to do,

4 and this wasn't even on somebody's list that you saw.

5 It is on lists that do exist.

6 Phase change terms. Everybody uses heat

7 conduction limited model. That's what's still in

8 there. All right. Energy equations. They're

9 nonconservative in form. We have a project scheduled

10 to move to a fully conservative energy equation. I

11 don't know when that's going to happen, but it's not

12 too distant in future.

13 Wall energy -- yes?

14 DR. RANDOM: What do you mean backed by

15 the primes on the h and h? You say you've gone to

16 a donor type --

17 DR. MAHAFFY: Yes. It's the same donor --

18 DR. RANDOM: So you don't superheat the

19 vapor?

20 DR. MAHAFFY: That's right.

21 DR. RANDOM: Yes.

22 DR. MAHAFFY: Everything you're familiar

23 with RELAP5 land in terms of donored enthalpies goes

24 on TRACE. And I will tell you, if you're looking for

25 physical flaws, the reason -- is everybody here
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1 familiar with this game of donoring enthalpies?

2 If you go back to your heat conduction

3 model, all right. And you've got your source of heat

4 to the interface and you're dividing by your latent

5 heat of vaporization in effect. Those primes tell you

6 it's not really a latent heat of vaporization. If I'm

7 boiling, so I'm taking liquid and I'm making vapor,

8 I'm doing what Vic refers to as a donor enthalpy. The

9 enthalpy of the vapor, the vapor is appearing at the

10 interface so it appears at the saturation temperature.

11 But the liquid coefficient, it's donored from the bulk

12 liquid. That liquid enthalpy is evaluated at the bulk

13 liquid temperature.

14 If I don't do that --

15 CHAIRMAN WILLIS: You don't conserve

16 energy if you don't do it right, do you?

17 DR. MAHAFFY: Well, you conserve energy.

18 Okay. But what will happen is you can get into

19 situations where you think of it as you're taking away

20 just a limited spectrum of your Maxwellian curve.

21 Okay.

22 I've got a liquid at a temperature of 300

23 degrees and I'm pulling off liquid at 450 degrees.

24 Well, what happens is liquid starts cooling down and

25 you can get into these runaways where your liquid gets
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1 colder, your steam gets hotter.

2 Now, what I maintain is that this artifact

3 really is a result of imperfections in my knowledge of

4 the interfacial heat transfer areas and heat transfer

5 coefficients.

6 CHAIRMAN WILLIS: Because of your lumping

7 or your averaging, or whatever? You're using the

8 liquid as if it's at some temperature which is not the

9 same as the interface temperature. But that's all you

10 can do.

11 MR. BANERJEE: But then I have a problem.

12 Basically the q there, let's say the q.

13 DR. MAHAFFY: Yes.

14 MR. BANERJEE: Is calculated as being a

15 heat transfer coefficient into a difference of

16 temperatures, right.

17 DR. MAHAFFY: Yes.

18 MR. BANERJEE: So the temperature of the

19 liquid is what you would call a h prime. CPTL is

20 equal to h prime L. It has to be.

21 DR. MAHAFFY: Be careful. These h --

22 MR. BANERJEE: No, I'm saying the h on

23 top.

24 DR. MAHAFFY: This h here is your

25 saturation.
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1 MR. BANERJEE: Is the enthalphy.

2 DR. MAHAFFY: And enthalphy.

3 MR. BANERJEE: So h prime --

4 DR. MAHAFFY: Yes.

5 MR. BANERJEE: -- 1 is equal to cp into t1.

6 It has to be.

7 DR. MAHAFFY: Okay.

8 DR. RANDOM: There's something wrong with

9 that slide.

10 MR. BANERJEE: Now I go on.

11 DR. MAHAFFY: There was a copy job.

12 You're getting two liquids instead of a liquid and a

13 vapor. I apologize.

14 MR. BANERJEE: No. But that's all right.

15 Let me go back to the qil. qi, is equal to a heat

16 transfer coefficient, hi,.

17 DR. MAHAFFY: Yes.

18 MR. BANERJEE: Into an interfacial area

19 ai. Into this bracketed quantity which is the

20 saturation temperatures interface minus the

21 temperature of the bulk liquid.

22 DR. MAHAFFY: Yes.

23 MR. BANERJEE: That gives you the heat

24 flux.

25 DR. MAHAFFY: That gives you the heat flux
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1 of the interface.

2 MR. BANERJEE: Okay. And then qig would

3 be the corresponding -- yes. That's fine. You don't

4 worry about it.

5 So you get the sum of the two gives you

6 the next heat flux at the interface.

7 DR. MAHAFFY: Yes.

8 MR. BANERJEE: Okay. Now you should be

9 dividing by H strictly. I don't see why you are

10 dividing it by this quantity far away because -- the

11 vaporization is the next heat flux divided by the

12 latent heat.

13 DR. MAHAFFY: That's right.

14 MR. BANERJEE: You've already taken the

15 drop in temperature --

16 DR. MAHAFFY: Yes.

17 MR. BANERJEE: -- into account in

18 calculating qia-

19 DR. MAHAFFY: That's right. And that was

20 the final point I was trying to make.

21 This game here is a code developer's fix

22 to a problem in lack of precision in evaluating these

23 terms right here. If I had done these right, you're

24 absolutely correct. Everything would have worked out.

25 What's really happening is that I'm not doing
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1 these correctly in a full consistent manner. And when

2 I do those incorrectly in the wrong direction, I get

3 into these runaway situation where, you know, I start

4 off -- if I've got subcooled liquid and I'm boiling it

5 from hot vapor, okay. The more boil -- well, you get

6 -- that runaway may be legitimate.

7 But you get these temperature runaways

8 that are nonphysical. And if I condense super heated

9 steam, I can get the steam heating up as I condense it

10 from subcooled water. And it's because I'm not doing

11 these interfacial heat transfer coefficients.

12 MR. BANERJEE: I can see that you could

13 have problems with the interfacial heat transfer

14 coefficient in areas. But I don't think that it's easy

15 to justify the fix that you've put in for --

16 DR. MAHAFFY: No. No. I'm not going to

17 stand up here --

18 MR. BANERJEE: It doesn't compensate. How

19 do you know it's --

20 DR. MAHAFFY: As a duly physicist, I'm not

21 going to stand up and try to defend this on a physical

22 bases.

23 CHAIRMAN WILLIS: But the problem is,

24 Sanjoy, that you could -- what you say is right for

25 calculating the flux of the interface.
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1 MR. BANERJEE: Right.

2 CHAIRMAN WILLIS: But then with the box

3 thing, they immediately assume that the stuff which is

4 injected then gets the properties of the average

5 vapor, which it doesn't get. But anything in the box

6 has the average vapor properties.

7 DR. MAHAFFY: You guys wanted to hear some

8 of the ugly downsides of codes, this is one that's

9 been in there for 25 years.

10 CHAIRMAN WILLIS: No, this should be

11 looked at.

12 MR. BANERJEE: Yes, it should certainly be

13 examined carefully.

14 CHAIRMAN WILLIS: Something we can examine

15 next time.

16 DR. MAHAFFY: Well, it's more than just

17 next time. What you're going to find is, you know,

18 this is something that certainly I've watched and,

19 hopefully, the next generation developers when I move

20 on somewhere will also watch, as I say, as these

21 things get better, and that may come with the

22 interfacial area transport equations or whatever, we

23 need to go back and get this fixed. No question about

24 it.

25 MR. BANERJEE: I will say that this should
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1 be tabled as an item, because it's indefensible. What

2 you can say is that we should put lock down certainty

3 somehow into the coefficient because that is

4 defensible.

5 DR. MAHAFFY: Yes.

6 MR. BANERJEE: But to do this doesn't make

7 any sense.

8 DR. MAHAFFY: You guys can schedule all

9 kinds of meetings. I'll tell you that --

10 CHAIRMAN WILLIS: We'll do it in the

11 future.

12 DR. MAHAFFY: But right now these guys are

13 hard to defend, too.

14 CHAIRMAN WILLIS: You don't know AI very

15 well.

16 DR. MAHAFFY: No. Compared to what you

17 don't know here and what I didn't know here, is small

18 potatoes.

19 But, yes, Joe?

20 MR. KELLY: I'll just jump in for a

21 second, because I -- this is Joe Kelly.

22 What you could really do to make me feel

23 a lot better that is write that first equation in a

24 slightly different way so that you have your

25 interfacial heat transfer, divide by your normal
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latent heat. Then you'd have another term which would

account for the energy it takes to bring that phase up

to the saturated temperatures.

CHAIRMAN WILLIS: That's right. That's

right.

MR. KELLY: It's just straight forward

energy balance.

DR. MAHAFFY: You can do that.

MR. KELLY: It's just it's very, very

confusing the way that's written. It goes against,

you know, your experience. That's all it is.

CHAIRMAN WILLIS: It doesn't have to be

confusing.

DR. RANDOM: Well, I think the problem is

there are no correlations for the heat transfer

coefficient to do that --

CHAIRMAN WILLIS: That's another problem.

That's another problem.

MR. KELLY: Right. Because the

temperature of the phase has to change as it

approaches the interface. You can't do that.

MR. BANERJEE: I would say there are

reasonably good coefficients for the heat transfer

correlations -- coefficients, but there aren't for the

interfacial areas. I think that's the truest
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1 statement. Because it's more difficult to get it.

2 It's a very interesting problem in

3 turbulence, by the way. It goes -- you can show that

4 the factual dimension of an area over a length scale

5 has to go to 2.34, which suggests that if this is very

6 churned up, that you'll have to get to that ratio.

7 CHAIRMAN WILLIS: It has to do with

8 averaging. You have a vapor space that has a certain

9 temperature. And you remove vapor at a lower

10 temperature. It's artificial. Then you have heat

11 supplementing behind, it's going to be hotter. So

12 it's ridiculous. It makes no sense.

13 MR. BANERJEE: It's a box problem, yes.

14 MR. KELLY: Exactly.

15 CHAIRMAN WILLIS: Right. Well, let's move

16 on.

17 DR. MAHAFFY: Anyway, I've presented it

18 before the way Joe's talked about, but then you have

19 to get into defending the partition of energy between-

20 -

21 CHAIRMAN WILLIS: Yes. Now let's go on.

22 DR. MAHAFFY: -- coefficients. Okay.

23 MR. BANERJEE: We will defend this offline

24 sometime.

25 DR. MAHAFFY: I want to skip over this
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1 unless somebody's particularly interested. This is

2 just the way we do the single phase.

3 CHAIRMAN WILLIS: Yes, we're going to go

4 through this I think in my detail some other date.

5 DR. MAHAFFY: Yes. Yes.

6 CHAIRMAN WILLIS: We've seen all of this

7 kind of stuff before.

8 DR. MAHAFFY: Momentum equation, again,

9 you now this isn't going to make you happy because are

10 just field equations.

11 CHAIRMAN WILLIS: These are just --

12 MR. BANERJEE: Except I have a problem

13 with the momentum equation even for a straight pipe

14 there. Because you have a hydraulic head term for a

15 horizontal pipe if you ever tried to do that.

16 DR. MAHAFFY: Well, this one's -- no, this

17 actually will work out once you --

18 MR. BANERJEE: Unless you add a term.

19 DR. MAHAFFY: When we actually do the

20 averages on this and come up with a term, we don't get

21 head terms in a straight --

22 CHAIRMAN WILLIS: Okay.

23 DR. MAHAFFY: You have to do something

24 special to get the head terms --

25 MR. BANERJEE: How do you get flow? Let's
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1 say you had a pipe.

2 DR. MAHAFFY: Yes.

3 MR. BANERJEE: I had more liquid at one

4 end.

5 DR. MAHAFFY: Yes.

6 MR. BANERJEE: It was running the pipe and

7 running out the other end.

8 DR. MAHAFFY: Yes.

9 MR. BANERJEE: How do you handle it --

10 DR. MAHAFFY: It's not encompassed in

11 these equations.

12 CHAIRMAN WILLIS: It's not?

13 DR. MAHAFFY: That's correct. You have to

14 go into the depths of the manual and to how it does a

15 horizontally stratified flow regime, and you'll see a

16 modification of these equations. It involves a void

17 fraction derivative.

18 MR. BANERJEE: Right.

19 DR. MAHAFFY: Yes. That's true.

20 Let me show you one thing. This is

21 probably the biggest place we differ for now from

22 RELAP5

23 CHAIRMAN WILLIS: You have no added mass?

24 DR. MAHAFFY: We have no virtual mass

25 terms. They're not there. I'm just being up front
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1 about that. And, again, it has to do with two things.

2 Number one is that, again, our source that

3 we've evolved from is TRAC. TRAC was always in this

4 form. RELAPS has been in this form for a very long.

5 Vic can tell you when that started.

6 There were huge fights. Dennis Lyles used

7 to get into fights with various people on various

8 boards about this. And the bottom line was that we

9 were never provided examples where this made a

10 profound difference in the answers.

11 And I invite you to provide those

12 examples, and we'll be happy to go in and make this

13 change, and schedule it. It's not a big deal.

14 CHAIRMAN WILLIS: You have to have a

15 pretty rapid acceleration to make a difference.

16 DR. MAHAFFY: Yes. It's not something

17 that passed the so-what test, really, for us. And so

18 rather than introduce extra complexity in a numerical

19 solution procedures, we've kept this level of

20 approximation --

21 CHAIRMAN WILLIS: But if you understand

22 accelerating a bubble through a liquid, all of the

23 inertia is in the added mass.

24 DR. MAHAFFY: Oh, yes.

25 CHAIRMAN WILLIS: So it's got to give
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1 completely the wrong answer to that problem.

2 MR. BANERJEE: Yes. Whether this is

3 important for the specific transients you're looking

4 at or not, there's a classical example in the first

5 five pages of Landau and Lipshitz on an oscillating

6 bubble. And your bubbles are not going to oscillate

7 if you do that.

8 CHAIRMAN WILLIS: Well, if you take a

9 bubble in a pipe, sitting there like a sperm level.

10 DR. MAHAFFY: Yes.

11 CHAIRMAN WILLIS: And hit it with a

12 hammer, the bubble will move.

13 DR. MAHAFFY: Yes.

14 CHAIRMAN WILLIS: Whereas it wouldn't. If

15 you didn't an area mass in, it wouldn't move.

16 MR. BANERJEE: It will give you a

17 completely wrong answer if you have even a bubble

18 trapped in a pipe and you move the pipe.

19 CHAIRMAN WILLIS: Right and accelerate.

20 Yes, or accelerate it anyway. It's like hitting it

21 with a hammer.

22 DR. MAHAFFY: I understand. I understand

23 exactly what you're saying. But --

24 MR. BANERJEE: Probably there's so much

25 numerical diffusion in these codes anyway 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



173

1 DR. MAHAFFY: Yes.

2 MR. BANERJEE: What do you find? Nobody

3 knows what comes out anyway.

4 DR. MAHAFFY: If we had versions --

5 CHAIRMAN WILLIS: All the experiments are

6 correlated using the friction factor, which sort of

7 takes account of this in some way.

8 DR. MAHAFFY: We had versions of TRAC with

9 both forms of these equations, and we couldn't get the

10 lower more complicated form to make any significant

11 difference in the answers, and numerical diffusion may

12 be part of it, classic problems.

13 What I'm inviting you to do by putting

14 this viewgraph, in your wisdom if you can come up with

15 assessment problems that should be added to our

16 assessment set relevant to nuclear reactor safety,

17 yes, I mean, I can produce lots of simple test

18 problems, as you say, that exhibit this term. But,

19 you know, if those things come in, then that's fine.

20 We'll get that in there and that'll go on the list.

21 But for right now, this is not one of our high

22 priority items.

23 That's my statement. You can cogitate on

24 it and we welcome any kind of creative solutions.

25 One thing that's gone on, the interfacial
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1 drag there's a difference there. You get these

2 distribution factors.

3 Joe, are those distribution factors in

4 some of the modifications you got scheduled to go?

5 MR. STAUDENMEIER: The distribution

6 factors are stuck in in the computation of interfacial

7 drag coefficients. The equations themselves don't

8 have the distribution factor.

9 DR. MAHAFFY: Okay.

10 MR. STAUDENMEIER: There's a ratio

11 multiplier that takes those into account.

12 DR. MAHAFFY: Okay. So we're effectively

13 going to be adopting those --

14 CHAIRMAN WILLIS: This RELAP thing is a

15 very strange looking --

16 DR. MAHAFFY: Well, again, it's a way of

17 adjusting for the fact that you've got profiles of

18 velocity across a given region, is what's going on

19 there. Part of your area averaging results.

20 MR. BANERJEE: Would you accept as a test

21 problem a pipe full of bubbles and being fluid fairly

22 high velocity and predict the void waves? Is this

23 relevant? The dynamic waves, not the kinematic waves?

24 CHAIRMAN WILLIS: The acoustic. The

25 acoustic.
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1 MR. BANERJEE: What you see is, of course,

2 is that the void fraction is not uniform. It forms

3 waves. And you see this in fluid -- as well.

4 Eventually they lead to bubbles in fluid -- this is

5 the famous Jackson instability.

6 DR. MAHAFFY: Okay.

7 MR. BANERJEE: But if you did it with

8 bubbles in a liquid, you get these void waves. And

9 people have measured the velocity of these void waves

10 and their amplitudes. Is this a problem that would be

11 of any interest to the --

12 DR. MAHAFFY: I can't off the top of my

13 head relate it to anything. But I'm not thinking

14 along those lines at the moment, so --

15 MR. BANERJEE: Well, the question is, is

16 the propagation rate of void waves of any importance

17 in nuclear reactors, or is anything of any importance?

18 I don't know, other than liquid falling out of the

19 hole.

20 CHAIRMAN WILLIS: We could go onto this

21 forever.

22 DR. MAHAFFY: Yes.

23 CHAIRMAN WILLIS: There are all kinds of

24 assumptions here which are a bit hooky.

25 DR. MAHAFFY: Yes.
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1 DR. RANDOM: Well, a lot of these

2 coefficients were part of the incorporation of the

3 drift flux model for interface drag computation. Like

4 the absolute value of the velocity difference is

5 actually in the FIG, you know. So there's still the

6 same kind of dependence.

7 DR. MAHAFFY: What Joe just said, he's

8 picking that up. Joe has got some changes to the

9 interfacial drag model already that are coming in.

10 It's not there.

11 I mean, we identified very early a lot of

12 models that were high probability changes, and

13 interfacial drag was very high on the list. You know,

14 you and I sat through a lot of the review of the

15 RELAP5 for the AP-600. And there's a whole lot of

16 models that just -- there was a huge amount of effort

17 in justifying them and then pulling them together that

18 really need to be reviewed still. But that's

19 partially--

20 CHAIRMAN WILLIS: Well, the message I get

21 from this is that TRACE has all the faults of all the

22 codes we've seen from other sources.

23 DR. MAHAFFY: In terms of the field

24 equations, sure.

25 MR. BANERJEE: And leaves even a few terms
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1 out here and there.

2 DR. MAHAFFY: Yes.

3 MR. BANERJEE: Compared to what should be

4 there. I mean, it exists. Whether it's important,

5 that's another problem.

6 DR. MAHAFFY: That's right.

7 DR. RANDOM: Well, it may contain all the

8 faults, you know. Are there any improvements that

9 could or should be made?

10 DR. MAHAFFY: Yes. Yes. And I understand

11 that we can look at this momentum thing in detail, but

12 again mass is conserved rigorously, energy will be

13 conserved rigorously. Those are two of the biggest

14 things you got to worry about.

15 Solution flow. I just want to do this at

16 a very high level. If you want to get into details, we

17 can worry about it later.

18 But basically everything that's done in

19 the solution should be recognizable to people who have

20 looked at these codes over the last 20 years. Okay.

21 CHAIRMAN WILLIS: What does SETS mean?

22 DR. MAHAFFY: SETS is stability enhancing

23 two step method. I developed that in 1979.

24 CHAIRMAN WILLIS: Okay.

25 DR. MAHAFFY: It's been in TRAC running
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robustly since 1982. A version of it called Nearly

Implicit has been in RELAP5, not running quite so

robustly until very recently. But it is -- it

embarrasses me some as to some point that this method

is still used. It was my response to Three Mile

Island. All right.

In the beginning Vic and I were tied down

to large break LOCAs, right? That was the first thing

we had to worry about. He started worrying about

other things before we did, but you got to a case if

you look at the semi-implicit numerical method, you've

got this material collosability limit. Okay. Time

step has got to be less or equal to a characteristic

cell dimension divided by a flow velocity. And when

you're trying to run a transient that runs on for

hours or days, and you're taking those small time step

sizes which are very small compared to the

characteristic time scale for change in any physical

parameter in the system, you're killing yourself.

Because that time set size is well below anything that

reflects accuracy, even in a first order time accurate

method. So we needed something that limited that

method. We didn't want to go to fully implicit. SETS

is a way of adding a stabilizer step to each of the

key equations, momentum, energy and mass, that wipes
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1 out that material collosability limit. It's cheaper

2 by about a factor of five in terms of cost per cell

3 per step than a fully implicit method.

4 It still has the problems --

5 CHAIRMAN WILLIS: What's the technique,

6 something relaxation, or something?

7 DR. MAHAFFY: What are you looking at?

8 CHAIRMAN WILLIS: Well, maybe makes it

9 semi-implicit. I forgot -- I'm looking for a piece of

10 jargon.

11 DR. MAHAFFY: Yes, semi-implicit --

12 MR. BANERJEE: -- corrector.

13 DR. MAHAFFY: Yes, it is.

14 MR. BANERJEE: That's all it is.

15 DR. MAHAFFY: In effect, what you're doing

16 with the SETS method, you use the semi-implicit method

17 to get your velocities with which you're going to move

18 things around. And then you go with those velocities

19 fixed. You write some equations that look like fully

20 implicit mass and energy equations, and away you go.

21 DR. RANDOM: I think you basically said

22 it, but the difference between whether you want to use

23 one or the other is whether or not material

24 propagation effects are important or not.

25 DR. MAHAFFY: Yes.
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1 DR. RANDOM: Because the more implicit

2 schemes will diffuse that propagation. And there are

3 a number of cases where you do not want the diffusion

4 and --

5 CHAIRMAN WILLIS: -- stability, you time

6 step a millisecond and nothing of interest is

7 happening --

8 DR. MAHAFFY: Right. That's right.

9 DR. RANDOM: And that's in stationary

10 systems.

11 DR. MAHAFFY: But this is what Vic saying.

12 Really, there are a whole class of these slow

13 transients that all they really are are an evolution

14 from one quasi steady configuration --

15 CHAIRMAN WILLIS: That's right.

16 DR. MAHAFFY: -- to another.

17 CHAIRMAN WILLIS: That's right.

18 DR. MAHAFFY: And then you want some kind

19 of much more implicit method.

20 CHAIRMAN WILLIS: Right.

21 DR. MAHAFFY: But if you're zinging waves

22 around somewhere or continuity waves of any sort, you

23 should be using semi-implicit. And that -- that is in

24 there. You can choose semi-implicit, you can choose a

25 SETS base method. We really ought to be automating

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



181

1 that at some point in the future to adapt these

2 things. We haven't done it yet.

3 DR. RANDOM: But, John, along that line if

4 you run the sets method with the same kind of time

5 step algorithm that goes along with the semi-implicit,

6 don't you get the same limit in terms of diffusion?

7 I mean, there's no benefit to it, basically, but it

8 should produce the same result.

9 DR. MAHAFFY: Yes. If you look at what it

10 happens is that in terms of diffusion, you could run

11 the classic diffusion problems where you take a heavy

12 side step function and you propagate it through a -D

13 flow channel with a fixed velocity field. And what

14 you see that for a semi-implicit or an explicit

15 method, since we've fixed velocity, your diffusion is

16 maximum at the lowest time step size and it lets less

17 as you approach the stability limit.

18 DR. RANDOM: Right.

19 DR. MAHAFFY: We have a fully implicit

20 method, and this should make sense logically, at the

21 minimum time step size it's going to have the same

22 numerical diffusion as the explicit or semi-explicit

23 method, it has the time step size increases it just

24 gets worse.

25 DR. RANDOM: Well, that's what I was
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1 saying.

2 DR. MAHAFFY: Yes.

3 DR. RANDOM: I mean, if you learn the SETS

4 method at the minimum time step --

5 DR. MAHAFFY: At the minimum time -- if

6 your time step size is significantly less than the

7 material collosability limit, then it doesn't matter.

8 DR. RANDOM: Right.

9 DR. MAHAFFY: Yes.

10 MR. BANERJEE: It's just that the

11 diffusion coefficient for an exclusive matter has a

12 difference in it. So as you get to a number of one it

13 goes almost to zero rather than the implicit one that

14 you've got.

15 DR. SIEBER: Yes. Right.

16 DR. MAHAFFY: But the implicit one if you

17 run it at its minimum time step becomes the same.

18 MR. BANERJEE: Yes. Of course.

19 DR. RANDOM: Then why are they using the

20 same spacial difference -- in fact, there are some

21 things that are interesting about implicit schemes.

22 Sometimes if you run them at less than the limit, they

23 become unstable, which is a kind of peculiar result.

24 DR. MAHAFFY: To capture the key

25 importance of this particular viewgraph up here, TRACE
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1 is following a RELAPSish way of doing things rather

2 than what was in TRAC years ago. We've isolated the

3 generation of the coefficients in your equation from

4 the solution of the equation. And that's probably the

5 key important solution architecture feature in here.

6 So that I can go in there and I can put in the linear

7 equation solver DuJour very quickly and and that's

8 helped us a lot.

9 MR. BANERJEE: How are you solving? So

10 you get a form of a Poisson equation still?

11 DR. MAHAFFY: Yes. Within the semi-

12 implicit step if you look at the footprint of it, it's

13 the same footprint as a 5 point poisson operator. But

14 you've got these scattered things due to your odd flow

15 topology. And what we're doing is we're giving it to

16 a sparse linear system solver. We're doing direct

17 solution. There is no iterative solution on these

18 linear systems because we just don't have a high

19 enough variable count in any kind of reasonable

20 system.

21 CHAIRMAN WILLIS: But then it's a problem

22 with implicit methods when you have a regime change

23 occurring in the time step? You've got a regime

24 change occurring in the time step and you're switching

25 from one correlation to another and you're trying to
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1 use the implicit method, can you get into trouble

2 where the computer doesn't know which one to use and

3 it solves it sort of --

4 DR. MAHAFFY: Implicit method always has

5 problems when you get discontinuities --

6 CHAIRMAN WILLIS: Right. Well, you do,

7 watching that correlations of heat transfer which

8 change --

9 DR. MAHAFFY: What we try to do, and you

10 know this can be subject of another ACRS meeting if

11 you'd like, you're going to have to talk to Joe Kelly

12 about this.

13 CHAIRMAN WILLIS: Okay. So maybe he'll

14 tell us.

15 DR. MAHAFFY: There are excluders in

16 there.

17 CHAIRMAN WILLIS: Okay.

18 MR. KELLY: When you go to fully implicit,

19 there's another way of handling it, and that's with

20 the CATHARE team does. At the first pass through the

21 equations, they set their flow regimes and -- regimes.

22 Those are then frozen for the duration of the time

23 step. They will go back and update the heat transfer

24 correlations within that regime, but they freeze it to

25 that regime and don't allow it to change, just to
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1 avoid what you're speaking of.

2 CHAIRMAN WILLIS: Yes. Okay.

3 DR. RANDOM: John, are you going to cover

4 the single phase, the two phase transition where you

5 get into over extraction of mass and mass --

6 DR. MAHAFFY: I zinged by those while you

7 weren't looking. If you want, we can go offline and

8 talk about that.

9 DR. RANDOM: Well, you have that at the --

10 DR. MAHAFFY: No. What we do is that,

11 again, because we're doing an interactive solution, we

12 watch as we iterate on the solution. So we come into

13 a time step and there's a void fraction of .001. And

14 in iteration number two or iteration number three of

15 our solution that goes to zero, there's logic in there

16 that looks and says does that zero really make sense.

17 Is that what you want to do? It's looking at your at

18 your face teams terms, it's looking at your flux

19 terms. And once it decides that zero is where it wants

20 to be, it clicks it switch and it goes from the full

21 two phase equations to a set of equations that contain

22 b-mass, b-energy, a statement on -- let's say on the

23 void fraction zero end it'll say alpha equals zero.

24 It'll say t-vapor equals t-sat. And that's it.

25 And if you think from a physical
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1 standpoint about what that's doing. Number one, it

2 rigorously enforces conservation of mass again. But

3 you can interpret that physically really as coming up

4 with a value for the integral of gamma from the

5 beginning of the time step to the end of the time set

6 that's consist with elimination of the phase that's

7 left in the system.

8 CHAIRMAN WILLIS: You're going to have

9 trouble if you use different equations and you're

10 going to go through a transition on alpha equal .001

11 to something where it's now going to be subcooled.

12 You can't use a d-alpha dt that goes through that

13 boundary. You're going --

14 DR. MAHAFFY: Well, I mean, as we say, you

15 know we're doing a discontinuous fit to our equation

16 section. It's worked very smoothly over the years.

17 That's one thing we haven't had problems with.

18 I was asked to just draw up some solution

19 diagrams to pictorially show you what's going on.

20 This emphasizes --

21 CHAIRMAN WILLIS: This is another one of

22 these loops you never get into and never come out of?

23 DR. MAHAFFY: No, no. I mean, again look

24 at the bottom line here. The arrows are showing you

25 how information flows within a time step, but there's
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1 implication here. When you need information one of

2 these boxes that you don't see an arrow in, are just

3 coming from the previous time step.

4 And so we start a time step, we evaluate

5 our control system. The control system could add

6 momentum sources, which go in here and here. It can

7 add actions on your control rods which feed into the

8 neutron kinetics. And it can add boundary condition

9 to my heat condition equations. So it's feeding in on

10 a purely explicit basis with the beginning of the time

11 step.

12 Our heat transfer coefficients are all

13 explicit. And these are wall and interfacial. So

14 they're coming down here. They feed into the semi-

15 implicit part of the equations, the heat conduction

16 equations. There's no line down here because of a

17 game we play that isolates all the source terms up

18 here. That's algebra. Frictioncoefficients here and

19 here for momentum equations. And that's it.

20 We've got at iterative solution. This is

21 the key thing that we're doing.

22 MR. BANERJEE: But what is that, because

23 you were telling me that this interim procedure is the

24 one that actually allows you to get mass conservation

25 in each phase.
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1 DR. MAHAFFY: Yes. Yes. And let me flash

2 forward in a minute and I'll stop as I go pass my mass

3 equation on a numerical scheme, and I hope I can

4 convince you of that.

5 Very shortly we hope to be in a mode like

6 this where our heat transfer coefficients, our heat

7 conduction equation is all integrated with the semi-

8 implicit step. It doesn't increase the size of our

9 matrices, so it makes a certain amount of sense.

10 We're doing studies on that now. We'll see how it

11 plays out.

12 DR. RANDOM: Well, the heat transfer

13 coefficients are normal in your functions but you're

14 going to iteratively update them, is that right?

15 DR. MAHAFFY: Yes. They're impact will be

16 included in the Jacobean.

17 DR. RANDOM: What do you do if you changer

18 from boiling, for example, to single phase or change

19 regime, basically?

20 DR. MAHAFFY: Well, that was what he was

21 talking about. And Joe's answer is the first answer

22 that I'm going to give you.

23 DR. RANDOM: What was that?

24 MR. BANERJEE: What kind of Jacobean?

25 DR. MAHAFFY: You freeze your flow regime.
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1 DR. RANDOM: Okay.

2 CHAIRMAN WILLIS: Well, at some point

3 you'd better -- you've got some zeros here.

4 DR. MAHAFFY: If the alpha goes less than

5 zero, all of this kicks back to my single phase

6 equation substitution and it will capture that

7 correctly and it will conserve mass.

8 DR. RANDOM: I have a question, John, on

9 the control system. That's a set of ordinary

10 differential equations and the old RELAP5 didn't have

11 an implicit solution scheme. You had to order them in

12 the proper order.

13 DR. MAHAFFY: Yes.

14 DR. RANDOM: And have you gotten rid of

15 that?

16 DR. MAHAFFY: Yes. Birol could talk to

17 it. We basically have the iterative capabilities in

18 there in the control system --

19 CHAIRMAN WILLIS: What you just said is it

20 goes to the single phase. I got two phase coming in

21 here, like a single phase. I got the interface. It's

22 just double tracking business, really.

23 DR. MAHAFFY: Well, the level --

24 CHAIRMAN WILLIS: An uncommon use of a

25 differential equation assuming it's continuous, to
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1 catch that box where you have two phase coming in and

2 single phase going out. You don't have a d-alpha dx,

3 which makes any sense.

4 DR. MAHAFFY: No. The only time you have

5 that is when you have level tracking engaged and you

6 have vertical flow.

7 CHAIRMAN WILLIS: But you have it lots of

8 times going on in the circuit.

9 DR. MAHAFFY: The only time -- yes.

10 You've identified a potential --

11 CHAIRMAN WILLIS: Every time you have a

12 slug of liquid and then some two phase -- you've got--

13 DR. MAHAFFY: I don't disagree with you.

14 If it's in a horizontal pipe and you got a slug of

15 liquid zinging through there, it's not going to

16 capture that correctly. It's going to smear it out.

17 That's part of your numerical diffusion.

18 If I'm in a vertical riser, we've got a

19 very good level tracking algorithm that will take care

20 of that for you. But once you go into horizontal

21 flow, there's nothing we do except --

22 MR. BANERJEE: Are you going to talk about

23 this level tracking later?

24 DR. MAHAFFY: No, we're not. We could

25 spend a half day on that one.
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1 MR. BANERJEE: Then let me ask you the

2 question, why does your level tracking methodology

3 work for vertical flow and not for horizontal flow?

4 DR. MAHAFFY: You could put it in a

5 horizontal flow. It's just a question of making your

6 decision.

7 Birol, do you want to make any intelligent

8 comments on that for him?

9 MR. BANERJEE: Or any comment of any sort?

10 MR. AKTAS: This is Birol Aktas from ISL.

11 The reason we use only in the vertical

12 components is because the interface is register at a

13 point in the scale equations. You know, it's

14 horizontal. And then we can handle, for example,

15 crossing of the interface across a cell boundary and

16 it's an instantaneous crossing across the cell face

17 because, you know, the equations are solving for scale

18 properties and the interface itself is treated as a

19 point. But you have, let's say, an inclined pipe then

20 when the water level is rising part of the interface

21 will be in a cell J minus one and part of it will be

22 in the next cell, which is very difficult to handle.

23 So what we do is we limit the level tracking only to

24 vertical components.

25 MR. BANERJEE: And it's horizontal?
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1 MR. AKTAS: On horizontal --

2 MR. BANERJEE: It's even worse, right?

3 MR. AKTAS: Yes.

4 CHAIRMAN WILLIS: But you could do

5 horizontal as long as the interface is vertical?

6 MR. AKTAS: Yes. That's a very good

7 point, yes.

8 MR. BANERJEE: But this methodology that

9 you're using is actually just treating as the point.

10 MR. AKTAS: Yes.

11 MR. BANERJEE: Have you looked at things

12 like level sets that you could treat -- with a zero on

13 the interface?

14 MR. AKTAS: Yes. However, you have to

15 remember that everything is averaged across the cross

16 sectional area, so we don't have any variations in the

17 lateral direction of the pipe flow, for example. So we

18 don't have that information. All we have is a

19 velocity in the direction for the flow and the void

20 fraction distribution along, again, axis of the flow.

21 We don't have anything in the left or to the right.

22 So if you had an inclined pipe, then we

23 would again -- algebraically I think it's possible. I

24 tried various things with the three dimension version

25 of the level tracking because we have a three
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1 dimensional fluid flow component vessel. And some of

2 my attempts are fruitless, so I just resorted back to

3 the vertical components.

4 MR. BANERJEE: I see. It's an artifact

5 because of the one dimensionality?

6 MR. AKTAS: Yes.

7 MR. STAUDENMEIER: Excuse me. Let me

8 interject something here. Let's keep in mind the

9 object of the presentations, which is to present an

10 overview. If we go into detail on anything that pops

11 into your mind, we're never going to make it through

12 here. But you can flag it as something that you'd like

13 to see an additional detailed presentation done at a

14 future meeting where we can go in and discuss all the

15 details.

16 CHAIRMAN WILLIS: I mean, what we're

17 getting out of this, though -- what I'm getting out of

18 this is that all the questions that we've always asked

19 about all codes are coming up again.

20 DR. MAHAFFY: That's right.

21 CHAIRMAN WILLIS: Is that right?

22 DR. SIEBER: That's because we're used to

23 old codes.

24 CHAIRMAN WILLIS: But there isn't some

25 magic bullet that's been discovered.
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1 MR. BANERJEE: Well, maybe they did the

2 introductive procedure and can actually conserve mass

3 in both phases, then it'll be maybe new.

4 DR. MAHAFFY: Okay. Let me show you, when

5 I converge my iteration, okay, this is just for single

6 phase flow but you can talk about this for two of

7 these equations, for vapor and liquid. I converge my

8 iteration to the point that this equation really is

9 satisfied so that I can write the numerical equivalent

10 of a volume integral of this whole equation. And what

11 I get then is that the integral over volume of the new

12 time density is equal to the integral or volume of the

13 old time density with the integral over volume of this

14 divergence term, which boils down to just whatever

15 fluxs you have into your system minus the fluxs you

16 have out of your system.

17 CHAIRMAN WILLIS: Yes. But that divergence

18 term is also going on with time during this little

19 time dt. It's changing, too. The low end in there

20 can be old or new or some average throughout the time

21 step.

22 DR. MAHAFFY: This is new, this is old.

23 Basically what I do is I define -- I take this

24 equation and it is what it is. You know, this relates

25 to time levels. I integrate this -- just take this
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1 equation as it is and I integrate it over volume.

2 Then I get a relationship between the new --

3 CHAIRMAN WILLIS: The new mass --

4 DR. MAHAFFY: The old mass and the

5 integration of this over all volume --

6 CHAIRMAN WILLIS: But that other thing is

7 changing through the time step. The flow in and out

8 isn't just a constant. So that --

9 DR. MAHAFFY: But these numbers, at the

10 time I do the integration, it's when I've solved this

11 equation and these numbers are just numbers. But

12 they're consistent numbers so that the flux out of one

13 cell is exactly equal to flux into another cell and

14 they just cancel all the way across the line.

15 MR. BANERJEE: But the row n end being at

16 the old time step, is that a -- I mean, if it was row

17 n plus one, I can see that that satisfies mass

18 conservation.

19 DR. MAHAFFY: And, again, you know it

20 doesn't matter where I evaluate time levels. I'm

21 taking a snapshot. I've solved this equation. I now

22 want to make some statement about mass conservation.

23 I've solved the equation. These are just numbers,

24 whether they're new numbers or old numbers; they're

25 numbers and they're numbers that cancel out in a way
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1 that the flux from one cell out matches the flux into

2 the next cell.

3 CHAIRMAN WILLIS: Even though it's not

4 quite the right flux, at least it's balanced, right?

5 DR. MAHAFFY: Yes. And it is the right

6 flux within the time order accuracy that I defined for

7 my system.

8 CHAIRMAN WILLIS: Okay.

9 DR. MAHAFFY: Within first order accuracy

10 in time, that's the right flux.

11 CHAIRMAN WILLIS: Well, we can look at

12 this again another time.

13 DR. MAHAFFY: Yes.

14 CHAIRMAN WILLIS: But, again, we are not

15 really the quality control on this TRAC code. We can't

16 get into every little detail.

17 DR. MAHAFFY: We can show you mass edits,

18 okay.

19 MR. BANERJEE: The only thing I have to

20 ask is that this is a very standard procedure because

21 you can it in many ways. You solve the pressure

22 Poisson equation and you can correct the velocity

23 field based on that Poisson equation and you can

24 satisfy that equation.

25 DR. MAHAFFY: Yes.
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1 MR. BANERJEE: I mean, I can do it ten

2 thousand different ways.

3 DR. MAHAFFY: Yes.

4 MR. BANERJEE: Okay. The problem that

5 arises is that if you have two such equations and you

6 have only one pressure Poisson equation, you're trying

7 to drive this thing to conserve mass in the gas and

8 the liquid. The question I have for you is I can find

9 a way to do it for the mixture. I can do it for the

10 volume. But I can't drive one Poisson equation for

11 the --

12 DR. MAHAFFY: The answer to your question

13 is that I'm not really solving one equation.

14 MR. BANERJEE: Oh.

15 DR. MAHAFFY: I isolate one equation. It's

16 all algebra. The numerical method is structured in a

17 way that I can insolate a single pressure equation,

18 but in doing so I still have a set of equations in

19 this case that involve temperatures for my single

20 phase flow, and I've got to come to deal with those,

21 too. But that's a back substitution step. After I've

22 solved for my pressures, I've got another set of

23 equations that now get my temperature changes correct,

24 too.

25 MR. BANERJEE: But the temperature has a
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1 very small effect on a liquid density, for example,

2 right? So it's going to be a very stiff system.

3 DR. MAHAFFY: It is a stiff system if it's

4 all liquid.

5 MR. BANERJEE: Yes.

6 DR. MAHAFFY: But it does turn out to

7 solve it quite well. It's better than the density

8 based method for a purely liquid system.

9 MR. BANERJEE: But what you're really

10 saying is through the temperature you're adjusting the

11 volume fraction then in some way?

12 DR. MAHAFFY: Well, in two phase flow,

13 okay, this list of variables now increases. I've got

14 pressure. I've got two temperatures and I've got a

15 void fraction as an unknown that I actually have to go

16 through the solution.

17 MR. BANERJEE: And this iteration you do

18 has it involved all of those, like the void fraction--

19 DR. MAHAFFY: Yes, they're all there. I'm

20 solving for all of those.

21 MR. BANERJEE: My God, how does it

22 converge?

23 DR. MAHAFFY: It's a Newton method and it

24 does a pretty good job of converging. Convergence is

25 not one of our big problems with this code in general.
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1 MR. BANERJEE: So you integrate on the --

2 to keep it simple if it was an isothermal system, you

3 would iterate on the pressure and the volume fraction?

4 I mean, the pressure comes up because it's all a

5 Poisson equation effectively. And then you iterate on

6 the volume fraction, keeping the temperatures out of

7 it right now?

8 DR. MAHAFFY: No, they're all iterated

9 together.

10 MR. BANERJEE: Let's say it's isothermal--

11 DR. MAHAFFY: Well, it's isothermal then

12 I'm actually going to get at iteration, I am

13 simultaneously altering my pressures and my void

14 fractions --

15 MR. BANERJEE: Right.

16 DR. MAHAFFY: -- in a way that's

17 consistent with a pure Newton solution of this set of

18 algebraic equations.

19 MR. BANERJEE: Do you have that written

20 down somewhere?

21 DR. MAHAFFY: Yes, it's here. It's in the

22 TRACE manual. There are probably some papers laying

23 around.

24 MR. BANERJEE: I'd be very interested in

25 seeing that.
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1 CHAIRMAN WILLIS: That's why you have the

2 reduction of the equations coming in --

3 DR. MAHAFFY: Yes.

4 CHAIRMAN WILLIS: That's all part of this

5 whole thing?

6 DR. MAHAFFY: That's all in there.

7 MR. BANERJEE: Okay.

8 CHAIRMAN WILLIS: Your homework assignment

9 is to read that manual.

10 DR. MAHAFFY: If you read this set of

11 viewgraphs, it's all there in a condensed form. And

12 I'd be happy to go through it in a more detailed for

13 you.

14 MR. BANERJEE: Is it in detail in the

15 manual, there's no problem.

16 DR. MAHAFFY: Yes, it's in the manual,

17 too.

18 CHAIRMAN WILLIS: It's all based on

19 assuming that these little boxes can be modeled with

20 these different equations.

21 DR. MAHAFFY: Yes. Okay.

22 CHAIRMAN WILLIS: Some of them can.

23 DR. MAHAFFY: And again, you know all this

24 is saying is the difference in terms of predecessor

25 codes is that we're iterating RELAP5 is doing exactly
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the same thing we are during the first iteration. We

just go ahead and do a relinearization and come back

until it converges to some criteria. And so what

we're missing, RELAPS has mass conservation error

checks to adjust time step size. That's going to be

directly one of our checks, although you can pick it

up through checks on residuals that normally don't get

activated. You've got to be a developer to get that

going right now. But that's what's going on now.

If somebody wanted to do a RELAP5ish

reproduction of the calculation, what you would do in

TRACE is that you would relax the convergence criteria

to the point that it was nonsense; instead of one in

a million, you'd do a million parts in one for your

convergence ratio. But you would also have to

activate some kind of a time set control in the code

to capture the capabilities of RELAP5 to do the single

shot linearization and still do a decent job on mass

conservation.

We've talked about some of the implicit

things that are going on.

Mesh topology.

DR. FORD: Before you go onto that.

DR. MAHAFFY: Yes.

DR. FORD: I wish someone would calibrate
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1 me. I'm hearing all these detailed questions from the

2 experts with calling into account or questioning the

3 base of this whole methodology. And we're very late

4 into the development. Are we in a series "oh heck"

5 situation or is this just academic nuances?

6 MR. BANERJEE: I think the "oh heck"

7 question is with regard to the one dimensional

8 description of a system which has strong three

9 dimensional characteristics in places. So it's really

10 hard to get anything sensible and those regions are of

11 a one dimensional region.

12 In a pipe I don't think it matters very

13 much, you know, what we're doing --

14 DR. FORD: Well, I heard --

15 MR. BANERJEE: In a lower plenum it might,

16 you know.

17 CHAIRMAN WILLIS: Well, I could try to

18 answer your question here. I mean, it somewhat of an

19 insider looks at this thing and says "Gee, wiz, how

20 can they make all these other assumptions and

21 shortcuts and yet get answers which are good?"

22 DR. MAHAFFY: Right.

23 CHAIRMAN WILLIS: And that's never really

24 been answered. The answer always comes back "Well,

25 we've used these things for many years and we figured
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1 out to make them work and we're getting good enough

2 answers for nuclear regulation."

3 But the problem then that the outsider

4 has, or maybe the ACRS members, okay I can accept that

5 this is sort of experience of 30 years that you can

6 use this thing with all its faults for this problem,

7 because you've assessed it and you've compared it with

8 all kinds of data and so on, it's good enough in spite

9 of all kinds of things. But when you use it on a new

10 problem, we have no idea.

11 DR. FORD: Well, I heard one physical

12 scenario which I can understand, this question of

13 bubbles in pipes. And it's a no nevermind under

14 normal situations. But suppose you have an accident

15 situation where a pipe is rapidly accelerated? It is

16 not, if I understand your argument, covered by not

17 taking into account this thing that's in RELAP5. Is

18 that a "so what?"

19 CHAIRMAN WILLIS: There might be cases

20 where if you had a spacecraft and you had a bubble in

21 the gas tank and you wanted to know where the bubble

22 is and does it get near the off take pipe and so on, it

23 might be really critical.

24 DR. FORD: Well, what about a nuclear

25 reactor which is under severe accident?
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1 CHAIRMAN WILLIS: Probably not.

2 DR. FORD: Not a problem? I'm asking for

3 calibration here.

4 CHAIRMAN WILLIS: That's where the staff

5 has to very experienced and wise, and curious to probe

6 these weaknesses and are they sensitive -- is the

7 decisions they're trying to make sensitive to these

8 weaknesses in the code. You cannot have someone who

9 blindly uses a code developed by somebody else with no

10 idea about its weaknesses and then tries to reach

11 really good conclusions.

12 DR. FORD: I can understand what you're

13 saying, Graham. I'm just trying to get calibrated

14 myself as to where we -- do we have a weakness here.

15 DR. SIEBER: That's where all the testing

16 programs come into play.

17 DR. FORD: Tomorrow afternoon.

18 DR. SIEBER: You go and model a new

19 phenomenon for your new plant, and you get a result.

20 And you ask yourself the questions is this result

21 reflect actually what would happen in your plant for

22 those issues that you are unsure about that differ

23 from the one that you know about, you go and test

24 that.

25 CHAIRMAN WILLIS: Your battery is running
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1 out.

2 DR. SIEBER: This battery is off.

3 CHAIRMAN WILLIS: It's is pacemaker.

4 MR. KELLY: If I could jump in for a quick

5 comment. This is Joe Kelly.

6 On a couple of occasions, Professor

7 Wallace has said something about he used this code for

8 a new application, can you believe it. Well,

9 absolutely not.

10 DR. SIEBER: Yes, right.

11 MR. KELLY: Okay. And that can't be

12 emphasized strongly enough. If you are going to use

13 any of these codes in a new application, the very

14 first thing you have to do is take a look at it,

15 figure out what's important and assess for the things

16 that are important over the range of parameters for

17 which they're important.

18 DR. SIEBER: That's right.

19 MR. KELLY: And you have to do that

20 structured kind of assessment before you believe any

21 answer from any of these codes.

22 DR. KRESS: And your question of severe

23 accidents, it's not applicable to severe accidents.

24 We've got so many uncertainties in the severe accident

25 field that it just swamps these kinds of
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1 uncertainties. And they're taken care of some other

2 way.

3 DR. MAHAFFY: But everything we do in the

4 business of simulation involves approximations.

5 CHAIRMAN WILLIS: That's right.

6 DR. MAHAFFY: If I solve the Navier-Stokes

7 equations with, you know, as much dimensionality as I

8 want, I still got approximations in my turbulence

9 models, I got approximations due to the fact that it's

10 not the Boltzmann equation. I go to a Boltzmann

11 equation, I've got approximations on my force fields

12 and potential functions. And it goes on.

13 And what's been said about the assessment

14 is the bottom line. Anytime you're simulating any

15 system, you have to establish an assessment base and

16 see if your approximations are good enough.

17 DR. RANDOM: And another way of saying

18 this, these tools are not predictive. You cannot

19 predict what's going to happen beyond the database

20 that they were build on.

21 DR. SIEBER: That's right.

22 CHAIRMAN WILLIS: Which if you had a

23 reactor look like this one, this is a backup slide or

24 something?

25 DR. MAHAFFY: No. We're into mesh
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1 conductivity now and --

2 CHAIRMAN WILLIS: But, you see, there's

3 some false physics about what you're allowing the code

4 to do here, which under some circumstances could be

5 quite important.

6 DR. MAHAFFY: Yes. This is a separate

7 issue that I was asked to address, and I want to do

8 this with just a few slides.

9 CHAIRMAN WILLIS: Could you just take four

10 minutes?

11 DR. MAHAFFY: I can do that. And let's do

12 this in two, and two for my last presentation and

13 we'll be done with it.

14 Basically, it's my belief and what we need

15 to do is have Vic sit down and review the

16 documentation in detail, but we have captured

17 absolutely all of the mesh conductivity that was

18 available in RELAP5 with TRACE. That was one of the

19 things we were forced to do. It was a good idea. But

20 you're absolutely right. There's all kinds of stuff

21 here.

22 You can see my little notation here. If

23 I've got a side junction, it's not going to move

24 momentum across here correctly. If I want to do that,

25 what I need to do is turn on my 3-D mesh. But these
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1 are conductivity issues that come up in RELAP5, and

2 they're there. So we could reproduce archival decks

3 and run problems that people have run before.

4 This is a zipper that's in RELAP5. I can

5 put a cross connection between two parallel pipes.

6 CHAIRMAN WILLIS: So it's getting closer

7 to CFD in that case?

8 DR. MAHAFFY: Well, you know this was

9 RELAPS's way of dealing with two and three dimensional

10 geometries before you had RELAP5 3-D or whatever it's

11 called now. You know, we reproduced this to be able

12 to use archival decks; that's all. We tell the users

13 use the three dimensional geometry if this is

14 important. Okay.

15 We have some troubles now we have to deal

16 with from plena with the branch component. Right now

17 we only catch two of the three really straight on

18 through and the other guys at a right angle.

19 CHAIRMAN WILLIS: These are all the

20 problems with the other code, particularly with the

21 momentum.

22 DR. MAHAFFY: Again, see my answer is if

23 that's important, you're going to go to a two

24 dimensional or a three dimensional calculation

25 representation, which you can get. It's there. This
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1 is just conductivity issues.

2 Also, we take care of the gravity in

3 RELAP5 and TRACland.

4 CHAIRMAN WILLIS: I have a comment on the

5 bends. In bends there's a centrifugal force which can

6 often be much bigger than gravity. So the bend is

7 behaving like a horizontal pipe enhanced gravity, and

8 yet it's never taken into account.

9 DR. MAHAFFY: You have to do that through

10 your lost coefficients.

11 CHAIRMAN WILLIS: Because there's a

12 physics there which isn't captured just by lost codes.

13 DR. RANDOM: Well, just on the one you

14 show, one is a two node problem the other one a three

15 node problem. How do you map those back and forth?

16 DR. MAHAFFY: How do you map those back

17 and forth? We don't. All right. We treat -- the

18 internal of the code, it knows whether it's in RELAP

19 geometry or whether it's in TRAC geometry.

20 Really internal to the code. The way

21 we're treating this is that RELAP5 has basically an

22 elevation change across the link of a cell. That's how

23 it works.

24 DR. RANDOM: Right. Right.

25 DR. MAHAFFY: Okay. In old TRACland what
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1 there was was an angle of a given face to the

2 vertical. That's why I draw this picture.

3 DR. RANDOM: It's a junction property.

4 DR. MAHAFFY: It's a junction property.

5 DR. RANDOM: Right.

6 DR. MAHAFFY: What happens in TRACE is

7 that we have separate elevation changes for each half

8 cell internally. So I actually can do funny

9 combinations of this. I can tell you what the

10 elevation change is from this face to this center, and

11 I can give you a separate elevation change from this

12 center to this edge. And I can preserve my

13 gravitational handprint --

14 DR. RANDOM: In TRACE you actually can do

15 the problem on the left?

16 DR. MAHAFFY: That's right.

17 DR. RANDOM: Okay.

18 DR. MAHAFFY: When you read in a RELAPS

19 deck, it's engaged the elevation changes in the right

20 way in TRACE so that it captures exactly that model.

21 Okay. And that's all I really want to say.

22 You know, we've got some stuff on

23 component models you can look at. We can talk to you

24 about them.

25 CHAIRMAN WILLIS: This is all in the CDs
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1 that we have?

2 DR. MAHAFFY: Yes.

3 CHAIRMAN WILLIS: All right.

4 DR. MAHAFFY: Coupling to other codes, I'm

5 out of time. We talked about this before. We talked

6 about. But basically we're doing multi-tasking, we're

7 trying to bring lots of tools to bear on a complicated

8 system simulation. We've tried to provide an

9 interface that allows you to plug in a lot of

10 different simulation tools for TRACE, a CFD code,

11 CONTAIN is already there, REMIX is there. A picture

12 of maybe multi-processes.

13 The ECI is just a name for our interface

14 that does it. It's a convenient way of plugging

15 things together.

16 We don't have time to talk about the

17 details. I can talk to you about it --

18 CHAIRMAN WILLIS: I think you've done a

19 good job, though, of sort of going through all this

20 stuff and if we're interested in the details, we can

21 look them up.

22 DR. MAHAFFY: Yes.

23 CHAIRMAN WILLIS: So it's very helpful.

24 DR. MAHAFFY: Okay. Then that's all --

25 CHAIRMAN WILLIS: Is that in this mesh
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1 topology?

2 DR. MAHAFFY: There is a separate one with

3 a label for --

4 CHAIRMAN WILLIS: Of what?

5 DR. MAHAFFY: Coupling.

6 CHAIRMAN WILLIS: There's a new handout

7 called coupling.

8 DR. MAHAFFY: There's a lot on our website

9 also that will tell you about this thing. And I'm

10 available.

11 CHAIRMAN WILLIS: Thank you, John. It's

12 very helpful.

13 We'll take a break now from 12:30 to 1:30

14 for lunch.

15 We're off the record.

16 (Whereupon, at 12:30 p.m. the Subcommittee

17 was adjourned, to reconvene this same day at 1:33

18 p.m.)

19

20

21

22

23

24

25
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1 A-F-T-E-R-N-O-O-N S-E-S-S-I-O-N

2 CHAIRMAN WILLIS: Okay. Come back into

3 session please. We're looking forward to hearing

4 about SNAP. The presenter will be Ken Jones from

5 Applies Programming Technology.

6 MR. JONES: We'll just be giving a quick

7 design overview of the SNAP and all the pieces that

8 make up this package.

9 Then I'll be talking about the redesign

10 work we did on the model as over the last two years

11 we've done a lot of redesign on the model from the

12 ground up.

13 I'll touch on the current ongoing efforts,

14 our future plans and then I'll go into a demo of the

15 ModelEditor.

16 This is the overall system architecture.

17 This is all written in Java with the exception with

18 the AcGrace, which is Legacy plotting package. This

19 is a combination of C and C++.

20 There's four areas of SNAP. The access

21 control portion is -- for distributed calculations.

22 It's a Java application that wraps a relationship

23 database, but it's a commercial relational database,

24 either ORACLE, SYBASE or PostgreSql can all be used.

25 There's a database administrative tool
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1 that talks with this Java application, so it allows

2 you to maintain the system without having a database

3 administrator that knows a lot about database.

4 There's a file archival portion to that.

5 There's a free processor that consists of

6 this ModelEditor and there's also a jEdit plugin for

7 ASCII files. And there's also a command guide line

8 guide submittal for submitting jobs to the runtime.

9 The runtime consists of two servers.

10 There's a databank server, which is a job application

11 that wraps the NRC databank, the service's request

12 from the client applications for experimental data.

13 From the client applications you can list of the

14 experiments list of data channels within that

15 experiment and then actually access the data.

16 There's a calculation server which wraps

17 each one of these analysis codes. All the

18 communication with the analysis code is through the

19 calculation server. So the client applications don't

20 need to know the specifics of how to read the RELAP5

21 or TRACE files. That's all encapsulated inside the

22 calculation server.

23 We've used this plugin architecture

24 extensively. This allows us to create an API which

25 gives us a standard interface between the analysis
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1 code and the server -- the main core portion of the

2 application. This way we can easily add an additional

3 analysis code. I'll get into that in a little more

4 detail.

5 There's a job status application. This

6 runs -- it's really a utility application that will

7 give a list of all the runs that are running on a

8 specific server that will allow you to look at the

9 ASCII output from a calculation and also plot the data

10 from job status using the AcGrace post-processor.

11 The two post-processing applications are

12 beta. The visual engineering data analyzer. This

13 gives us a two dimensional and three dimensional

14 graphic of the data being calculated by the

15 calculations as well as plot capability through

16 AcGrace.

17 CHAIRMAN WILLIS: Now this NRC databank,

18 that's all the experiments that have been run that

19 might possibly want to be analyzed?

20 MR. JONES: Exactly. It's a collection of

21 all the experimental data.

22 CHAIRMAN WILLIS: It has all the

23 description of the systems and everything in their

24 right form so it can be just plugged in?

25 MR. JONES: There's a standard file
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1 architecture for each of these files that the data

2 transfers into. So it has a list of -- for each

3 experiment there's a set of files. And each file has

4 header information to identify what all those data

5 channels are that are contained in the file.

6 CHAIRMAN WILLIS: You search for the files

7 or is there a search engine for them, or what?

8 MR. JONES: It goes through a tree

9 structure. I can't demonstrate it here because I'm not

10 connected to the network, but --

11 MR. BANERJEE: There's not tags or how

12 does it find the data?

13 MR. JONES: The databank itself is really

14 structured with just a directory structure of

15 experiments.

16 MR. BANERJEE: Oh, I see.

17 MR. JONES: Okay. The job application

18 that wraps it reads that directory structure so you

19 can query it from the post-processing application to

20 find out what all those different experiments are.

21 MR. BANERJEE: You got a key word query or

22 how do you find it, the problems of experiments?

23 DR. MAHAFFY: Well it's in the tree

24 structure so you can by facility and such.

25 MR. CARUSO: Well, I think Dr. Wallis'
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1 question was, though, and at the input for modeling

2 the experiments. For example, the database has LOFT

3 experimental data in it. Does it have the geometric

4 and physical data for the LOFT facility that would

5 allow someone to create a new LOFT model, or does it

6 just have the pressures and temperatures and flows

7 that were measured during the experiment?

8 MR. JONES: Just the measured experimental

9 data.

10 CHAIRMAN WILLIS: So you have to create

11 the model for the system somehow?

12 MR. JONES: If you wanted to, yes.

13 CHAIRMAN WILLIS: Nodalize LOFT in some

14 new way, you have to start from the beginning?

15 MR. JONES: Well, you'd start with an

16 existing LOFT model.

17 CHAIRMAN WILLIS: That's in the databank

18 or is that just from --

19 MR. JONES: No, that's not in the

20 databank. That would be in an existing analysis.

21 CHAIRMAN WILLIS: So there's another --

22 MR. JONES: Yes, this server just gives us

23 an easy way of accessing experimental data so we can

24 bring them in --

25 CHAIRMAN WILLIS: You have an electronic
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1 description of the facility in which the tests were

2 run.

3 MR. JONES: Yes, that's right. This isn't

4 really meant to store that type of data. The runtimes

5 really are just for transient data for analysis.

6 CHAIRMAN WILLIS: I would think it would

7 go with the data set. The databank's no good at all

8 until it's keyed to an electronic description of a

9 physical system.

10 MR. JONES: You know, it may have some of

11 that in it.

12 MR. STAUDENMEIER: I mean, we have a

13 catalog of input decks for different test facilities.

14 So you would look up in some sort of --

15 CHAIRMAN WILLIS: But you've got to take

16 them and load them into this somehow or --

17 MR. STAUDENMEIER: Yes, you have to take

18 them and load them in. It can't read your mind yet as

19 to what one you want in.

20 CHAIRMAN WILLIS: So there's not a

21 databank of those things the way there is for the

22 data?

23 MR. STAUDENMEIER: There's a set of decks,

24 they had haven't put in -- actually, there are some

25 facility decks in the databank. It's not all our
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1 decks, but there are some test facility decks in the

2 databank for different things which it may or may not

3 do -- it would have to be modified. There may be a

4 base deck there that you'd have to modify for the

5 specific test that you want to run. But you have to

6 load it in my hand. The data experiment and the input

7 deck aren't one package. You have to get them

8 separate. Bring them in separately. That's I guess,

9 a possible thing you could have in the databank when

10 you click on the data, you could also have another

11 hyperlink that appears right there to the input deck

12 that you have. And that's something --

13 MR. MURRAY: Well, that's in the databank

14 now. You can view this. There's an internal website

15 that you can go to, to res5nrc.gov that shows this

16 whole structure and how things are organized.

17 So each experiment is cross referenced by,

18 you know, you can start off just say do a separate

19 effects test and it takes you through a list of those.

20 And you can move down in various different ways.

21 That databank is storing the input decks

22 for particular facilities if they exist. The data and

23 usually electronic reports that pertain to that

24 facility or at least a bibliography for the reports if

25 they're not in a nice electronic format.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 2344433



220

1 Now, how you integrate it with what's Ken

2 has got right now --

3 CHAIRMAN WILLIS: Well the data points

4 taken in a lot of test, and they're not necessarily at

5 the same place you have a node in your computer model,

6 are they?

7 MR. JONES: Right. Usually the input

8 decks are set up with instrumentation in mind.

9 Someone that set up the deck was aware of the

10 instrumentation for at least the test he wanted to run

11 and what the key measurements were. But there are in

12 some of these reports that are attached to the data,

13 there are P&ID drawings or facilities --

14 CHAIRMAN WILLIS: What if you wanted to

15 run a LOFT test with your computer, and you wanted

16 have the node size or something, would it take a

17 thousand years to recast everything in terms of this

18 new node size and relate it to the physical geometry?

19 MR. JONES: The purpose of the model is to

20 be able to automate that test, the renodalizing

21 existing model. But in this case we'd start with an

22 existing nodalization and then just use the

23 ModelEditor to, say, split every node in a pipe in

24 half, if you wanted to do that. And I'll demonstrate

25 some of that in a couple of minutes.
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1 MR. BANERJEE: Can I ask you about the

2 visual engineering data analyzer. Is it using some

3 sort of packages which --

4 MR. JONES: It uses the Java 2-D and Java-

5 3D APIs for visualization. It's based on the JavaBean

6 architecture. So not only do we have a plugin API for

7 codes, but we also have a JavaBean architecture that

8 allows additional visual elements to be added without

9 changing the core of the --

10 MR. BANERJEE: Can it do a sort of

11 rendering of surfaces and things, or what does it do?

12 MR. JONES: Well, I'll demonstrate it in

13 just a few minutes. But what it will give you a 2-D

14 or 3-D animation of the calculation, either while the

15 calculation is running, you can run it like in an MPA

16 type mode where you're interesting directly with the

17 calculation or you can just run it in a replay mode

18 where you're looking at the calculation as it's

19 running.

20 It also allows you to connect to multiple

21 calculation servers and multiple calculations at the

22 same time. So in the post-processor you can bring in

23 multiple data sources and animate them in the same

24 display. It will take care of that interpolation on

25 the time frame so the data's consistent.
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1 DR. RANDOM: How much of this is code that

2 you've written versus some of it available as

3 commercial software?

4 MR. JONES: Well, AcGrace was modified.

5 You know, that's a modified version of Grace. About

6 half of it is original Grace code.

7 DR. RANDOM: Purchased it and then --

8 MR. JONES: No, this is an open source.

9 DR. RANDOM: Oh, it's open source. What

10 about the top, this SNAP database server?

11 MR. JONES: Of course, these are

12 commercial packages. PostgreSql is an open source

13 database. ORACLE and SYBASE as, of course, commercial

14 databases. The rest of it's all written with --

15 DR. RANDOM: Okay.

16 MR. JONES: There is a JEdit open source

17 editor that we use, that we have our own plugin for.

18 There's also a configuration tool here

19 that's used to set global data. You can also use it

20 to start and stop the server application.

21 About two years ago we started a redesign

22 of the ModelEditor portion. What we really worked on

23 was trying to provide a consistent and extensible

24 infrastructure. The original design was largely hard

25 wired for RELAP5. It was more of a proof of concept
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1 for a ModelEditor. It really wasn't extensible for

2 adding these additional codes.

3 There are also redundant data layers,

4 which was confusing for the analyst because he had to

5 enter data in both a physical layer and a model layer.

6 And a lot of times there were conflicts between that

7 information.

8 Now, when we had started on this, the work

9 on beta had already been done. We had a working 2-

10 D/3-D package. We pulled the drawing routines out of

11 there. They were cleaner, and we've added those to

12 the ModelEditor.

13 We changed the fundamental way data is

14 structured inside the ModelEditor. Originally it was

15 a single view ModelEditor. If anybody's seen it a

16 couple of years ago, basically you had one view of the

17 data. And all the data for the elements was tied

18 directly to the visual elements on the screen. We've

19 broken that connection so the data is stored in its

20 own internal database. This way we can work this

21 multiple view design.

22 It also allowed us to implement a

23 consistent undo/redo architecture.

24 The original design had restart

25 capability, but it didn't keep track of how the

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE.. N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 2344433



224

1 changes were made from when the run was actually

2 submitted. We've gone through and added the restart

3 capability so that when we generate a restart deck, it

4 only includes the modified components.

5 We've gone through a reworked all the

6 editing dialogues. A lot of them were originally hand

7 coded. We've redone in using IDE so they're largely

8 generated.

9 We've switched to a plugin design, and

10 I'll get into that in a little bit more detail. But

11 basically you don't have to modify any of the core to

12 add an additional code. It reduces the overall

13 maintenance on the software.

14 MR. BANERJEE: When you say there was a

15 beta version available to you, where did that come

16 from?

17 MR. JONES: The ModelEditor portion was

18 originally developed by the ISL group. We started

19 working on it two years ago.

20 MR. BANERJEE: And they did it for RELAP

21 primarily, is that it?

22 MR. JONES: Yes, it worked for RELAP at

23 that time. There was some TRAC work that had been done

24 on it. But it really needed redesign to push it

25 forward.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



225

1 MR. BANERJEE: How long did they work on

2 it?

3 MR. JONES: Several years.

4 MR. BANERJEE: Was there quite a bit of

5 that that you could use or --

6 MR. JONES: We tried to use as much as we

7 could, but there was a lot that we really had to --

8 you know, we tried to keep like the IO code as much as

9 we could. But a lot of the dialogues had to be

10 replace. And most of the infrastructure really had to

11 be replaced. But instead of starting over and writing

12 it from scratch, we just incrementally refactored the

13 code continuously until we came up with a new design.

14 Chester, you want to --

15 MR. GINGRICH: Yes. This is Chester

16 Gingrich at the -- I'm the project manager for this

17 code.

18 We were able to save a lot of the base

19 coding and the RELAP, most of the RELAP import and

20 export capabilities were saved from the ISL version.

21 MR. JONES: Okay. The new architecture

22 let us move into this multi-view design, which I'll

23 show.

24 And one of the other things we've added is

25 a patch processing capability.
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1 The plugin design, the whole idea is we

2 want to make this an extensible architecture so that

3 we don't have to modify any of the base portion of the

4 code. So we take all the analysis specific classes;

5 all the IO, the dialogues, that type of information

6 and we move it into a plugin portion.

7 You have a clearly defined interface that

8 has to be supported in order to implement this plugin.

9 And the whole key to this is a standard

10 API that we publish that anyone can pick up and just

11 add their own plugins following the API.

12 Now, we have two types of plugins.

13 There's an analysis code plugin which defines an

14 analysis code, of course. And then there's also a

15 feature plugin. Someone's interested in adding a new

16 feature to the SNAP package, they can implement a

17 feature plugin and that option will be a, you know,

18 they can options to the menus and batch commands and

19 things like that through this feature plugin

20 interface.

21 Right now we have analysis code plugins

22 for TRACE and RELAP5. The CONTAIN one is under

23 development. It should be ready by the end of the

24 year. And there's a RELAP5 3-D plugin which is really

25 a --
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DR. RANDOM: Whose doing the RELAP5 3-D?

MR. JONES: We're doing the RELAP5 3-D.

DR. RANDOM: You're doing it yourself?

MR. JONES: That's right.

DR. RANDOM: The NRC's not funding it?

MR. JONES: That's right.

DR. RANDOM: Pardon?

MR. JONES: That's correct.

DR. RANDOM: Yes. I'm just envisioning

that DOE applications and --

MR. JONES: Beddes is interested in the

RELAP5 3-D.

DR. RANDOM: Yes. All right.

CHAIRMAN WILLIS: Is RELAP5 3-D going to

be better than TRACE?

MR. JONES: I can't really answer that.

I don't think so.

CHAIRMAN WILLIS: It seems rather odd

you're developing two, two plugins here for --

MR. JONES: Well, the RELAP5 3-D is really

just an add-on. We call it a piggyback plugin which

modifies the RELAP5 plugin. So if you have a slightly

different version of the code, we can use this

approach to support, you know, slightly different --

CHAIRMAN WILLIS: It doesn't mean three
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1 dimensional, does it?

2 MR. JONES: It has a 3-D --

3 CHAIRMAN WILLIS: It's much more

4 complicated than RELAP5 itself?

5 DR. RANDOM: Well, it's an -- original

6 RELAP5, so you have a 3-D vessel and you have multiple

7 3-D vessels.

8 MR. JONES: Most of the components are

9 identical as far as the inputs.

10 DR. RANDOM: I think the inputs are

11 virtually the same, right?

12 MR. JONES: Pardon?

13 DR. RANDOM: Only minor differences in the

14 input, I guess, to accommodate --

15 MR. JONES: Exactly.

16 DR. RANDOM: -- some of these 3-D

17 features.

18 MR. JONES: That's right.

19 DR. RANDOM: In fact, I think Wagner

20 designed in the ability to put in the 3-D input into

21 the original codes, even though it wasn't used.

22 MR. JONES: Right.

23 We have a RELAPS to TRACE conversion,

24 which is done as one of these feature plugins.

25 There's also a display generator that is under
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1 development, which will take the original displays

2 that are done in the ModelEditor and generate them for

3 the post-processor.

4 This is a picture of the new multi-view

5 design. It follows a SDI design approach, so we have

6 separate windows here for the different application,

7 different portion of the application.

8 This is the main window here we you can

9 create models, all the import and exportive files is

10 done through these menus up here. You can submit

11 calculations from here. You can them out, and that

12 kind of thing.

13 We've moved to this component navigator

14 approach here, which is a reflection of the internal

15 database in the ModelEditor. You can open multiple

16 models here. And this will give you a listing of all

17 the components that are in the model categorized by

18 type. You can edit these components directly from

19 here.

20 And you could also create views from the

21 navigator. You can generate different views of the

22 data.

23 The idea is we moved away from the single

24 view of the data to this internal database structure

25 that lets us generate different ways of looking at the
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1 same information.

2 There's a little message window down here

3 that keeps a log of any messages that are coming

4 through. If the message is tied to a component, if

5 you click on it, it'll select up herein the navigator.

6 There's a convenience features like that.

7 MR. CARUSO: I'm just curious. You have

8 a Westinghouse flow loop model but it's calling up the

9 steam tables with deuterium oxide.

10 MR. JONES: Those just automatically get

11 loaded, the d2o and the first ones are the h2o.

12 MR. CARUSO: Okay. You're not modeling

13 heavy water, Westinghouse PWR?

14 MR. JONES: They just automatically get

15 loaded.

16 DR. SIEBER: There's a little heavy

17 water.

18 MR. JONES: Yes.

19 DR. RANDOM: Out of curiosity, will this

20 work with the ATHEANA code?

21 MR. JONES: That's a good question. We

22 haven't --

23 DR. RANDOM: It's just sort of a subpart

24 of the RELAP5 3-d?

25 MR. JONES: It wouldn't be difficult to
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1 have that plugin to support it, or any other code.

2 We also have these ASCII views, which will

3 give you the ASCII representation of the input deck

4 for anyone of the components it's selected.

5 It uses a component navigator. Again,

6 here's the model node. You can have multiple models

7 open at the same time. There's main categories,

8 hydraulic components, for example to list all the

9 types for a giv4en model types.

10 All these categories are determined from

11 the plugin, not from anything in the ModelEditor

12 itself.

13 Here we've expanded the pumps node. This

14 lists, there two pumps in this one. Here it will show

15 you what all the heat connections to that pump.

16 And the whole idea is we're trying to

17 provide a logical representation of the model and

18 it'll display all the data through this navigator

19 component.

20 Down here there's also these views. It's

21 a different type of node. The views themselves are

22 handled as components in the ModelEditor This lets us

23 create a drill down type capability so you can treat

24 a view as a component in another view. Now, I'll

25 demonstrate that in a couple of minutes.
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1 We've also added user defined constants

2 and equations. We have a Python interpreter that will

3 read this set of user defined constants and variables

4 that the user can set up Python equation and run

5 through that and generate data that can then be

6 brought into anyone of these dialogues.

7 Okay. These are 2-D views. Okay. So

8 they can contain any kind of component type. The

9 original model had one view with three different

10 layers. You can only look at the control systems or

11 the hydro or the heat structure. Layered here you can

12 mix and match the data anyway you want in a view to

13 create a data that the analyst is interested in.

14 It also has annotation capability. So you

15 can put in these labels and pictures and that kind of

16 information can all be inserted into the views.

17 And you can either edit the components.

18 And you can either edit the components off the

19 navigator nodes or you could edit them directly from

20 these views.

21 Anyone of these components also can be

22 displayed in as many views as you want. So, for

23 instance, this secondary side of the steam generator,

24 you may want to show it over here in one view and

25 because you're just showing the steam generator, you
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1 may want to include that same component in another

2 view. Since all the data is tied to a single database

3 and then any modifications in one view will be

4 automatically reflected in the other.

5 DR. RANDOM: Now, are those views the user

6 has to build this view, site the arrangement?

7 MR. JONES: Well, we tried to get it as

8 close as we can.

9 DR. RANDOM: In secondary, you know

10 elevation would be lined up or as what you've shown in

11 there, but I'm wondering did the user do that or just

12 the code?

13 MR. JONES: This is a user going in and

14 laying these out. But we try to get as close as we

15 can, but it's kind of a difficult process trying to

16 lay that. It's one of the areas we'd like to improve,

17 just the initial layout.

18 Okay. We've gone through and cleaned up

19 a lot of the dialogues.

20 There's a vessel dialogue where we're

21 adding flow area fractions. Here we're showing the

22 table. And as you select components in the table,

23 this will highlight the cross section view. This is

24 tapped down. So this showing which cells are

25 selected. It's really the intersection of the
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1 selected region on the side view and the top down

2 view.

3 And you can either select over here and

4 have it highlight in the table, or vice versa. Either

5 one will be consistent back and forth.

6 This is a 3-D vessel. Again, we're using

7 a Java 3-D representation of the data here. As you

8 select things over here you'll be visually see exactly

9 what levels are being selected.

10 DR. RANDOM: Can you pick it up and rotate

11 it and change the perspective.

12 MR. JONES: Yes. I'll demonstrate that

13 when I get to that point.

14 Okay. We also have this ASCII view. On

15 all the components there's a show ASCII menu item.

16 All these views, including the ASCII view are modeled

17 as listeners in the code. So any changes to the

18 component's data is automatically reflected in these

19 views. So if you go into the dialogue and change the

20 dx, this window automatically updates the current

21 data.

22 We do syntax highlighting. It's kind of

23 hard to see up there, but it's color coded with

24 comments and that kind of thing.

25 Right now we're supporting TRACE only.
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1 Joe's looking on the RELAP5

2 MR. STAUDENMEIER: It's ready to go in.

3 MR. JONES: Yes. That will be in this

4 week, so that's their next release.

5 We also have reference documentation. We

6 have this pdf viewer, it exports HTLM or pdf. And off

7 any of the components you can hyperlink directly into

8 the users manual. So from the pumps node if you go to

9 "Reference Docs" there's a list of different

10 documentations that's available. Right now it's only

11 set up for TRACE, and it's only set up for the users

12 manual. But it's designed so that we can add as many

13 different references as we want. So if we want to --

14 you have a hyperlink from the component to some

15 document -- you know the theory manual, say, section

16 on the pump, we can do that.

17 We'd also like to extend that later so

18 that the user can define their own document and

19 reference this for a specific component.

20 DR. RANDOM: Are you going to talk about

21 input diagnostics and what SNAP will do in terms of --

22 MR. JONES: Sure. Sure. Yes, I'll do

23 that in the demo portion.

24 We have these user defined constants,

25 variables and functions. Either the constants or the
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1 variables can be used in the editing dialogues

2 anywhere that we're itering a floating point value.

3 It doesn't support the energy data fields right now,

4 just the floating point.

5 These values can also include the

6 engineering unit, so if you change between SI and

7 British it will automatically update the calculation

8 accordingly.

9 You can set up a parametric constant to

10 create a series of calculations so that when you

11 generate the ASCII deck and submit the run you select

12 one of the constants as a parametric. It'll vary that

13 over the specified range and create one model for each

14 case in the parametric set.

15 DR. RANDOM: How hard is it going to be in

16 the future if you decide to use this nonparametric

17 statistical approach to assessing the uncertainty

18 associated with the code calculation where some of the

19 things that you want to change will be actually things

20 that, presumably in the correlations that are built

21 into the code, like your heat transfer coefficient,

22 the friction coefficient or multipliers on those and

23 then use monte carlo techniques to select the set and

24 then do a run and continue in that process? And then

25 analyze the final set of runs statistically?
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1 MR. JONES: The systems really designed to

2 really facilitate being able to do those type of

3 calculations. We want to be able to do batched runs

4 with this approach so that you can vary your initial

5 set of constants and then --

6 DR. RANDOM: Well, some of these constants

7 may not appear, you know, in the usual way. They're

8 not going to be links or diameters, or volumes or --

9 MR. JONES: Well, the only thing we're

10 changing are inputs to the code request --

11 DR. RANDOM: Right. Most of the things

12 I'm talking about you'd be having to go into the code

13 and actually change the numerical values or put

14 multipliers on them, or something like that.

15 MR. JONES: In that case we'd really have

16 to have had more code input that would allow you to

17 change that --

18 DR. RANDOM: It's up to the NRC to decide

19 if they want that capability in time.

20 MR. JONES: Sure.

21 MR. STAUDENMEIER: Actually, this is just

22 on my -- there's a limited set of multipliers that you

23 can define for input already. And that could easily

24 be expanded or have an ECI type or some kind of

25 communication where SNAP can have a set, a whole set
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1 that you control and vary over a given range. They

2 could become variables instead of constants in the

3 code that SNAP is able to modify.

4 MR. JONES: Okay. I talked about the

5 pipe, but I'll show that in the demo.

6 Okay. We have these user defined

7 functions. This is just an example of a user defined

8 function here where these are all inputs on this side.

9 So the number of rods per row, pellet radius, clad

10 radius, inside and outside diameter. You take these

11 inputs, feed through this Python calculation and

12 they'll generate these calculated values.

13 Now, any of the initial constants for the

14 calculated values can then be brought into the

15 dialogue. And if we change any of these inputs, of

16 course, it goes through automatically and calculates

17 new data for the calculation.

18 This is also demonstrating some of the

19 ability to create your own user defined pictures, and

20 you can annotate the views. So that when you come back

21 to this in six months or a year, you can really see

22 what all these inputs are and the user can --

23 basically has this drawing capability to annotate

24 their calculation.

25 MR. CARUSO: Can you model all the new,
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1 the currently extant BWR fuel types with --

2 MR. JONES: We have that in there. We have

3 the new BWR channel model in SNAP.

4 MR. CARUSO: Length rods and --

5 MR. JONES: Length rods. It hasn't been

6 well tested. I know we have some issues with it.

7 That's one of the things we'll be working on over the

8 next month.

9 DR. RANDOM: You can accommodate things

10 like good spacers and blockage associated with those?

11 MR. JONES: We model everything that's in

12 the --

13 DR. RANDOM: The can?

14 MR. JONES: That comes through the model

15 or through the code.

16 DR. RANDOM: Input, I guess, huh?

17 MR. JONES: Yes. Anything in the input can

18 be modeled.

19 MR. CARUSO: Can you do the siemens -- no,

20 not siemens. ABB subchannels, BWRs that are

21 subdivided into subchannels?

22 MR. JONES: I believe so.

23 MR. STAUDENMEIER: Yes. This is Joe

24 Staudenmeier.

25 TRACE has been modified, it's an advanced
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1 channel now that can model all the events BWR fuel

2 geometries. And I don't know if SNAP has support for

3 all of those yet, but it will have support for all of

4 those.

5 MR. JONES: This is our ongoing efforts.

6 We do have support for all that right now.

7 It needs to be tested. I know there's some issues

8 with it.

9 We're currently working on this CONTAIN

10 plugin which follows a different design pattern than

11 the RELAP and TRACE based plugins. Those used user --

12 well the developer had to create the dialogues for

13 each one of the components in that case. This new

14 JavaBean architecture will automate a lot of that

15 process. So we define what the attributes for each

16 component are and then we're able to reuse a lot of

17 the code for the editor.

18 This also gives us the ability to do a

19 multi-selection edit. So you'll be able to select

20 multiple pipes and then modify a single attribute for

21 all the pipes at one time, which can't be done with

22 the earlier architecture.

23 We'll be adding support for the new ECI

24 communications package.

25 Let's see, the RELAP5 ASCEE viewer, which
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1 is going into this next version.

2 We to add additional renodalization

3 options. Right now in TRACE if the inlet and outlet

4 flow areas for a cell are different, we're using the

5 closet cell areas. We're going to change that to make

6 it a little bit smarter so it can sense abrupt area

7 changes on either the inlet or outlet.

8 We're continuing with testing and

9 validation. We have a set of 970 TRACE calculations

10 that we use for testing. At this point we're able to

11 import all of them and generate ASCII decks that get

12 through input processing on TRACE for all the cases

13 except for 64. And that works continuing on that.

14 We usually put out a new version in every

15 one to two weeks. It's available on a website. You

16 can automatically update the application through the

17 website.

18 So our future plans, we want to provide

19 tighter integration between the pre and post-

20 processor. Since we're sharing a lot of that code, a

21 lot of the drawing code between the ModelEditor and

22 data, we want to be able to automatically create this

23 -- we want to be able to use those displays from the

24 ModelEditor directly in the post-processors so the

25 analyst doesn't have to create the same drawing twice.
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1 We're adding the MELCOR and the PARCS

2 codes.

3 We want to be able to add more advanced

4 copy/paste functions. We want to be able to do a

5 scaled copy of a loop. So if you copy -- and we want

6 to be able to select an entire loop and put in a scale

7 factor and say .5 would scale everything, all the

8 cross sections by .5 appropriately.

9 We want to be able to add component

10 libraries so that you can just go out and select the

11 type of component you want, pull in from your model.

12 Along the same lines, we want to be able

13 to support reference models so that you can go to the

14 database and check your existing nodalization against

15 a reference model and revert your nodalization back

16 from that reference model.

17 MR. BANERJEE: What does AcGrace do there?

18 MR. JONES: It's a 2-D plotting package.

19 It used to be XMGR5. AcGrace is a new version of

20 that.

21 We want to leverage the user defined

22 functions and create engineering templates for things

23 like lost coefficient calculation.

24 We want to add additional RELAP5 and TRACE

25 conversion assistance.
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We also want to create these links to

user's defined documentation so if inside your model

you want to create a link to, let's say these HTML

pages in the databank that describe the LOFT facility,

you'll be able to create that automatically and the

next time you bring them all put, you'd be able to

link right to it.

Right now for RELAP5 we can generate a

complete 3-D representation that's consistent with all

the elevations and that. For TRACE we haven't done

that work yet. We can generate a 3-D vessel view, but

we don't have the associated piping.

The other thing we want to do is -- I mean

the problems we have with AcGrace is that it's an xll

based application. It's written in MOTIF and requires

an xserver to be running to be able to use it, which

is cumbersome on the PC architecture. There is

freeware that you can use to use it, but it's not --

it's difficult to work with and it's a high

maintenance application because it has to be compiled

on each platform. The rest of the software is all

written Java. We just compile it once and the

distributed compiled version runs on every platform.

This is the configuration tool right here.

And this is used to set all the global information for
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1 all the different applications; the location of the

2 Java virtual machine, where the logs are going to

3 written, any calculation servers.

4 This was originally set up for PDM. That

5 functionality doesn't work right here.

6 It tells it where the AcGrace executable

7 is located.

8 We also have web support is done through

9 this application. You can submit a bug report or

10 check for software updates from the website. It'll

11 automatically go out, grab the updates and load them

12 in your machine.

13 This is the calculation server. It

14 supports -- you know, for each plugin you can define

15 one or more analysis geodes. So if you want to be

16 able to run -- well, you could support multiple

17 versions of TRACE, for example, on a given machine.

18 And when you submit the Java, you just tell it which

19 version you want to run. Go ahead and start that

20 server.

21 This is the new -- I'm just going to open

22 this. Yes, this is the main application. Window is

23 the component navigator. This is where it lists all

24 the components, and you can go in and directly edit

25 these directly from model. You don't have to go
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through a view. They're also listed here.

The other thing we can do is look at the

reference documentation directly from any one of these

nodes. And it's fairly quick. You know, just pops to

that section. And that's a fairly good size pdf file

that it's working with. The performance is very good

right now.

MR. CARUSO:

pump curve-- for these

something like that up?

MR. JONES:

No. It'd be in a table

MR. CARUSO:

MR. JONES:

MR. CARUSO:

If you wanted to see what the

pump models, does it pull

It doesn't show the curve.

format.

Okay.

Something like that.

So the user has to develop

the table and input it?

MR. JONES: That's right.

MR. CARUSO: Suppose I wanted to enter a

negative loss coefficient for some pipe, could I do

something like that?

MR. JONES: There's a lot of checking that

goes on for each component. In some cases we're

checking at the dialogue level, in other cases we

check the model. Up there, there's a check model list

done before each job submitted that would give a list
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1 of the problems.

2 MR. CARUSO: I just asked about that one

3 because I've seen that one used. And I just wondered

4 if that was something that was still allowed.

5 MR. JONES: That may be allowed right now,

6 but -- it still allows that. But, yes, it doesn't

7 appear to have a problem with that.

8 MR. CARUSO: So it can still be created?

9 MR. JONES: Well, absolutely. But we're

10 at a point where it's easy to add those -- you know,

11 the ability to check different parameters, either on

12 a component level or on the model level.

13 This is an overview of the component.

14 These are actually just images of different views.

15 And if go down, this is the actual component here or

16 the actual view that has the components in it. And I

17 can go properties here and see the actual properties.

18 As I select over here, I get the visual

19 feedback so it shows me what I'm editing.

20 MR. BANERJEE: So do you have these

21 already in the schematic --

22 MR. JONES: No. These are generated from

23 the input deck. So this reflects the current geometry

24 in the component. So --

25 MR. BANERJEE: The steam generator's
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1 always generated that same way, right?

2 MR. JONES: No. This is from imputing an

3 original TRACE deck. And that it'll generate -- you

4 know, it's based on the actual data we have here. So,

5 for example, if I change --

6 MR. BANERJEE: I guess the shape's is --

7 you generate your shapes yourself?

8 MR. JONES: Right, from the geometric

9 data.

10 MR. BANERJEE: Yes.

11 MR. JONES: So if I change the data here,

12 I make this segment longer, then you'll see it gets

13 stretched a little bit. And if I were to apply that,

14 it would show up over there that these are drawn to

15 scale.

16 MR. BANERJEE: Okay.

17 MR. JONES: By default. You can turn that

18 option on and off.

19 MR. BANERJEE: So if you got an input

20 deck, say a RELAP deck from someone, it knows how to

21 take it apart and display it?

22 MR. JONES: Exactly. It's parse the deck,

23 fill out all these components in the navigator. And

24 then you can go in and edit it through the navigator.

25 You can edit through this --
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1 MR. BANERJEE: The are identified in the

2 deck which, say, it's a steam generator something --

3 MR. JONES: Yes, we read it the same way

4 the codes would read it, and that's part of the plugin

5 that it's being able to parse that ASCII input deck.

6 Now, the other thing we can look at is the

7 ASCII view of the data for any component. So if I go

8 in here and -- I changed that value again.

9 MR. BANERJEE: So can you do the reverse,

10 generate a deck from a diagram?

11 MR. JONES: Yes. Yes. What'll happen is

12 as you make these changes -- in fact, here's a piece

13 of a deck. This ASCII view is the input that goes to

14 the code. Okay. And here I'm going to change this

15 value slightly. And this is one of the dx terms here.

16 So, hopefully, we'll get a change over there. We'll

17 apply it. And then you can see the actual volume

18 changed over there.

19 And if I were to undo it. See, it pops

20 back to the original value. So you can always take a

21 look at the data here, then again the reference

22 documentation, you can either go to the navigator or

23 you can go directly to the component and look at it.

24 So when you have annotated ASCII version that the

25 users manual, and that's the drawing of it.
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1 One of the other things we can do is

2 renodalize the component. So, for instance, if we

3 want to split this one up into five uniform cells, we

4 can do that. Apply it and you'll see the generated

5 deck is automatically updated accordingly.

6 And this is an interesting one, too,

7 because all the ones that are shown in this kind of

8 red or pink here have heat structures tied to them.

9 We know like the pipe it goes in and

10 renodalizes the heat structure at the same time. It

11 does that all automatically for you.

12 Go back to this overview. Now what you

13 use this for, this gives you the drill down

14 capabilities. So you could have one drawing that is

15 basically your own plant and then these images

16 represent views that you can then go down and drill

17 to.

18 And this is just the generated picture.

19 If you come into these components and look at its

20 properties, you either create a snapshot which does to

21 the picture and then generates a Raster image of what

22 you have. Or, you can go out and select any kind of

23 Rester image, a jpeg or png, or any of that. You see

24 then it automatically, you know, you can use those

25 images to really annotate how the model's laid out.
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DR. RANDOM: In what stage does it check

for loop closure?

MR. JONES: It'll check for loop closure

on an initial ASCII import and whenever you go to run

the model, or if you click up here, this checks the

entire model for loop closure. And it went through

the loop closure check and it got 1.33 to the minus 5

was a loop closure error, okay?

DR. RANDOM: It tells you what loop that's

in?

MR. JONES: No, it doesn't give you any

real useful information, other than you got problems.

DR. RANDOM: So the user has to go back

and find it someway?

MR. JONES: And the way we do that is

under this tools there's a loop check selection

option. So if you're in a 2-D view, you can select a

group of components and say loop check selection, and

it just loop checks the ones that are selected.

DR. RANDOM: And that's my outlining you

mean or --

MR. JONES: Yes. The selected components

show up in the --

DR. RANDOM: Just in that part, huh?

MR. JONES: Yes, in -- anything that's
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1 selected that has that red box around it. So you can

2 use that loop check selection to zero in on exactly

3 where the problem is in your loop check.

4 Now, what we want to do is extend that

5 even further and create a loop check audit report that

6 would give you a listing for all the selected

7 components. What's the inlet elevation, the outlet

8 elevation and then connection elevations for that

9 component. And then with that information on the

10 table, it should be really easy to go through and find

11 out exactly where the problems are.

12 DR. RANDOM: Yes.

13 MR. JONES: Okay. Just to show that loop

14 check. If I go in here and change the length of one of

15 the -- let's see. Just modify a link and apply it.

16 And now I'll do a loop check. That's the kind of

17 message you see right now. It's saying there's a loop

18 closure failure of 2.85 meters. And it's giving a

19 list of the components that it found the loop.

20 CHAIRMAN WILLIS: What was it?

21 MR. CARUSO: Screensaver.

22 MR. JONES: It's another TRACE sample.

23 This is just a simple pipe. But here we're using

24 these user defined functions to bring data into the

25 model itself. So here we have the diameter, d zero -
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1 d zero diameters and d one is the other diameter.

2 DR. RANDOM: Do those tampered cells imply

3 that there there's a smooth transition?

4 MR. JONES: Yes, those would be conical

5 right now. There are no abrupt area change at that

6 point.

7 DR. RANDOM: Abrupt area shows up and it's

8 just a sudden change in area then?

9 MR. JONES: No. Right now it's going to

10 use the area of the junction at each location, so you

11 can see it. It would actually going to look like a

12 cone.

13 CHAIRMAN WILLIS: Just like it does there,

14 huh?

15 MR. JONES: Right. Right. Yes, we're not

16 using the actual volume to create the drawing.

17 Okay. In this case we have this user

18 defined variable. Actually we have one user defined

19 variable. The flow areas are calculated. Those are

20 huge invariables. There's two user defined constants.

21 The zero d is one and then there's a -- user defined

22 constant. And those can be either changed over here

23 through the navigator or since these are just

24 additional components, you can drop them right on the

25 display and look at the ASCII. You can come in here
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1 and change the value. And you can see the value gets

2 changed in the drawing as well as down in the code

3 here we change the value.

4 There are also -- they keep track of what

5 engineering units they're in. So if we switch to

6 British, you'll see all the data values are

7 characterized in British units as well as the input

8 deck is all converted to British.

9 And if we come in and renodalize, say you

10 want to renodalization a set and split each one of

11 those cells into two, again, it just automatically

12 splits it all out for you.

13 MR. CARUSO: Could you go back to your

14 master, your overall drawing.

15 MR. JONES: Well, this is a different

16 model. This is just a single pipe model. But I'll be

17 going back to that in just a minute.

18 Anyway, that's just an example of how you

19 can use these user defined functions.

20 Another one is -- this is a BWR fuel

21 element. Here we're able to do -- you know, we can

22 just input values and these are the calculated values

23 we're using. This is just an example.

24 And here's where we enter the code to do

25 these -- type calculations. And it's just a Python
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1 interpreter. It has color syntax checking. And it

2 automatically generates this list of input values and

3 output values and if you have any kind of error in the

4 code, it have syntax checking and that kind of thing.

5 And the other thing we can do is add

6 views, you know, actual images as annotations. So in

7 this case if you wanted to include something like that

8 in your drawing, you know in your model, you can just

9 include those types of references directly.

10 Now, that's a little different than the

11 external references that we want to add where the user

12 is actually going out to something on the internet and

13 adding annotation that way. This is actually embedded

14 right in the model itself.

15 MR. CARUSO: That's nice, because you can

16 include that as documentation. If you had something

17 strange that you were modeling, you can include a

18 picture of it so people could try to figure out what

19 you were doing.

20 MR. JONES: Exactly. And the idea is if

21 you have a idea or something like that, you could

22 either embed it directly in the model or you could

23 have this referenced to it externally. And, you know,

24 as long as it doesn't move if it's an external

25 reference, it'll come up through a hyperlink.
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1 I'll go back to the --

2 DR. SIEBER: I take it that the numbers

3 you put in for the fuel are cold numbers and not hard

4 numbers?

5 MR. JONES: That's just an example. Those

6 are just -- I don't think they correspond to any real

7 data. In that case they were just an example.

8 DR. SIEBER: Yes, I know. But if it were

9 real, would they be cold numbers?

10 MR. JONES: I think they typically are --

11 DR. SIEBER: Because the gap closes, you

12 know.

13 MR. JONES: Right, right, right.

14 DR. SIEBER: When you heat up the element.

15 MR. JONES: Well, since it's a Python

16 calculation, the user could even put in any kind of --

17 you know, could calculate that thermal expansion and

18 temperature could be one of the inputs.

19 DR. SIEBER: Yes.

20 MR. JONES: And it could calculate the

21 full area that way.

22 DR. SIEBER: Yes.

23 MR. STAUDENMEIER: The code has a simple

24 gap type of model. If you put in conditions what it

25 is and get changes in temperature, and the gap model
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1 to calculate that, I don't know how well it works.

2 DR. SIEBER: Probably as well as --

3 MR. STAUDENMEIER: Actually, one of our

4 fuel rod codes coupling in FRAPTRAN or FRAPCON by

5 putting in more sophistication fuel rod modeling. And

6 it'll take care of any limitations in one of the

7 internal modelers --

8 DR. MAHAFFY: This is John Mahaffy.

9 To give you a really precise answer,

10 you're imputing more than just dimensions. You're

11 imputing initial conditions so that the dimensions

12 that you input are consistent with whatever initial

13 temperatures you input.

14 DR. SIEBER: Okay.

15 MR. JONES: This is where you can zoom in

16 and rotate the component. In this case, see we have

17 two axial rings -- or, I'm sorry. Seven axial rings.

18 Seven axial levels. Two rings and four azimuthal

19 vectors. And as you select them over here or do a

20 multiple section, you know, you can see where you are

21 on that. And this is all drawn to scale on the

22 reading view.

23 The teal colored section is zero angle

24 data section. And it's just put in there for

25 reference so that you can tell where you are.
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1 Another thing we added was this capability

2 of looking at the -- being able to select the data

3 based on the intersection of this top down view and

4 the side view. So if we select, say, three levels

5 here and as we select different locations over here,

6 or multiple locations, we can edit all those

7 simultaneously. It was just a convenience to edit

8 values. And it works in both directions. So if we

9 select things over here in the table you can see

10 exactly what azimuthal sector you're working in and

11 where your levels are but the data's changing.

12 And it works on the face value as well.

13 You just select which space you're working, say the

14 radial face. And the level. And that would show you

15 in the table exactly which values need to be changed,

16 so you can just change them that way.

17 The other thing we can show is any

18 connections in the vessel. This is showing where all

19 the external connections are coming into the vessel.

20 They're all -- you see this one in particular, pipe 43

21 is like a cold leg coming in the vessel. It's hooked

22 to cell two. The ring to sector 4 level 6. And it

23 will highlight that location. Up here you'll be able--

24 a little easier to see as it gets rotated. And as you

25 select it, it'll show you exactly which face that
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1 connections being made to in the vessel.

2 One of the other things we have is the 3-D

3 renodalization. In this case you have to select which

4 axis you're going to renodalize and if I wanted to

5 renodalize the number of radial rings, for example,

6 this is going to come up with a little dialogue and it

7 shows me, okay, I have two rings right now. And

8 there's those red dots indicate that there's a fuel

9 rod. You see structures in those quadrants.

10 If I select the inner ring and split that

11 into two, it'll spawn new heat structures and it'll

12 adjust the power components so now it's gone through

13 and created these new either fuel elements and for

14 channel, and scaled them based on the area that was

15 selected.

16 Like I say, we are five model of -- I'm

17 going to go ahead and submit this calculation.

18 Here's where that parametric selection

19 would be. At the point where you submit the job, you

20 could select which constant you want to vary

21 parametrically and it would generate multiple runs.

22 There's no parametric variable set up in this case.

23 Here's where you would get hat list of

24 RELAP5 executables from the calculation server.

25 On this case I'm on locally, but you could

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 (202) 234-4433



259

1 also submit this calculation across the internet to

2 any other machine.

3 Go ahead and start this pause. And in a

4 message down here, the job has been submitted.

5 Now I'll open this job status utility.

6 It's just connecting to the local server. And you see

7 we have this job that was just submitted. It's in a

8 paused state right now.

9 And even though we're not using the

10 database, it does keep track of when the run was made

11 and that type of information. Current status of it.

12 Who submitted it.

13 Now, from here we can send an interactive

14 command through this menu, we can resume the

15 calculation and pause it. And that's all I'm going to

16 do. I don't want to run it out too far. So that's in

17 a paused state right now.

18 Go ahead and bring up the visual

19 engineering data analyzer. And this is really the MPA

20 replacement. And this is analogous to a mask here.

21 Right now this is user. You know, the analyst has to

22 sit down and create these masks. We do want to be able

23 to leverage those displays that are created in the

24 ModelEditor so you can automatically bring them in

25 here and animate those as well.
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1 MR. BANERJEE: So this is not being

2 imported from the setup that you were showing for the

3 initial deck?

4 MR. JONES: No, that's right. None of

5 this is generated. This is created through this

6 application. If you switch to design mode, you can

7 modify any one of these components. This is the setup

8 display, you now, if you wanted to add a --

9 MR. BANERJEE: So you have components you

10 drag and drop in there or what?

11 MR. JONES: That's right. Yes, I just

12 added an analyze dial, for example.

13 DR. RANDOM: You also have to relate what

14 volume is going to be used to show different --

15 MR. JONES: Yes, exactly. This is using

16 this JavaBean architecture. So for this component,

17 you see this is a list of all its parameters. And one

18 of them -- now right now I'm not connected to a data

19 source. I need to add a data source.

20 MR. BANERJEE: So you create this once

21 again? Why don't you just create it from your input

22 deck?

23 MR. JONES: That's what we want to do. We

24 want to -- unless we started with a ModelEditor that

25 only had a single view and they're basically just
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1 iconic views. What we want to be able to do is use

2 those views that we're generating now in the modelizer

3 and bringing them into the -- we really haven't done

4 much work on this over the last two years. So we want

5 to merge that new work back into this.

6 So this would be the list of the data

7 channels, for instance, for that. And now that

8 component would be animated.

9 DR. RANDOM: Which component is that now?

10 MR. JONES: I think I selected AC tank

11 190. So it's just giving us a list of our data fields

12 coming in.

13 Our design mode. Now, this is in a replay

14 mode right now. It's going to run up until the point

15 the calculation is paused. We're running

16 interactively right now with this calculation. So if

17 I--

18 DR. RANDOM: You have already linked the

19 regions on the mask?

20 MR. JONES: Oh, yes.

21 DR. RANDOM: With data?

22 MR. JONES: That's right. This mask is

23 all set up.

24 DR. RANDOM: And colored it appropriately.

25 MR. JONES: Yes, exactly. So these are all
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1 the data channels that drive that particular element.

2 DR. RANDOM: The blue is subcooled water

3 and the green, I guess, is saturated, right?

4 MR. JONES: This is the map we use for

5 color. /

6 DR. RANDOM: Okay.

7 MR. JONES: And the user can set up

8 whatever color scale they want.

9 DR. RANDOM: Right.

10 MR. JONES: But we use one range for

11 subcooled liquid, another for steam and then another

12 color range for the other.

13 In this case, I picked the same color at

14 the top of this range, at the bottom of this. But you

15 could use whatever scale you feel is appropriate

16 there.

17 Now, we are interactive in this case, so

18 I can come in here and open a break. And then when I

19 hit play and resume the calculation, it'll actually go

20 into a transient type --

21 DR. RANDOM: Where's'the break?

22 MR. JONES: This is on the code like --

23 DR. RANDOM: You don't illustrate it, I

24 guess, huh?

25 MR. JONES: We could stop at anytime and
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1 move back. So we can move between this replay mode

2 and the interactive mode and run up to the end of the

3 interactive portion. And then if you hit play again,

4 it'll ask you if you want to resume the calculation.

5 And then, again, you're tied directly into the

6 calculation.

7 DR. RANDOM: I guess you can automate like

8 on the valves, click on them, flow --

9 MR. JONES: Yes, any one of these --

10 DR. RANDOM: The pumps?

11 MR. JONES: Yes. The options so it'll

12 send the command to the code. And this is all done

13 through that core interface that's flowing between

14 data and the calculation server and then down to the

15 analysis code.

16 Then resume the calculation.

17 Okay. So this is just a simple 2-D

18 display. You can create as many of these as you want.

19 Here's a 2-D of the vessel.

20 DR. RANDOM: Can you import these from old

21 MPA decks?

22 MR. JONES: It wouldn't be difficult to

23 add that capability, but you can't right now. Since

24 we know -- you know, the data's all there. It's just

25 a matter of writing a program to do that --
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1 MR. BANERJEE: Right now it's all manually

2 done, basically.

3 MR. JONES: That's right. But it will be

4 automated from the ModelEditor soon.

5 MR. BANERJEE: Right.

6 MR. JONES: And then the MPA map, it'd be

7 nice to be able to bring those in, but that's a fair

8 amount of work to be able to read that data format.

9 Now, the other thing we can look at are

10 the -- there's 3-D representation of the same data.

11 It should come back to this guy first and show where

12 this data came from.

13 On these 2-D displays there's a pop-up.

14 There's view hydro at 3-D. This will go through and

15 generate a 3-D representation of the vessel or all the

16 hydro components, I should say. And then you can

17 rotate to see how they're laid out.

18 Now, they're all drawn to scale as far as

19 the elevations go. But since they're 1-D components,

20 you can see there is these -- you can see these hot

21 legs coming out of the vessel. Just go out to the end.

22 We don't have any way of bringing those back in

23 automatically.

24 You can use this tool to rotate the pivot

25 around the Z axis at any of these junctions to make it
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1 a cleaner display.

2 DR. RANDOM: Well, have you retained all

3 the -- only RELAP5 used to have the xyz coordinates

4 that could be input. Some of them weren't used, but

5 mainly the elevational thing was used. But the other

6 ones are there if somebody wanted to create a real

7 representation.

8 MR. JONES: Well, the other thing we could

9 do is take the -- is input the facts that don't have

10 that data in and then use this tool to rotate these

11 components around and then export that xyz data.

12 DR. RANDOM: But the new TRACE code does

13 have all the coordinates of where these components lie

14 in space?

15 MR. JONES: No. I think we're going to be

16 in the same kind of position there --

17 DR. RANDOM: Plot space, huh?

18 MR. JONES: Right. Right. Yes. We can do

19 a lot of the generation, but there's still places

20 where you have to pivot that data.

21 So again, this data all gets animated.

22 DR. RANDOM: Another feature that you

23 could build in that sort of would be an indication of

24 errors is at an xyz space you don't close, both

25 elevation wise as well as azimuthally and whatnot,
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1 it's an indication something is not known about the

2 system.

3 MR. JONES: Well, I think the real

4 advantage is being able to see in a 3-D space what the

5 data really looks like.

6 DR. RANDOM: Yes.

7 MR. JONES: One of the things you'll

8 notice is --

9 DR. RANDOM: In fact, if there was any

10 intention to build this, and I notice you did say that

11 the gravity director can be in any direction; and if

12 that's true, you need to close in all the 3-D space if

13 the gravity does not correspond to the vertical

14 dimension, why then you're going to have trouble.

15 MR. JONES: Sure.

16 DR. RANDOM: You anticipated that?

17 Because I notice you have made gravity a variable.

18 DR. MAHAFFY: Gravity is a variable right

19 now, but it should scale at the face. It's an angle

20 relative to the Z axis.

21 DR. RANDOM: Right.

22 DR. MAHAFFY: What we have in our data

23 structure is additional information to in effect give

24 you a vector of gravity, but that's not available by

25 input. So it just sits there in the data --
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DR. RANDOM: You only use the projection

of the gravity vector on the vertical dimension to

give you any type of dyrostatic --

DR. MAHAFFY: We can extend things from

scale to extract the information off the data --

DR. RANDOM: I know the Navy at one time,

I think even in RELAP5, they do have dynamic system --

DR. MAHAFFY: That's in TRACE

This is John Mahaffy, by the way.

That's in TRACE in the vessel. Your

vessel of gravity can be any three dimension angle off

of your vessel.

DR. RANDOM: But not in the 1-D?

DR. MAHAFFY: The 1-D really is a pointer

view and you get in relation to the axis. But that's

it.

DR. RANDOM: I don't know if nuclear wants

to bother with or not.

MR. JONES: I'm just letting this

calculation run out.

Now, as you're connected to this data

source, you can switch into this design mode and work

with the live data. So you can create the display and

edit the display while you're connected to the

calculation.
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1 Unlike the MPA where you had a separate

2 application that was used to create the displays, but

3 then you had to bring in -- it was labor intensive

4 process of trying to map those data channels to the

5 visual elements. Here it's all done in the one

6 application.

7 MR. BANERJEE: Can you also graph the data

8 and look at it?

9 MR. JONES: Yes.

10 DR. SIEBER: By time.

11 MR. BANERJEE: By time.

12 DR. SIEBER: Yes.

13 MR. JONES: There's a couple of ways we

14 can do it. We can use graphs like this, you know, a

15 strip chart type representation. That can of thing.

16 And those can be as involved as you want, of course.

17 DR. SIEBER: You can put more than one

18 parameter on the chart, right?

19 MR. JONES: Yes, this one does. You just

20 switch to design mode. And then this guy, it allows

21 you to set up to six data channels.

22 MR. BANERJEE: So you deduct the strip

23 chart.

24 MR. JONES: That's the strip chart.

25 MR. BANERJEE: But what about can you see
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1 it, what would the length of one transient to the

2 point you pause or something?

3 MR. JONES: Like this?

4 MR. BANERJEE: Yes.

5 MR. JONES: Yes. This is -- we've linked

6 this application and the job status application so

7 that it goes out to the calculation server and grabs

8 that data and plots it.

9 Again, it's kind of a -- a little bit of

10 a pain to use AcGrace because you'll see this little

11 x here, you had to be running an x server at the time.

12 And, you know, it is it an application that had to be

13 complied on a machine where all this other software.

14 We just compile on one machine and then we can run it

15 everywhere. It's a lot easier to live with.

16 DR. RANDOM: You mentioned having 3-D

17 plotting capability?

18 MR. JONES: That's what we'd like to add.

19 DR. RANDOM: Oh.

20 MR. JONES: That's int he wish list.

21 DR. RANDOM: I see.

22 MR. JONES: And that's replacing this with

23 a 2-D/3-D plot application that still has the -- type

24 capability that XMGR5 and AcGrace had where you could,

25 you know, create your equation and analyze your data
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1 with it.

2 MR. BANERJEE: Are you going to actually

3 just plug in existing package for that or are you

4 going to --

5 MR. JONES: We have to assess what's

6 currently available out there. You know, really kind

7 of look at what's in the open source domain.

8 MR. BANERJEE: We'll allow you to do that.

9 MR. JONES: Yes. I think we're going to be

10 able to get most of it from that. And then we just tie

11 in our own IO routines so we're able to read all these

12 different data formats.

13 This is that job status application. And

14 it's the calculation we just ran. We can also view

15 the output from here. But this will give us a view of

16 all the generated output.

17 Some points of interest here where we can

18 select like major edits in this case. There it goes

19 through, it parses the whole deck, finds all the major

20 edits and then you can just go down through the list

21 here and it'll take you right to that location in the

22 file. So we're looking at major edit 200 at this

23 point.

24 And you can do the same thing for warning

25 messages. The whole idea is that we're just trying to
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1 make a productive environment to perform the

2 calculations, so to make it easy to edit the

3 calculations, submit them and then analyze all the

4 results from --

5 MR. BANERJEE: If you're sending the

6 calculations to be done over the internet to a

7 different computer, are you receiving the results over

8 the internet as well or do you --

9 MR. JONES: Only the portions you look at.

10 MR. BANERJEE: I see.

11 MR. JONES: This is a good example of

12 that. This file could be a gigabyte worth of data

13 somewhere on the other machine. The only portion that

14 comes into this viewer is the portion you're actually

15 looking at, with about a 50 line buffer on each end.

16 And it caches all the data that's been brought in.

17 All this parsing is done over on the

18 calculation server side. So the calculation server

19 goes through and finds all those points of interest.

20 And then we go through the core interface to locate,

21 you know, to get together that information. And then

22 this output viewer goes to the calculation server and

23 says okay, I want lines 500 to 600, and it just brings

24 those portions in.

25 MR. BANERJEE: So it brings them in,
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whatever you are viewing?

MR. JONES: Exactly.

MR. BANERJEE: It's a very small file or

data stream?

MR. JONES: Yes. Exactly. The idea is we

want to be able to run it. And I've run this over my

dialup modem. And I can submit this calculation over

my cellphone and bring the data back and analyze it.

MR. CARUSO: Every night between these two

buildings, 1500 computers that sit all night and don't

do anything. With this system you could have them all

running sensitivity studies all night?

13

14

15

16

17

18

19

20

21

22

23

24

25

MR. JONES:

DR. RANDOM:

from your car.

MR. CARUSO:

They're all networked.

DR. SIEBER:

Absolutely.

They'd have to be written

They're all networked.

What? All the NRC computers

here?

MR. CARUSO:

has one on their desk.

DR. SIEBER:

Every person in this agency

Great. A lot of passwords to

remember.

MR. BANERJEE: People do this for the SECY

project anyway.
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1 MR. KELLY: We could have something on the

2 web that everyone can download so they can run in the

3 background.

4 MR. CARUSO: They wouldn't even have to

5 know that it was --

6 MR. BANERJEE: Free screen saver.

7 MR. CARUSO: You could do that in this

8 building right now. You could do that, right?

9 MR. KELLY: Well, actually, no. Because

10 it has to have Java 1.4 and that's controlled by, you

11 know --

12 MR. CARUSO: Sierra --

13 MR. KELLY: It has to be a special

14 request.

15 DR. SIEBER: They only have one license.

16 MR. JONES: One of the things we are

17 looking at for the installation is including the Java

18 virtual machine with the distribution. We're probably

19 about six months away from doing that. So, the only

20 catch is it's dependent on which platform you already

21 have to have. You know, will have to support -- you

22 know, let the package be a VM for each platform you

23 want to run on.

24 That's everything I had to demonstrate.

25 Is there questions?
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1 MR. CARUSO: Take a break?

2 MR. STAUDENMEIER: I guess one thing I'd

3 like to interject before this, I mean mostly now SNAP

4 has been oriented towards code information and things

5 that you see through the code ASCII input deck. But

6 you've seen a sample of these user defined functions

7 and templates for like a channel or a pipe. And

8 eventually we'd like that to be interfaced -- have

9 these templates that come up and help them model

10 actual nuclear reactor components and we could imagine

11 building in things like a ideal loss coefficients that

12 you go look up the geometry and -- a loss coefficient

13 for that geometry. But they help the user along and

14 you can modeling complex geometries with what they

15 need to know about the hardware and not all the

16 intricacies of dx's and flow areas and volumes for

17 every cell that that can automatically recalculate by

18 just a few simple inputs that the user defines.

19 DR. RANDOM: What do you do for RELAP5?

20 You know, it has it's own -- change, loss coefficient

21 calculations scheme -- but in order to match their

22 result you would have to have the same lost

23 coefficient, I guess, unless somehow you imported that

24 model?

25 MR. STAUDENMEIER: That model has not been
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1 part -- forwarded over, as far as I know. One thing

2 that is going to be imported over is a Reynolds number

3 dependent loss coefficient. But that's something that

4 could be imported over in the future also.

5 TRAC has an abrupt area change model that

6 you implement through interface. It's actually a flag

7 on the faces that you import.

8 DR. RANDOM: You can calculate a lost

9 coefficient.

10 MR. STAUDENMEIER: It'll calculate a lost

11 coefficient automatically or also what the user --

12 additional loss coefficient on top of what it

13 recalculates automatically also.

14 DR. RANDOM: Do you know what that --

15 DR. MAHAFFY: It's basically a --

16 contraction. It's some kind of a --

17 DR. RANDOM: You can a --

18 DR. MAHAFFY: Yes, but it's probably not

19 identical to the one in RELAP5. Someone would have to

20 do a study to see what the true results are.

21 DR. RANDOM: Well, most of it's textbook

22 type stuff. Based on the --

23 DR. MAHAFFY: Yes. That's right. It was

24 taken out of textbook. But whether it's the same

25 textbook that RELAP5 used or not, I don't know.
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1 CHAIRMAN WILLIS: Okay. We gained some

2 time. We're going to take a break. I think we should

3 take it until about 3:20. And then we'll get back to

4 the program with Chris Murray.

5 DR. RANDOM: What time?

6 CHAIRMAN WILLIS: 3:20. Until 3:20. Break

7 until 3:20.

8 (Whereupon, at 3:03 p.m. a recess until

9 3:23 p.m.)

10 CHAIRMAN WILLIS: Sound effects again.

11 What was that? Was that the rewinding the tape or

12 something?

13 MR. BANERJEE: That's the evacuation

14 signal.

15 MR. MURRAY: We are ready.

16 CHAIRMAN WILLIS: Okay. Go ahead.

17 MR. MURRAY: My name is Chris Murray. For

18 those of who don't know me, I've been on the

19 development team now for about five years, but I've

20 been sort of in the back of the process and more day-

21 to-day operations and not on the phase.

22 I'm the code caretaker for TRACE. I

23 handle updates come to me, and I handle, you know,

24 applying those updates to our official version of the

25 code. And making sure that they're properly tested,
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1 reviewing the updates to make sure that they meet at

2 least some minimum level of our code standards and

3 making sure they look all right.

4 Today I'm going to talk a little bit about

5 our automated testing and assessment tools that I've

6 developed for TRACE. And my goal is to give you an

7 overview of the testing process that we follow. Some

8 of it's been in place for a while, some of it we're

9 phasing to. And I'll also give a walkthrough of the

10 tools that we use to accomplish that testing process

11 or follow through on that testing process.

12 I don't want to get into real low level

13 details. A lot of what's involved in the automated

14 testing is making sure the file is in the right

15 directories and moving files places, and things like

16 that. And I wasn't going to try and get down at that

17 level.

18 Our in-house testing process has three

19 tiers. The first tier I call the code-wide

20 regression/verification testing. The purpose of this

21 portion of the testing, which is something we do on a

22 day-to-day as updates are applied, is to ensure that

23 the existing behavior is not broken and also that new

24 features are implemented correctly.

25 So what happens is a developer will submit
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1 an update to me and they may add a new feature to the

2 code. Ideally, they've created some set of test

3 problems that test that function out to make sure it's

4 functioning the way they think it should function.

5 And so I'm taking those input decks that they supply

6 me, making sure that there are enough input decks and

7 exercise that feature properly, and fold those into

8 our test suits and run the entire set ensuring that no

9 existing behavior's been broken in the process.

10 So a developer may only run some subset of

11 our test problems. But I'm making sure, hey, across

12 the board nothing's -- we haven't regress in any way.

13 Ideally, that would be a large set of

14 problems. You want them short running that turnaround

15 time is fairly quick. Less than a day is ideal. We

16 would run them against each code update. And,

17 ideally, we would run those across multiple platforms.

18 Right now I'm not doing across all

19 platforms that the code does run on. Mostly it's just

20 PCs that I run the code on. This is something that I

21 need to address, but I need to restructure our build

22 environment so that it's all automated. Right now

23 it's too manual a process to really carry out day-to-

24 day. But the rest of it mature.

25 We've been doing this now -- well, the
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1 whole five years or so. And I took this process over

2 from Jennifer Uhle when she went on. Actually, a few

3 months before that.

4 The second level of testing that we've

5 conceived of is what we call robustness testing.

6 About maybe a year ago or so, we started to notice

7 when we started get in the assessment, we started to

8 notice robustness problems. Initially, I think it was

9 my concept was these initial set of testing wouldn't--

10 you were fairly confident that you weren't causing new

11 problems to occur. And I don't think that that was

12 entirely the case. We found that some test problems

13 that used to perform well or used to run to the end

14 were suddenly dying. So we conceived an intermediate

15 level of testing to address the deficiencies in the

16 regression test methodology. But we don't want the

17 full overhead or the overhead of a full assessment. A

18 full assessment could take months, to be kind to the

19 process.

20 Quickly, another goal is to quickly assess

21 the overall health of the code from a quality results

22 perspective. It is the code predicting results

23 compared to some limited set of data as well as it

24 used to? Is the code time step being bogged down in

25 certain places of the code? Things like that.
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1 DR. SIEBER: Do you compare the results

2 against a standard? And if so, what is the standard?

3 MR. MURRAY: Well, the standard would be

4 the data for that problem, the experimental data.

5 DR. SIEBER: Yes, but you're looking at

6 results and not the input, right?

7 MR. MURRAY: That's right. We're looking

8 at the results.

9 DR. SIEBER: So you use some other run

10 that's sort of prior to the modification as the

11 comparison media?

12 MR. MURRAY: That would also be the case.

13 What you'd do is you would look at the data, the

14 previous version's calculation and the current

15 version.

16 DR. SIEBER: Okay.

17 MR. MURRAY: And so you'd see that you

18 either improved things or you made them worse. And

19 you could even look at the data to see how that got

20 closer to the data or further away.

21 DR. FORD: So in that very first bullet,

22 the top, you could for the word "behavior," you could

23 substitute "accuracy" or "agreement with data?"

24 MR. MURRAY: No, no, not really. I mean

25 what I'm looking at this level has -- I don't know.
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1 Have you upset the time step backup behavior so now is

2 a flag being turned on that shouldn't have been turned

3 in? Is the input checking that used to work, not

4 working anymore?

5 So you're also looking at features in the

6 code. I mean, you're also going to see in a lot of

7 cases if you've made the results worse. But that's not

8 really what --

9 CHAIRMAN WILLIS: You're not testing the

10 comparison with data, are you?

11 MR. MURRAY: No, not at that level.

12 CHAIRMAN WILLIS: Is it running? Is the

13 machine running as it was supposed to run?

14 MR. MURRAY: Yes.

15 DR. SIEBER: And it doesn't oscillate or--

16 MR. MURRAY: That's right.

17 DR. SIEBER: And in the order that it's

18 supposed to do thing?

19 MR. MURRAY: I mean, it would if I added

20 any trip type to the code. If I give an input deck

21 that's supposed to cause that trip to turn on at 10

22 seconds, is it turning on at 10 seconds? Are you

23 seeing that behavior that would lead to that?

24 DR. SIEBER: Yes.

25 DR. FORD: So nowhere on this slide is the
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1 question of does it predict what is in fact seen?

2 MR. MURRAY: Yes, not yet. That's the next

3 slide.

4 DR. FORD: Okay.

5 DR. RANDOM: Were any of these simple

6 solutions that have exact solutions or simple problems

7 that have exact solutions?

8 MR. MURRAY: Yes. One I'll show later is,

9 you know, minometer and U2 --

10 DR. RANDOM: Well, for those, certainly

11 you can do an assessment?

12 MR. MURRAY: Yes, that's right. That's

13 right.

14 MR. STAUDENMEIER: The robustness testing

15 is actually looking against test data to see if it's

16 giving the right answer.

17 DR. FORD: Oh, okay.

18 MR. STAUDENMEIER: Not as detailed a look

19 as you would give in a full assessment, but it's a

20 quick look and spot check like a canary in a coal mine

21 to make sure things haven't diverted --

22 DR. SIEBER: On the other hand, my

23 understanding was that in robustness space you're

24 looking to see that the program actually runs without

25 going on some wild loop someplace as opposed to
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1 looking at an error criteria in the analytical result.

2 Is that correct? You get a result that looks like the

3 other ones, but the most important feature is to make

4 sure that the code runs the way it's supposed to run?

5 MR. MURRAY: Yes, I think generally it's

6 that you haven't done something that's slowed down the

7 code greatly, introduced a problem that, as I say, it

8 could take --

9 DR. SIEBER: Or plot it off on --

10 MR. STAUDENMEIER: -- ten as many time

11 steps.

12 DR. SIEBER: Different work, yes.

13 MR. STAUDENMEIER: Or that the accuracy as

14 compared to some experimental criteria haven't

15 degraded vastly like you've broken one of the physical

16 models in the code.

17 DR. SIEBER: Okay.

18 MR. MURRAY: Because this box in here, we

19 presumably take at least several days to run through

20 those cases. Because they're designed to be longer

21 running cases. We would probably run those less

22 frequently.

23 You see, there's some updates where we

24 expect or done the same before you expect updates

25 aren't going to change results. And for those updates
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1 you're fairly confident that if you get through this

2 with no results, that you're not going to see any

3 changes to the data.

4 That's not always true. When we added new

5 heat structure, you're changing results on a wide

6 scale. And across a large number of test problems.

7 And what you need, is you need some longer running

8 test problems that are going to catch really places

9 where you really set the calculation off in different

10 ways. And those happen at usually major updates.

11 DR. SIEBER: Have you made any attempt to

12 -- well, 40 years ago we used to flow chart the

13 codes and then test all the branches to make sure that

14 -- you know, because sometimes you run the code and

15 you don't hit all the branches. You hit the certain

16 series depending on what the problem is.

17 MR. MURRAY: One of the things that I try

18 to encourage in the process, and I'm not always

19 successful largely because the overhead's a little

20 large, is what we call test coverage profiling.

21 DR. SIEBER: Okay.

22 MR. MURRAY: And you aim for 100 percent

23 coverage of the code that you've modified. And so

24 what you want to do is when the developer develops an

25 update, they also should be developing test problems
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1 that show and demonstrate 100 percent coverage of

2 every line that they've touched.

3 DR. SIEBER: Okay.

4 MR. MURRAY: And that's happened in a

5 couple of places. I did it one update that I made to

6 the control system a few years ago. But the tools

7 that we do that with aren't very -- they're kind of

8 cumbersome to use.

9 And I try to structure things in our

10 development process that automate things and allow you

11 to let the computer do the things the computer is good

12 at and let the developer worry about, you know, doing

13 the stuff that they're good at.

14 And so getting people to really jump on

15 that bandwagon has been tough, because it is time

16 consuming to run through that process.

17 DR. SIEBER: Tedious. It's tedious?

18 MR. MURRAY: Yes.

19 DR. SIEBER: Okay. Thank you.

20 MR. MURRAY: Yes.

21 Next slide. And the third level of

22 testing that we conceive of here is developmental

23 assessment. Nothing new there. That's comprehensive

24 assessment of code accuracy and the ability to predict

25 the relevant phenomena.
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1 I really want to phase this sort of

2 testing in more frequently. And to do that, you

3 really need to automate the process, which means

4 generating the figures automatically and having some

5 way of really visualizing all that output and being

6 able to parse that and focus the developer's attention

7 really where there attention needs to be.

8 Eventually, and we're not using these now

9 on any regular basis or even this whole process isn't

10 really in place, but eventually use goodness-of-fit

11 strategies to focus the developer's attention on the

12 trouble spots. Now, goodness-of-fit would be

13 quantitative figures of merit that, you know,

14 demonstrate is the modified version of the code closer

15 or worse as compared to the data that it was before.

16 And these are not silver bullet type

17 processes or solutions. They way you generate these

18 figures of merit really can lead to false/positives,

19 but as a means of focusing a developer's attention, I

20 think you can gain something there.

21 There are tools that exist. I'm going to

22 show some of those later, that allow us to generate

23 these goodness-to-fit that these figures of merit are.

24 We need to gain experience using them. We

25 have none at this point.
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1 DR. FORD: Are there acceptance criteria,

2 preset acception criteria? For instance, prediction

3 is within plus or minus ten percent or whatever it

4 might be of the data?

5 MR. STAUDENMEIER: This is Joe

6 Staudenmeier.

7 We haven't defined acceptance criteria

8 yet, but we'll have to go through on a case-by-case

9 basis and define quantitative assessment criteria.

10 That's what we want to move towards anyway. In the

11 past, acceptance criteria have been more qualitative,

12 like you look at all those major trends and as close

13 to the data. But we do want to move into more

14 quantitative mode testing with some of these automated

15 testing tools. So we're not there yet, but we're

16 moving in that direction.

17 DR. SIEBER: When you test the accuracy of

18 a code, you're testing it against data that comes from

19 testing facilities, most of which is scaled because

20 the facilities are not the same size as the actual

21 problem that you're running. How do you tell the

22 difference between calculational error and scaling

23 error, or can you or do you even try?

24 MR. MURRAY: I know we're not trying. I'm

25 not even sure how we'd go about that. Joe may know.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



288

1 MR. BAJOREK: This is Steve Bajorek.

2 That really wouldn't be an issue with the

3 stuff that Chris is trying to do here. This is

4 checking in the updates and making sure the hundreds

5 or thousands of decks that you have now run and

6 execute.

7 When it goes back to comparisons to data,

8 that's the -- I think you're going to start talking

9 about pd script later on in your presentation, this is

10 one of the automation tools that we'll have for taking

11 code results, comparing them to experimental data.

12 DR. SIEBER: Right.

13 MR. BAJOREK: And out of that comparison

14 getting a comparison that we can quantify.

15 DR. SIEBER: Right.

16 MR. BAJOREK: Whether it's a quench time.

17 I mean, you don't like us to hang on PCTs.

18 DR. SIEBER: Right.

19 MR. BAJOREK: But parts of that transient

20 by which you can pick out of the transient -- the

21 simulation and the data itself.

22 DR. SIEBER: Right.

23 MR. BAJOREK: And we'll move to some

24 quantifiable metrics there. I'll talk a little bit

25 about that tomorrow.
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1 I think what Chris is getting at now are

2 what are the tools that are going to make us automate

3 the process so that when we make a code change or come

4 up with a new revision to the code, we can do that

5 quickly without having to repeat months and months and

6 years of assessment.

7 DR. SIEBER: Right. Okay. I'll mark that

8 down for tomorrow afternoon.

9 MR. BAJOREK: Okay. But with regards to

10 the integral tests and the scalability, one way that

11 that's been approached in the past is to take a look

12 at several integral facilities that have the same

13 processes going on in them and then showing that you

14 don't have a scaling bias with the results.

15 DR. SIEBER: And that's to look at

16 differing facilities that require different scaling?

17 MR. BAJOREK: That's right. For example,

18 in --

19 DR. SIEBER: So they don't drop out?

20 MR. BAJOREK: -- ECCS bypass, you may want

21 to look at 1/15th and 1/5th scale tests from Creari

22 and the full scale UPTF tests. And hopefully if you

23 are under predicting a certain process in one, you're

24 doing it in all. It's not -- there's not a

25 discernable trend in that as you go to full scale your
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1 results at the lower -- the smaller scaled facilities

2 aren't valid anymore.

3 DR. SIEBER: Okay.

4 CHAIRMAN WILLIS: Well, it's the question

5 we've had before of noding. Do you node a pipe that's

6 2 feet high with 10 nodes and you put in phenomena and

7 all that? You got a pipe that's 100 feet high with 10

8 nodes. The nodes are now ten feet long and their

9 description of the phenomena in there may not be as --

10 be quite different from what it was for the much

11 shorter nodes. Because the transient time for a

12 bubble -- something is different, you know. The

13 noding relative to the phenomena has now changed.

14 MR. BAJOREK: Yes. And as we are moving

15 ahead in our assessment, what we are doing is rather

16 than trying to just preserve the nodalization that

17 people have used in the past, we're now trying to make

18 those, you know, gravitate towards something that we

19 want to stay with for the full scale PWRs and BWRs and

20 eventually the other types of reactors, preserving

21 that same type of nodaliztion techniques and the

22 integral and the separate effects facilities so we

23 don't induce --

24 CHAIRMAN WILLIS: You're going to do ten

25 nodes for a pipe even though the scale has changed?
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1 Because, you know, you really ought to have a code

2 which is robust against changes in noding. That's the

3 real test I think you should have.

4 MR. STAUDENMEIER: Yes. I think that is

5 what we need to do.

6 Another thing in relating scaling is where

7 there's distortions in phenomena between the test

8 facility, the scale test facility and the plant. Just

9 because of the reduced size, you won't have that flow

10 regime that allowed in the test facility that may be

11 allowed in the plant, or a gross distortion in the

12 phenomena based on the correlations, have a

13 correlations scale from small scale things to large

14 scale things. The phenomena change and cause a

15 distortion in the response, and that's a difficult

16 thing.

17 CHAIRMAN WILLIS: But that's not what he's

18 talking about here, is it? That's something else?

19 MR. STAUDENMEIER: That's not what Chris

20 is talking about at all. That's a lot more involved

21 process relating top down scaling, button up scaling

22 with test facilities to plant analysis, and that's a

23 very long involved process to do that.

24 MR. BANERJEE: You know, robustness with

25 regard to noding is desirable, but hard to get.
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1 There's a paper by Jeff Hewitt and Jayanthi in the

2 General Of Fluid Mechanics in the last years where

3 they took this model for a pipeline and they showed

4 that you had to really node down very, very finely to

5 get a mathematically converted answer. In fact, it

6 converged. They got very good answers. And it agreed

7 with everything.

8 So there was this sort of -- it wasn't

9 even uniformingly converting it. It did something

10 like that to this.

11 So this suggests that mathematical

12 conversions would be difficult to obtain, even in the

13 straight pipes where you might get it. I think it

14 would be almost impossible to obtain in these peculiar

15 components where you're sort of fudging 3-D effects

16 into 1-D effects. I think everything you change the

17 noding, you've changed the answer, like the plenums.

18 CHAIRMAN WILLIS: That's not very

19 reassuring, though, is it.

20 MR. BANERJEE: Well, I think you're taking

21 a 3-D situation and making it 1-D.

22 MR. BAJOREK: What code were they using?

23 What code were they using in that study?

24 CHAIRMAN WILLIS: It's safe with 13 nodes-

25 _
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1 MR. BANERJEE: They wrote a code base, but

2 it looks like TRAC. I mean, the pipeline code that

3 people use now called PLAC is one of them, and was a

4 variation of TRAC with the hydrodynamic head terms

5 added to it. So it actually -- everything is well

6 posed, everything works well. There's nothing wrong

7 with it.

8 MR. BAJOREK: One way of getting around

9 the scaling issue is to make sure in your assessment

10 you are choosing either tests which are well scaled;

11 I mean things like APEX and things where you've really

12 done a good scaling analysis, good scaling evaluation,

13 or to stay with test facilities which are essentially

14 full scale.

15 UPTF when it comes to ECCS bypass. Even

16 some of, like test 8 for looking at flow patterns in

17 the hot leg. Most of the reflood tests that we'll be

18 simulating, full scale, full height bundles,

19 relatively large scale in terms of the number of rods.

20 So that you should not have a whole lot of

21 atypicalities due to the size of the bundle itself.

22 MR. BANERJEE: Full scale is good, but

23 when you do sort of the APEX type scaling, it's very

24 scary because I can tell you, this is a true story.

25 In chemical reactors they were doing reduced height

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 (202) 234-4433



294

1 scaling for emergency release. They were taking that

2 to full scale reactors and the full scale reactors

3 were blowing up during the emergency release. And the

4 reason was that level height, level swell does not

5 scale with height. You have to have the right filling

6 to start with.

7 So, there's no substitute for full height

8 there.

9 MR. BAJOREK: I was using APEX as an

10 example as opposed to, let's say LOFT where we know

11 there's serious distortions. At least I'm not aware

12 of going through a detailed scaling evaluation to try

13 to quantify what those distortions are.

14 MR. BANERJEE: Yes. LOFT is another story,

15 yes.

16 MR. BAJOREK: Yes.

17 MR. BANERJEE: But I don't know what you

18 do. There's sort of an unfortunate situation because

19 full height scaling is okay. But there could be other

20 effects to the diameters. So just to depend on that

21 and not to seek mathematical convergence with -- I

22 mean that would be really reassuring. I don't think

23 you can obtain that. So you really have to have some

24 mishmash

25 of these things which, hopefully, will make a good
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1 story.

2 MR. BAJOREK: I think we've talked for

3 AP1000, we look at the APEX tests as being good and

4 well scaled when it comes to looking at flows into and

5 out of the system. The ADS performance, the IRWST and

6 the CMT. When it comes to level swell in the core,

7 it's no good. You've got to go back to the tests

8 like--

9 MR. BANERJEE: Full scale.

10 MR. BAJOREK: Yes. Full scale THETIS and

11 G1 and G2 in order to really evaluate your codes.

12 DR. RANDOM: It depends on the phase of

13 the accident you're looking at. Like in PUMA, it's

14 like from 125 PSI on, you know. And at that point

15 it's primarily single phase liquids draining into

16 minor two phase mixtures. And those scale quite well.

17 MR. BANERJEE: As long as there is no

18 level swell.

19 DR. RANDOM: Not a significant amount.

20 MR. BANERJEE: Right. Is it single phase?

21 DR. RANDOM: Well, you know, it's boiling

22 in the heated section of the core but with a large

23 vapor region above it, in effect. You know these are

24 rather tall vessels with quite an upper plenum, in

25 effect. And for those kind of situations I think it's
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1 quite reasonable.

2 Now others may not, you know. It depends

3 on the reason your reactor is blowing up, I guess.

4 MR. BANERJEE: What if you're blowing up

5 due to level stress, which was what was happening.

6 DR. RANDOM: In other words, it plugged up

7 the outloader or the relief valve?

8 MR. BANERJEE: The relief valve.

9 DR. RANDOM: Yes.

10 CHAIRMAN WILLIS: We're getting a bit off.

11 DR. SIEBER: Yes, we are.

12 CHAIRMAN WILLIS: I think when your

13 screensaver comes up, it's time to reassert yourself.

14 MR. KELLY: I'll set mine for 30 seconds

15 tomorrow.

16 CHAIRMAN WILLIS: Yes.

17 MR. MURRAY: I'm just going to impress

18 that really what I'm trying to show are the tools that

19 I'm either developing or have developed or in the

20 process that I want to use to keep the code from

21 regressing in performance. And also, the way that I'm

22 trying to not lose the investment in assessments that

23 we do and the development work that goes on, it's

24 important that we don't recreating the wheel every

25 time we create a new code or something.
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1 Developmental assessment and automating

2 that process, the frequency of execution of an

3 automated assessment really depends, I think, on the

4 state of the development program. Certainly you'd run

5 it every time you're ready to release a code. And

6 maybe a month or two beforehand so you have time to

7 respond to issues that you might find. Although I

8 would also say, or I would probably also think that

9 you'd run this even when you're trying to make major

10 modeling changes.

11 You may have two or three people making

12 some fundamental changes to the constituent

13 relationships, or something like that. And they ought

14 to be either running that themselves to make sure that

15 they're not changing behavior in ways that they didn't

16 really want to --

17 DR. RANDOM: Who is the configuration guru

18 that determines when control updates going into the

19 code?

20 MR. MURRAY: That's me.

21 DR. RANDOM: You?

22 MR. MURRAY: That's me.

23 DR. RANDOM: Uh-huh. So people have to

24 have done their work before they can actually have the

25 update incorporated into the code?
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1 MR. MURRAY: Yes. Basically what happens,

2 what a developer does is they do their work on some

3 version that was the latest at the time they started

4 the work. And they go through the process of

5 developing the code, and they develop their test

6 problems and run them. And they show that their

7 updates are working correctly.

8 And then usually what they'll do is

9 they'll grab my regression set and they'll run that as

10 well. Now they know that their update isn't going to

11 change everything.

12 At that point I've got scripts that build

13 these HTML webpages for them that summarize the

14 update. And they type in the summary of what the

15 update does, who did it, who reviewed it. There's

16 usually an internal developer within our development

17 group that reviews their update. Every subroutine

18 that changed, how they changed it or the intent of the

19 change. They will state whether the manuals need

20 updating or have been undated.

21 And then they'll say, okay, here's the

22 test problems I had. And if they ran the whole test

23 suite, they'll say they ran the whole test suite. And

24 then they'll say what were the results. And they

25 either go no results or they'll tell me which test
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1 problems changed.

2 And in a lot of cases, you know, I'll see

3 updates where somebody will say, okay, I changed -- or

4 I ran these three test suites and this problem and

5 this problem changed. That's all they'll tell me.

6 And I'll say well wait a second, you didn't tell me

7 that that update, that the changes you made caused

8 that temperature change in this problem. If you can

9 justify to me that you understand that difference that

10 you caused in the code, then I'll let the update go

11 through.

12 Ideally, I ought to even be looking at

13 lines of code that they change. And to see degree,

14 I'm able to do that. For very large updates, it's a

15 very tedious process. And if I've got ten updates

16 sitting in our holding bin waiting to go in, I don't

17 always look at every single line of code.

18 DR. RANDOM: I know Dr. Mahaffy was

19 mentioning that, you know, sometimes people would make

20 changes that would destroy the synchronization

21 basically of parts. And it would seem like somebody

22 like himself, almost, must have to at least examine it

23 and approve.

24 MR. MURRAY: Yes. What was happening

25 before, and that was true, it was because a regression
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1 set, having incorporated parallel testing, that's one

2 issue. Because parallel testing is a little bit more

3 complicated than just running a simple input deck.

4 You've got to make sure the -- are in place that are

5 allowing the communication to happen.

6 All my testing is done in a four processor

7 Dell with some Pentium III chips on it.

8 And the scripts that I had weren't able to

9 really run some code in parallel. That's since

10 changed. Now I will know if somebody's impacted the

11 parallel, you know, I'm going to know about it right

12 away.

13 Now if you actually look at the parallel

14 test suite, it's fairly simplistic. If somebody

15 upsets the ability for a heat structure to communicate

16 across processes, right now I'll tell you my test

17 suite's not going to catch that. The test suite's

18 only as good as the test problems you have in there.

19 But we take the view of let's get it in there. And as

20 long as you consistently add those test problems here,

21 you're never going to regress. You can only get

22 better as time goes on. So there are known gaps, but

23 you do the best that you can with what you have and

24 move forward. And as you find bugs, the next time

25 somebody does find a bug in the parallel that's not
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1 addressed in the test suite, that test problem comes

2 in. And you guarantee you're not going to have that

3 problem again, or that same problem again.

4 And that was sort of the process. I

5 haven't really talked too much detail about the tools

6 we use.

7 These are sort of the requirements that

8 you have for creating a set of automated tools.

9 Number one would be scalability. As I was

10 just saying, you need some way of easily adding those

11 test problems that developers are submitting or that

12 people who are doing assessments are creating input

13 decks and creating figures and things like that. You

14 need some way of putting all that information in. I

15 don't want to spend all my time manually recreating

16 their work.

17 Preserve the historical integrity. This

18 is important. I want to be able to revert an entire

19 system back to some previous state of the code. As

20 you increase the code, sometimes you might find bugs

21 that are really bugs in the input deck, and we'll go

22 in and we'll fix the input decks.

23 Well if I don't have some way of going

24 back. Let's say two years I want to run an old

25 version of the code, I'm going to run that. But now
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1 I'm going to have a whole string of input decks that

2 are dying because the input deck changed, not the code

3 necessarily. And then I'm going to spend a lot of my

4 time just trying to figure out why is this input deck

5 dying because of something we changed four years ago.

6 So you have to preserve that historically integrity

7 and tie a snapshot of your system to every version of

8 the code as you march forward.

9 CHAIRMAN WILLIS: This would be

10 automatize, though. You wouldn't have to recreate the

11 past two decks because they go back to the past --

12 MR. MURRAY: That's right. That's exactly

13 right.

14 Eliminate maintenance points. I sort of

15 went over three levels of testing, and as much as

16 possible would like to share, just have one input deck

17 that exists. I don't want that same input deck

18 existing in multiple directories and multiple places

19 because if I find a flaw that requires I modify an

20 input deck or I just want to change the input deck so

21 it runs out further in time, or I remove a nameless

22 option that input deck, I want to change it one place.

23 I don't want to go and try and figure out every

24 location on my file system I need to change that input

25 deck. So I want one copy.
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1 Flexibility in operation. I want it to be

2 an easy to run one test problem -- you know, one

3 particular test problem in that 1000 -- actually 1200

4 test suite as it is to run all the test problems. And

5 I may run my entire suite of tests and I may identify

6 three that have changed. And just as a quick check,

7 I might say okay, let me modify the code. Let me just

8 see if I fix those three test problems. I don't want

9 to have to rerun all 1000 at that particular moment.

10 I will eventually before I check the code in. But as

11 I'm just trying to fix a bug or something, I want to

12 be able to run just the test problems that I want to

13 run.

14 It's got to be automatize, that's what

15 we're talking about here.

16 The ability to summarize vast amounts of

17 information in a way that focuses the developer's

18 attention on the hotspots. With a 1000 plus test

19 problems, it's very easy to just get lots in a long

20 list of directories and files and trying to shift

21 through numbers. And there ought to be a nice easy

22 way to summarize that, capture that and say here's

23 where's a problem, here's where's a problem.

24 And exploit multi-processor environments

25 to enhance runtime. Bays of Beowulf clusters now,
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1 you'd like to be able to spawn off jobs on multiple

2 processors. So you're running -- if I've got a 1000

3 test problems and I've got ten processors. Okay.

4 Each processor only has to run 100 decks instead of

5 1000 on one CPU so wall clock time gets better.

6 Those are the requirements. And I'm

7 trying to say hear that I sort of built that and met

8 those requirements. It's a little bit of a cheat,

9 because I define the requirements based on what I

10 built.

11 We have what I'm calling our automated

12 testing framework. I like to think of these are

13 production quality tools. I try to make all this

14 stuff was adequately documented for the developers,

15 because I'm intending for developers and users to be

16 able to take this stuff and be able to incorporate it

17 into their own, either operational environment or a

18 development environment.

19 Rigorous error checking so that they know

20 whether my scripts are performing the way they should

21 or not. And a high degree of flexibility so that

22 they're useful across a wide range of uses.

23 All the input models are maintained in one

24 place and are all under revision control. So I can

25 always step back. With each update, I try to tag each
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update with the code version that I'm checking in at

that particular time. And having in one place makes

the process scanable. So if a developer submits a set

of ten input decks to go along with an update, I copy

the files over. And I just drop them into a single

directory and they're in my test suites. That's all I

got to do. I don't have to play around with really

manually modifying my scripts all the time.

The test problems are organized in the

test suites. And I'll go into more on that in a

minute. But it's a way of grouping related sets of

test problems for modularity.

It's platform independent. I use a

scripting language called Perl, so anybody can run

Perl who can run this stuff. And on the output side,

it's based on HTML webpage type files.

I have three subsystems which, naturally,

mirror the three levels of testing I've presented

above.

And I'm able to visually parse the

results. And this is fairly new, this part. Up until

this past summer most of my testing process I went

through in checking for null differences was really

scanning files, you know, doing directory listings and

looking at sizes of files.
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1 Our regression testing is 1246 test

2 problems. It's test suite driven, so I do test suites

3 or regroup test problems by either functionality or

4 feature.

5 I have a test suite in my system that I

6 call "choke flow." And the test problems that are in

7 that test suite all are focused on demonstrating that

8 the choke flow models as it was designed. And

9 different test problems can be shared amongst

10 different suites. So in some cases I'm actually

11 running more tests than this 1246, but some of those

12 are duplicates that I'm rerunning. And that's an

13 inefficiency in my process that I eventually want to

14 address.

15 I could have that same Marvican test

16 that's demonstrating choke flow off in a test suite

17 that's testing the time step backup capability,

18 because that test problem happens to do time step

19 backups.

20 It's shared-memory parallel. So I run on

21 a four processor Dell, so I'm actually a four process

22 system. It takes me five hours to run my set, do all

23 1000 test problems. If I was running on a single

24 processor, it would be five hours times four.

25 It's under configuration control. All
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1 files are tagged by code version.

2 I run this suite for every new version.

3 I check for null differences against the

4 previous against the previous version. In most cases

5 when the developer expects it to be null, they're

6 nulled before the code gets checked in.

7 I've got a web-based runtime statistics

8 facility that allow us to mine our test results and

9 understand whether or not on a global scale is the

10 code getting -- it gives us a sense as to whether code

11 is getting better or worse. It's a feature that John

12 added to the code this past summer in response to some

13 of his work.

14 And our user interface is geared more

15 towards developers at this point.

16 DR. FORD: You can just give us an idea.

17 The 1246 test problems, these are temperature, time,

18 transient in a given reactor because of action and

19 you're seeing how the --

20 MR. MURRAY: There's some full plant

21 models that are just cut back in time. We won't run

22 our large big LOCA out to its full transient.

23 DR. FORD: Okay.

24 MR. MURRAY: We might cut off in a

25 transient after 100 seconds instead of 500 seconds.
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1 DR. FORD: So TRACE has been through an

2 examination in 1246 different scenarios?

3 MR. MURRAY: Yes. Different

4 configurations of input. A lot of time what we

5 might--

6 DR. FORD: With this?

7 MR. MURRAY: Yes. 1246 --

8 DR. FORD: So a very extensive

9 examination?

10 MR. MURRAY: Yes. Not data. I mean all

11 of these 1246 are not compared -- don't necessarily

12 have data associated with them.

13 DR. FORD: It's just the word "test" is

14 fooling me. 1246 tests is not 1246 experiments?

15 MR. MURRAY: I should have wrote 1246

16 input decks.

17 DR. FORD: Ah.

18 MR. MURRAY: I'm sorry.

19 DR. FORD: Okay. No, that's okay.

20 MR. MURRAY: To me the word becomes

21 interchangeable.

22 DR. FORD: Okay.

23 MR. MURRAY: And a lot of times what the

24 developer does, is they may take a full plant model

25 that has a certain configuration and they may have
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1 added a new pump model to the code. So they'll just

2 take that deck and tweak one number in the input deck

3 and feed it back and say okay, this is my test for

4 that. And, yes, it's essentially the same as some

5 other input deck with one number might be different.

6 But that's a valid test. I mean, there's millions

7 upon millions of combinations of numbers that you

8 could have in an input deck. And, ideally, you'd test

9 them all. But I'm not going to live that long.

10 We runtime statistic features, which is

11 part of our regression set now. We added this this

12 past summer. It allows us to quickly assess the

13 overall impact of a particular update. But we're

14 actually looking at metrics like, you know, end time

15 of every test, number of time steps it took for that

16 test problem, total CPU time, the total number of

17 iterations. And you can run down, I guess, and read

18 them all here. But these are different metrics that

19 sort of give the developer a feel for the health of

20 the code after they've applied their update.

21 Use a web-based summary of those results

22 that I'm going to show here. And here, after I've run

23 my test set and I have a script that generates this

24 page here. It shows have any of my test problems

25 failed.
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1 The green flag. You know, green means

2 good and red would mean bad. So if this is a number

3 greater than soon, this would be red. And it's a

4 visual cue that, ops, the developer has changed

5 something.

6 Some of the decks are designed to fail

7 because they're testing input errors that are supposed

8 to be generated if you feed it erroneous input.

9 And you have your runtime statistics,

10 which you click on these links and it brings you to a

11 page that'll give a summary of that information, which

12 I'll show.

13 And finally, look at the differences. If,

14 ideally, a lot of these test problems should be null

15 because we're changing internals about the code,

16 internal structure not necessarily may not be designed

17 to change results.

18 And here would be a failure summary, and

19 here I just have a -- you can link to the input deck

20 and was it expected to fail. If there were any here

21 that shouldn't have failed, they would be cued red.

22 Those would be listed at the top of the summary. So

23 it's a way the developer can immediately see what's

24 wrong, they can right there and they can see okay,

25 this is what's wrong and it helps their productivity

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



311

1 and my productivity.

2 This would one of the runtime statistics

3 pages. And here you can see, this is an update. I ran

4 this for a previous version that we just checked in

5 and the one before, and that was designed to get some

6 CPU time back. There was a couple of places in the

7 code where we noticed we could get some quick -- some

8 better results for runtime. It wasn't acting

9 significant, like we were talking about this morning.

10 At any rate, you can see that here.

11 Across the entire suite, 708 test problems, it

12 actually got better. And a few got worse. But if you

13 look at a lot of these numbers, you're going to see

14 they're going so fast that it may not mean too much to

15 you and that's why maybe 60 are worse because you're

16 in the level of -- you're below the resolution of the

17 processor.

18 DR. FORD: Isn't runtime platform

19 dependent?

20 MR. MURRAY: Yes. This is all on the same

21 platform.

22 DR. SIEBER: Do you have different times

23 or do you run the old case and the new case together,

24 or do you have different times for different

25 platforms?
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1 MR. MURRAY: They're run on the same

2 platform.

3 DR. SIEBER: Okay.

4 MR. MURRAY: I mean, they're run

5 consecutively. I'll run the old case maybe two days

6 ago, the new case to be run today.

7 DR. SIEBER: Okay.

8 MR. MURRAY: But it's a dedicated machine.

9 Nothing else ever gets run on that. So I'm guaranteed

10 100 percent. And, yes, there will be variation just

11 from, you know, operating system nuances that may also

12 lead to these -- that you might see some test problems

13 get a little worse than better.

14 DR. SIEBER: If your machines are like

15 mine, after five years it's a new machine.

16 MR. MURRAY: Yes.

17 DR. SIEBER: And so what do you do?

18 Rebaseline everything or --

19 MR. MURRAY: Yes, that's what I have to

20 do. In fact, I mean this year this machine that I'm

21 running on is due for replacement.

22 DR. SIEBER: It sounded like it.

23 MR. MURRAY: I'll just have to rerun it.

24 DR. SIEBER: Going to move up to Pentium

25 IV.
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1 MR. MURRAY: Yes.

2 DR. SIEBER: $800.

3 MR. MURRAY: Well, the machine I'll buy

4 will be $25,000. But yes, these four process

5 machines, the cost gets -- grows expediential the more

6 processors you add.

7 DR. SIEBER: Okay.

8 DR. RANDOM: You've already covered this,

9 but where did all these tests come from? Developer's

10 tests?

11 MR. MURRAY: Yes, developers put them

12 together when they submit their updates. A lot of

13 times, I don't know if you were here when I said it,

14 a lot of these decks are just permutations of existing

15 decks, too. And so -- I mean, they'll give it a

16 different name. And when you see this, R Power Test

17 12 and 2 is probably the same input deck with a little

18 bit different input.

19 But, you know, if a test isn't there to

20 address some feature that the person added, then they

21 have to create a new one. And it's sort of my job to

22 make sure that they're adding those test problems.

23 And one of the perpetual problems I've

24 always had is making sure there's enough test

25 problems. Because I'm not sure who indicated it
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1 before, you really want to do some -- you sort of want

2 to assure you're testing every flow path. Well, I

3 mean a lot of updates, two problems isn't enough to

4 test every flow path. We might need ten or 20. And

5 it's sort of my job to make sure that there are enough

6 tests.

7 DR. RANDOM: Well there are some software

8 packages available to determine how much of the code

9 has been exercised in any given run.

10 MR. MURRAY: Yes. Our visual Fortran

11 environment has that. And when I got my master's

12 thesis, I'd done exactly that for TRAC-B.

13 DR. RANDOM: Yes.

14 MR. MURRAY: And I created a set of

15 scripts that drove this visual Fortran profiler and

16 allowed you to assess across a wide number of test

17 problems the total test coverage. But that has not

18 been incorporated in here. It's an extra level of

19 effort.

20 I know what I did to write those scripts.

21 I know what I did to write here. Eventually I'll find

22 the time to sort of incorporate them. But it's a

23 trivial exercise at this point.

24 DR. RANDOM: There are also packages, I

25 guess maybe the developers know better, but you can
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1 find dead code or --

2 MR. MURRAY: Yes.

3 DR. RANDOM: Would never be reached.

4 MR. MURRAY: Yes. That's different. And

5 I haven't -- that would be something, an additional

6 some tools you --

7 DR. RANDOM: Compilers find that kind of

8 thing? Some compilers will.

9 DR. MAHAFFY: This is John Mahaffy.

10 We have run such packages during the last

11 five years at various intervals. It's not something to

12 consider frequently. But particularly in the really

13 large change zones among the code structure and

14 database, there was that kind of exercise it went

15 through to try to locate dead codes, just get rid of

16 it. There's probably dead code now.

17 DR. SIEBER: If it's truly dead, why do

18 you care?

19 DR. MAHAFFY: It's just --

20 DR. SIEBER: It's clutter?

21 DR. MAHAFFY: It's clutter. It's back to

22 our readability requirement.

23 DR. SIEBER: Yes.

24 DR. MAHAFFY: We try to get the stuff that

25 shouldn't be there out to make the code more readable.
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1 MR. MURRAY: This page is just meant to

2 sort of show, these are the sort of metrics we're

3 looking at on a global scale to see have you made the

4 results better or worse within the context of this

5 test suite and what these tests are meant to show.

6 And this was a useful update because it did show, yes,

7 we made some updates that were intended to get back a

8 little bit of runtime in our initialization portion of

9 the code runs. And you can almost say, yes, well we

10 did. Because you wouldn't have seen this big

11 difference. In a normal test run that doesn't effect

12 runtime, I usually get about a 50/50 split here. You

13 know, some run a little worse, some run a little

14 better because the test problems are so quick running

15 you lose resolution of that just from OS overhead.

16 And finally, there's the difference

17 results. And we look at -- we test for significant

18 differences which I sort of define as -- in our output

19 file. Because our output file the numbers don't have

20 -- go out to full precision. Any file size that's

21 greater than about 20k is usually indicative -- that's

22 20 kilobytes. That's usually indicative of some

23 pretty major flaws.

24 And the text in blue indicates minor or

25 cosmetic differences. Sometimes you just might change
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1 the way some -- you might fix a typo in an output

2 file. And you usually don't see those kinds of

3 differences need the file sizes greater than 20

4 kilobytes. That's just based on experience.

5 And text in black indicates non-null

6 differences in the message file.

7 And you can see here, we have some

8 differences in our parallel test problem, but they're

9 very minor. And actually, if you would going looking

10 at these output files, you're just going to see it's

11 the CPU time that's reported. So there's nothing --

12 I see these four problems come up different every

13 single time I run the suite.

14 Our robustness and assessment frameworks.

15 We rely on the same common underlying toolset for

16 both, because I'm essentially doing the same thing.

17 It's just a matter of scale how many tests I'm really

18 looking at.

19 It's going to be modular and test suite

20 driven. The inputs are grouped by either test

21 facility, the assessment project or end all

22 functionality.

23 The input data that we use for defining

24 the assessment cases is collected and organized

25 through a spreadsheet using a tool we call AV script.
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1 And it's for auto validation script. It's a four

2 dimension matrix of input data where you define on

3 separate worksheets of your spreadsheet cases you want

4 to run, the figures you want to generate, the data

5 sets you want to plot. And if you're going to define

6 figures and merit, this helps you define the input to

7 other tools that we use to generate those figures of

8 merit.

9 Just to note, we use a spreadsheet, but

10 the input is actually really text files. It's not

11 tied to anyone specific spreadsheet. It's just the

12 spreadsheets used as an easy way to collect the data.

13 CHAIRMAN WILLIS: Well, other

14 organizations have a similar process.

15 MR. MURRAY: Yes.

16 CHAIRMAN WILLIS: So other organizations.

17 MR. MURRAY: Sure.

18 CHAIRMAN WILLIS: I think Sandia has, for

19 instance, a whole thing about how they test codes. Is

20 this all done from scratch or is it much the same as

21 what everybody else does?

22 MR. MURRAY: Most of what I've done here

23 is sort of, I've just been collecting knowledge over

24 the last five years. I mean, like -- the ones we use

25 here, are ones developed me. This AV script was
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1 actually by ISL for doing RELAP assessments. The

2 regression set in its current incarnation, was really

3 driven by me pulling it altogether. Like I say, the

4 runtime stat8istics was really a feature John added to

5 the code that I then took a lot of the work he did

6 with some scripts and stuff and modified them.

7 CHAIRMAN WILLIS: So you're really

8 building on NRC experience, nobody else's?

9 MR. MURRAY: It's all NRC experience.

10 And again, it's got a web-base summaries

11 for viewing results.

12 On this assessment for our robustness

13 suites, we can either drive RELAP5 TRAC-B or TRACE

14 cases. You know, it can automatically generate your

15 figures for you. And you can usually look at time

16 history plots, parametric plots or axial plots. All

17 kinds of different plot formats that will allow you to

18 import those formats into your reports and things like

19 that.

20 We filter our data sets through a program

21 called ACAP to generate out quantitative figures of

22 merit. We're not doing that now in the process that

23 I've outlined, but the ability is there once we

24 understand things better.

25 And by default, it will only run and
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1 execute files that are out of date. So if you change

2 an input deck, then it reruns it. But if you don't,

3 it leaves it alone so that you have the ability to

4 really fine tune things without having to rerun

5 everything.

6 And I'll go through these pages very

7 quickly. This is just sort of our spreadsheets that

8 show the configuration information about your run and

9 where executables are located and things like that.

10 I can override a lot of this information

11 from the command line as I'm running my tools so I

12 don't have to keep coming into these and updating for

13 every version of the code.

14 This would define cases that you tag with

15 ID numbers, the input name and the code version that

16 you're going to run. The mnemonic value for a

17 version. And is a TRACE run or a RELAP run, it's

18 location.

19 And what you're going to plot. This is

20 actually what figures you've defined and things like

21 titles and all that information you need to create a

22 figure. Scale, axis and titles, and things like that.

23 And then you have one last page where you

24 define exactly what you're going to plot from which

25 code version you're going to get that information and

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 2344433 WASHINGTON. D.C. 20005-3701 (202) 2344433. .



321

1 on which figure it's going to sit. And then some

2 information about that line so that it puts it in a

3 legend so you understand what you're looking at.

4 Once you've run through the system, you've

5 run your cases, it's generated your figures, it'll

6 pull up this web-based summary. And it'll tell you

7 the code version ID. And in this case it's telling

8 you to look at the Excel input, but that won't always

9 be the case if you feed it a specific version of the

10 code.

11 DR. SIEBER: I take it all this stuff runs

12 under Windows?

13 MR. MURRAY: Windows or UNIX.

14 DR. SIEBER: UNIX.

15 MR. MURRAY: And at the very top, assuming

16 that you have cases where you've generated figures of

17 merit, I'm going to show some example. It'll tell you,

18 okay, how many figures of merit did I generate across

19 my entire suite of test problems. How many are worse

20 than before, how many have improved and how many are

21 unchanged. And then it gives some summary of each test

22 suite.

23 In this case, I've got a LOFT test suite

24 that has a LOFT program that I've run. And some level

25 tracking test suite that's targeting the level
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1 tracking model. These are just some samples that I've

2 started putting together.

3 And it gives you the figure and figure of

4 merit results so you can quickly look at the figures

5 and have what's called a Figure Quicklook that is sort

6 of a page that shows you all the figure one after

7 another.

8 And you get your summary of results. And

9 it shows you the figure. If you click on the link, it

10 takes you to that particular figure so you can look at

11 it.

12 In this case, you can see I've

13 artificially generated a couple of figures of merit

14 just to show that the process works. These two

15 particular figures are actually to -- well, I can show

16 you.

17 There we go. Resolutions a little off.

18 Here to give you a Figure Quicklook page.

19 You click on. You just do the figures one after the

20 next of different plots.

21 DR. RANDOM: Will that read different

22 plots?

23 DR. SIEBER: Yes.

24 MR. MURRAY: What?

25 DR. RANDOM: You have three cases, is that
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1 right, or --

2 MR. MURRAY: In here?

3 DR. RANDOM: Well, that's one example.

4 MR. MURRAY: This would actually be one

5 particular case I just ran just with a modified code.

6 DR. RANDOM: In what, the three different

7 parameters or --

8 MR. MURRAY: No. It's just liquid

9 temperature and in two different locations of the

10 vessel.

11 MR. BANERJEE: What was the first reading?

12 CHAIRMAN WILLIS: Is it supposed to be

13 that green one, which is really -- is that the right

14 answer?

15 MR. MURRAY: Yes, this is the right

16 answer.

17 CHAIRMAN WILLIS: Okay.

18 MR. MURRAY: These two have level tracking

19 and they all delay each other, and these two have been

20 the upwind solution or with the old level tracking

21 for--

22 CHAIRMAN WILLIS: That's pretty --

23 DR. SIEBER: Could you go back to the

24 first frame.

25 CHAIRMAN WILLIS: It's pretty poor --
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1 MR. MURRAY: Looking at the results --

2 DR. SIEBER: That one. All right. That's

3 pretty noisy --

4 MR. MURRAY: This flow -- tracking. And

5 now this yellow and green right here -- and you don't

6 see all the noise. But it sort of demonstrated better

7 results.

8 A developer would look at this and if they

9 saw that, okay, they started to see something going

10 out here where it didn't used to happen, they would

11 say oh wait a second. Something's happened.

12 DR. RANDOM: I'm wondering how much noise

13 there is in the green and the yellow. It's not clear.

14 MR. MURRAY: No, it's not. This was based

15 on -- I pulled this together based on Birol's thesis.

16 These are cases he ran for his thesis. Now, a lot of

17 these cases I don't think would have been useful.

18 In this case, I would never be going and

19 comparing upwind the level tracking. I'm interested in

20 level tracking for this version, level tracking for a

21 previous version. And that's really sort of what I

22 would be looking at.

23 DR. RANDOM: Well, that's why he wanted to

24 look at the level tracking results. I mean, they

25 apparently don't completely get rid of the problem.
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1 MR. MURRAY: There's other ways. You have

2 to read Birol's thesis to really understand. That's

3 not my sphere of expertise.

4 DR. FORD: But what you're trying to do

5 there is to see -- this compares stability of before

6 and after modification?

7 MR. MURRAY: Yes.

8 DR. FORD: Is that right?

9 MR. MURRAY: Yes. And presumably if you

10 have data, you would be comparing back to data. For

11 that particular case, it was a contrived case for his

12 thesis.

13 DR. RANDOM: And the cold water being

14 pumped into a pipe and steam condensing on the top.

15 MR. MURRAY: Yes.

16 DR. FORD: When you look at the one with

17 the temperature time --

18 MR. MURRAY: Yes.

19 DR. FORD: -- you had a square weight and

20 you said that's the right answer and the other was --

21 MR. MURRAY: Well, that was a level

22 tracking answer versus an upwind. I mean, you're in

23 some sense trying to show that level tracking is

24 better than before or better than no level tracking.

25 DR. FORD: Well, could you go to that
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1 particular graph?

2 MR. MURRAY: Sure.

3 MR. BANERJEE: As soon as you show data,

4 you're in trouble.

5 MR. MURRAY: Yes. I'll remember that next

6 time.

7 CHAIRMAN WILLIS: Keep talking with words.

8 DR. FORD: In your job --

9 MR. MURRAY: Yes.

10 DR. FORD: -- what conclusion would you

11 come to based on that?

12 MR. MURRAY: At this point? If I ever

13 looked at this figure, I would say okay I haven't

14 changed any results for the code. Because --

15 actually, no. I wouldn't even come to that conclusion

16 at all with this because I'm not comparing base to

17 modify it at all.

18 DR. FORD: What are you comparing?

19 MR. MURRAY: This is for two different

20 locations in the model.

21 DR. FORD: So you don't have just before

22 and after --

23 MR. MURRAY: Well, this particular plot is

24 not a before and after.

25 DR. FORD: What are we seeing then? What
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1 are we seeing.

2 MR. MURRAY: Ask Birol, I'm not really

3 sure.

4 DR. SIEBER: You should never have put

5 these up here. I mean, you'll never get out of this

6 now.

7 MR. BANERJEE: Now we have -- believe me.

8 Okay. Quickly move on.

9 DR. SIEBER: No, let's see some more.

10 MR. BANERJEE: Ideally, no data. Words,

11 you won't get any questions.

12 MR. MURRAY: Well, the one thing I do want

13 to show --

14 CHAIRMAN WILLIS: The manometer one.

15 MR. MURRAY: This being my life here, I

16 guess.

17 If you look, this would have been a

18 manometer problem. Without level tracking, you saw

19 the damping.

20 CHAIRMAN WILLIS: With no damping?

21 MR. MURRAY: Yes. Or with damping.

22 CHAIRMAN WILLIS: But there's no --

23 MR. MURRAY: Yes.

24 CHAIRMAN WILLIS: There's no damping in

25 the analytical value version?
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1 MR. MURRAY: That's right. That's right.

2 MR. BANERJEE: So there's no --

3 DR. RANDOM: One has level tracking and

4 the other one not?

5 MR. MURRAY: Yes. Well, no, no, no. That

6 was no level tracking to analytic. This plot here

7 would have been with level tracking versus the

8 analytic solution or a base in modified version, okay.

9 And you see in this -- between the two I haven't

10 changed results at all.

11 If I saw the blue line suddenly shifting

12 here or something, that would be a visual cue to me

13 say, hey something's wrong. If I don't understand it

14 specifically, that's when I go back to the developer.

15 If it's something within my sphere of knowledge or I

16 understand enough about it, then I'll --

17 MR. BANERJEE: So how does level tracking

18 get rid of numerical viscosity?

19 MR. MURRAY: You're out of my --

20 MR. BANERJEE: Is this too good to be

21 true?

22 MR. MURRAY: You're out of my realm.

23 MR. STAUDENMEIER: Save that for a later

24 presentation.

25 MR. MURRAY: But the point I'm just trying
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1 to show is the process. Because ideally I might have

2 those two solution sets next to each other, and you

3 would have seen a figure of merit went from very poor,

4 one being perfect fit and zero being no fit or a

5 random, basically. You see the figure of merit go up.

6 And now this was -- I contrived a case and used our

7 tool in a very contrived way. So these numbers really

8 mean nothing, except just to show you that it's a

9 process that's there that we can use.

10 CHAIRMAN WILLIS: I thought the -- didn't

11 change --

12 MR. MURRAY: No, no, no. This is one --

13 CHAIRMAN WILLIS: From one column and two

14 is the same.

15 MR. MURRAY: This was versus analytic.

16 And it wasn't --

17 MR. BANERJEE: The figure 19 and 20.

18 MR. MURRAY: Yes. The figure really

19 didn't change in the base code versus analytic it were

20 here. In the modified code versus analytic is here.

21 CHAIRMAN WILLIS: So it's the same?

22 MR. MURRAY: It's the same.

23 CHAIRMAN WILLIS: Right.

24 MR. MURRAY: So I would be looking at this

25 percent of change here. So there's something wrong.
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1 CHAIRMAN WILLIS: So nothing is being

2 gained?

3 MR. MURRAY: Yes.

4 DR. MAHAFFY: This is John Mahaffy.

5 Let me tell you what's been gained in

6 terms of this analysis, and that is time. That column

7 that he's showing you where he's got a zero difference

8 between two figures of merit, that says that the

9 keeper of the code does not even have to look at the

10 figures to decide about changes between code versions.

11 They're both behaving in the same way. They're giving

12 you the same figure of merit. Nothing important has

13 happened here. I can move on and concentrate on

14 comparative results somewhere else, otherwise Chris

15 will quit his job the first time he has to go through

16 a full set like this and they'll be on to somebody

17 else.

18 You're trying to minimize your human

19 intervention and focus it on the cases that are

20 obviously problems where you've got to go back to the

21 developer and come up with a resolution.

22 MR. MURRAY: In some sense, I'm relying on

23 the fact that there's already been somebody whose gone

24 through this assessment before this and really has

25 done that analysis and shown, okay, what's going on
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1 here, I understand why this is happening. There's

2 code deficiencies, there's not. And once they've done

3 that, now I have a framework that we don't lose that.

4 And from that point forward at least I can make sure

5 that we're not moving backwards.

6 And I think that's always been the point.

7 You know, Joe's going to get up tomorrow and say that

8 he's got this new reflood or interim reflood model

9 that's performing better than before. And in the past

10 I've seen cases when I was at Penn State, we added a

11 new reflood model based on the Neptune facility to

12 TRAC-B. And we fixed -- we had this set of test cases

13 and they're going to run my test suite, and there's a

14 whole bunch of others that now are seeing temperatures

15 go off the roof and off the scale. And how do you get

16 a --

17 CHAIRMAN WILLIS: That would explain what

18 happened with some of these more complicated problems.

19 MR. MURRAY: Yes.

20 CHAIRMAN WILLIS: You fix something to fix

21 -- say, Penn State and you find it does a nice job on

22 something else.

23 MR. MURRAY: But with this framework what

24 I'm arguing, I guess, is that now we know what's

25 happening across a whole wide spectrum of problems and
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1 across all of our assessments. You just haven't lost

2 anything in the process of going through these

3 assessments.

4 MR. BANERJEE: Can we see the top of the

5 figure? What these columns mean again?

6 MR. MURRAY: Oh, sure. Sure. This was

7 just a figure of merit. A version --

8 CHAIRMAN WILLIS: It's before and after,

9 right?

10 DR. SIEBER: Yes, right.

11 MR. MURRAY: Base versus sum deference--

12 CHAIRMAN WILLIS: Well, it's before and

13 after, isn't it?

14 MR. MURRAY: Yes. Modified version versus

15 sum deference. And then you have links to the output

16 files so you can go and link and look at them

17 directly.

18 CHAIRMAN WILLIS: What are all these

19 blanks in the table? Because nobody's done that?

20 DR. RANDOM: A point-by-point comparison

21 or --

22 MR. MURRAY: Yes. I'm going to go into

23 that a little bit. Like I'm trying to say, we don't --

24 there's a whole lot of magic involved in how we get

25 those and we're not yet using them. But in some areas
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1 we want to try to look into.

2 CHAIRMAN WILLIS: Magic?

3 MR. BANERJEE: May I ask what this figure

4 of merit is?

5 MR. STAUDENMEIER: That's most problems we

6 haven't developed figures of merit yet for. There's

7 this ACAP tool which is automated code assessment

8 program. And what's going to have to be done is

9 developers doing developmental assessment with a given

10 problem are going to have go and use ACAP and come up

11 with something that represents a good figure of merit

12 for that problem and define it. And when that

13 happens, then you'll have a base figure of merit to

14 compare to. Right now Chris is just showing a

15 demonstration how it works on a contrived problem.

16 But we haven't gone through and defined figures of

17 merit yet to take advantage of this automated

18 comparison yet. But that's work that will be done in

19 the future to help us do this more quantitative

20 comparison between results and not less qualitative.

21 But in things that will flag things to Chris once

22 figures of merit are available and developers submit

23 changes. Our developers are doing their own changes

24 in code testing, it'll flag areas to them where

25 they've changed things greatly where maybe they didn't
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1 want to change things greatly, that they have to go

2 back and look at.

3 So it's more a productivity enhancing tool

4 for both developers and for Chris in terms of

5 maintaining the code.

6 DR. SIEBER: Once you get that, you can

7 further automate this by having it generate a nasty

8 email to the developer.

9 DR. MAHAFFY: This is John Mahaffy.

10 Let me make one more comment on this

11 process that Chris alluded to. It's actually deeper

12 than that.

13 As a developer, as he said, I have all

14 these tools. If I'm behaving responsibility I've run

15 all this, I've scanned those figure of merit changes

16 and in my report to Chris when I submit the update,

17 I've told him where I've seen the changes and I've

18 explained why each of those changes has occurred

19 within the contest of my update. His only job then,

20 if I've done that right, is to go in, rerun on his

21 machine and confirm what I have seen.

22 CHAIRMAN WILLIS: But not everything.

23 They didn't have to confirm everything.

24 DR. SIEBER: Just spot check, presumably?

25 MR. MURRAY: If I'm going to automate it,
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1 there's no reason why I can't --

2 DR. SIEBER: Yes.

3 MR. MURRAY: I've only balked --

4 CHAIRMAN WILLIS: In development. I think

5 it might -- if you have too much of a checking

6 process, you might --

7 DR. MAHAFFY: Again, it's automated.

8 CHAIRMAN WILLIS: Yes. If it happens

9 quickly enough, it's okay.

10 DR. MAHAFFY: It may be tough for some of

11 the young kids around here. But believe me, having

12 gone through the process 25 years ago, this is a

13 breeze.

14 CHAIRMAN WILLIS: Well, then age optimum

15 for this.

16 MR. MURRAY: Yes.

17 DR. SIEBER: Well, actually, this is not

18 new ground. Software development occurs in many

19 fields in testing this way. And so it's not unique.

20 It's pretty comprehensive, though. I like that.

21 MR. STAUDENMEIER: Yes. I think it's a

22 step beyond anything that's been done in the past with

23 any of the NRC codes previously.

24 CHAIRMAN WILLIS: How you going to put

25 this in the right guide for the vendor codes?
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1 MR. STAUDENMEIER: We can't specify what

2 testing methods they follow, just that they have

3 testing methods that meet Appendix B.

4 MR. MURRAY: I'm now hesitating to go

5 ahead.

6 CHAIRMAN WILLIS: Well, quickly.

7 MR. MURRAY: With ACAP that's a tool that

8 was developed by Penn State a number of years ago for

9 trying to help us generate these figures of merit. It

10 gives the developer numeral statistical measures as

11 well as data conditioning techniques to apply to data

12 sets to sort of try to come up with a figure merit.

13 Now, how the developer uses the tool and

14 how they define a figure of merit based on which

15 statistical techniques is really I think the question.

16 And to me it's, because I'm not a statistician, it is

17 a little bit magic; that's why I used that word. For

18 somebody whose got a good grounding in statistics,

19 there's going to be probably some good basis for why

20 you would choose certain techniques to certain data

21 sets.

22 I think we need a period of time to grow

23 comfortable with how the numbers really behave. The

24 process that was outlined by the developers of this

25 software called for really a set of experts to sit
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1 down and look at every case and say, okay, this is how

2 we define a figure of merit for those cases and then

3 you use that from that time forward.

4 Further study improvements. With respect

5 ACAP's time series data analysis techniques, we've got

6 a couple of different techniques for doing time series

7 analysis. Most of them are for parametric type or

8 axial plot type data but the curves are smoother and

9 the statistics don't change with time.

10 And I just gave a listing, there's all the

11 different techniques. Time series data, really,

12 wavelet transform and the bill time is some of the

13 work that Daria had done.

14 CHAIRMAN WILLIS: The colors don't mean

15 anything there?

16 MR. MURRAY: I pulled this out of a

17 different one, and I'm not really sure of what the

18 colors mean. This is off a different presentation.

19 I know that these are just beta

20 conditioning and they're a different color. So maybe

21 there is some scheme here.

22 MR. CARUSO: So these are all different

23 methods that you're considering?

24 MR. MURRAY: These are all methods that

25 are built into this software tool that I'm going to
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1 show a snapshot of.

2 MR. CARUSO: They're built in?

3 MR. MURRAY: Yes. And there's more we

4 could add. Certainly part of the recommendations was

5 we needed to explore more. This wavelet transform

6 type statistics. And we're using a morelet, what they

7 call a morelet transform here. There's other kinds of

8 transformers you can do that ought to be probably

9 looked at.

10 MR. BANERJEE: So what is the transform

11 doing? You're trying to get rid of noise or what?

12 MR. MURRAY: The best way I could

13 characterize it, because I don't really know too much

14 about it, it's an enhanced fourier transform. And it's

15 able to I think characterize more local effects --

16 MR. BANERJEE: I guess you could go back

17 and educate me. Why would you need to use a fourier

18 transform on the data? What are you looking for?

19 MR. STAUDENMEIER: As I said before, Chris

20 isn't covering that in his presentation, but it

21 depends on the data set. Your analysis method would--

22 I mean maybe you're looking at also fourier data for

23 like instability or something like that. Like Frigg

24 instability tests or things like that and want to look

25 at frequency compared to data or frequency compared to
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1 code versions that you're predicting and a fourier

2 transform is an actual way to transform the data. For

3 other data it may not be. Maybe something is like a

4 pressure decay. I don't know what kind of method you

5 would analyze that, but some kind of a measure that

6 would look at how far off the pressure curve is--

7 CHAIRMAN WILLIS: But it tells you how

8 wiggly things are. Look at this data here. These are

9 different predictions or something?

10 MR. MURRAY: Sure. Sure.

11 CHAIRMAN WILLIS: Some are wrigglier than

12 others.

13 MR. MURRAY: Yes. I mean, this blue line

14 in the middle was the reference set.

15 CHAIRMAN WILLIS: Right.

16 MR. MURRAY: And all these others were

17 some -- off of that. And, you know, this was actually

18 data right out of Doria's paper on his --

19 DR. RANDOM: Well, I think that you can

20 use the FRT. That's the only one I'm familiar with

21 here. Is that you can look at the different

22 frequencies of the function and see whether they're

23 growing or decaying or shifting, or what is going on.

24 That can be fairly valuable in the numerical method to

25 see that as you approach the critical wave length that
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1 they are indeed decaying.

2 CHAIRMAN WILLIS: Might introduce some

3 sort of a periodicity.

4 MR. MURRAY: What with?

5 CHAIRMAN WILLIS: Nodding. If you have

6 the right of nodding which was tuned to some wave

7 propagation.

8 DR. RANDOM: Well, as you node more

9 finally or more nonuniformally, I guess, you can

10 introduce different frequencies, of course.

11 CHAIRMAN WILLIS: Right.

12 DR. FORD: What is this particular graph

13 showing us?

14 MR. MURRAY: This is with the -- it just

15 is showing that you would have set of -- if you're

16 using the tool, you would input some data sets and you

17 would choose off of this palette some set of different

18 statistical techniques that you could even weight

19 them, you know, by some factor and use those to

20 generate figures of merit that would get output here.

21 That's all that that's -

22 DR. FORD: Is that not just using a

23 statistical approach that gives you the answer you

24 want? Is that an unkind --

25 MR. MURRAY: Well, certainly you can -- my
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feeling is that you can do that. I mean, those figures

I showed you in the webpage results, I tuned that to

be the answer I wanted it to be. And that to me is

the danger of this, you know.

CHAIRMAN WILLIS: You don't have to

understand

curves and

this at all. You got these different

one of this measured or something?

MR. MURRAY: The blue is the preference

set.

CHAIRMAN WILLIS: And are these measured?

MR. MURRAY: Yes.

CHAIRMAN WILLIS: And the red is a

approximation to it, the wiggly one?

MR. MURRAY: Yes.

CHAIRMAN WILLIS: The green is sort of out

reasonable

of --

MR. MURRAY: Way out.

CHAIRMAN WILLIS: Yes.

MR. MURRAY: And what this was showing was

that -- let's see for data set one, which is the red

you had an overall figure of merit of 1.94. And here

you had some data set 2, which is yellow, which is

over here. And your figure of merit was a little

lower. And this is saying okay, that looks like a

better fit to the data even with the flow behavior
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1 than this yellow. But what those mean, I couldn't tell

2 you.

3 CHAIRMAN WILLIS: You can say did it match

4 the right wave transform, you might conclude the red

5 was really bad because it puts in a wave which isn't

6 there.

7 MR. MURRAY: You might.

8 CHAIRMAN WILLIS: And so I'm not sure

9 you've got the right --

10 MR. MURRAY: Well, you're right. And

11 that's I'm trying to tell you that we're not using it

12 now and --

13 DR. RANDOM: Are those real code outputs

14 or they just idealizations of different terms in a --

15 MR. MURRAY: No. This was contrived data

16 that d'Auria made up for his paper on --

17 MR. BANERJEE: Right. But I think going

18 back to the principle it depends on why you're doing

19 this. Imagine that red is the flow rate.

20 MR. MURRAY: Yes.

21 MR. BANERJEE: Okay. And the blue is the

22 actual flow rate. Then adding those oscillations

23 could give you a much different heat transfer

24 coefficient than a flow without oscillations.

25 Therefore, I mean just using it without knowing what
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1 the end product is can be very dangerous.

2 I mean, a figure in isolation has no

3 meaning in some sense.

4 MR. MURRAY: That's right.

5 MR. BANERJEE: You have to look at the

6 whole pattern.

7 MR. MURRAY: And you're relying on --

8 that's why we group these assessment cases here.

9 You're presumably looking at a lot of different cases.

10 MR. BANERJEE: So it's more like a pattern

11 recognition problem then taking isolated figures of

12 merit.

13 MR. MURRAY: Yes, that's right.

14 MR. STAUDENMEIER: As I said, developers

15 will have to go through case-by-case and come up with

16 figures of merit that work well for that specific test

17 case. Then once they're defined, that can be

18 automated and run with looking at those figures of

19 merit for that specific test case. But there is human

20 knowledge that needs to be put in into making sure

21 that you've chosen good figures of merit for that

22 specific test case that you're looking at.

23 CHAIRMAN WILLIS: -- calculations they

24 would run codes like this and you got all these

25 different answers. And then the bottom line would be
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1 it only changes PCT by two degrees, therefore it

2 doesn't matter.

3 DR. SIEBER: Right.

4 CHAIRMAN WILLIS: So we don't care about

5 these wiggles or these differences.

6 MR. STAUDENMEIER: Actually they do care

7 about that stuff in Appendix K cases. Even when they

8 change it, they look at more in-house -- I mean what

9 they submit to the NRC is that it's a change to this

10 amount because of reporting requirements in the law.

11 I mean, they're responsible developers and they're

12 going to be looking at the important things in-house

13 when they change the code, presumably. I mean,

14 there's cases where that hasn't happened and we've

15 come down hard on them. But generally I think they're

16 responsible people out there that want to do the right

17 thing. And what you see is a two degree change.

18 I mean, people are looking to make sure

19 that they're getting qualitatively good results even

20 in Appendix K. Appendix K calculations contain lots

21 of realistic models in them. It's only some models

22 are specified by regulation that have to be in a

23 certain way.

24 CHAIRMAN WILLIS: Well, usually Appendix

25 X models we see is the great stacks of output of
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1 wiggles with no comparison with the data of any sort

2 whatsoever.

3 MR. STAUDENMEIER: Well, it depends. I

4 mean, some are better than others. The ones that

5 haven't changed since 1973 can be like that, but

6 others have been updated quite a bit since then and do

7 quite well against data.

8 MR. BANERJEE: I guess it's going to be

9 very difficult to come up with figures of merit. I

10 mean, to me it seems that even a very experienced

11 person will have trouble. And any new developer or

12 getting into relatively recently, I don't see very

13 easily they can come up with something.

14 DR. MAHAFFY: This is John Mahaffy.

15 And I wrote the original proposal for this

16 ACAP thing. Just to summarize, it's in line with

17 everything that's been said here. ACAP is a tool for

18 you to survey various figures of merits relative to a

19 specific set of data. But as he said before, let me

20 emphasize, it was from the beginning part of the

21 description of this ACAP is, it's just a tool. You

22 have to have a group of real experts sit down, think

23 carefully about the meaning of the data and the

24 possible ways it can change and select a relevant one

25 or more figure of merit generator from this and then
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1 lock into that for future assessment.

2 MR. CARUSO: Do you think that this would

3 be useful in helping develop the infrastructure to

4 support risk-informed regulation?

5 DR. MAHAFFY: It might. I mean, I don't

6 have enough opinion on risk-informed regulation to

7 speak intelligently on that.

8 CHAIRMAN WILLIS: So this is your last

9 slide?

10 MR. MURRAY: The last one.

11 DR. SIEBER: It's better than the previous

12 one. Let's controversy.

13 MR. MURRAY: In terms of future

14 improvements for this framework, things I'd like to do

15 would be automatic regenerating our DA manual. Once

16 you've got the figures, importing those into a manual

17 that's got a well-defined structure would be really

18 useful to us. The only thing you've got to do then is

19 have somebody make sure that the conclusions that are

20 reached in the manual are in line with the new figures

21 that you generated. But you cut down a lot of work

22 there. I think that there's advances now in software

23 technology that this is really possible.

24 I'd like to modify our robustness and

25 assessment tools to better exploit the multi-processor
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1 environments. I run our regression suites on an

2 inter-multiprocessor set. My tools aren't yet capable

3 of handling that on the assessment and robustness

4 testing side. They need to be advanced for that.

5 And extend, again, ACAP with more ways to

6 generate figures of merit.

7 Fold qualification of code uncertainty

8 into the process. You're going to talk about that a

9 little tomorrow with Steve. You're talking, I guess,

10 a little bit on measures of merit, I guess.

11 Further improve methods for presenting and

12 mining massive amounts of information generated during

13 a typical assessment.

14 CHAIRMAN WILLIS: Well, someone asked

15 about risk assessment or risk-informed. You really

16 need to know uncertainties to do a good job.

17 MR. CARUSO: You'd have to do that.

18 CHAIRMAN WILLIS: The risk that the code

19 may be wrong so that you may be giving an answer which

20 is misleading.

21 MR. MURRAY: And in this vein of

22 improvements, something would be a better tracking of

23 runtime. Right time my tools really aren't looking at

24 the code runtime or the assessment robustness sets.

25 That's something you really want to know there as
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1 well, and they need to be extended.

2 CHAIRMAN WILLIS: Okay.

3 MR. MURRAY: That's it.

4 CHAIRMAN WILLIS: Now we're going to meet

5 tomorrow for about the same length of time.

6 DR. SIEBER: Yes. Everything is going to

7 be in the afternoon.

8 CHAIRMAN WILLIS: Is there anything else

9 that the Subcommittee wants to do today?

10 No. So I think we're ready to recess.

11 We'll recess until 8:30 tomorrow morning.

12 Thank you all very much. See you

13 tomorrow.

14 (Whereupon, at 4:51 p.m. the Subcommittee

15 was adjourned, to reconvene tomorrow morning at 8:30

16 a.m.)
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BWVR 8xg Fu*I Element Calculations

I Define sore constants

-I - 3.141526
. .e-O e-a:("CHmmCOINR

'W "C $ 1DE 

Fuel Rod Detal -

RODS PER RW: 60=

PLAJSIEJWADS: 7A-50000E-3 m

CLAD-OUSI)E_-RADIUS 7202M~E-3 m

__ O 0 * * O O 0
O O * 0 O OO 0
0 0 O 0 * O0 0
*0 O 0 0,0,0

'O , 0. 'O 0
'100

10 *4 0 O, O- 0 10
.0-e
O * O 'O. O

I * CAK,
I�, � W la 'O

# Calculate the Channel Insid

p - 4 * w - 2r + 2 ZPIt
# Set the Result

SetVax i able (f~ CHNANINS IDEPERI.

# Now Calculate the flow area

ch~natea - w'v - (glxr 2

fuelaodkzea~ - P'GetCoutat,(1

teaodkrea * PmeBt-onstant

/
I

CHAIJNSDESDT.II 0.12006 
WatI Ro dtail:

'rmnfl 7.1144'E-3 M

.. I 7.744921JE-I3m

chenFlowkrea chiftwes- Cm
0, et-the Result
SetVagitble( -CHOF- I , N IOLAREA

CetculetWdVWI*ble

CHANINSIDEPERIM: O.490505m

CHANFLOW AREA: 4.98552E-3mA2

NUM-IWATERJkODS,: 2AO
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Goals
OFF."M~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

* Provide an overview of our testing process
m Give a walkthrough of the tools we use
m No computer-babble

11/18103
qjm4@nrc.gov 2
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In-House Testing Process
W11,01MMMIROM, Oman,_

* Code-wide regression/verification testing
* Ensures that existing behavior is not broken and new features are

implemented correctly
* Large set of relatively short-running problems (< 1 day turnaround)
* Run against each code update
* Run across multiple platforms (for every update)

* Robustness testing
* Conceived as an intermediate level of testing to address deficiencies

in regression test methodology without the overhead of a full
assessment

* Quickly assess overall health of the code from a "quality of results"
perspective

* Comprised of a few ( 10-20) large simulations historically known to
exhibit robustness problems

* Transient PWR, BWR, IET small- and large-break calcs
* Run less frequently (only for major updates)

Status

Mature
process

Phased in
very soon

11/18/03
cjm4@nrc.gov 3
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In-House Testing Process (cont...)
-__~~~~~~~~~~~~~~~~~~~~~~~~~~~

Developmental assessment
* Comprehensive assessment of code accuracy and

ability to predict the relevant phenomena
* Automation is key

* Eventually, use goodness-of-fit strategies to focus a
developer's attention on the trouble-spots

4 Not a silver bullet - false positives are possible
4 Tools do exist but we need to gain experience in using

them
. Use will evolve over a period of time

* Frequency of execution really depends on state of
development program

Status

Phased in as
individual

assessments
are

completed

11/18103
cjm4@nrc.gov 4
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Test Platform Challenges

* Scalability
* must allow for growth

* Preserve historical integrity
* Must be able to revert entire system back to a state consistent with

previous code versions
- Eliminate maintenance points

* Maintain just one copy of each input deck
* Flexibility in operation

* As easy to run one test problem as it is to run all test problems
* Automation
* Summarize vast amounts of information in a way that focuses a

developer's attention on the hotspots
* Exploit multiprocessor environments to enhance runtime

11/18/03 5
cjm4@nrc.gov



TRACE Automated Testing Framework

* Production quality tools (adequate documentation, rigorous error
checking, high degree of flexibility)

* All input models maintained in one place and under revision control
* Makes the process scalable (adding new test problems is trivial)

* All files under revision control
* Test problems organized into test suites
* Platform-independent
* 3 subsystems naturally mirror the 3 levels of testing presented above

* RegressionNerification Framework
* Robustness Framework
* Assessment Framework

* Visually parse results

11/18103
cjm4@nrc.gov 6



Regression Testing

* 1246 test problems (and growing)
* Modular "test-suite-driven" architecture

* Tests grouped by functionality or feature
* Shared-memory parallel capability
* Configuration control

* All files are tagged by code version, so backward compatibility is
maintained

* Run for every new version (< 1 day turnaround time)
* Check for null differences against previous version
* Web-based run time statistics for mining test results
. User interface is geared towards developers

11/18103
cjm4@nrc.gov 7
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Run Time Statistics Features

* Recent addition to our software development process
* Quickly assess the overall impact of a particular update
* Web-based summary of results
* Looks at the following metrics:

* End time
* Number of time steps
* Total CPU time
* Total number of iterations
* Percentage mass error
* Number of water packing events
* Number of iteration failures
* Maximum iterations for a step
* Number of time step backups
* Min and max time step sizes for a run
* Crunch time (CPU time per fluid volume per time step)

11/18/03
cjm4@nrc.gov 8
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TRACE Verification Test Results

Gene rat Information

..I [ .~,Bate Version .I Modified Versiorn . s
-m- . ... : . . .

.-I ..I/, Na'hm e :. 7 1 - V4035 ; I :. V4036. . w
Results Last Generated 11/2/03 l11I/903

Number of Tests Executed 1344 1 ~ 344

Test Faiflures, 

Number of Uneipected Failues 0.
Number of Erpeced Failure-s: 164:.
Number of Old Failures Nowv Fied-: 0

Rimi Timne Statistics:..

* Changes n CPU Time

a Clum-ges in End Time

• CL-m--es In Iterntion. Faiunre Count.

*Chirt-es n Nhss Err.

*Clanges inMeani iinesei Size

Climn~s In Total teration Cotunt

* Chan-ge-fin Water Packing Coun

e Chunnes in Timestep Backup' Con

Difference.Resuflts

* -. = .I O~f00, =t, l , ~ A MI W -MWa
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. . . ..

: : . : f
+

-:: lhput Deck Failul e Summ7lly
. . .

.

.

. .

.. . .. -

. Test Rune Test Stute(s) Expected.To Fail

:ABBBYR11::;.:, : 'ABWR... Yes

* | ' ABWR-mtplWVR-B-Err [ ABWR,Ihputfnor Yesr '" ABWRFIT': [ ;| ABWYR "''| Yes;
,..i : ABW. Yes

[. ABWR~hA ,.[,.: . -| : " ':: . . . ABWYR | Yes

.:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~e .S .

F: : :::' Chnn-PwlXCR' [ Pow:'::................ , ''er'" ...... ',;, :Yes .
[| : CnolerLiqRel [ ' B 3 , .Yes:: :

CoolerVaRe, : BWRip3. Yes

.:.DTHT,- tet777wunlt Yes

DruinFlwMCPRC 'tConSys [ Yes

'DriIlprm.. EConSys: Yes

ESBWR-Vess4Caii Khietics [ Yes

ESBWR-boroil Kinetics Yes

|'I' . ' ;-Edl-lMv-R5H2o, :'.j't; ': , Eus . Yes.

' FIecht077 BWRunp3 ' Yes .
;|~ ' Fine siesEr1i. :Reflood :: Yes

FriFiiei7esE2 ' i Reflod': Yes
,:~~it N.ef .eo : Yes .

Filga Nod6s'u Refloo&. - I . �Yes
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pa WETT"Tol
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file:///I:/Development/Test/R egression/runStats/CPI E

S~ r'~t &66NA 0&g hrt

so
"MyPp

-v. =e?!F-rlj

MA,
: Changes in CPU Time

.~~~~~~ :

Total number of tests in test suite: 1227

Total number of tests with no change in CPU time: 459

total number of tests with a lower CPU time: 708

Total number of tests with a hiher. CPU time: 60
, . ..... .. . . .. .... .. ... .g.. . ..

MR,

i a a

C

'Test Nune , % Chag in CPU tie: Old CPU time CPUlsteps/cells

| ' iPo rTe~ '|st[ -3.230 [ 0.Si [ O.OOOe+00

TlveTyp4 -31.200 0.500 -1.776e-04,

puwrTest2; -28.926 0.484 |OOOO+00

Va I eTy3 [ : 27.^76: : : 0.516 [ -9.515e-04

|FInertLi -25.823 [ 1.811 -1.233e-04
| 0ipowrTestlO -25.S26 [ 0.484 0.OOe+0O

| LLnLI -25.471 0 797 F -2.172e-04

| 1oshl-new | -25.449 [ : 5344 -6.115e-04

TuSS -24.953 1.0612: -1.714e-04

| X . oisla -2 -- 4.339 00:- :7: 4.622 7 -5.343e-04
2 iposvtTestff [ t-23.454 !,0$ | .469 0.OOOe+00- - . - , . ....... .~~~.+D

_ - . _ -

E., ` 'L�,ffl I #FSI- L6Y nIjMONO � I . I . FJON SOM
- 1-- .1'. - .- Ir- --- .... -.11�..-�l----.�.,�.l.-.�l--- �--�.1-1--l.�.---.- --...--.---. �-
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- . . Difference Results

Total number 'of tests with' significant differences (i.e., differences
occur in the trcdif file): 0

What do the colors mean?

Total number of tests with differences in the output file: 4

Total number of tests with differences in the message file: 4.

Total number of tests with no differences: 3 .
.~ ~~ ~~ ~~~~~~~~~~~~~~~~~~~.. ... . .. .

Text in red indicates differences in the trcdif file or
major differences in the output file (i.e. file size is
greater than 201C. Text in blue indicates minor or
cosmetic differences in the output file (i.e. file sizes less
than 20K but greater than 196.bytes). Text inbiack
indicates non-null differences in the message file only.

...
. s .. .

Test Name:: [Testt Suite(s) File Type . File Size V4035 Files .V4036 Files.

.. ipe~oop . l . . i-:'' out::: [ 2688 . 2EieLoop all.out 2PipeLoop: all.out

: ''. , ' .| ; : 76 |2PipeLoop al.ms 2PipeLoop all.ns

:eo , ll ' 1 ' ' :,. I 7 [: . 'out: , | ., . 8316 1 4PipeLoop all.out I4PipeLoop all.out
4PgeLo M a 3 . Parallel.:

, ~ :,, .... . ' mso , . '3792 4 E -Loopalms iPeopalm,
,. ~~~~~~~~~~~~~~4t~u,. .~m 1 .. : Iln, .:.-.,.. ..

Vess-ParnlleE all : Parallel
out : 1680 IVess-ParallelE all.out Vess-ParallelE all.out

� �.: rns9 I � 964 ':.: lVess-IRm-allelE allms JVess-PIq-,ffielE till.ras

Vess-Parallel all aI ! Rumnel
out , [ 2688 | IVess-Parallel. all.out Vess-Parallel all.out

I 1 1372. I'
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Robustness & Assessment Frameworks

* Rely on the same common underlying toolset for generating
and parsing results - 2 "master" tools drive the entire system

* Modular "test-suite-driven" architecture
* Inputs grouped by test facility, assessment project, and

functionality
a Input data for each test suite is collected and organized via

spreadsheet (although it doesn't have to be)
m 4-D. matrix of input data

* Define cases you want to run
* Define figures you want to generate
* Define data sets to be plotted
* Define figures of merit you wish to generate (for given pairs of

data sets)

11/18/03
qjm4@nrc.gov 13
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Robustness and Assessment Frameworks
(cont. .)

* Web-based summaries for viewing results
Capabilities include

* Support for RELAP5, TRAC-B, or TRACE cases (including
restarts)

* 3plottypes 
- Time history plots
- Parametric plots
- Axial plots

* Many plot formats - pdf, jpg, postscript, just to name a few
* Filter data sets through ACAP to generate quantitative Figures-of-

Merit (FOMs)
* By default, only runs/executes files that are out-of-date

11/18/03
cjm4@nrc.gov 14
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I . , � . ..:w

Fl-~~-- 3ST$-_ _ I- Fx1

PO WAMN M NOW R0 fu zjrt' ;4VRmw _p

A. ::4 ;~

I D:, |Yersion .Pah_
_ trcexe base ldworkkadvcodelTestExe/traceBase.exe

treh2onew base /dworkfadvcodeffestfCommonrtpfh2onew _

rcen - mdfworkfadvcodeTestlExetraceMod.exe . .

fi trch2onew mod - : - . - JdfworkadvvodefTestCommon/tpfb2onew
testabi tyto uSepafhswvo railingl _ : . .

jI74 topdir Idfworkfadvcodeflest/RobustnesslLOFT . =
g ibatch Iusr/zlocefacgmelbinrdaebat.exe _ : __. -
ft3xtv2dmx fusrfoca~acgaeJbinxtv2dmx.exe : . . .

I outdiname Outputs . _ _ _ ,

I blo d iz m I ! Fig u re s _ _; . .

_ue~~~~~~~~~~~~ln
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Title text ; . . ITitle . ISubtitle text
-.

Intact-Loop Mass Flow Rate
b1 I

Y

L

.1Steady-state
= Hot Leg Pressure IY Steady-state Y _./

__ Hot Leg Temperature Y Steady-state Y ./ I

IS)
(s)(s)

Pressure (Pa) .
Temperature (K)
Temperature (K) xvCold Lea Temnerature Y SteadY-state Y .J

I

5 Cold Leg Pressure Y Steady-state Y .J Time (s) Pressure (Pa) xy
6 Steam Generator Pressure Y Steady-state Y . Time (s) Pressure (Pa) xy
7 Accumulator Temperature Y Steady-state Y .J Time (s) Temperature (K)> xy
8 Timestep Size Y Steady-state Y .1 Time (s) Timestep Size (s) xy
9 Hot Leg Pressure Y Broken Loop Y .1ITime (s) Pressure (Pa) XY
0 Hot Leg Pressure Y Intact Loop Y .1 Time (s) Pressure (Pa) xy
1 Cold Leg Pressure Y Broken Loop Y .J Time (s) Pressure (Pa) xy
21 Cold Leg Pressure Y Intact Loop Y .J Time (s) Pressure (Pa) xy
3 Hot Leg Break Mass Flow Y Broken Loop Y J Time (s) Flow Rate (kgls) xy
4 Hot Leg Break Mass Flow Y Intact Loop Y .J Time (s) Flow Rate (kqls) xy
5 Cold Leg Break Mass Flow Y Broken Loop Y .J Time (s) Flow Rate (kg/s) xy
6 Cold Leg Break Mass Flow Y Intact Loop Y .1 Time (s) Flow Rate (kgls) xy

I
I4

-ia17 Pressurizer Pressure Y Broken Loon Y .1 Time s) Pressure (Pa) xv-

0 old Lea Mixture Density Y Broken Loon Y .1 Time (s) )ensity (kalm3) xv
3__ Downcomer Liquid Temperature Y N .1 Time (s) Temperature (K) xy
D___ Centerline Fuel Temperature Y Elevation = 0.65 m Y .J Time s) Temperature K)- xy
1___ Centerline Fuel Temperature Y Elevation = 1.428 m Y .J Time (s) Temperature (K) xy
2___ Rod Surface Temperature Y Elevation = 0.65 m Y .J Time (s) Temperature (K) xy
3 Rod Surface Temperature Y Elevation = 1.428 m Y .J Time (s) Temperature (K) xy

Timestep Size Y Transient Y .J Time (s) Timestep Size (s) xy
5_ Core Liquid Fraction Y _ N .1 Time (s) Liquid Fraction (-) xy

6___ Downcomer Liquid Fraction Y N J Time (s) Liquid Fraction ( xy
7___ Upper Plenum Liquid Fraction . Y N .1 . Time (s) Liquid Fraction :- xy
8 Lower Plenum Liquid Fraction. . Y I N ./ Time (s) Liquid Fraction (-) xy

end
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.PlolD I FiODXef CaseID Xrefd PlotTy e Variable - X
I I

Variable -Y I Le nStr Units X-sIif in b SymbOl.
V Steady state Results _ . I . I _ I .
#r measunng station in intact loop hot leg is betweenvessel and steam gene tor -corresponds rohy to face 3 in model

Datal| FigOl Casel time rnum-001003 Base sin a 1 0 square
Data2 | FigOl Casela time _ rmvm-001003 Mod siu 0 1 0 diamond

# pressure transducer PEPC-2 - 1.859 m from vessel centerline - corresponds rougly to cell 3 in model _ 

Data3 FigO2 I Casel time I pn.001003 Base siu a 1 0 square
Data4 FigO2 Casela time pn-001003 Mod siu O 1 0 diamond

# thermocouple TEPC-2A - 1.859 m from vessel centerline - corresponds roughly to cell 3 in model
Data5 I FigO3 I Casel time | tln-001003 Base siu 0 1 0 _s
Data6 FigO3 Casela time . tln-001003 Mod siu O 1 0 diamond

Othermocouple T-PC-lA - 1.961 m fromvessel centerline - corresponds rouly to cell 1 in model
Data7 FigO4 Casel time - tln-007001 Base si I square
Data8 F 4 Casela time | tln.007001 : Mod siu O 1 O diamond

I pressure transducer PPC-1 -.1.961 m frmrvessel centerline - corresponds roughly to cell 1 in model . ._.
Data9 FigO5 Casel- time pn-007001 Base siu O square
Datal0 FigO5 Casela time I pn-007001 Mod sin O 1 0 diamond

/ pressure transducer PE-SGS-1 - located near steam line outlet - corresponds roughly to cell 3 in model
Datall FigO6 Casel time I pn-022003 I Base siu O 1 0 squam
Datal2 I FigO6 . Casela time pn-022003 Mod siu O 1 0 diamond

# thermocouple T&P120-41- 1.02 m above outlet elbow centerline - corresponds rougldly to cell2 in model
Datal3 FigO7 Casel time ___ __ | tln-015002 Base siu a 1 a square
Datal4 .F!&7 Casela time _ tln-015002 Mod siu a 1 0 diamond
Datal5 FigO8 Casel | time | delt Base siu a I a square
Datal6 | Fig8 | Casela | time | delt Mod siu O I O diamond

- I I
-[ -__ _ _ _ ' .__ _ _ _ 'i .__ _ _ _ , _ _ _ _ _ _ _ _ I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I _ _ _ _ _ ( _ _ _ _ _ I _ _

hot leg is upstream of break an gen imx ones onds mc 3 in model

Lo~~~ 
squLre

allI 0o square
- K, 1:
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Fd ~~ ~ ~ fltr///D /w k/advcode/T~~~~est/Robwnes/Stmmaiy/TestResufts htH,.j~ effia 

~ ____ ne oo *,N~d ~yer ,

TRACE Robustness~ Test: Results

General Information. 

I .1 .. Base Versi . Modified Version: .1 .
1-_ Code Versionll)D. . I-, ::. SeeAVPathDefintions 1I See AV Path Definitions,

* Total FOM's Generated: 2
* Total FOM's Degraded: 0 .
I* Total FONIs Intproired:0 0 
* Total FOM's UnchangmLh 21 

Test Suite .Summaries.

* Fi~ureandFOMRsu~ts.
*Fioure Quicidoo
*FOM'rs Generated: 0 
*FONs Degraded:: 0

- FOM's Irmproved: 0.,
*: FOMrs Unchanged. 0..

LevelMackng;

* 'Figure and FOM Reslt
*Figure Quicldook

...FOM1%s Generated: 2
.FOM's DegmAded: ' 
*FOM's Improved: 0
*FOIM's Unchmnged. 2

. . .

. p . '.

.1 . I .

. I q ' . ... .
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: Summary of Results

FOM r Code Output Files
'Figure D,,

| Bae _ r | lCange | ACAP Outputs [ Base | odified

I htl dUW.out
Figure 1 | , I ' I htl dPK.out

_ _ _ _ _ _ _ i _ _ _ _ i_ _ _ _ I |_ _ _ _ _ -_ _ _ _ __'_'_ _ _ _ _ _'_,_ h tl d L T .o u t
, , ' ' '' E ' , htldUW.out

Figure 10 - ; ' : htldPKout
, . : h~~~~~~~~~~~~~~~~~~~~~~~tl dLT out

|. Figure ' 1 [ -: ! 1 - : ' -[ - : . [ htl dLT.out htldLT;out
[ Eg ; - | | -' [, |ht3d2x4UW.out

_______ - - j ___ " ' ' ' " ' ht3d2x4LT.out

[ Figure 13 [ - ' ; [ -"'_'_|_________|_" | ht3d2x4LT.out ht3d2x4LT.out

ht3d2x4UW.out
[Figure14 i[ - : :'- '. I ,,*,.' ' , ' ' ht3d2x4LT.out

Figure. 1f - [ - -, - [ : [ ht3d2x4LT.out ht3d2x4LT.out.

, gre. 16 - : , **- - [, F m L :; i 1' : ' ht3d2x4UW out

[ 4 F i R u r e 1 7 i - - - [ , _ _ _ _ _ _ _ __ ' h[I h t 3 d 2 x 4 L T o u t

Figure 17 [ - ' | ' ht3d2x4LT.out ht3d2x4LT.out
.. ... d2 U . u

_ _ _ _ _ _ _ _ I _ _ _ _ _ _ _ _ _ _ I - I _ _ _ _ _ _ __ o | 'ht3 d 2 x4 L T o u t

[ Figure 19 |0.0878447 0.0878447 [ O r Acaplfom ' manoldUW.out manoldUW.out

' Figure 2 f -, ' -; - ' ' [ htldLT.out htldLTot
* ~ ~ [ . M KO ? . / -f- - -- F- . , 4 U 4 ?7 . .

'.I ': '1

.[ FicN

'UIO AU .U.70-11 . : 1:;'� �:'. 1 U 1:� cUp1.iom , . m10oL..ouT . j I* manoDICLL.ou.
:... 't .. .. 1 :' .

. _ 
..

Jl..P ')1: .1 - : 1 -



ACAP

* Tool used to generate quantitative figures of merit
X Numerous statistical measures as well as data conditioning

techniques allow the user to construct a FOM for a particular
pair of data sets

X Usefulness will really depend on
* the statistics expertise of the FOM creator(s)
* A period of time to grow comfortable with how the numbers really

behave
* Further study and improvements with respect to ACAP's time-

series data analysis techniques are needed

11/18/03
cjm4@nrc.gov 21
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ACAP Methods

Method Utility Class
-. 4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
A
B
C

D'Auria FFT (DFFT)
Mean Error (ME)
Variance of Error (VE)
Mean Square Error (MSE)
Mean Error Magnitude (MEM)
Mean Relative Error (MRE)
Index of Agreement (IA)
Systematic Mean Square Error (SMSE)
Unsystematic Mean Square Error (UMSE)
Mean Fractional Error (MFE)
Cross-Correlation Coefficient (rxy)
Standard Linear Regression (L2-standard)
Origin Constrained Linear Regression (L2-constrained)
Perfect Agreement Norm (L2-perfect agreement)
Continuous Wavelet Transform (CWT)
Percent Validated (PV)
Resampling
Trend Removal
Time-Windowing

Comparison
Comparison
Comparison
Comparison
Comparison
Comparison
Comparison
Comparison
Comparison
Comparison
Comparison
Comparison
Comparison
Comparison
Comparison
Comparison
Conditioning
Conditioning
Conditioning

11/18/03
cjm4@nrc.gov 22
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Future Improvements

* Automated generation of the Developmental Assessment
Manual (and/or other assessment reports)

* Modify Robustness and Assessment tools to better exploit
multiprocessor environments (both shared memory and
computational clusters)

* Improve turnaround time (wall clock time)
* Extend ACAP with more ways .to generate FOM's
* Fold quantification of code uncertainty into the process
* Further improve methods for presenting and mining the

massive amounts of information generated during a typical
assessment

* Better tracking of run time is a good example

11/18/03 24
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Overview of TRACE Code Development

Presented to the ACSR T/H Subcommittee
November 19, 2003

Joseph Staudenmeier
email: js4@nrc.gov

Codes and Model Development Group
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Presentation Objectives

Provide an overview of NRC Thermal-hydraulic code development activities with
a focus on TRACE development.

Get feedback from the T/H Subcommittee on topics for future presentations.

2
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RELAP5
Development Status

* Stable maintenance, Limited development

Current Priorities

* Fix bugs

* Complete Level Tracking

Future Development

a Support for the next few years to allow for a smooth migration to TRACE and'
meet CAMP contractual commitments.

* NRC will assess needs for support beyond that time.

Current NRC use: AP1000 , ACR-700, PTS , operating plants
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PARCS (3D Reactor Kinetics)

Development Status

* NRC is now supporting GENPXS (cross section file generation) and
DEPLETOR (burnup , depletion calculations).

* Current PARCS version is 2.5

* Under active development

Current Priorities

* Complete Documentation

* Replace PVM Coupling (20-30% of cpu time is spent in communications)

* Improve runtime

* Assessment with TRACE against Peach Bottom and Ringhals plant data
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PARCS (cont.)

Future Development Work

* The future vision is for PARCS to be compatible with ORNL TRITON cross
section generation suite to have a comprehensive fuel cycle capability.

* PARCS can also support commercial cross section generation tools.
GENPXS can read HELIOS cross section files. CASMO support should be
possible.
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TRACE Modern T/H Code Project

TRACE (TRAC/RELAP Advanced Computational Engine) will be the focus of
future NRC T/H systems safety analysis code development.

Goals of Modernization Project

* Develop a modern, maintainable, and extensible code that encompassed all
of the capabilities of RAMONA, RELAP5, TRAC-PWR, TRAC-BWR

* Maintain investment in existing RELAP5, TRAC-PWR, and TRAC-BWR input
models

e Provide a productivity enhancing graphical analysis environment

* Maintain in-house control code development and testing process

Success Metric

* TRACE will give results as good as or better than the predecessor codes
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NRC T/H System Codes Computing Environment

Computing Environment

* SNAP front end on client workstation

* Back end computation server ( Local or remote machine. Linux cluster at
NRC)

Support for commodity hardware and OS's

* Windows

* Linux

* Mac OSX ( future)
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NRC T/H Codes Computing Environment (cont.)

Support for standard programming languages, network, and software file
formats

* Fortran 95, Java, c, C++

* TCP/IP , BSD Sockets

* XML, PDF, SVG, PNG
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TRACE Development Team

The internet and fast desktop workstations has made it possible to develop
a system code without the physical infrastructure of a national laboratory.

Distributed code development team:

* NRC Codes and Models Development Group (currently 5 people average
about 1/2 time on code development)

* Contractors (Applied Programming Technology (APT), Information
Systems Laboratory (ISL), Los Alamos National Laboratory (LANL), Penn
State University, Purdue)

Configuration control of the code is maintained at the NRC.

9



c c c

TRACE Current Status

Development Status

* Architecture changes nearly complete

* Debug existing models

* Physical model and numerical method improvements in active development

* Coupling to CONTAIN for AP1 000 and ESBWR

Current Priorities

* Complete RELAP5 support

* Complete interim reflood model

* Complete condensation work
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TRACE Current Status (continued)

Current Priorities ( continued)

* Add rod bundle interfacial drag and complete modularization.

* Code assessment to identify physical model deficiencies

* Improve'code robustness

* Improve runtime performance

Current NRC use and planned use

* operating plants, ESBWR, AP1000 , ACR-700
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TRACE Legacy Input Deck Support

TRAC-PWR F77

* Input decks will run with little or no modification.

TRAC-BWR

* Input decks will run with little or no modification.

RELAP5

* Goal is to be able to run all existing RELAP5/MOD3.2+ input decks in
TRACE through SNAP conversion. Wizard to help convert to TRACE
vessel.

* Simple input decks work. Currently working out bugs in typpwr (Simple PWR
model) conversion. The typpwr converts but does not yet run to completion.
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SNAP Graphical Analysis Environment

Current Priorities

* Complete TRACE support

* - Error corrections for RELAP5 and TRACE support

* RELAP5 to TRACE conversion

Future Development Work

* Add support for other NRC codes ( New plugin architecture allows for
extension to support other codes without modifying the core of SNAP or
other code support)

* Improve user interface ( Engineering oriented ), add modeling wizards.

* Add support to help user automate calculation workflow.
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TRACE Runtime Performance

TRACE Fortran 95 code is slower than TRAC-PWR FORTRAN 77 code for
most problems.

Input Model TRACE I TRACP-F77 runtime ratio

Marviken 4 (small 1 D) 1.7

LOFT L6-1 (medium 1 D) 1.7

LOFT L2-5 (medium 3D/1 D) 1.4

South Texas (large 3D/I D) 1.2

AP600 (large 3D/1 D, multiple 3D, many 0.8
3D/1 D junctions)

Relative runtime performance is better for larger problems (new matrix
solver)

Runtime performance profiling will be done to track down runtime
problems.
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TRACE Robustness

Preliminary code assessment results have identified some robustness and
physical model problems.

Error corrections to the Annular-Mist interfacial drag model and the Critical
Flow model have greatly improved code robustness, runtimes, and results.

Input Model Base code number of Corrected Annular Mist
timesteps drag / Choking number of

timesteps

TLTA (BWR LOCA test) 142538 17306

SSTF (BWR LOCA test) 396207 8950

Browns Ferry LOCA 457704 10290

Semi-Scale LH-2 SB 13413 12572

LOFT L3-1 SB 48525 33789

LOFT L2-5 LB 6173 at 41.66 sec. 5300 at 41.66 sec.
(stopped running) Completed 120 sec. run
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TRACE Documentation

Users Guide

* Input format up to date. Needs to recognize SNAP

* Modeling guidelines need work

Theory (including Models and Correlations)

* Mostly up to date. Will be revised as correlation packages are reviewed and
revised as a result of assessment.

Assessment

* Out of date. Will be revised when assessment is completed.

Programmers Manual

* Will be revised when architecture is stable
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TRACE Deficiencies

Documentation is not yet complete

BWR LOCA water penetration and possibly BWR LOCA reflood heat transfer

Rod bundle bubbly-slug interfacial drag

Condensation heat transfer

Energy conservation across large pressure differences

AP1000 robustness problems

Horizontal two-phase flow models

Level tracking needs to account for discontinuous Tsat across cells

Need an implicit separator model

17



c C C

TRACE Future Development Work

* Droplet Field

* ATLATS Offtake Model (coding complete, needs assessment and testing)

* Subcooled Boiling Model from UCLA Data

* Implicit Interfacial Heat Transfer

* Implicit Wall Heat Transfer

* Implicit 1-D Components

* Enhanced reflood model using droplet field using RBHT data

* Coupling TRACE to other NRC codes (FRAPCON, FRAPTRAN, MELCOR)
and CFD

* New two-phase flow models for ACR-700 geometry
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TRACE use of NRC Experimental Test Data

Current

* OSU ATLATS data for offtake model development

* Purdue PUMA data for code assessment

Future

* UCLA subcooled boiling data for model development

* PSU RBHT data for model development

e OSU APEX data for code assessment
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Summary of Upcoming Presentations

TRACE has a modern, maintainable and extensible code architecture. (John
Mahaffy, PSU)

SNAP has become a useful tool that can increase analyst productivity. (Ken
Jones, APT)

The NRC has a solid code development process. (Chris Murray, NRC)

TRACE will soon be stable enough to undergo a complete assessment. Identified
deficiencies will be identified and corrected.( Steve Bajorek, NRC)

New physical models are being developed to correct identified problems with
current code models. (Joe Kelly, NRC)

TRACE is now stable and robust for some applications. (Bill Krotiuk, NRC)
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Requirements

The architecture of the Consolidated Code was driven at the highest level by NRC
requirements that the code be:

1) Readable and understandable;
2) Maintainable; and
3) Extensible.

In computer science the general means to achieving these goals is to write code that is:

1) Modular; and
2) Object Oriented.

When Bill Reed specified the architecture of TRAC in 1974, he required that it be
modular and object oriented. Some of that vision remained in TRAC after 20 years.
When NRC made the separate decision to follow an evolutionary path (rather than write
from scratch) to create the Consolidated Code, these properties of TRAC made it the
choice as a starting point rather than RELAP5.
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General Characteristics

At it's highest level, the USNRC's Consolidated Code is a collection of communicating
programs that are modular by function and driven from the Symbolic Nuclear Analysis
Package (SNAP). Ken Jones will give you a better perspective from that level. This talk
will focus on one of these programs, the TRAC/RELAP Advanced Computational
Engine" (TRACE), which is responsible for calculation of system thermalhydraulics.

At the highest level within the Computational Engine, calculational flow and data
structures are built around the physical components of a reactor system, and the
computational mesh segments used to simulate these components.

At lower levels functional modularity is enforced. Specific physical or process models
are isolated in their own subprograms, with well defined interfaces.
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High Level Structure

Processes and Input Contributing to the Consolidated Code
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Component Based Internal Structure
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Component Based Data Structure

Pipe 1 Data Pipe 2 Data Tee 3 Data Vessel 4

State information is grouped
gI DAr(icomp)%p(I :ncells) ).
match the mesh dimensions

by component within Fortran 90 derived type arrays (e.g.
Space for each state variable is allocated at run time to

associated with that component.
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Data Communication Between Subprograms

0 high level driver routines- Control reading the Platform Independent Binary (PIB)
file, initializing data, or beginning the transient calculation. F90 module variables
are used as the means of data communication.

* mid-level driver routines- These typically have high level control of equation setup
and solution and also drive component to component and component to control
system data communication. F90 module variables are the primary means of data
communication. .

* component specific driver routines- call lower level subroutines based -on the
component type. Generic F90 data modules, generic 1-D or 3-D hydraulic
component data modules as well as component-specific data modules are used.

o generic low-level routines- are re-used by more than one component type and
receive data through argument lists.

* component specific low-level routines- have access to the component-specific data
modules but are passed the generic 1-D or 3-D data through argument lists.
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Name Based Pointer Assignment

Features such as data transfer between components and processes, and use of ASCII
names for signal variables in the input work because TRACE's data structure is
accessible via pointer assignment subprograms. Every data module used by TRACE
contains subroutines that assign pointers to Fortran variables in that data structure
based upon an input ASCII string giving the name of the variable. Data type of the
variables is handled by using the Fortran 90 "INTERFACE" construct to assemble
generic pointer assignment calls. The subroutine GetPointer in SpecExTrans uses all
of these lower level assignment subroutines to attach a pointer to virtually any variable
in the code and to inform the calling routine of the data type for the requested variable.
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List Driven Computing

The use of list (data) driven computing began with the Exterior Communications
Interface (ECI). This approach to programming was designed to make transfer of data
between processes as generic as possible. Coding that schedules and initializes data
transfers does not use specific variables, just generic pointers. Determination is made
of variables to be transferred and special features of the transfer from lists of ASCII
variable names. As an example, transfer of information necessary for fluid flow between
components is controlled by the module FluidVarLists. Arrays exist for each
synchronization point in the code listing the names of variables to be transferred at that
point. For example:

CHARACTER(LEN=8):: fvOidTime(39)= ( 'rom ', 'alp ', &
& 'rov ' rol ', 'p ', 'sig ', 'visv ', &
& 'visl I, 'bit ', 'roa ', 'arv ', 'ar ', &
& 'arev ', 'arel ', 'alpo ', 'ara ', 'pa ', &
& 'vi ', 'vv ', 'vito ', 'vvto ', 'cl ', &
& 'cv ', 'dpbl ', 'aipnE ', 'tlE ', 'tvE ', &
& 'phil ', 'philn ', 'alpA ', 'alpB ', 'volFracA', &
& 'volFracB', 'dzLev ', 'vLev ', 'Iv1Xing ', '1v1Xing2', &
& 'tfLev .', 'tfLevB ' I)

These are variables at the junction face or in the volume center immediately adjacent to
the junction. A second list fvOldTimeX is kept of variables one cell face beyond the
junction that also must be transferred.
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Locating Variables

List driven data transfers are enabled by a key feature of the code data structure. For
each group of global data collected in a module, subroutines are provided that make a
pointer assignment to a memory location based on an ASCII variable name.

SUBROUTINE GetlDVectorR(arrayName, indComp, arPtr, found)

SELECT CASE (trim(arrayName))

CASE (hgam')
arPtr => gDAr(indComp)%hgam

CASE (hla')
arPtr => gDAr(indComp)%hla

CASE (hva')

END SELECT

RETURN
END SUBROUTINE GetlDVectorR

I
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Use for Data Communication Between Components

* Communication is scheduled by a system service during initialization using derived
type data transfer tables.
TYPE transferRealT

REAL(sdk), POINTER :: from, to
END TYPE transferRealT.

TYPE (transferRealT), ALLOCATABLE :: table(:)

* Pointers in the table are associated with source and destination locations for.each
inter-component transfer, e.g.
table(1)%to => gldAr(2)%hl(1)
table(1)%from => hsAr(4)%hl(3)

* Actual transfers at synchronization points are a simple, very fast DO loop:
DO i = 1, SIZE (table)

table(i)%to = table(i)%from

ENDDO
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Other Features

* Array data is stored in pointer objects or allocatable arrays. Space is dynamically
allocated after space needs are extracted from the input.

o Conversion from the original TRAC data structure to the current data structure was
mostly accomplished with Perl scripts. The patterns underlying the current data
structure are unique enough, that if necessary, a major revision of the current data
structure is relatively simple.

* A rich set of information on system connectivity is provided in the compSeg and
junCells derived types. Locating information about adjacent components is simple.

* If you have detailed questions on the code architecture, we can now digress to a
more detailed tutorial for examples.
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Extensible Architecture

We have taken our directive to make this code easily extensible very seriously.
Substantial effort was expended creating a code and data structure that would easily
support features of RELAP5, TRAC-P, and TRAC-B. At the same time we have looked
forward to possible extensions of capabilities including (but not limited to):

e Higher order numerical methods;
* More implicit numerical methods;
so Additional field equations;
o Improved solution procedures;
* Additional component models.

As with any systems code we will not please all of the people all of the time. However,
we are in a much better position than any of the predecessor codes to respond to user
requests for additional features. Recent upgrades to model the ESBWR have been
aided by code architecture.
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Background

* The RELAP5 and TRAC code series have different development histories, and for
periods of time, applied significantly different field equations to modeling two-phase
flow.

* The NRC's stated missions for these codes was LBLOCA for TRAC and SBLOCA
and operational transients for RELAP5. However, code developers and their
laboratories built codes that could simulate a full range of reactor transients under a
single set of field equations. The result has been a classic case of convergent
evolution.

* With minor exceptions, the two code series use the same two-fluid, two-phase field
equations. The current equations in TRACE have been taken directly from the
TRAC series. We will adapt special RELAP5 features as needed.

A(:HS. Nn~iPmhimr 1L 'JIIri
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General Features of the Flow Equations

TRACE uses a fully conservative form
the energy and momentum equations.
solving with a "Semi-implicit" method.

of mass equations, but non-conservative forms of
This was largely driven by convenience in
For single phase flow these are in the form:

59 
a+ V-pV=

-a-

cW
±7

V-peV+pV-V= q

V.VV+-Vp= -fVV+--"
p~~~~
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Divergence Operator

When modeling I -D flow use of area averaged equations gives:

v.Yv= 1 (A)

where A is the cross-sectional area available to flow.

The area averaging process involves assumptions that averages of products are equal
to the product of averages. For turbulent, attached flow this is usually acceptable. For
laminar flow, detached flow at abrupt area changes, or some two phase configurations,,
accuracy may be degraded.
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Specific Features of the Flow Equations

* One important thing to note is that TRACE actually uses two sets of field
One that is well documented for two-phase flow, and a second for single
(void fraction is one or zero).

* The base forms of the two-fluid, two-phase flow equations match closely
RELAP5 and TRAC. However, the arrangements of these equations as
the codes vary in a number of specific details.

equations.
phase flow

between
solved in

Zrl5Q Ihntkom or ha A"
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Mass Conservation Equations

* Mean Mass

O(apg + (1
- a~) + V * (pgVg + (-x)pV7 ) = 

* Vapor mass

(cPg)

At
+ V apgV) =F'.

APq Ninmhnr IO . .l.
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Non-Condensable Mass Equation

* RELAP5 supports simultaneous tracking of more than one non-condensable gas
species, through multiple mass conservation equations in the form:

e(aPg X4(

9t +g Xn'g)=

* TRACE supports more than one non-condensable gas species, but only one of
them may be present in the system at a given time. That species is tracked by the
equation:

(Pa)+V(ap )=

.~ ~~ -.£t

* Extra equations non-condensable mass equations are primarily associated with
severe accident analysis. Application of the TRAC series to severe accidents was a
dead end from which the additional gas fields were lost. A project has been started
to add this capability to TRACE.

ACRS. November 19. 0..
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Trace Species Mass Equations

Unlike its predecessor codes, TRACE can follow any number of trace species. A
trace species is convected with the liquid or vapor, but does not impact the
thermodynamics of the system.

A trace species may be a liquid species carried by bulk liquid, gas species carried
by bulk liquid, liquid species carried by bulk gas, or gas species carried by bulk gas.

Exchange terms are available so that a pair of equations (gas species in liquid and.
gas species in gas) may be used to model departure of dissolved gas from solution.
Note that this is not normally useful for transients involving dissolved Nitrogen, since
trace Nitrogen entering the gas phase does not feedback into the thermodynamic
properties of the bulk gas field.

e Exchange terms are also available to plate out dissolved species on structures.

ArP.q KI^sl~vjmhr 10 Oq_



C,~~~~~

Phase Change Terms

* Both TRACE and RELAP5 use the same heat conduction limited model for the
phase change term:

qj~ + q.,
r=-- qIV + wai

where

fx= h (ThA - Te),
qe = hjA (Tsv -T) and
"wall is phase change driven directly by wall heat transfer.

* Details of flow regime maps and correlations for interfacial heat transfer differ.
However, functional dependence on system variables is very similar. NRC is
currently exploring the best choice of correlations.

* Default state equations relating densities to other state variables differ slightly
between RELAP5 and TRACE. However, TRACE has the option to use the new
RELAP5 equation of state. In the longer term we will be looking for a faster EOS
implementation with accuracy comparable to the new RELAP5 EOS.

ACRS. Novpmhpr 1ni 9nl.--
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Energy Conservation Equations

* The base energy equations are:

9((1 - )peee +a/Pgeg) .(( ) ofleYA
+ ±apgeg )=

c9(azpgeg) * (cxpgegV )=

j6 t

by -- - e

-PV (g + (1- a))+ qwe + qd~v

-P 9 -PV
a5't

(avg)+±qlvg+qdg+qjg+Fhv

* Here energy source terms are wall heating, direct heat (e.g. radiation),
heat transfer.

and interfacial

* Work is scheduled to convert to a fully conservative form of the energy equation

A rDQ -ieA A Ar4^n A-
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Wall Energy Sources

Heat to the fluid from the wall is in a standard form:

C

ql= h 1A.(T -T 1 ), qwg = hgA(Tw - Tg)

where wall areas are expressed as an area per unit fluid volume, and heat transfer
coefficients contain information on average fraction of wall area contacting liquid.

Wall temperatures are obtained from a standard conduction equation:

pcpa £'V kVT+q"'~
P 3t

Two-Dimensional conduction is permitted in Cartesian (x,y), Cylindrical (r,z), or
Spherical (r, ) Geometry.

AM..R Nn/Pmhpr 1 9M--
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Single Phase Conservation Equations

• One problem with the two-phase, two-fluid equations is that singularities can exist in
solutions at the single phase limits.

. A second problem is that numerical implementations can easily produce mass
conservation errors when the fluid state changes from two-phase to single phase.
This is normally the result of inexact prediction of the correct integrated effect of phase
change over the duration of the time step in which one phase vanishes from a
computational volume.

* A number of solutions are available. We are using the one developed for TRAC.

Within the context of the iterative solution of the mass and energy equations the code
checks current void fraction, flux of liquid, flux of vapor, and phase change to make a
decision on the end of time void fraction. If that state will be single phase, the flow
equations are changed to a simpler single phase set.

When flow is single phase, flux of liquid, flux of vapor, and phase change are all
monitored to determine if the two-phase flow equations should be chosen.

* Single phase conservation equations are consistent with the two-phase conservation
equations in form, and guarantee global conservation properties for the solution.

Ar.Pgq Kvnwmhnr 10 'nr5A
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Single Phase Conservation Equations (cont)
For single phase liquid, the basic mass and energy conservation equations are:

Mean Mass:
(apg + (1- a)pe)

+ V (gVg +.(1 - a)pjV) = 

Mean Energy:
d((1- a) pf ee±+capgeg)

+v- (1 - a)P eV + a pg eg Vg =

_Pv.v+ (1-a)Ve)±qw+qd v

Void Fraction Equation: ao = 

Vapor Temperature Equation: Tg = Tsat

Non-condensable Partial Pressure: Pa = 

L _ _ HI ~~~~~~t \*%I AC-RFq Nnrfmhlr 1 2ial
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Single Phase Conservation Equations (cont)

For single phase gas, the basic mass and energy conservation equations are:

Mean Mass:

6 (capg + ( - a)Pe) + V . (apgVg + ( - a)pV) =O
c3 t

Mean Energy:

~((1a)poe + apg eg)_
+ V ((1 - a) pe eeV + a pgeg Vg)

-PV (ocVg + (1 - a)V, )+ qwe + qdef

Void Fraction Equation: a = 1

Vapor Temperature Equation: Te = Tsat

Non-Condensable Mass Equation:

d (aP) V*( a Vg)=O.

A . -IC 1. I_ _ - n - ----ACK5z), NovemDer Y. TuUi
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Switch to Single Phase

The equation switching strategy goes back to the problem of properly predicting total
phase change during the time step. The switch in field equation's when a volume
transitions from two-phase to single-phase can be physically interpreted as forcing the
correct integral of IF over the time step in which the switch to single phase occurs.

TICQ hI)M, I



1-D Momentum Equation

* Liquid Momentum Equation:

C C

+ e
a7

VV = VP + _(gPt (I1-a),p, - Vt V9 - Vt

(l-a p (V Vt)
C- e

(1-a °)pe
V, V� + 9- -

* Gas Momentum Equation:

1g

a + g .v, =-- VP
Pg

Ci
ct~ -V~g g V

I F+
a pg - Ve apC vg Ivg I g

* rF is non-zero only when net condensation occurs. 17+ is non-zero only when
net boiling occurs.

AfR.q Knmhor 1 snna1'
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3-D Momentum Equation

* Consolidated Code 3-D Gas Axial Momentum Equation:

__V+ _r _ _ + ___ _+V g)__ _ d_ r (V VIZ)
d t t g r r Vd0 dz .p z Cw gz eg

_ iz(V zV/v -17 l vgz v-
caPg tPg

. Consolidated Code 3-D Gas Radial Momentum Equation:

A~g ( ~gr VS Gf~r V20 r ~ r = @ V -
t 9 gr dr r d 96 )r pg

_ Cir (Vg Ve| Cwgr V|r 7 ggr
tPg g aPg V f 

A(flPq Kniomhcr 1 WfIA
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3-D Momentum Equation

* Consolidated Code 3-D Gas Azimuthal Momentum Equation:

dV O Vgr + ± 0Ž Vd ± g-gr r go0 r
1 9P

P9

F+ (Vg eVO)
a~Pg

- ci (V
axog - vo)IVg

lC- wgo VgS | Vg l - g go b

H-ap go IV g g 

* Note that gravity does not need to be aligned with the z axis, but that is the
default for TRACE.

* An input option permits TRACE to also use the equivalent 3-D Cartesian
Equations.

A=c rim, ar ad W----



-i--C, C C

Momentum Equation Differences

The largest difference between two-phase models in the codes is the existence of virtual
mass terms in the RELAP5. These were studied early in the history of TRAC
development and found not to have a significant impact on results of assessment
problems. They were, however, found to have a significant impact on options for
numerical solution methods, and were not included in TRAC flow equations.

. TRAC Momentum Equation

g + Vg .VVg +

. RELAP5 Momentum Equation

d9 Vg
et 9. V vm V9 at ...g 

. A more subtle difference exists in the RELAP5 ability to shut off momentum
transport terms via input. TRAC developers took the attitude that modifications to
momentum transport should be modeled via loss coefficients or angle of connection
to a Tee side leg. TRACE follows the latter philosophy.

A-U;H-i Nn~mPmhoIr 9iI Jul
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Momentum Equation Differences (cont)

* When 2-D or 3-D regions are constructed with RELAP5, momentum cross
derivative terms found in TRACE's 3-D momentum equations are not available.

. Interfacial friction in RELAP5 uses a more general model. TRACE's form:
Ci

aPg
-Ve jYVe

Becomes

]F(CJ -CovT )

in RELAP5

. We expect that the RELAP5 form of interfacial drag will be adopted as we perform
detailed assessment and model comparisons.

A~~~ - - A- -A-A-A(:H.ws Nnitomhor 1a u (I
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Summary

* RELAP5 and TRACE share general form and most
equations.

details in the basic field

* Similarity of correlated coefficients between the two implementations makes
adaptation of RELAP5 correlations relatively easy. The work is in the assessment.

* The field equation set will be extended early in 2004. Work is in progress at PSU to
make and additional droplet field available anywhere in a system. The droplet field
adds one mass, one momentum, and an area transport equation when active.
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Numerical Methods

Although higher order and more implicit methods are currently under study, the current
difference approximations to the field equations should be familiar to any user of
RELAP5 or TRAC over the last 20 years. We have adopted the RELAP5 approach of
providing the user the option to select either a semi-implicit or SETS.

The linearized semi-implicit equations and the SETS stabilizer equations produce linear
systems with structure like a five-point Poisson operator. This matrix structure is
somewhat complicated by complicated side connections.
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General Solution Implementation

General steps in the solution of the flow equations are isolated to the extent possible.

* Fluxes of Mass and Energy a volume edges are evaluated in a small number of low
level subroutines.

* Coefficient terms and right hand sides for Mass, Energy and Momentum equations
(including linearization where necessary) are evaluated in another set of low level
routines.

. Resulting linear equations are stored in a global array, and passed to one of two
possible sparse linear equation solvers.

. Where the original equations are non-linear (semi-implicit mass and energy)
changes in key variables, or equation residuals are checked and if too large,
another Newton iteration is performed.

More details are available in the following pages, from the TRACE Developer's Training
pages, and from the TRACE Theory Manual. Because the basic numerical methods are
well known, my intent is to skip to a summary of planned work.
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Solution Flow Diagram
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Probable Flow Diagram Next Year
-
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Basics of the Methods

Most aspects of Semi-Implicit and SETS methods can be illustrated by a model for 1 D,
single-phase flow in a pipe.

a .'
*pV=O

6pe 
+V * peV=- pV'V + h(Tw -T)

x
0•5 + WVV = -- Vp - KV V

p
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Finite Volume Implementation

. A staggered spatial mesh is used for the finite-difference equations, with
thermodynamic properties evaluated at the cell centers and the velocity evaluated
at the cell edges.

* To ensure stability and to maintain consistency with differencing in previous TRAC
versions, flux terms at cell edges use donor-cell averages of the form

(YV)j+112 =Yjj+1/2

= ' 'jlj+112
-I Y .

3+1 3+1 /2

3V+1/2 20

5 V. < 03+1/2

* Here Y may be any state variable. With this notation the 1 D finite-difference
divergence operator is:

('j+112 (V) j+112 - j-1/ 2 ( YV)j+12)
V j (YV)=

vol.

where A is the area of the cell edge and volj the cell volume.

Af-MCI 41._ n do n



-i--c r C
I

Finite Difference Momentum Transport Term
To illustrate the numerical methods I will use
actually used in RELAP5 or TRACE. It does
phase flow and constant flow cross-section.
presented later.

a form for the term vvv that is simpler than
represent these code in the limits of single
Details of the actual implementation will be

vV +1/2V 1+1/2V

Vj+112(Vj+2 -Vj-112 )

AX j+1/2

Vj+A2 (Vj+3x2-Vj-12 )

a j+l/2

Vj+1/2 0

Vj+ 1/2 < 

where Axj+,12 = O.5(Ax 1 + Axj+1 ). This provides a accurate calculation of pressure drops in
pipes modeled with a non-uniform mesh than results from a donor cell Axj+, 1 2.
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Semi-Implicit Method

( n+
(j+112

n )
+ Vn V. vn+i -O _ Vn vn

J+1 /2 J+1 /2 + iJ+l/2 j+1 /2 ~j+l/2At

1
+ (Pj7n++- Pn +') + K +1 2(2V j+)2 -V 1 2)V+, 2 =o

(P)n+,,VX.+,

where
P/=0 vj+l 2V <0

1, Vj+112V >0

(PijA j)+ V

At i

( n+l n+i

Vp ej -)
At

(n vn+l =o

X ej) + v . (p e VnI

+±pn+'v (v)n+ - - (Tn -Tn+I) = O
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SETS Method

Inspection of the Semi-Implicit equation indicates that information associated with
continuity waves moves just one computational volume per time step. SETS adds a
second step for each equation that propagates this information over the entire system in
one time step. This is the source of the additional stability. The process begins with a
stabilizer momentum equation:

(J+1 2 v;+ 112 ) + n n+

At J+112 j+112 + , (VJ+ /2 -Z+ / 2 Vj+l /2V

(P+ +1 1
+(P) Vx 

j12 J+1/2

pn)
+ j+,,*,2 2J++/2 - 2 )I j+12 0

where
= Vj+1 ,, 2V <0

1, V j+112V > ,

and a tilde above a variable indicates that it is an intermediate quantity, and the final
value will be obtained from another step (in this case the Semi-Implicit step.

In 1-D this is a tridiagonal linear system with stabilizer velocities as unknowns.
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Semi-implicit Step

The heart of SETS is a minor variation on the semi-implicit method. Note that stabilizer
velocities are used in the momentum transport term, and results for thermodynamic
state variables are intermediate. Final values are obtained from the stabilizer mass and
energy equations.

(vn+i

VJ+I1/2 ) + n Vn+± v V. /A A ~~j+1/2 J+1I2 +r j+1/2
_ Vn )vj+ 2vn

LI

±
1

(p+l - K / Vn+Ii ~J+1/2 (2V± 1 2 _ VJ+1/2 _IV+II 

(n+I( 'in+ 
_-pyn)

+ Vj (p nvn+l)= o;
At

pn+lnlpj ej PJ n+ v. (pnenvn+1Pjn+IV
' (V ) - h jAwi Tn

Tn+IJ = 

------ ~- -- - ^A^----. .
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Stabilizer Mass and Energy Equations

(n+
(Pi +-V Ij (p n+V n+)O;

At

n+1 n+1p 1 e 1 -n nV (pn+ien+1Vn+1 )+ .nV. ( i ) -n ~j(w j. ) = 0
At

For these equations V 1 is known, a result of the semi-implicit step. In 1-D these are
two independent tridiagonal linear systems, with unknowns Pjn+1 and pjn+1 ejn+1
respectively. They share the same matrix, and can obtain a speed advantage from
proper selection of linear solution method.

The SETS method is especially valuable when applied to the full two-fluid model for two-
phase flow. For this model, the stabilizer equations add less than 20% to the
computational cost per cell per step of the basic equation set. A fully implicit method
multiplies this cost by a factor of 6.
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Stabilizer Mass and Energy Equations

To cut computational expenses, the stabilizer equations actually solved by the code are
a difference between the previous equations, and the corresponding semi-implicit
equations.

( n+1
p 1j i PJ )+ V . [(Pn+i - pn)vn+i]= 0;

n+1 n+1P ei _ pn+l ensln- +j 1e.+

+1 n+1 _ pen )Vn ] = 0
At

This may not look like a big savings here, but for two-phase flow, there are
change and heat source terms that do not have to be re-evaluated.

more phase-

The savings comes at a cost. When the stabilizer equations are evaluated in their
original form a rigorous conservation of mass is guaranteed. In this revised form, the
conservation is limited by the level of convergence of the semi-implicit mass equations.
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Wall Energy Flux

The wall heat flux term ha A WI (T? - T j+'I) contains a mix of time levels for the
temperatures, to stabilize behavior at high heat fluxes. This is a result of the decoupling
of the fluid and conduction solutions in TRACE. In the conduction solution this heat flux
evaluates both temperatures at time level n+1, leading to possible energy conservation
errors. The code has time step controls to limit such errors, much as RELAP5 has time
step control to limit mass conservation errors.

RELAP5 does not suffer from this problem. The fluid and conduction solutions are
linearly coupled via a flux term using both the fluid and the wall temperatures at time
level n+1. This is accomplished by solving the finite difference conduction equations for
all wall temperatures as linear functions of the fluid temperatures. These linear
expressions are communicated to the fluid solution, to give a closed set of equations in
new time fluid state variables. After completion of the fluid solution, a back-substitution
of fluid temperatures into the wall temperature equations gives final values for the wall
temperatures.

The RELAP5 approach is clearly superior, and a task has been mostly completed
(funded at LANL by KAPL), implementing that approach.
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RELAP5 Differences in Flow Equations

RELAP5 combines the stabilizer momentum equations and semi-implicit equations into
a single equation set:

(v n+
j+/2 _vn +j+ / 2 +V on V vn+I

1 A -A j+112 j+1/2 + A(V+I - n I? j+/2 V1+1 /2ULM

+
1 (.Pn+lj+j

PJn ) + KJ2 (T/2 J+1/2 -VJ/2 j+ 1/2 = 0

n+1

+ V
7j*(p n )=0;

At

pn+l en+l
-P>eJ +V.(nenVn+1+ .+1V (V ') - h ( _ T n+t = 0

Act Vr - , - - I J x X - J \-VJ -J /

Note that the only formal difference from TRACE's semi-implicit step is the use of new
time velocities inside the spatial velocity derivative. This provides full stability for the
momentum equation, and alters the solution strategy. RELAP5 uses the same stabilizer
step for the mass and energy equations as found in TRACE.
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Solution of the SETS Equations
Stabilizer equations are all sparse linear systems (tridiagonal for pure 1-D), which are
solved with direct methods.

The first step in the solution of the basic (semi-implicit) equation set rearranges the
motion equation to obtain the new-time velocity as a linear function of new time
pressures.

VJn -At VJ+1/2V]+/2 (V/
fin )Kn 7n K/n1/

-J ) - K 1/2 j1l/21 j+1/21 +
pfn+l _pn+l

j+ ij

(P)n+l2 l/
Vn+1

j+1/2 -
1 + At(2Kn+1 1 2 jV+1/21 + pV j+1/2 V n)

The derivatives of velocity with respect to pressure are

and

dVj,1 /2

dPn1

jV+1/2

dPn+l

(PWj.+1/2 Aj+1/2(l + 2KyI/2At 1V7.1/2 +Atf6Vj+ 1 / 2 V )

dVn+l dVi~l/2

jd1

At
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Solution of the Semi-implicit Step

For TRACE the previous velocity equation and Equations of State giving p(P,T) and
e(P,T) are substituted into the semi-implicit mass and energy equations to give a
coupled system of nonlinear equation with unknowns pjn+l and Tjn+1 (tildes have been
dropped to simplity notation. Solution of this system is obtained with a standard Newton
iteration. Given the latest estimates for pressures and temperatures, we assume the
solution is:

pn +l = PIn+l + 3ip.

Tn+I= T n+i + T

After substitution of the above expressions into the basic equation set, Taylor series
expansions are used to create linearized mass and energy equations.

RELAP5 follows a similar pattern when in semi-implicit mode but uses internal energies
rather than temperatures as independent variables. When using the "nearly-implicit"
approach the velocity substitution is not made. Linearized mass and energy equations
are solved for the pressure and internal energy variations as functions of adjacent new
time velocities, The expression for pressure variation is substituted into the momentum
equation to obtain a closed linear system in new time velocities (tridiagonal for single-
phase, block tridiagonal for two-phase).
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Linearized Semi-implicit Mass and Energy Equations

dP' I n + n+ip
HI j1 Hia)J(P 1 - Pj)

vol.

- 5P -1)iVol =pj -pjP - AtVj (p V )

and

Ctn+ e In+ + ~*f In+l I n++
~e - +J gJ

Ath n+> +
i 

| i + AtV - i

(Pj + Pj-12 ejl,2
[j-12 At dVn+'
vol2 d~J)-1/2

Vol. dPn~i
J i /

J-

(Pi + PJ+112 e j+ 2 ) -aj)

p -pn en _ tn+ieAn+i _/\t [V1 pn n n+ + P.i V . vn+i- ln (Tnj
_Tn+ )J
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Reduction of Linearized Equations

The linearized equations can be abbreviated as:

B i =b+cjQ5'P.
Kj I,

- gpj) - dj (gpj - gpj-. )

where B is a 2x2 matrix. Multiplied by B-1 to yield

-d', jPj-, + (1 +d ',j+ c' )P - l -9P+ b', j

gj = b2, j + C 2, j (gpj+l - dPj)-d2 j (Pj - , 

where b'=B-'b, etc. The isolated pressure equations are solved first, then back-
substitution into the temperature equation updates temperatures. The velocity
dependency equation is used to update velocities and equation of state used to update
densities and internal energies.
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More on the Solution

At this point RELAP5 would be done with the semi-implicit step. It operates on a single
linearization. TRACE makes an attempt to solve the non-linear difference equations
with a Newton iteration. If changes in independent variables are too large, the
linearization is repeated to improve the solution. There are currently no plans to install
an option to force a single iteration. Adjustments to special features in the code such as
field equation switching and water packing corrections would be substantial, and
benefits not clear.

The normal procedure for starting this linearization is to make an initial estimate for the
new-time pressure and temperature of Pf+1 = Pnand T'n+' = Tn. When SETS is used,
however, an extra call to the thermodynamic subroutines is saved by taking
p fn+i = pn and Tn+i = Tn.

A?'DQ RInt,^h, n 15nnn



Summary of Future Work

. There is very little new about the current difference methods used by TRACE.
However, minor details have been changed to improve code robustness.

* Work is in progress on use of more implicit interfacial heat transfer terms

* Work will start in January on implicit heat transfer coefficients.

* Work will also start next year on fully implicit 1-D flow equations.

. One or more Krylov solvers will be added to the options for solution of sparse linear
equations.
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System Mesh Connectivity

* Traditional connectivity differences between RELAP5 and TRAC are related to the
side junction capability in RELAP5.

* TRAC could capture RELAP5 mesh connectivity through judicious application of the
vessel component. However, this makes automatic use of RELAP5 input a very
painful process and results in relatively inefficient calculations.

* TRACE now supports any number of side junctions in a 1-D component, and any
number of side junctions in a given cell of that component.

* Momentum equations in the main 1 -D mesh contain proper terms to extract the
appropriate pressure work from the main flow to accelerate side inflow to its final
velocity on the main 1-D mesh.

* Input for TRACE side permits specification of the angle of flow entering the side
junction relative to the main 1-D mesh. If not specified 90o is assumed, and only
one junction per cell may have a connection not at 900. However, the internal data
structure and momentum source mechanism support more angled inflows.

* The presence of a single junction component in TRACE permits direct reproduction
of RELAP5 "zipper" connections.

\1
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Permitted Connectivity

0 Multiple connections to 1-D components and 1-D volumes

* Side connections which are directly opposite one another (such as in cell one
above) do not transfer momentum from one to the other.

* The side junction data structure contains enough information to construct such
momentum transfer if it is eventually needed.

* The number of side connections in any cell is not limited.

* In any given cell, one side junction may be connected at any angle, and physically
correct momentum transfer will be produced. All other connections to the same cell
are currently treated as right angles, with a physically consistent model of
momentum transfer

I/
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Permitted Connectivity

* Zipper connections

Pipe < 1
F~T~ 7"77 M

Pipe 2 ~ " ,

* Connections at the three faces
junction components, spawned

between pipes 1 and
internally by TRACE.

2 are implemented with single

0 This capability was added to RELAP5 as a way to simulate 2-D or 3-D flow regions.
We recommend that users convert deck where possible to take advange of actual
2-D and 3-D modeling available through the vessel. We are looking at ways to
automatically generate vessel models from zippered 1-D RELAP5 pipes.

\1
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Troubles with some Geometry

* When multiple connections inject flow at angles other than ninety degrees to a
single volume, the connectivity is captured but momentum contributions are lost.

Pipe 1
Pipe 2
Pipe 3

Pipe 1
Pipe 2

Branch

o Correct momentum contributions can be covered by using Tee components

Pipe 1

J
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Elevation Changes in 1-D Flow Models

In RELAP5 elevation changes are measured across a given 1-D computational volume.
In TRAC elevation changes are measured from one volume center to another. One way
of looking at this is that pipe bends occur at the junctions between two volumes in
RELAP5 and at the center of a volume in TRAC.

Bend in RELAP5 Mesh Bend in TRAC Mesh

Rex Shumway and Birol Aktas have modified TRACE to store two elevation changes for
each 1-D cell. One from the left face to the volume center, and one from the volume
center to the right face. This permits it to model either the RELAP5 or TRAC
representation of elevation changes (or a combination of both).



Component Models

* The general features of all RELAP5, TRAC-P, and TRAC-B components are
available in the code.

* The following viewgraphs cover specific component issues

\1
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Generic Pipe

A pipe component can perform the following functions, beyond acting as a simple 1-D mesh
segment:

* Operate as a RELAP5 single junction.

* Accept any number of side connections in any number of cells.

* Velocities at side junctions may be computed by a spawned single junction or the end of any
other attached 1-D component.

* For one of these side junctions a connection angle may be specified allowing construction of a
"Tee" with two pipes. The old TRAC Tee is obsolete, and most interior tee specific
subroutines have been removed. Input of components named "TEE" will still be supported.

* Either end of a pipe (also tee, and pressurizer) may have it's junction number set to zero,
signifying a "dead-end". This eliminates the need to use a zero velocity fill to block the end of
a 1-D flow path.

* The combination of side junctions with a dead-end permits a pipe to reproduce the
functionality of a plenum component. Plenum coding will eventually be removed.
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RELAP5 Pipe Component

The RELAP5 pipe is available through deck translation to the old TRAC-P pipe model.
Within RELAP5, adjacent pipes must be connected by a single junction component.
While this is possible with TRACE, the internal data structure efficiently supports direct
connection of two adjacent pipes. This is our recommended mode of operation.

Single Junction 2 4*i

.9'f~,- t RELAP5

Pipe 1 Pipe 3

Duplicated Edge Data Storages

, 1mg .~. ~ ~ '~Consolidated

~ '~~u ~ ~ j~2 211>I~~k2~' ~)~I1 '~~ '~Code

Pipe 1 Pipe 3
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Branch and Related Components

* As mentioned in the discussion of connectivity, the Branch can be covered by pipe
side junctions with restrictions on momentum transfer. Timing of improvements to
this capability will depend on results of assessment problems.

* The Jet Mixer is well covered by TRACE's Jet Pump model

* The ECC Mixer's momentum transfer features are available in TRACE's Tee
component. Constitutive models specific to the ECC Mixer will be added later.

\11
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Pump

* TRACE started with the built-in curves for SemiScale and LOFT pumps. Rex
Shumway has added RELAP5's built-in curves for Bingham and Westinghouse
manufactured pumps. Documentation has been generated for these new curve
sets since it was not provided in RELAP5 documents.

o Sample input using these two new curve sets have been added to our assessment
set.

* Two new pump types have been added to independently force the liquid and vapor
velocities or mass flows to values obtained from control blocks. These are in effect
generalized fixed displacement pumps.

* When these pump types are used in combination with the pump's single junction-
option, we have the functional equivalent of the RELAP5 time dependent junction.

* The graphical model editor will provide a standard RELAP5 time dependent junction
icon, and automatically map that selection to the appropriate new pump type.

\I- I/
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Valve

* A valve operates as a single junction between two other components, or as a multi-
cell component, capturing both RELAP5 and TRAC features.

* Rex Shumway has implemented the RELAP5 check valve (CHKVLV), inertial swing
check valve (INRVLV), and motor valve (MTRVLV). The trip valve (TRPVLV) and
servo valve (SRWLV) are covered by existing valve options.

V
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Break (Time Dependent Volume)

* - The break has been switched from a fixed boundary condition to an active
participant in the solution of the flow equations.

* The most noticeable result was quick implementation of a direct connection
between a 1-D side junction and a break. This permits direct use of standard
RELAP5 techniques for modeling small breaks.

* This also permits a wide range of models within the time dependent volume with
equations that couple implicitly to conditions within the active fluid flow.

* Our first simple use of this capability is a break option that forces the break
pressure equal to the pressure in the adjacent active fluid cell.

* This new break option is useful for isolated test problems where over-specification
of boundary conditions produces undesirable jumps in conditions at the flow inlet.

\1 J
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Separator

* The separator was originally based on the Tee to provide the necessary three
connections to a volume, but never needed the side leg. The separator is now
modeled as a pipe with a single side junction for liquid flow. A similar situation
exists for the feedwater heater component.

* The implementation of the simple separator has been radically altered by Birol
Aktas to provide much more robust behavior.

* A improved mechanistic separator model is also scheduled.
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Heat Structures

* The fluid cell aligned heat structure in now the only conduction calculation in the
code.

e Conversion of old TRAC cell edge aligned structures is automatic via input

* The old TRAC pipe wall conduction model now spawns a heat structure for the pipe
wall rather than use a different conduction calculation.

* An update to permit conduction in spherical geometry has been added to the code
by Jay Spore

J



Generic Radiation Model

* Developed by Jay Spore at LANL

* A "Radiation Enclosure" (RADENC) component can now be defined for any group
of heat structures (requires at least 2 heat structures to function).

* A user sets flags in the heat structure input to indicate what (if any) Radiation
Enclosure component it belongs to.

e View factors for heat structure surface segments, and distances between these
segments are supplied in the RADENC input.

* Currently communicating heat structures must be connected to the same fluid
volume or fluid volumes that are directly adjacent to one another. More general
positioning within fluid components may be implemented in the future.



Control System

e The control block coding inherited from TRAC was very convoluted and difficult to
upgrade so a decision was made to reprogram most of the control system.

* RELAP5 capability has been added to the new clearer control system.

* The rewrite produced the benefit of exposing a number of errors in the existing
code. Minor problems were found with the automatic control block ordering
algorithm. Some very old problems were found with initialization procedures
inherited from TRAC-B. Values for some control blocks were incorrect at the start
of the calculation (TRAC-B users beware).

* While trying to provide the full range of input signals available to RELAP5, we
realized that logic in the Exterior Communications Interface for locating variables
could be applied to ASCII based definition of signal variables. Any quantity
currently stored by the code is now available as a signal through use of the
appropriate variable name in the signal variable input.

K
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Known Incompatibilities

* Pump Momentum is applied at a single face rather than two

e No generator component

* No "shaft" control block to compute speed of the shaft linking the turbine to the
generator

* Only one non-condensable gas species is permitted in a given simulation (will be
replaced with multi-species tracking within the next year).

* Thermal front tracking has not yet been implemented.

* The RELAP5 ECCMIX model has been fixed recently. This needs to be
implemented in TRACE
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Conclusions

* TRACE contains all mesh topology features of both TRAC and RELAP5.

e TRACE contains component features to match functionality with those of RELAP5.

* In principle (though not always in practice) TRACE can accept RELAP5 input
processed by SNAP, and provide an internal model that is a geometric match and
component capability match to the representation provided in RELAP5. In practice
there are still bugs that need to be ironed out by further exercise of the code.
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Multitask and Parallel Computing

* Multitask computing involves TRACE working in conjunction other programs to
produce a full system simulation. Normally each task would operate on a separate
processor.

* By Parallel computing I mean that a single run of TRACE can use parallel directives
such as OpenMP on a shared memory parallel computer to drastically cut run time
below that for the same job on a single processor

* Work has primarily focused on Multitasking. Opportunities for parallel processing
have resulted from work to permit more than one TRACE process to contribute to, a
multitask system simulation.

ACRS, November 19, 2003
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Goals of Multitasking

1) Increase capabilities for system simulation by permitting contribution of special
component or process models from other programs. These may include but are not
limited to:

* Simpler lumped models for components such as accumulators or core makeup
tanks

• More detailed models such as CFD to follow flow in special regions
* Better models of physical processes such as neutron or radiation transport
* Special control systems
* Real time graphics and user intervention during a simulation

2) Decrease run times for simulations through a combination of parallel execution and
use of simplified models where appropriate.

ACRS, November 19, 2003
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Example of Multitasking with TRACE

_

--

TRACE
Special Process

(Steam Generator
Secondary)

TRACE
Special Process

(Steam Generator
Secondary)

.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TRACE
Central Process

(Reactor Primary)

Special Process
for Reactor Core

3- D Kinetics

/

Reactor
Containment

Special Process
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Benefits of Multitasking

* A far more adaptable code

* Far less knowledge required of TRACE to add new models

* Increased analyst efficiency resulting from more rapid turnaround of simulation
results.

ACRS, November 19, 2003
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What is the ECI?

* The Exterior Communications Interface (ECI) is a service that permits tight coupling
of a number of programs during the simulation of a complex physical system. It
was designed to require very little knowledge of the parallel environment by a code
user, and simple adaptation to new programs by code developers.

* It is a collection of Fortran 90 Modules and low level C++ functions that may used
with any Fortran 90 program to setup and drive interprocess communications. In
addition it maintains and checks status flags that can be used to control
calculational flow and code output. Only four ECI subroutines must be modified for
each new program to deal with internal details of that program's data structure and
subsystem simulation.

@ Configuration of data transfers is request driven, not hardwired into coding.

* The ECI requires specification of synchronization points for data transfer, but does
not impose any particular structure on these synchronization points.

e SNAP will eventually control ECI based calculations directly, and eliminate the need
for users to understand the one input file defining the scope of the parallel
calculation.

ACRS, November 19, 2003
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How does the ECI contribute to Multi-Tasking?

* We need maximum freedom in specifying the system being simulated and the
configuration of programs used for the simulation.

* To achieve this freedom, the nature of data communication between processes
must be set after the user system specification has been input.

* The ECI provides:

* Dynamic configuration of data flow paths between processes;
* Freedom to request any state variable from a participating process;
* Management of the actual transfer process;
e Synchronization of participating processes; and
* Global transmission of error conditions.

* The ECI does not replace standard message passing services. It currently uses
Sockets for networked computers or a shared memory buffer on shared memory
parallel computers.

ACRS, November 19, 2003
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Task Organization with the ECI
* The ECI requires a loose Central/Satellite organization to the processes (see the previous

Figure).

* A "console" process reads the list of programs participating in the simulation, and starts them
on requested computers.

* One of these spawned tasks is designated as the Central Process.

* The Central Process determines full system connectivity for use in global solution of coupled
flow equations. By default a Central Process will perform the global solution. However, that
job may be reserved for another process.

* The Central Process monitors the status of all processes and makes the final decision on the
primary time step size.

* The Central Process determines iteration convergence and when needed forces time step
backups

* The Central Process sets ECI flags used to synchronize output, including restart dumps,
graphics and ASCII output.

* Information does not always pass through the Central Process. Physical connections
between regions modeled on satellite processes are reflected in direct communications links
between those processes.

ACRS, November 19, 2003
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Request Driven Inter-Process Communication

* Data needs of processes are dynamically scheduled at the beginning of each
calculation

e Processes search for location of missing information, and negotiate special
characteristics of the data transfers

* Each process requests necessary data by mnemonic name (e.g. p, t, tv, vv, vl),
location, and transfer schedule

* Transfers are scheduled by setting pointers in transfer tables

* Transfers are accomplished in a three stage process, copying data to a transfer
buffer, copying the transfer buffer between processes, and copying data from the
import transfer buffer to the destination data structure.
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Equation Solution in Multitasked Problems

* The ECI is supplemented by special equation solution features to permit stable
solution of flow equations that span multiple tasks.

* Programs must agree on a form for mass and energy fluxes at the interprocess flow
junction. Solutions can deal with explicit, semi-implicit, or SETS fluxes.

* Solution starts with a reduction step in each process, solving for internal variables
as functions of unknowns in adjacent processes

o The reduction is completed in one process, that solves for all variables adjacent to
the interprocess flow junctions

* Solution is completed with back-substitution in each process.

* Within the constraints of machine round-off errors, this approach will provide the
same solution as an equivalent problem on a single processor.

ACRS, November 19, 2003
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Timing Study on Windows
This study involved circulation in a 1-D closed loop, with half of the total volumes assigned to each
process. The Dell computer had 2Ghz Dual Xeon processors and 1 Gbyte of main memory. The
code was compiled by Compaq Visual Fortran with the optimization level set to "Optimize for
Speed". CPU time per cell per time step on a single processor run was 2.5e-5 seconds.

Communications None None Shared Shared Sockets Sockets PVM PVM
Method
N u m b e r o f 1 1 2 2 2 2 2 2
Processes
Total number of 400 200 400 200 400 200 400 200
Cells . .

Number of Time 2017 2017 2017 2017 2017 2017 2017 2017
Steps
CPU Time (s) 20.9 10.2 12.9 6.9 16.5 9.8 179 172

Parallel Efficiency 0.81 0.74 0.63 0.52 0.03 0.016

Comparisons of times for a simple ECI program indicate that efficiency for Sockets will improve
noticeably when the TRACE is running on Linux in parallel. However, the switch to Linux can not
be expected to produce radical improvements in parallel efficiency for the shared memory
message passing. My feeling is that shared memory should be much faster, and we will be looking
at ways to improve speed of that coding. A timing study is in progress for Linux Clusters.
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\1 Jw J



C C} C

Summary

TRACE applies well defined multitasking interface, and has been successfully used in
multitask calculations. At the moment Contain, Remix, and a few small special purpose
programs have been adapted to the ECI. Experience in these efforts, confirms the ease
of installing and using the ECI. More applications can be expected in the future.
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