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P-R-O-C-E-E-D-I-N-G-S 1 

8:31 a.m. 2 

  CHAIR BANERJEE:  (Presiding)  The meeting 3 

will now come to order. 4 

  This is a meeting of the ACRS Subcommittee 5 

on Thermal Hydraulic Phenomena.  I am Sanjoy Banerjee, 6 

Chairman of this meeting. 7 

  Members in attendance are Said Abdel-8 

Khalik, John Stetkar, who seems to be -- 9 

  CONSULTANT WALLIS:  No, he is not coming. 10 

  CHAIR BANERJEE:  He's not coming?  I got 11 

mixed up.  Sorry. 12 

  Joy Rempe, a member.  Welcome. 13 

  And Bill Shack is not coming, either. 14 

  CONSULTANT WALLIS:  No. 15 

  CHAIR BANERJEE:  Okay.  So, Mike Corradini 16 

will be joining us later this afternoon on the phone. 17 

  We also have former ACRS members and 18 

actually former Chairmen, Tom Kress and Graham Wallis, 19 

as consultants. 20 

  The purpose of the meeting is to discuss 21 

the near- and long-term plan activities of the Office 22 

of Nuclear Regulatory Research, RES, in the areas of 23 

TRACE code -- sorry -- computer code development and 24 

validation, as well as associated experimental studies 25 
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of thermal hydraulic phenomena. 1 

  I must apologize to members of the 2 

Subcommittee for the delay in getting the material to 3 

you.  We normally have a 30-day limit.  In this case, 4 

we allowed them to submit late, Mr. Chairman, and I 5 

hope it's okay. 6 

  But this will be the only time you will 7 

get away with it.  I don't know why you're so busy, 8 

considering that we have to deal with GSI-191, AP1000, 9 

and we still have time.  And you can't get your stuff 10 

to us in time?  So it's amazing.  But perhaps you will 11 

tell us why you're so busy.  Okay. 12 

  In any case, Dr. Hossein Nourbakhsh is the 13 

Designated Federal Official for this meeting. 14 

  The rules for participation in today's 15 

meeting have been announced as part of the notice of 16 

this meeting previously published in The Federal 17 

Register on September 21st, 2010. 18 

  A transcript of the meeting is being kept 19 

and will be made available, as stated in The Federal 20 

Register notice. 21 

  It is being requested that speakers first 22 

identify themselves, use one of the microphones, and 23 

speak with sufficient clarity and volume so that they 24 

can be readily heard. 25 
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  We have received a request for time to 1 

make oral statements from two members of the public, 2 

Mr. Bob Leyse and Mr. Mark Leyse, regarding today's 3 

meeting. 4 

  I think those are all the remarks that I 5 

have.  We look forward to seeing what you guys are up 6 

to.  And we may or may not decide to write a letter 7 

after that, and that we will take up with the full 8 

Committee, of course. 9 

  CONSULTANT WALLIS:  May I have a comment, 10 

Mr. Chairman? 11 

  CHAIR BANERJEE:  Yes, please. 12 

  CONSULTANT WALLIS:  We're going to hear a 13 

plan?  We haven't heard what's been achieved yet.  14 

Could we hear something, when they present the plan, 15 

about what's been achieved since we last met? 16 

  CHAIR BANERJEE:  We will give you free 17 

rein, Professor Wallis. 18 

  CONSULTANT WALLIS:  Thank you.  Thank you. 19 

  CHAIR BANERJEE:  As long as we get done in 20 

time to have dinner. 21 

  CONSULTANT WALLIS:  Yes, I think that's 22 

important. 23 

  CHAIR BANERJEE:  Yes. 24 

  CONSULTANT WALLIS:  I mean, if you're 25 
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watching the progress of something, you need to know 1 

where you've been as well as where you think you're 2 

going. 3 

  CHAIR BANERJEE:  All right.  Feel free to 4 

ask. 5 

  Okay, we will now proceed with the 6 

meeting.  I call upon Steve Bajorek of RES to begin. 7 

  Go ahead, Steve. 8 

  MR. BAJOREK:  Thank you, Sanjoy. 9 

  Good morning, everyone.  This is Steve 10 

Bajorek from the Office of Research. 11 

  I am joined this morning by Ralph Landry 12 

from the Office of New Reactors and Len Ward from NRR, 13 

who will be sitting in for Tony Mendiola this morning. 14 

  What I would like to do is to just kind of 15 

make some introductory remarks, perhaps tell you where 16 

we have been over the last several years. 17 

  From roughly 2000 until 2007, the TRACE 18 

code underwent what we called code consolidation, 19 

where we took models from RELAP, TRACB, TRACP, and 20 

consolidated those into a single platform that could 21 

be used for PWRs, BWRs, and new and advanced Light 22 

Water Reactors. 23 

  From roughly 2007 until this year, the 24 

emphasis has been on generation of conventional plant 25 
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models.  We have done that for a large number of 1 

Boiling Water Reactors, Pressurized Water Reactors.  2 

We have run large-break, small-break.  We have taken a 3 

look at some EPUs, at the request of NRR.  We have 4 

done over 500 to 600 separate assessment cases over 5 

this period of time. 6 

  Now, up until this time, the emphasis has 7 

been consolidating the code, making sure it runs for 8 

our conventional plants and new reactors.  But there 9 

has not been a tremendous emphasis on improving the 10 

models and correlations that were within TRAC or 11 

RELAP. 12 

  During this period, we have continued some 13 

experimental work.  We're going to hear about that 14 

today, some work through our Thermal-Hydraulic 15 

Institute looking at interfacial area transport and 16 

also some of our work at the rod bundle heat transfer 17 

facility at Penn State. 18 

  We're now in a position, we feel, to begin 19 

making use of that experimental data, making use of 20 

the consolidated code, in order to improve it, correct 21 

things that we perceive as deficiencies, which you 22 

should interpret as excessive uncertainties within 23 

some of the models. 24 

  We'll add new features, at the request of 25 
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NRR or, in particular, NRO.  We'll also be very active 1 

in increasing the speed of the code over the next few 2 

years because we anticipate integrating TRACE with a 3 

code uncertainty methodology.  And every time you do 4 

that, you need to run a relatively large number of 5 

cases, and they have to run reliably. 6 

  So what we would like to do today is to 7 

present to you what we're calling the thermal 8 

hydraulic roadmap.  In that roadmap, which you 9 

received a couple of weeks ago, we talk about TRACE, 10 

PARCS, and SNAP.  TRACE you've heard about and 11 

recognize as the thermal hydraulics code.  PARCS is 12 

our neutronics code which we run coupled with TRACE in 13 

order to get the kinetic feedback.  SNAP is a front-14 

end user interface.  We use this not only for TRACE 15 

and PARCS, but for other codes in order to make it 16 

easy for the user to set up the input and eventually 17 

to process the results. 18 

  We're going to have a presentation this 19 

morning talking about what we're doing with SNAP right 20 

now in order to enable it to automatically run a large 21 

number of calculations to help with uncertainty 22 

methodologies. 23 

  We are also going to talk about the 24 

experimental support programs.  And I mentioned 25 
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interfacial area transport.  We have Professor Ishii 1 

here from Purdue today, who is going to talk about 2 

that.  We have Professor Seungjin Kim from Penn State 3 

to talk about the rod bundle heat transfer program.  I 4 

am going to add to that by talking about some of our 5 

international programs. 6 

  MEMBER ABDEL-KHALIK:  We don't seem to 7 

have copies of these slides.  Do we have copies of the 8 

slides? 9 

  MR. BAJOREK:  We'll get them for you. 10 

  CHAIR BANERJEE:  Just one second, Steve.  11 

Thank you. 12 

  CONSULTANT WALLIS:  While we have a break, 13 

Steve, you said you had run 5,000 assessments? 14 

  MR. BAJOREK:  Five to six hundred separate 15 

cases. 16 

  CONSULTANT WALLIS:  Five hundred?  That's 17 

run by RES? 18 

  MR. BAJOREK:  Most of them are run by 19 

either RES or some of our contractors. 20 

  CONSULTANT WALLIS:  I was just wondering 21 

if other people use this code besides you folks. 22 

  MR. BAJOREK:  We're the primary users.  We 23 

do have a few people at NRR and I think perhaps a 24 

couple at NRO that do use the code on occasion. 25 
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  CONSULTANT WALLIS:  Because the Committee, 1 

some years ago, strongly suggested this should be the 2 

basic code for thermal hydraulics for the whole 3 

agency.  And I wondered what progress there had been 4 

in that direction. 5 

  MR. BAJOREK:  We have generally been 6 

setting up the code and making the runs at the request 7 

of the user offices.  I would leave it up to the 8 

offices to comment on -- 9 

  CONSULTANT WALLIS:  Is that because 10 

they're difficult to set up unless you're the real 11 

expert? 12 

  MR. BAJOREK:  I would like to think of 13 

using a code like this as almost like a foreign 14 

language.  You need to use it almost full-time -- 15 

  CONSULTANT WALLIS:  An easy foreign 16 

language or is this Sanskrit or something? 17 

  (Laughter.) 18 

  MR. BAJOREK:  No, I think once you learn 19 

one thermal hydraulic code, going on to another one is 20 

fairly easy.  But unless you're doing it consistently 21 

and keeping practiced at it, it is easy to have 22 

trouble with it.  If you only pick it up once every 23 

six months or every couple of years, it's going to be 24 

difficult. 25 
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  CONSULTANT WALLIS:  Now it's out there in 1 

the world, isn't it?  So universities can use it?  Do 2 

they use it? 3 

  MR. BAJOREK:  Yes, we have our CAMP 4 

program, where we have a large number of users in 5 

Europe, Korea, Japan.  They use it on a -- 6 

  CONSULTANT WALLIS:  But that's a very good 7 

way to test the code, is to have graduate students 8 

play around with it and see what they can do with it 9 

or not do with it. 10 

  MR. BAJOREK:  They find very clever ways 11 

of using the code. 12 

  CHAIR BANERJEE:  Do you provide the source 13 

code to graduate students with export control or not? 14 

  MR. BAJOREK:  I don't believe so. 15 

  Chris? 16 

  MR. HOXIE:  If you're talking about 17 

students, for example, at American universities -- 18 

  CHAIR BANERJEE:  Yes. 19 

  MR. HOXIE:  -- we do look at their 20 

citizenship, but, in general, if the Department of 21 

State didn't want those folks in here, they wouldn't 22 

have given them a visa.  So, we generally treat people 23 

at the universities, we want them to use the code.  24 

There's a balance between security and nuclear safety, 25 
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and we really take it case-by-case, but that's the 1 

bottom line. 2 

  CHAIR BANERJEE:  But you do provide the 3 

source code? 4 

  MR. HOXIE:  They can get the code. 5 

  CHAIR BANERJEE:  The source code? 6 

  MR. STAUDENMEIER:  Yes, the source code, 7 

they can get it. 8 

  CHAIR BANERJEE:  Not just the object? 9 

  MR. STAUDENMEIER:  That's correct. 10 

  CONSULTANT KRESS:  Is this part of the 11 

CSARC? 12 

  MR. BAJOREK:  No.  No, that would be 13 

severe accident.  CAMP is our equivalent to CSARC. 14 

  CONSULTANT KRESS:  Okay. 15 

  CHAIR BANERJEE:  Because the ACRS has come 16 

out very strongly in favor of transparency in the 17 

past.  And one of the comments we will have later on 18 

about your CFD efforts is the lack of transparency.  19 

So, hopefully, TRACE being developed with government 20 

money, it will be transparent and available to all. 21 

  Okay, go ahead. 22 

  MR. BAJOREK:  Okay.  What we would like to 23 

do in the next few minutes is talk a little bit about 24 

what we see as the anticipated needs for the code. 25 
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  Research is a support office.  We do work 1 

that is requested by NRR and NRO.  That determines our 2 

priority.  We do look ahead.  We try to see what's 3 

coming at us in the way of new reactors, Small Modular 4 

Reactors, the plan uprates, and changes to fuel 5 

design, because many times it takes several years of 6 

work to put in new models and new features.  And we 7 

want to try to get a headstart on that ahead of the 8 

request when it comes into the user office.  So we do 9 

try to look ahead, but -- 10 

  CHAIR BANERJEE:  So, how do you make a 11 

decision as to whether you are going to be involved 12 

with GSI-191 or not, which is an agency priority? 13 

  MR. BAJOREK:  We wait for a request from 14 

NRR. 15 

  CHAIR BANERJEE:  So you can't decide that 16 

you feel this is an appropriate area to do research 17 

in?  You simply wait for NRR? 18 

  MR. BAJOREK:  That's correct.  A few years 19 

ago, we did some research looking at clogging sump 20 

screens. 21 

  CHAIR BANERJEE:  It was an important 22 

subject. 23 

  MR. BAJOREK:  We developed our own 24 

correlation for pressure drop, depending on the amount 25 
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of Cal Sil and mineral wool fiber.  We finished that 1 

work and we were told to stop our research of that. 2 

  CHAIR BANERJEE:  Who told you that? 3 

  MR. BAJOREK:  NRR. 4 

  CONSULTANT WALLIS:  You don't have any 5 

independence? 6 

  MS. GIBSON:  Yes, this is Kathy Gibson.  7 

I'm the Deputy Director of the Division of Systems 8 

Analysis. 9 

  And I wanted to mention that we have at 10 

the Division level weekly counterpart meetings with 11 

the Division Directors at NRR and NRO.  So we have an 12 

ongoing dialog about the different technical issues 13 

that are going on in the agency. 14 

  Steve is correct that we do get formal 15 

user needs from the offices to start work, but that's 16 

just our formal process.  We do have an ongoing 17 

dialog.  So it's not like we, you know, sit at Church 18 

Street and wait for the letter to come to us.  We do 19 

have this ongoing dialog. 20 

  CHAIR BANERJEE:  So, do you feel that this 21 

puts your emphasis on short-term work rather than 22 

long-term strategy? 23 

  MS. GIBSON:  I think our priority is the 24 

short-term work, but the code has to be able to 25 
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perform to a level to answer the regulatory questions 1 

that the program offices have.  So that is the highest 2 

priority.  Then, there are longer-term improvements 3 

that we want to make to the code, and those are the 4 

types of things that we are going to talk about today. 5 

  CHAIR BANERJEE:  So, today we are talking 6 

about thermal hydraulics, not only about TRACE, or is 7 

it just TRACE you are talking about? 8 

  MR. BAJOREK:  Primarily TRACE, TRACE and 9 

the codes which are used to either support it or help 10 

it with its calculations. 11 

  CHAIR BANERJEE:  So when do we hear about 12 

your whole thermal hydraulics program or is the whole 13 

program just TRACE? 14 

  MR. BAJOREK:  The whole program, you would 15 

also want to take a look at some of the work in severe 16 

accidents, perhaps some of the work in containment.  17 

That would fit under thermal hydraulics. 18 

  CHAIR BANERJEE:  For example, what happens 19 

to non-condensables in ESBWR containment?  For 20 

example, how do you handle that? 21 

  MR. BAJOREK:  One of the things that we 22 

will not be talking about in this meeting specifically 23 

is going into that work for new and advanced reactors. 24 

 We are trying to focus today on the more generic 25 
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work. 1 

  When we do work for advanced reactors, 2 

let's say AP1000, we would do a specific code-3 

applicability report, where we would look at the 4 

plant, its deltas compared to a conventional reactor, 5 

review its PIRT, and decide that we would have to go 6 

into TRACE or other codes and make changes or 7 

improvements to it. 8 

  We would run experiments.  In the AP1000 9 

case, it would have been the APEX facility at OSU.  We 10 

would perhaps have run other tests like ATLATS to take 11 

a look at offtake into the ADS system.  So we have a 12 

separate program there to look at those unique 13 

features of the advanced plants.  Now those would be 14 

encompassed in the entire thermal hydraulic program. 15 

  CHAIR BANERJEE:  Yes.  So, the reason I am 16 

asking these questions is point three.  Discuss the 17 

NRC anticipated needs for thermal hydraulic analytical 18 

capability.  This is not limited to TRACE.  We have 19 

many requirements in the agency which go well beyond 20 

TRACE.  Are you going to talk about those? 21 

  MR. BAJOREK:  Not specifically, no. 22 

  CHAIR BANERJEE:  So you're only going to 23 

talk about TRACE? 24 

  MR. BAJOREK:  We'll be talking about 25 
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TRACE, PARCS -- 1 

  CHAIR BANERJEE:  Do you think TRACE meets 2 

all the thermal hydraulic analytical capabilities 3 

required by the agency? 4 

  MR. BAJOREK:  No.  We do need to work at 5 

things like containment, CFD, of course, severe 6 

accident, and we're getting into the MELCOR code when 7 

we do that.  So we have those various tools at our 8 

disposal. 9 

  I think you're trying to get at CFD.  Is 10 

that your -- 11 

  CHAIR BANERJEE:  No, not necessarily.  I'm 12 

asking a broader question. 13 

  CONSULTANT KRESS:  With TRACE, it would 14 

seem like you have to add another fluid or non-15 

condensable gases.  Would you also have to add an 16 

aerosol model in it, if you are going to look at 17 

things like GSI-191? 18 

  CHAIR BANERJEE:  They can't. 19 

  MR. BAJOREK:  I don't know if we can look 20 

at, put an aerosol in there. 21 

  CONSULTANT KRESS:  Gravity forces to deal 22 

with the settling of fibrous material? 23 

  MR. BAJOREK:  We would perhaps need to use 24 

an additional field if we're trying to track debris 25 
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through the reactor system.  That would be a 1 

possibility within the framework of TRACE.  I would 2 

hesitate to say that that's something that we would be 3 

able to do very quickly, however, and I think you 4 

would still have a great deal of experimental 5 

uncertainty, even if you had those models activated. 6 

  CONSULTANT WALLIS:  Could I follow up on 7 

the general discussion of why you do what you do?  I 8 

can't imagine NRO requesting that you work on 9 

interfacial area transport.  You were saying you 10 

respond to the needs of NRO and the Office of New 11 

Reactors, and so on.  But there's no way I can imagine 12 

them asking for an interfacial area transport 13 

equation.  So, why do you do that? 14 

  MR. BAJOREK:  As I said, we also want to 15 

try to improve models within the code.  I hesitate to 16 

call them deficient.  We think the code is 17 

sufficiently accurate for its mission right now, but 18 

there are models in there that, as we look at them 19 

technically, we think the uncertainty is large and we 20 

like to come up with better ways of handling those. 21 

  Interfacial area transport falls into that 22 

category.  We think that the static flow pattern maps 23 

and the transitions from one flow pattern to the next 24 

can be improved upon.  And as part of our long-term 25 
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plan, we would rather get away from those static maps 1 

and go to something much more mechanistic.  Now that 2 

hasn't been requested by the user officer, but that is 3 

an RES initiative to do in the long-term. 4 

  CONSULTANT WALLIS:  That's good, because I 5 

got the impression that you didn't have the ability to 6 

take initiatives, and you do have some ability to do 7 

that. 8 

  MR. BAJOREK:  We can do that. 9 

  CHAIR BANERJEE:  But not on issues as 10 

important as GSI-191?  You seem to be able to choose 11 

the initiatives that you take.  I wonder what the 12 

rationale for it is. 13 

  MR. BAJOREK:  Well, we are interested, at 14 

least in this meeting, in improving on the TRACE code. 15 

 With the specific generic safety issues, it is -- 16 

  CHAIR BANERJEE:  But the point three is 17 

not the TRACE code.  I mean we have many issues that 18 

we are very interested in which have nothing to do 19 

with TRACE. 20 

  MR. LANDRY:  Sanjoy, I am getting out of 21 

order. 22 

  CHAIR BANERJEE:  Yes.  Don't, Ralph.  Let 23 

him finish answering the question.  Then you can come 24 

on. 25 
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  (Laughter.) 1 

  Okay.  Go ahead. 2 

  MR. LANDRY:  Well, I would like to address 3 

what should be an answer to this. 4 

  CHAIR BANERJEE:  Oh, okay. 5 

  MR. LANDRY:  This is Ralph Landry from the 6 

Office of New Reactors. 7 

  Your first comment about why is the 8 

information so late, well, it's because some of us are 9 

involved in GSI-191 and in 50.46a and in 50.46b and 10 

our regular work. 11 

  MS. GIBSON:  And AP1000. 12 

  MR. LANDRY:  And AP1000. 13 

  CHAIR BANERJEE:  Well, we haven't seen any 14 

of your work in AP1000 because we are now just looking 15 

at the COBRA TRAC long-term cooling, and we haven't 16 

seen any confirmatory work. 17 

  MR. LANDRY:  Let me get back to the 18 

question of the Office of Research involvement in 19 

addressing some of the other issues.  And I'll say 20 

"other issues" because it's not just generic safety 21 

issues. 22 

  We in the user offices do not wait until 23 

we get into a problem to ask Research to get involved 24 

and help.  In the work on GSI-191, we initiated a work 25 
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request with Research, which was not a formal user 1 

need request, either -- it was informal -- asking them 2 

to get involved and assist us very early in the 3 

attempt to resolve the generic safety issue.  We did 4 

not wait a long time and then go through the long, 5 

tortuous process of a user need letter to get 6 

Research's involvement. 7 

  In a lot of these issues, it seems like 8 

it's a very formal process, but the actual operation 9 

tends to be less formal and more of they are partners 10 

in the work.  They are a support office, but they are 11 

also treated more as partners in resolving the issues 12 

that come up.  And we communicate with the Office of 13 

Research very freely.  After we get to a certain 14 

stage, we may, then, go the route of a formal user 15 

need or we may continue in an informal manner just to 16 

get the issue resolved. 17 

  CHAIR BANERJEE:  I think we understand the 18 

process.  What I'm concerned about, and I think the 19 

rest of the Committee, is your choice, if you wish, of 20 

long-term problems to address. 21 

  About three years ago, more than that, the 22 

ACRS looked at downstream effects, and the staff had 23 

an SE on WCAP that was presented, which we felt it was 24 

luckily a draft SE.  So it was withdrawn. 25 
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  We felt there was an enormous amount of 1 

work that needs to be done in the area.  And then, 2 

industry has worked for two or three years.  What ACRS 3 

predicted, of course, has happened, in spite of what 4 

was presented originally.  And I don't see any RES 5 

involvement in this, in spite of the fact that this is 6 

really one of the leading issues which is facing us. 7 

  So, I'm wondering, what is the logic by 8 

which you make decisions to go ahead with interfacial 9 

area transport instead of addressing something which 10 

is a very important issue, both for existing reactors 11 

and new reactors? 12 

  MR. BAJOREK:  Part of that comes to 13 

resources.  I think you should understand that the 14 

amount of money that is going into interfacial area 15 

transport is relatively small compared to what you 16 

would need to do to go and start doing testing for the 17 

GSI-191, as we had with the sump screens. 18 

  We have not been completely uninvolved 19 

with this.  I believe in previous meetings with 20 

GSI-191 you did see TRACE calculations where we had 21 

used the correlation that was developed and put that 22 

variable K as a function of, I think it was, time and 23 

flow rate at the bottom nozzle to show what goes on in 24 

the core as the debris builds up. 25 



 

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

 25 

  I think we also showed you basically hand-1 

calculations to take a look at the driving head and 2 

the downcomer, the losses through the core, the two-3 

phase losses, and out through the loop to show what 4 

type of a balance it would be.  We did those in 5 

Research in support of what was going on. 6 

  Now getting into the experimental work was 7 

something that had been considered a couple or three 8 

years ago.  The vendors came in and said, "We're going 9 

to do it."  And they have been working at a couple of 10 

different labs looking at their mockups of their own 11 

fuel assemblies with their proprietary information and 12 

giving that over to the review groups. 13 

  We have been looking at that, and we have 14 

been passing comment back to NRR.  But we have not 15 

been asked, and don't feel we have the sufficient 16 

resources at this point, to develop our own loop, 17 

develop our own test section for something like that 18 

independently -- 19 

  CHAIR BANERJEE:  Have you seen the loop 20 

that is used? 21 

  MR. BAJOREK:  The one in Alden?  No, I 22 

have not been -- 23 

  CHAIR BANERJEE:  No, the one in, say, 24 

Westinghouse? 25 
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  MR. BAJOREK:  No, I have not. 1 

  CHAIR BANERJEE:  The loop is very, very 2 

simple.  And I don't think it requires a huge 3 

investment of funds. 4 

  What is puzzling me is that this is an 5 

area where there's very little understanding of the 6 

phenomena.  So you are faced with surprises all the 7 

time. 8 

  If you go from one loop to the other, you 9 

get different results.  If you move the way you 10 

control the flow, you get different results. 11 

  And this is an area, it would seem to me, 12 

that we need to have some illumination, elucidation of 13 

the phenomena.  Yet, you're putting money into things 14 

like rod bundle heat transfer and stuff like that, and 15 

not tackling something which concerns us every day, 16 

which the Commission has put a lot of attention on.  17 

And I'm just trying to understand how you set your 18 

priorities for your long-term programs.  I mean, if 19 

I'm belaboring this, it's for a reason, because we 20 

felt a gap. 21 

  To give you another example, we are faced 22 

with COBRA TRAC calculations for long-term cooling 23 

right now for which no confirmatory work has been done 24 

on GSI problems for AP1000.  I don't know if it's 25 
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because TRACE doesn't have the capability to do it or 1 

you simply haven't done it.  So these are issues which 2 

face us every day, and we see them all. 3 

  And now this lunch, we are going to be 4 

briefed about the accumulators in the brief period we 5 

get for Mitsubishi.  Have you guys done any work for 6 

this? 7 

  MR. BAJOREK:  Yes, we have. 8 

  CHAIR BANERJEE:  Okay. 9 

  MR. BAJOREK:  Yes. 10 

  CHAIR BANERJEE:  But did you have any 11 

independent, rather than just using FLUENT, which they 12 

are already doing?  So do you add something to the 13 

thing or do you just use FLUENT? 14 

  MR. BAJOREK:  No.  We have developed 15 

models that can go into TRACE and that have been 16 

benchmarked against, I think it was the one-third and 17 

one-half. 18 

  CHAIR BANERJEE:  Right. 19 

  MR. BAJOREK:  There's a couple of 20 

different scale tests that MHI used.  We have 21 

developed a model to capture that change in flow rate 22 

as the level drops down to that vortex suppression 23 

device. 24 

  CHAIR BANERJEE:  The concern is whether 25 



 

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

 28 

these experiments, how do they scale to full-scale. 1 

  MR. BAJOREK:  Uh-hum. 2 

  CHAIR BANERJEE:  And what has been done 3 

there is they have been running this with FLUENT to do 4 

the scaling. 5 

  MR. BAJOREK:  Uh-hum. 6 

  CHAIR BANERJEE:  Has there been any 7 

independent validation with some other tool?  Because, 8 

you know, we call these color fluid dynamics.  So, 9 

have you actually looked at it with something else, 10 

validated this? 11 

  MR. BAJOREK:  I don't believe -- we have 12 

done our own CFD calculations with that.  We have done 13 

the work with TRACE. 14 

  CHAIR BANERJEE:  You have done your own 15 

CFD calculation? 16 

  MR. BAJOREK:  Yes. 17 

  CHAIR BANERJEE:  With FLUENT? 18 

  MR. BAJOREK:  With FLUENT. 19 

  CHAIR BANERJEE:  Why this sort of only use 20 

of FLUENT?  Why not something else?  I mean, at least, 21 

then, you would know that it wasn't some way of 22 

treating boundary conditions in FLUENT, or whatever, 23 

that was giving an issue. 24 

  Because each of these codes have fixes, as 25 
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you know.  FLUENT doesn't run very well if you don't 1 

adjust the outlet boundary conditions. 2 

  MR. BAJOREK:  That's true.  But the long-3 

term goal of this is to put those accumulator models 4 

into TRACE and then to run large-break, small-break, 5 

the accident scenarios where you trust that the 6 

accumulator prolongs the flow for a long period of 7 

time or it doesn't run out before you get into the 8 

long-term cooling mode. 9 

  We will be doing those, and I would hope 10 

that, when we do those calculations, we're also 11 

looking at the uncertainties that arise from scaling, 12 

the ability to measure and model those types of flows. 13 

 That would come out of the TRACE calculations.  You 14 

wouldn't get that from CFD, even if you did go to a 15 

CFX or a STARCD, or something like that. 16 

  CHAIR BANERJEE:  No.  I think that we have 17 

to separate the issues.  One is, how does the system 18 

behave, given a certain injection and profile?  Okay? 19 

 And that, I'm sure, can be done by TRACE, because 20 

it's  a primarily one-dimensional calculation.  But 21 

how does the accumulator behave -- you know, going 22 

from smaller-scale experiments to large-scale is 23 

something which is another problem. 24 

  And the concern is, when you go to larger-25 
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scale, the turbine scales change.  You know, it is 1 

very hard to capture these.  And this is an inherently 2 

unsteady process. 3 

  When FLUENT and all these codes were 4 

written, they were essentially steady-state codes.  5 

They were never written to be transient codes.  This 6 

is a very transient situation. 7 

  MR. BAJOREK:  Uh-hum. 8 

  CHAIR BANERJEE:  So, the concern that we 9 

have is, what capability are you developing to be able 10 

to check these essentially steady-state CFD codes 11 

which you are now using to look at the situation where 12 

the vortical structures and things have to be followed 13 

independently?  You know, are you getting into large 14 

eddy simulation?  So these are broader questions which 15 

are concerning us, I think. 16 

  Point three there, you know, and you're 17 

going to tell us about TRACE, which is great. 18 

  MR. BAJOREK:  I'm going to tell you about 19 

TRACE, but -- 20 

  CHAIR BANERJEE:  Yes. 21 

  MR. BAJOREK:  -- aspects of the new 22 

reactors, APWR, ABWR, we do not plan on covering those 23 

at this meeting.  I don't think we have enough time to 24 

go into all of those details on what we are doing for 25 
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the accumulator models for APWR or reflux condensation 1 

for EPR.  We want to try to keep those as separate 2 

meetings.  What we are doing -- 3 

  CHAIR BANERJEE:  When are we going to hear 4 

that?  Because it seems to us that a lot of our 5 

concerns have precisely to do with these things like 6 

reflux condensation for EPR or even for the EPUs, some 7 

of them.  If 50.46a goes through, I am sure we will 8 

see some EPUs which will push the refluxing phenomena. 9 

 So, when are we going to hear about those things? 10 

  MR. BAJOREK:  You'll hear about those when 11 

we deal with the Advanced Reactor, where that is an 12 

issue.  You'll hear only -- 13 

  CHAIR BANERJEE:  Or existing reactors 14 

coming in for EPU. 15 

  MR. BAJOREK:  We'll talk about that 16 

briefly with some of our assessment plans this 17 

afternoon.  We are going to try to do some additional 18 

work to look at the reflux issue, and we are getting 19 

some additional data from our international programs 20 

on that. 21 

  So it is not being ignored generically, 22 

but the time to really look at that would occur when 23 

we start to look at EPR and some of the Advanced 24 

Reactors. 25 
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  CONSULTANT WALLIS:  So, maybe when you 1 

present your plan, you have a list of things to do, 2 

you might have another list of things you chose not to 3 

do and why.  Maybe that would help us. 4 

  Well, you are aware of these things, but 5 

you didn't do them.  And if you had infinite 6 

resources, you probably would do them, but you chose 7 

to do one set and not the whole thing. 8 

  MR. BAJOREK:  Well, let me take it as a 9 

message that, as we get additional comments on the 10 

overall roadmap and plan, you would like to see a more 11 

comprehensive document that does include the Advanced 12 

Reactors.  Even though we don't have an opportunity to 13 

cover it all today, but there are efforts going on in 14 

that area. 15 

  CONSULTANT WALLIS:  You see the ACRS 16 

transcripts.  You can see there's all kinds of 17 

questions that are asked about thermal hydraulics, and 18 

you chose not to do research in those areas.  There 19 

must be some reason.  So that would be helpful, I 20 

think.  I don't know if you will be able to do that, 21 

but so supplement your discussion of what you want to 22 

do with why you didn't something else.  That might 23 

help us a bit. 24 

  MR. BAJOREK:  Okay. 25 
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  CHAIR BANERJEE:  Yes, I think we can carry 1 

on, but what is not coming through is the rationale.  2 

Because we see everything. 3 

  MR. BAJOREK:  Uh-hum. 4 

  CHAIR BANERJEE:  And we have issues, I 5 

mean, with things which concern us.  And certainly, 6 

the interfacial area transport doesn't concern us.  7 

This is way down, but, yet, this is right up there, 8 

where the issues which concern, we don't see they are 9 

in that list. 10 

  MR. BAJOREK:  Okay. 11 

  CHAIR BANERJEE:  So we need to bring this 12 

into, at the end of the day, some sort of concordance 13 

as to the issues we feel that we see every day that we 14 

are having to deal with and what you guys are doing. 15 

  Okay.  So I think we'll give you some 16 

feedback at the end of the day.  But let's continue.  17 

I guess point four is that feedback. 18 

  MR. BAJOREK:  Well, you've covered that.  19 

Thank you very much. 20 

  CHAIR BANERJEE:  Yes.  All right. 21 

  MR. BAJOREK:  Since we are getting a 22 

little behind schedule, I will try to go through this 23 

very quickly. 24 

  We are going to talk about TRACE and some 25 
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of the associated codes that go along with it, PARCS, 1 

SNAP. 2 

  We do want to point out that our 3 

development is not intended to become the state-of-4 

the-art.  We need to try to develop the code to be at 5 

least equivalent as to what is out there in the 6 

industry.  We need it to be able to allow the staff to 7 

do its audit capability and assist in making 8 

regulatory decisions.  But we need to try to avoid 9 

becoming an NSF or a Department of Energy, where we're 10 

funding the work to try to advance the state-of-the-11 

art. 12 

  What primarily drives us are those audit 13 

calculations for Extended Power Uprates, tech spec 14 

changes.  We do a considerable amount of work 15 

supporting NRO.  All of those things we just 16 

mentioned, and then some, are part of the overall 17 

program. 18 

  Rulemaking support, we are doing some work 19 

to look at 50.46a or b, or I kind of like the 20 

alpha/beta maybe a little bit better. 21 

  CHAIR BANERJEE:  At least it's not "A" 22 

that's a problem, but, yes. 23 

  (Laughter.) 24 

  MR. BAJOREK:  But we are looking ahead in 25 
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that, hey, what might drive us in the future are small 1 

break or perhaps these intermediate breaks near that 2 

transition break size.  We have some work going in 3 

that area. 4 

  Generic safety issue resolution, we are 5 

doing some testing to look for GSI-193.  There's been 6 

not enough in the area of 191 experimentally, but we 7 

do have some work in the code to look at the variable 8 

losses of the lower core plate, that if we need to 9 

look at long-term cooling, we could do that. 10 

  CHAIR BANERJEE:  See, here is an issue 11 

because we are going to be faced with having to deal 12 

with this for the new reactors.  Some of them are 13 

trying to come through and get it in the DCD rather 14 

than leave it for the COLAs.  So we don't know what to 15 

do, and the time scales are so tight here. 16 

  Yet, we see that there is almost no 17 

confirmatory calculations being done for various 18 

amounts of losses at the inlet and various spaces.  We 19 

have been faced with calculations which are done by 20 

the vendor, where they have made certain assumptions. 21 

 The K, for example, is not even made a function of 22 

the velocity.  We know it has to be a velocity-23 

dependent function because you don't have turbulent 24 

flow through this bed, right? 25 



 

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

 36 

  So all these things that we are seeing, we 1 

don't see very much in the way of confirmatory 2 

calculations being done at all, which concerns us.  I 3 

mean you've got TRACE.  Certainly, TRACE would do 4 

these things.  TRACE can do long-term cooling now. 5 

  MR. BAJOREK:  Yes, it can.  It can do 6 

long-term. 7 

  CHAIR BANERJEE:  And it has been accepted 8 

for the AP1000, or what is the situation? 9 

  MR. BAJOREK:  When AP1000 went through 10 

design certification, we were still using RELAP at the 11 

time. 12 

  CHAIR BANERJEE:  Uh-hum, I remember that, 13 

yes. 14 

  MR. BAJOREK:  Since then, we have a draft 15 

version of an applicability report where we have 16 

modeled models for the AP1000, APEX, some of the CMT 17 

tests, ROSA, the tests that went into the design 18 

certification-type work. 19 

  CHAIR BANERJEE:  There's some long-term 20 

cooling done with APEX, right? 21 

  MR. BAJOREK:  Yes.  In fact, most of those 22 

transients, once you get outside of the DVI line 23 

break, behave much like long-term cooling-type tests. 24 

 You get flow from the sump and through the reactor 25 
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core.  There's test data for that. 1 

  We have run TRACE out those many thousand 2 

seconds to basically show -- 3 

  CHAIR BANERJEE:  So, in principle, it 4 

could be used? 5 

  MR. BAJOREK:  It could do that, yes. 6 

  CHAIR BANERJEE:  Yes.  And you've got an 7 

applicability report written, which we haven't seen, 8 

but let's assume it's fine.  So it could be done? 9 

  MR. BAJOREK:  It could be done.  It's 10 

there. 11 

  CHAIR BANERJEE:  That's useful to know. 12 

  MR. BAJOREK:  Okay.  Just a final point, 13 

even though we are not trying to redefine the state-14 

of-the-art with the work we are doing, we do realize 15 

that TRACE and the supporting codes, we need to be 16 

realistic.  We don't want to have excessive 17 

conservatisms.  So we cannot go into TRACE and, if a 18 

model has a high uncertainty, just bound it high all 19 

the time.  We try to do the work, do the research, 20 

when necessary, to make sure we are as mechanistic as 21 

we possibly can be. 22 

  CONSULTANT WALLIS:  You have to keep up 23 

with the state-of-the-art.  Otherwise, you find the 24 

vendors have abilities that you don't have, and 25 
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there's no way you can check them. 1 

  MR. BAJOREK:  I think that's one of the 2 

things we'll see later this morning.  We look at fuel 3 

assembly design.  Fifteen, 20 years ago, you may have 4 

had five or six spacer grids.  Now they put in IFMs, 5 

additional spacer grids.  One application in new 6 

reactors that we will see, I think there's 12 to 14 7 

grids.  We're putting in spacer grid models into TRACE 8 

now in order to make sure we get that -- 9 

  CONSULTANT WALLIS:  All types of debris? 10 

  (Laughter.) 11 

  MR. BAJOREK:  I'm sorry? 12 

  CHAIR BANERJEE:  Only the first few. 13 

  But, Steve, yes, obviously, they're 14 

putting in these spacer grids at unequal spacings to 15 

improve the CHF behavior as well. 16 

  MR. BAJOREK:  That's right. 17 

  CHAIR BANERJEE:  Which I don't imagine 18 

that TRACE really is trying to model.  I mean you have 19 

to use some form of a correlation, right?  But are you 20 

sort of implying that, by putting in these tracer 21 

grids, you can improve your understanding of CHF, or 22 

what is the objective there? 23 

  MR. BAJOREK:  We want to do a more 24 

accurate job of predicting the large- and small-break 25 
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PCTs. 1 

  CHAIR BANERJEE:  Uh-hum. 2 

  MR. BAJOREK:  And if 50.46b goes through, 3 

we will be looking at oxidation as well. 4 

  CHAIR BANERJEE:  Okay. 5 

  MR. BAJOREK:  Okay?  We found in a lot of 6 

work at RBHT, and prior to that, that the spacer grids 7 

have a dominant effect on what goes on in the rod 8 

bundles, certainly, during a large break, and very 9 

likely during an intermediate break, that we would 10 

encounter for the transition break size.  We're 11 

putting those models in. 12 

  I mean you mentioned we want to try to 13 

stay apace with industry.  I mean this is where 14 

they're going.  That's where their products are.  They 15 

are also using uncertainty methodologies.  So, we are 16 

doing some of the preliminary work, not so much in 17 

TRACE because it takes the results from the Monte 18 

Carlo sampling from another place, but we're getting 19 

the mechanisms together so that we can keep pace with 20 

those uncertainty methodologies as well.  So we are 21 

trying to -- 22 

  CHAIR BANERJEE:  For example, they are 23 

using ASTRUM. 24 

  MR. BAJOREK:  Uh-hum. 25 
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  CHAIR BANERJEE:  And they're gaining 1 

several hundred degrees in margin.  I don't know if we 2 

have any independent confirmatory work to show that 3 

this is real or not.  I don't recall.  Maybe somebody 4 

can enlighten me whether we did any confirmatory work. 5 

  Hossein may know this.  Did we do 6 

something? 7 

  MR. BAJOREK:  I don't think the staff has 8 

done any independent work in that area yet, but -- 9 

  CHAIR BANERJEE:  Okay, but it's a large 10 

margin which is being gained by this methodology. 11 

  CONSULTANT WALLIS:  You want to confirm 12 

statistics by experiments? 13 

  CHAIR BANERJEE:  Well, experiments would 14 

be rather good.  But leaving that aside, I mean, even 15 

independent calculations using TRACE. 16 

  You know, the other thing that struck is 17 

that TRACG seems now to be used very widely even for 18 

containment work for the ESBWR and increasingly for 19 

other systems; whereas, we are still using MELCOR, and 20 

the two results don't agree.  So TRACG shows a lot of 21 

detailed phenomena which MELCOR doesn't show. 22 

  MR. BAJOREK:  Part of our plan, you will 23 

hear later this morning, is to improve what we call 24 

the CONTAN component within TRACE, in order to do a 25 
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better job of modeling the containment physics and 1 

what goes on out there.  That was one of the things I 2 

think we learned as we developed models for ESBWR, 3 

that we needed to do a better job there.  And likely, 4 

we will have to improve on there as we go to the Small 5 

Modular Reactors.  Some of those designs have a very 6 

tight coupling between the primary and the containment 7 

or what serves the function of the containment. 8 

  CHAIR BANERJEE:  Yes.  So, one of the 9 

things that happened with the ESBWR is the ACRS was 10 

concerned about the fate of the non-condensables, 11 

where it went.  And ultimately, they had to strengthen 12 

the design for the PCCS and the ICS to be able to take 13 

detonation loads, but that came out of, you know, some 14 

calculations we did by hand.  There was nothing 15 

confirmatory that was there saying the staff found it. 16 

 The staff didn't find anything.  I mean it was some 17 

guys sitting here who worked it out and said, "Whoops, 18 

you're going to get very high concentrations."  Then, 19 

of course, the design. 20 

  So we are really trying to understand -- 21 

these are real problems, non-condensables, stuff like 22 

this -- whether you are building in the real 23 

capabilities which are needed, you know, and sometimes 24 

the staff doesn't know.  Let's be honest.  I mean they 25 
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may think this is a need, but they don't necessarily 1 

anticipate the need.  It's the research people who 2 

might be able to do it better. 3 

  Anyway, this is just carrying on the same 4 

conversation. 5 

  MR. BAJOREK:  Okay. 6 

  CHAIR BANERJEE:  All right, go ahead. 7 

  MR. BAJOREK:  To carry on the conversation 8 

here, I am going to turn it over to Ralph Landry from 9 

the Office of New Reactors. 10 

  CHAIR BANERJEE:  Okay.  Well, Ralph, 11 

you're now in New Reactors?  You left NRR.  Or was it 12 

some time ago? 13 

  MR. LANDRY:  I left old reactors for New 14 

Reactors, but that's been a couple of years. 15 

  CHAIR BANERJEE:  Okay. 16 

  MR. LANDRY:  I would like to just address 17 

rather briefly some of the things that we are doing in 18 

New Reactors using the thermal hydraulic code 19 

capabilities. 20 

  And to get at the question that came up 21 

during the introductory remarks, our primary tool is 22 

TRACE.  In the Office of New Reactors, we are heavily 23 

committed to using TRACE for our primary work, but we 24 

do use other tools.  We have used CFD analyses in 25 
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support of some of our studies, and we have used the 1 

RELAP5 code to support additional calculations.  And 2 

in particular, we have used RELAP5 when we have had a 3 

vendor who is using a version of RELAP5 and then they 4 

 have said they are using it in RELAP5 mod 3-like 5 

mode, and we have said, "Well, what do you mean by a 6 

`like mode'?"  So we modeled the design with our 7 

version of RELAP3 to check what the vendor was doing. 8 

  But our primary tool is the TRACE code. 9 

  CONSULTANT WALLIS:  Do you keep supporting 10 

RELAP? 11 

  MR. LANDRY:  Well, the Office of Research 12 

is maintaining the RELAP5 code, and they have not 13 

committed to a date at which time they will terminate 14 

that support.  We have asked that they continue to 15 

support the code as far as maintaining it, not doing 16 

any further development work, but maintain the code, 17 

so that we have that tool capability when we need it. 18 

  CHAIR BANERJEE:  Is there a version 19 

control somewhere? 20 

  MR. LANDRY:  On RELAP5? 21 

  CHAIR BANERJEE:  Yes. 22 

  MR. LANDRY:  Yes. 23 

  CHAIR BANERJEE:  And it's done by -- who 24 

takes care of that? 25 
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  MR. BAJOREK:  It's done by one of our 1 

contractors. 2 

  CHAIR BANERJEE:  ISL? 3 

  MR. BAJOREK:  ISL.  Right now, they will 4 

correct errors, bugs that are found, and they will put 5 

out a new version. 6 

  CHAIR BANERJEE:  Is that blessed 7 

eventually by Research or NRR or NRO?  How is the 8 

version -- but they are a contractor.  So who in NRC 9 

signs off on a version? 10 

  MR. BAJOREK:  I think it's our Code 11 

Development Branch. 12 

  Chris, is that you? 13 

  MR. MURRAY:  I am Chris Murray.  I'm the 14 

Project Manager for the contracted tables and 15 

maintenance. 16 

  CHAIR BANERJEE:  So you sign off on it? 17 

  MR. MURRAY:  Yes.  We receive from them 18 

every quarter a CD that gives all of the quality 19 

assurance testing they have done on various versions 20 

that they have developed and all the versions that 21 

they develop as they fix bugs. 22 

  Primarily the system for deciding on 23 

fixing bugs comes out of our CAMP meetings.  They use 24 

RELAP a lot more than internally, I think.  But when 25 
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we receive bug reports from NRR or NRO, they get 1 

highest priority.  But, typically, a lot of deciding 2 

what bugs we fix is coming from both communities. 3 

  CHAIR BANERJEE:  So does RELAP5 run a lot 4 

faster than TRACE for the small breaks? 5 

  MR. MURRAY:  At this point, I think that's 6 

true. 7 

  CHAIR BANERJEE:  And that's why it's being 8 

used by various people? 9 

  MR. MURRAY:  You have to ask the people 10 

that use it why they're using it. 11 

  CHAIR BANERJEE:  But there's a big user 12 

group, right? 13 

  MR. MURRAY:  Yes.  Well, it also has a lot 14 

to do with just investment in time.  You know, there's 15 

been a large investment in developing models over the 16 

years.  And we see more and more now at the CAMP 17 

meetings where people are using TRACE, and there is a 18 

transition going on.  Even from countries that I 19 

thought would be strictly in the RELAP5 community and 20 

wouldn't change, we are starting to see them consider 21 

that.  So there is a slow transition to TRACE, I 22 

think, worldwide. 23 

  CHAIR BANERJEE:  Okay. 24 

  MR. LANDRY:  Okay.  Within the Office of 25 
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New Reactors, we currently are using TRACE heavily in 1 

support of the EPR review, and we are using TRACE and 2 

we are using CFD in support of the US-APWR review. 3 

  Earlier, there were questions about, why 4 

did we use FLUENT to model the advanced accumulator.  5 

That work did not initiate with the applicant.  That 6 

work was initiated at the NRC. 7 

  We, before NRO even existed, were 8 

concerned with the way in which the advanced 9 

accumulator was being modeled by MHI.  We initiated 10 

work to mock up the accumulator using FLUENT to look 11 

at the half-scale test that they had run and see if we 12 

could model the half-scale test and predict the data, 13 

and then, from that model, go to a full-size model to 14 

predict what the behavior of the accumulator would be, 15 

if it would scale up. 16 

  At that point, the applicant was using a 17 

lookup table in their code to go from the half-scale 18 

model to the full-scale.  And we had some serious 19 

questions about if that was a valid approach. 20 

  CHAIR BANERJEE:  What was your answer?  Is 21 

it a valid approach? 22 

  MR. LANDRY:  The answer, we have to go 23 

into a lot of proprietary details on. 24 

  CHAIR BANERJEE:  Okay.  So we can hold it. 25 
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  MR. LANDRY:  We can talk about -- 1 

  CHAIR BANERJEE:  There is a meeting, I 2 

think, scheduled. 3 

  MR. LANDRY:  There is a luncheon meeting. 4 

  CHAIR BANERJEE:  Yes.  Yes, we can take it 5 

up then. 6 

  MR. LANDRY:  But we found that the problem 7 

was not trivial.  We thought it would be an easy 8 

problem and it was not.  It was a very, very difficult 9 

problem. 10 

  But, after we were going this direction, 11 

we then impressed upon the applicant that it would be 12 

a good idea if they would do some studies also.  So 13 

that work initiated here, not with the applicant, and 14 

then we were not responding to the applicant's work.  15 

We created that task. 16 

  CHAIR BANERJEE:  But the applicant is also 17 

using FLUENT, right? 18 

  MR. LANDRY:  Yes. 19 

  CHAIR BANERJEE:  I mean it's okay -- 20 

  MR. LANDRY:  We don't dictate what tool 21 

they use. 22 

  CHAIR BANERJEE:  Yes.  Of course, they 23 

take the easiest part, which is use the tool that you 24 

used, I suppose.  All right. 25 
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  MR. LANDRY:  But we have not given them 1 

the models. 2 

  CHAIR BANERJEE:  Okay. 3 

  MR. LANDRY:  They have to do that 4 

themselves. 5 

  We have a user need letter, getting back 6 

to the formal process, coming through.  Hopefully, it 7 

will be signed out in the next day or two, to the 8 

Office of Research, to give us support for the ABWR.  9 

We need models developed for the ABWR.  We are looking 10 

at doing extensive analyses for the ABWR.  AOOs, ATWS, 11 

LOCA, transients, we are going to look at stability.  12 

This is a very, very large program.  It's a large 13 

number of staff hours, and it is going to be a very 14 

expensive program.  But we are initiating a full 15 

formal request to the Office of Research to -- 16 

  CHAIR BANERJEE:  This would be 17 

confirmatory calculations? 18 

  MR. LANDRY:  It will be confirmatory 19 

calculations and "what-if" calculations.  They are a 20 

number of cases where we will use our tools to do 21 

"what-if's", to look for problems, not just confirm 22 

the analyses that have been submitted, but see if we 23 

can find something that's a cliff. 24 

  CHAIR BANERJEE:  What about the 25 
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containment part of the ABWR?  I mean they are using 1 

certain models.  Said is much closer to this than I 2 

am.  Are you going to do some confirmatory 3 

calculations related to that? 4 

  MR. LANDRY:  I would have to go back and 5 

look at the details of the user need and see what we 6 

are going to request.  I don't like to talk too much 7 

about the details of the user need because it has not 8 

been signed out by the Office yet. 9 

  CHAIR BANERJEE:  And there could be 10 

proprietary aspects to it? 11 

  MR. LANDRY:  Yes. 12 

  CHAIR BANERJEE:  Yes.  Okay.  Okay, go 13 

ahead. 14 

  MR. LANDRY:  One of the -- 15 

  CHAIR BANERJEE:  APR is coming down the 16 

road?  APR-1400? 17 

  MR. LANDRY:  I'm sorry? 18 

  CHAIR BANERJEE:  APR-1400 is -- 19 

  MR. LANDRY:  APR-1400 has not been 20 

submitted yet.  However, we have had -- 21 

  CHAIR BANERJEE:  When do you expect it to 22 

be docketed? 23 

  MR. LANDRY:  We do expect it.  We have not 24 

been given a date yet. 25 
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  KEPCO, the Korean Electric Power Company, 1 

has had numerous meetings with us, described the 2 

design.  It is a stretched CE-80+.  It is very much 3 

like the CE-80+, but it has some different features.  4 

So that will require additional modeling capabilities 5 

with TRACE. 6 

  CHAIR BANERJEE:  Do they have any 7 

integrated test facilities to back up their -- 8 

  MR. BAJOREK:  Yes.  Yes, they do.  One of 9 

the things I will talk about this afternoon is our 10 

participation in International Standard Problem 50.  11 

The Koreans have made available data from, I think 12 

it's called their ATLAS facility.  It's a mockup much 13 

like their APR-1400, direct vessel injection.  They 14 

have run a DVI line break in that.  We have been 15 

modeling that with TRACE as part of this project. 16 

  CHAIR BANERJEE:  Going back to the 17 

US-APWR, do they have any integrated tests with the 18 

accumulator on? 19 

  MR. LANDRY:  The accumulator test program 20 

that they have done to date has been standalone. 21 

  CHAIR BANERJEE:  Separate effects, yes. 22 

  MR. LANDRY:  Yes, separate effects.  Well, 23 

I prefer to say standalone because it's not -- 24 

  CHAIR BANERJEE:  Standalone. 25 
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  MR. LANDRY:  -- really a pure separate 1 

effects test.  It's a standalone of a scaled 2 

accumulator. 3 

  CHAIR BANERJEE:  But they have not done 4 

any tests with the accumulator on a loop, like ROSA5 5 

or something? 6 

  MR. LANDRY:  No. 7 

  CHAIR BANERJEE:  And why is that?  Is it 8 

because -- 9 

  MR. LANDRY:  You would have to ask them. 10 

  CHAIR BANERJEE:  Yes, okay.  But you do 11 

not have any data to compare a fully-integrated system 12 

against? 13 

  MR. LANDRY:  That, again, is a reason why, 14 

another of the reasons why several years ago we 15 

initiated the CFD analysis, because there was this 16 

only standalone test of the accumulator.  And we 17 

wanted to explore a lot more about the behavior of the 18 

accumulator.  And at the time, the way to do it, we 19 

felt, was by a CFD. 20 

  MR. BAJOREK:  I think that ATLAS facility 21 

has the Korean equivalent to the vortex suppression 22 

device that is part of that accumulator.  It is in 23 

that facility as well, but I would have to go back and 24 

look at the details. 25 
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  CHAIR BANERJEE:  Okay.  All right.  Go on. 1 

  MR. LANDRY:  As far as the Advanced 2 

Reactors are concerned, we do not have any of the 3 

Advanced Reactors in at this point, even though we 4 

have an office or a division dedicated to them.  As 5 

those designs come in, we will be carrying on more and 6 

more conversations with Research to make sure that the 7 

code has the capability to analyze the hardware 8 

features of the Advanced Reactor designs. 9 

  CHAIR BANERJEE:  So notably absent from 10 

that list is the AP1000, right? 11 

  MR. LANDRY:  Well, the AP1000 is already a 12 

certified design. 13 

  CHAIR BANERJEE:  Except -- 14 

  MR. LANDRY:  Except that they have come in 15 

for amendment of that certification. 16 

  CHAIR BANERJEE:  Except they are trying to 17 

slip GSI-191 and long-term cooling in, which was never 18 

certified. 19 

  MR. LANDRY:  Right.  And that's been an 20 

extensive review.  The Committee or the AP1000 21 

Subcommittee has had extensive presentation on the 22 

test program and the work that has been done in 23 

support of resolution of GSI-191 applied to the 24 

AP1000. 25 
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  CHAIR BANERJEE:  We have certainly heard 1 

some presentations, but what we haven't seen is any 2 

staff confirmatory analyses.  As far as I know, they 3 

have submitted a report on the use of COBRA TRAC to 4 

look at debris accumulation in the core, but there has 5 

been no staff confirmatory calculations done of that. 6 

  MR. LANDRY:  No.  No, we haven't done any 7 

confirmatory analyses. 8 

  CHAIR BANERJEE:  Okay. 9 

  MR. LANDRY:  After reviewing -- 10 

  CONSULTANT WALLIS:  How quick can the 11 

turnaround be?  I mean suppose there is some critical 12 

issue of the kind that the Chairman is talking about, 13 

and you get a request.  Can you turn it around in a 14 

couple of weeks to get an answer or does it take 15 

months to get an answer? 16 

  You get a question about, say, long-term 17 

cooling and the modeling that has been in this report. 18 

 If it really looks as if you ought to do some 19 

confirmatory runs, can you just turn around and do it 20 

or is that a real problem? 21 

  MR. LANDRY:  If we have the model, the 22 

plant model, for the plant in question, and Research 23 

has the resources available, we can get relatively 24 

quick turnaround. 25 
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  CONSULTANT WALLIS:  Oh, you have an AP1000 1 

plant model? 2 

  MR. LANDRY:  We have an old AP1000 plant 3 

model from RELAP5 and the Office of Research has 4 

created a new model for TRACE.  So, if we decide we 5 

want confirmatory calculations, we would talk with the 6 

Office of Research and see if they have the resources 7 

available to take resources off of other work, put 8 

those resources on the work that we want done, and do 9 

the analyses. 10 

  But that would take discussion with 11 

Research to make sure they have the resources 12 

available -- 13 

  CONSULTANT WALLIS:  If necessary, it could 14 

be done -- 15 

  CHAIR BANERJEE:  How quickly? 16 

  MR. LANDRY:  I would have to ask Research 17 

how quickly they could turn around and do it. 18 

  CHAIR BANERJEE:  Do you have an AP1000 19 

deck that would run long-term cooling? 20 

  MR. BAJOREK:  We have AP1000 decks that 21 

have been used for small break.  I believe that we 22 

would have to take those decks and model the 23 

containment, so we get the sump recirculation.  That 24 

would take some doing to do.  It would probably be a 25 
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few months by the time you buy the deck -- 1 

  CONSULTANT WALLIS:  Would you have to 2 

model containment?  I mean just all that Westinghouse 3 

did was to put a resistance in the bottom of the core 4 

and run that code.  They didn't have to model 5 

containment. 6 

  CHAIR BANERJEE:  Well, they had to, to 7 

some extent, because the flow comes in directly into 8 

the break, and the issue really is, how is the flow 9 

split?  So, if you get a DVI line break, of course, 10 

much of the flow just spills out into the sump, then 11 

comes in from the sump.  So you get maybe 90 percent 12 

of the flow coming from the sump and only about 10 13 

percent from the IRWST. 14 

  For the cold-leg break, that proportion 15 

changes.  That probably would have to be modeled in 16 

some way.  But, of course, the primary concern is 17 

that, if you had a DVI line break, your downcomer 18 

would uncover, right? 19 

  Now, as you get debris into the core, the 20 

level starts to build up on the downcomer.  So it 21 

somehow compensates a bit.  These are very delicate 22 

calculations, and we are talking about a few psi.  You 23 

know, the difference between 2 psi, 3 psi, 4 psi of 24 

debris makes a huge difference as to whether you are 25 
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going to get CHF above that or not.  And we are fairly 1 

close to these limits. 2 

  So it would be nice to see, you know, we 3 

are presented with a bunch of COBRA TRAC calculations. 4 

 Do we believe these as gospel, or could the debris be 5 

twice as important?  We have no way to know right now, 6 

and there's a very limited set of runs they have done. 7 

 They have only done DVI line breaks. 8 

  I mean we are looking at this report, as 9 

you can imagine, with a very, very fine-tooth comb and 10 

all their experiments. 11 

  MR. BAJOREK:  Those types of calculations 12 

are feasible with TRACE.  You know, how complex you 13 

would have to model the containment or the -- 14 

  CHAIR BANERJEE:  Have you seen the report 15 

that they generated? 16 

  MR. BAJOREK:  No.  No, I haven't. 17 

  CHAIR BANERJEE:  Do we have a copy for 18 

them to have a quick look at?  We will give it to you 19 

over -- take a quick look at lunch. 20 

  MR. BAJOREK:  I would like to take a look 21 

at it. 22 

  CHAIR BANERJEE:  Yes.  I mean we are not 23 

saying that you have to do anything about it, but we 24 

would like to know whether you can do some 25 
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confirmatory calculations or not.  I mean, do you have 1 

the capability or is it going to take you six months 2 

to set it up?  That's the sort of thing we are looking 3 

for, qualitative -- 4 

  MR. BAJOREK:  I will be interested to see 5 

how they modeled it with COBRA TRAC. 6 

  CHAIR BANERJEE:  Yes.  Sure. 7 

  MR. BAJOREK:  And we might be able to do 8 

the equivalent quickly. 9 

  CHAIR BANERJEE:  Yes.  Okay.  All right. 10 

  MR. BAJOREK:  But that's something to look 11 

at. 12 

  CONSULTANT WALLIS:  But you have ADS-4 and 13 

all that kind of stuff in that model?  You have all 14 

the features, the particulars, already in your AP1000? 15 

  MR. BAJOREK:  Yes.  All that, that's in 16 

there, yes. 17 

  CHAIR BANERJEE:  Do you have the 18 

containment condensation loop, like the steam going 19 

from ADS-4 and coming back to condensation -- 20 

  MR. BAJOREK:  Not in the model, no.  No.  21 

It just goes out into a break.  We just use it -- 22 

  CHAIR BANERJEE:  This goes out, but you 23 

can bring it back into the IRWST? 24 

  MR. BAJOREK:  Yes, we could.  Yes.  It 25 
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comes from the ADS and goes in there -- 1 

  CONSULTANT WALLIS:  It has nowhere else to 2 

go, so it must -- 3 

  MR. BAJOREK:  Yes.  Yes, the flow goes in 4 

there.  But a lot of times in the models that 5 

containment is simplified if you are just looking at 6 

the primary.  So we would have to take a look at what 7 

would happen, built-in, to try to get to the long-term 8 

cooling transient for AP1000.  It may be at that point 9 

the level has reached an equilibrium -- 10 

  CHAIR BANERJEE:  A quasi-steady-state, 11 

yes. 12 

  MR. BAJOREK:  -- out there, and we can 13 

just model it fairly simply.  But we would have to 14 

take a look at the -- 15 

  CHAIR BANERJEE:  Okay. 16 

  CONSULTANT WALLIS:  It seems to me you 17 

need to have a rapid response team. 18 

  (Laughter.) 19 

  MR. BAJOREK:  Well, we might wind up with 20 

a new office if we do that. 21 

  MR. LANDRY:  I think the best rapid 22 

response would be the Office of Research, the new 23 

building being constructed in the Office of Research 24 

being closer. 25 
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  (Laughter.) 1 

  But we used to get work done a lot faster 2 

when Research was in this building, and we could just 3 

go up the elevator. 4 

  CONSULTANT WALLIS:  This would be a 5 

feather in your cap.  You say, "ACRS asked a question, 6 

and we answered it in a week," you know, "and they 7 

asked another question, and we answered it" -- 8 

  CHAIR BANERJEE:  Wow, that would be, we 9 

would give you a gold star. 10 

  CONSULTANT WALLIS:  And then, this would 11 

give you a real bonus. 12 

  (Laughter.) 13 

  CHAIR BANERJEE:  Yes, a real bonus. 14 

  MR. LANDRY:  Some of the areas that we 15 

have pointed out in the thermal hydraulic research 16 

plan for TRACE, we have talked in our response to the 17 

Office of Research about improving the ability to use 18 

the legacy plant decks.  We have the deck for ABWR 19 

that exists.  We have had decks for other designs that 20 

have existed.  And we would like to see improvement in 21 

the ability for the TRACE code to be able to read and 22 

utilize those existing decks. 23 

  Now, of course, those decks end up having 24 

to be upgraded to take full advantage of TRACE.  But 25 
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we do hope that there is an ability with the code to 1 

continue to use the legacy as a good starting point 2 

for us. 3 

  We, of course, like everybody, want to see 4 

robustness of the code improved.  I don't think 5 

there's a user of any code that doesn't want to see 6 

code robustness improve. 7 

  And we have pointed out that some of the 8 

known problem areas need further improvement.  One of 9 

the problem areas that was identified a couple of 10 

years ago, the problem with momentum as the flow would 11 

come down the downcomer, changed direction, and up 12 

through the core, was a great insight to us because 13 

we, then, went back and asked General Electric if they 14 

had that same problem with TRACG, since that came from 15 

an origin that was one of the origins of TRACE.  And, 16 

sure enough, it did have the problem. 17 

  So, in a way, finding out there was a 18 

problem with the TRACE code helped us in a review of a 19 

license application because we could then translate 20 

that problem into a problem with another related code. 21 

  CHAIR BANERJEE:  Now you have patch 2 on 22 

it, right?  You had patch 1, and now you have -- what 23 

are you going to ask about this patch 2?  Because we 24 

haven't heard about patch 2.  Patch 1, we know what 25 
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you did.  You told us at some point. 1 

  MR. BAJOREK:  We are not going to go into 2 

the specifics of patch 2. 3 

  CHAIR BANERJEE:  But it improves things 4 

compared to patch 1?  Could you tell us in a nutshell 5 

right now what you did? 6 

  MR. BAJOREK:  Those are primarily error 7 

corrections. 8 

  CHAIR BANERJEE:  Okay. 9 

  MR. BAJOREK:  I mean, when the code gets 10 

into a zero-divided-by-zero, things that just make the 11 

code stop, the coding was corrected to avoid those. 12 

  CHAIR BANERJEE:  Oh, but the logic is the 13 

same as in patch 1, what you did? 14 

  MR. BAJOREK:  Yes.  Yes. 15 

  CHAIR BANERJEE:  So there's no change in 16 

the equation? 17 

  MR. BAJOREK:  No change in the models or 18 

correlations. 19 

  CHAIR BANERJEE:  Okay. 20 

  CONSULTANT WALLIS:  I like what you just 21 

said, Ralph.  You said you ran TRACE; you found there 22 

was a problem, and you went back to the vendor and 23 

found they had the same problem.  But they hadn't told 24 

you about it? 25 
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  CHAIR BANERJEE:  Well, they didn't know 1 

about it. 2 

  CONSULTANT WALLIS:  Oh, they didn't know 3 

about it?  We often get the results from the vendor.  4 

We don't know all the things that were done along the 5 

way.  It really helps if you can discover these kinds 6 

of things around your own code. 7 

  CHAIR BANERJEE:  Did they know about it 8 

and didn't tell you?  They didn't know about it? 9 

  MR. LANDRY:  No.  This was, if you recall, 10 

this was one of the problems that was identified by 11 

the peer review group for TRACE. 12 

  CHAIR BANERJEE:  Well, actually, by Graham 13 

Wallis long before the peer review. 14 

  MR. LANDRY:  Yes. 15 

  CHAIR BANERJEE:  Yes. 16 

  MR. LANDRY:  But it was at that timeframe 17 

of the peer review. 18 

  MR. STAUDENMEIER:  This is Joe 19 

Staudenmeier. 20 

  Actually, it wasn't identified by the peer 21 

review group.  It was identified by one of our users 22 

making a plant deck.  The peer review group saw it 23 

independently, but we had found it before that 24 

happened. 25 
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  MR. BAJOREK:  Yes.  We set up the test 1 

problem and demonstrated on a simple -- and then we 2 

sent that to them.  Actually, I think theirs was a 3 

little bit worse. 4 

  MR. LANDRY:  Right, but that was an 5 

example of -- 6 

  CONSULTANT WALLIS:  Yes, it was something 7 

unanticipated.  It couldn't be planned by NRO by using 8 

it or something. 9 

  MR. LANDRY:  Yes. 10 

  CONSULTANT WALLIS:  You found it.  That's 11 

good, though. 12 

  MR. LANDRY:  Right.  And while we don't 13 

like to see errors in the code or problems with the 14 

code, this was a case where finding a problem helped 15 

us because we found that an applicant had the same 16 

problem.  So I don't want to say finding problems in 17 

the code is good, but they can be beneficial. 18 

  CONSULTANT WALLIS:  Better sooner than 19 

later. 20 

  CHAIR BANERJEE:  Well, this was with the 21 

ESBWR that there was an effect on the floor -- 22 

  MR. LANDRY:  That's correct. 23 

  CHAIR BANERJEE:  -- right? 24 

  MR. LANDRY:  That's correct. 25 
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  Those are all the remarks I wanted to make 1 

this morning on the new reactors. 2 

  CHAIR BANERJEE:  Very good. 3 

  MR. LANDRY:  I'm going to turn it over to 4 

Len for -- 5 

  CHAIR BANERJEE:  Len is going to speak to 6 

us about -- which is your handout, Len? 7 

  MR. WARD:  It is the Anthony Mendiola.  He 8 

had a medical emergency, and he couldn't make it.  So 9 

he called me last night and asked me if I could fill 10 

in for him, and I told him I could do that. 11 

  CHAIR BANERJEE:  All right.  Well, we're 12 

glad to see you. 13 

  MR. WARD:  Well, it's good to see you, 14 

too.  It's been a while. 15 

  CHAIR BANERJEE:  Yes.  Go ahead. 16 

  MR. WARD:  Well, NRR, our primary tool is 17 

TRACE also.  I mean it is basically the thermal 18 

hydraulic analysis, transient analysis code that we 19 

use to do, you know, we do audit calculations, look at 20 

new and existing design, design changes, reloads, 21 

changes in power, changes in tech spec inputs, 22 

whatnot. 23 

  We would use it to evaluate regulatory 24 

requirements, operating events, and then try to 25 
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anticipate problems of potential safety significance 1 

in the future.  I mean all the important stuff. 2 

  As far as TRACE and its importance to us 3 

in NRR, I think the No. 1 importance of that code that 4 

we see it is that the code be accurate.  A code that 5 

is robust runs fast, is stable.  If it's not accurate, 6 

it is not of very much use to us. 7 

  So we would say let's focus on accuracy.  8 

And I think the development plan they put together is 9 

doing that. 10 

  CHAIR BANERJEE:  Can we have the slides? 11 

  MR. WARD:  Didn't they pass them around? 12 

  CHAIR BANERJEE:  Yes, but -- 13 

  MR. WARD:  You know what?  I got in this 14 

morning, and I found the slides, and I apologize.  I 15 

didn't have them.  I didn't know -- 16 

  CHAIR BANERJEE:  Oh. 17 

  MR. WARD:  So I ran some copies off and I 18 

got overhead transparencies, but -- 19 

  CHAIR BANERJEE:  That's all right. 20 

  CONSULTANT WALLIS:  By accuracy, do you 21 

mean the precision with which it calculates things or 22 

how well those things represent reality? 23 

  MR. WARD:  Well, I have heard both.  I 24 

mean what we really use the code most for is Extended 25 
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Power Uprates, and that is where all of our work has 1 

been focused, because the limiting accident or the 2 

limiting event is a small-break LOCA.  So we want it 3 

to be able to predict that fairly well. 4 

  CHAIR BANERJEE:  That's for PWRs? 5 

  MR. WARD:  You know, predict the depth and 6 

duration of core uncovery.  If you don't get that 7 

right, it doesn't matter how good the other models 8 

are; you're lost.  So, when I say "accuracy", to 9 

grasp, capture the key phenomenological behavior 10 

governing a small-break LOCA. 11 

  CONSULTANT WALLIS:  Without them being 12 

sensitive to small changes in the input or something? 13 

 What is it that you mean by accuracy? 14 

  MR. WARD:  Well, I guess I mean 15 

accuracy -- capturing the correct phenomenological 16 

behavior, predicting level swell.  If you compare it 17 

to interval testing, we would like it to predict the 18 

core uncovery.  You know, you want to make sure that's 19 

got a good two-phase level-swell model.  That's 20 

probably the single most important model for small-21 

break LOCA, is two-phase level-swell.  Predicting core 22 

uncovery and -- 23 

  CHAIR BANERJEE:  But what about things 24 

like loop-seal clearing and -- 25 
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  MR. WARD:  Well, that is important, too, 1 

and I was going to get to that in my third bullet.  2 

The plan -- 3 

  CHAIR BANERJEE:  What page are we on?  4 

Page 3? 5 

  MR. WARD:  I am on the second page, page 6 

3. 7 

  CHAIR BANERJEE:  Page 3? 8 

  MR. WARD:  I guess we wanted to mention 9 

that accuracy, the ability of the code to predict the 10 

phenomena, the key phenomena for the event you're 11 

looking at, in this case a small break, let's say, as 12 

an example, predict the core uncovery. 13 

  CONSULTANT KRESS:  Would developing 14 

uncertainties be another way to say accuracy? 15 

  MR. WARD:  It would be another part of 16 

that.  Yes.  Yes, it would be.  Yes, that's another 17 

side of that.  Or at least we want a tool where we can 18 

look at the impact of a higher power and what does it 19 

do to the limiting small break.  What's the worst 20 

small break?  What's the PCT? 21 

  Certainly, robustness is important.  I 22 

mean you would like the code not to be failing all the 23 

time.  But I could put up with a code that fails every 24 

now and then if it was accurate.  If it wasn't 25 
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accurate, like I said, it's not going to be much 1 

use -- 2 

  CHAIR BANERJEE:  But have you converted 3 

from RELAP to TRACE? 4 

  MR. WARD:  Excuse me? 5 

  CHAIR BANERJEE:  Have you converted 6 

yourself from RELAP to TRACE? 7 

  MR. WARD:  Yes, I have.  You know, I 8 

haven't used it in a while, but the last time I used 9 

it, it was the Browns Ferry power uprate, and I was 10 

pretty happy with it.  It worked well.  It's getting 11 

there.  It is not quite where we would like to see it 12 

yet, but it is getting there. 13 

  In these power uprates, if the PCT for 14 

this limiting small break is 1500, less than, I mean 15 

there's no sense for us to spend a lot of time doing 16 

audit calculations.  But, for the most part, though, 17 

the power uprates, small-break LOCA is limiting.  It 18 

is an .05, .06, .07-square-foot break.  It's a pretty 19 

small break. 20 

  And these temperatures are up over 2,000 21 

degrees.  So it is a taxing event.  We want the code 22 

to be able to do that. 23 

  CHAIR BANERJEE:  So, let's say, now we are 24 

going to have Point Beach.  Are you using it for 25 
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confirmatory calculations? 1 

  MR. WARD:  Yes.  One of our user need 2 

letters, Research supports us by providing us with 3 

plant decks, and that is what we will use it for.  I 4 

mean we will use it for other things, but the primary 5 

use of those plant decks is to look at these power 6 

uprates.  And they have been providing decks for us. 7 

  CHAIR BANERJEE:  And do they handle the 8 

loops separately -- 9 

  MR. WARD:  Uh-hum. 10 

  CHAIR BANERJEE:  -- or do they lump them? 11 

  MR. WARD:  Yes, separately. 12 

  CHAIR BANERJEE:  Separately? 13 

  MR. WARD:  Yes. 14 

  CHAIR BANERJEE:  So you can look at loop-15 

seal clearing separately? 16 

  MR. WARD:  Yes.  Yes.  Yes.  And we use 17 

RELAP5 also.  If I have a RELAP5 deck, I will run 18 

that, too.  So it is a good comparison. 19 

  A lot of times, the EPU application, if 20 

they have a RELAP deck, I will ask for it, and we will 21 

get it.  Or if we have an existing deck, I will do 22 

both. 23 

  But, like I said, the emphasis is really 24 

small-break LOCA.  And small-break LOCA, one of the 25 
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things that we would like to see in the plan is 1 

probably a more comprehensive approach to small-break 2 

LOCA, more validation.  We validate the code against 3 

tests where the core uncovers, where there's a loop-4 

seal effect, like some of the Semiscale tests, SO710D, 5 

SO710, SLH1.  I mean don't show me a comparison to 6 

LOFT L3-1 that doesn't uncover and say, oh, I 7 

predicted the pressure and I got the hot-leg 8 

temperature.  If you predict the pressure right, you 9 

are going to get the temperature right.  I mean that 10 

is not a challenge to the code.  I want to see 11 

something that heats up to 15 to 18 hundred degrees; 12 

it's got 1,000 or 2,000 seconds of long-term core 13 

uncovery, and you're predicting the two-phase level 14 

fairly well. 15 

  CHAIR BANERJEE:  Well, if you remember the 16 

Semiscale tests -- I have to go back in my memory -- 17 

  MR. WARD:  Uh-hum. 18 

  CHAIR BANERJEE:  -- but there was water 19 

accumulation on the riser side of the steam 20 

generators. 21 

  MR. WARD:  Uh-hum. 22 

  CHAIR BANERJEE:  That's what pushed the 23 

core level down. 24 

  MR. WARD:  Yes, that will -- you're going 25 
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to trap water in the steam generator.  It is not going 1 

to go into the core.  So you are going to have more 2 

core uncovery. 3 

  CHAIR BANERJEE:  Yes.  And then puts a 4 

back pressure. 5 

  MR. WARD:  That's right. 6 

  CHAIR BANERJEE:  Yes. 7 

  MR. WARD:  So now you are talking counter-8 

current flow and the ability to model that.  But I 9 

might say, though, that, well, power uprates are maybe 10 

getting into that realm.  Before power uprates, steam 11 

generators drained in a plant.  I mean the surface, 12 

the flow area is large enough to where there's not 13 

enough steam to hold up the liquid and it will drain. 14 

 But Semiscale, I don't think it was scaled -- it 15 

didn't simulate a reactor, a full plant correctly. 16 

  CHAIR BANERJEE:  No. 17 

  MR. WARD:  It was not scaled right.  So 18 

you are going to see those effects. 19 

  CHAIR BANERJEE:  But in the new reactors, 20 

if you look at the experiments that have been done in 21 

Rosendorf now, have you looked at these? 22 

  MR. WARD:  No, I haven't. 23 

  CHAIR BANERJEE:  With the Finns? 24 

  MR. WARD:  No. 25 
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  CHAIR BANERJEE:  It's not the steam 1 

generator tube.  It's the tube, you know, the 45-2 

degree bend going into the -- 3 

  MR. WARD:  It's the bend, uh-hum. 4 

  CHAIR BANERJEE:  -- plenum. 5 

  MR. WARD:  So you get some steam/water 6 

interaction going up there. 7 

  CHAIR BANERJEE:  Yes, you get flooding. 8 

  MR. WARD:  And it is going to inhibit -- 9 

  CHAIR BANERJEE:  And they got it wrong, of 10 

course, because -- 11 

  MR. WARD:  That's important. 12 

  CHAIR BANERJEE:  -- they didn't correct 13 

the viscosity correctly. 14 

  MR. WARD:  Yes, I agree. 15 

  CHAIR BANERJEE:  But the correlation that 16 

they are using was Wallis' I think.  We did some 17 

experiments on this at low-pressure elbows at one 18 

point. 19 

  But you should look at that because -- 20 

  MR. WARD:  Yes. 21 

  CHAIR BANERJEE:  -- the flooding will not 22 

occur in the tubes.  It will occur at the vent. 23 

  MR. WARD:  Okay.  Good point.  Yes. 24 

  CONSULTANT WALLIS:  Have I asked you about 25 



 

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

 73 

the use of small-break LOCAs limiting EPU? 1 

  MR. WARD:  Yes, sir. 2 

  CONSULTANT WALLIS:  So there's no real 3 

benefit from 50.46a for EPU in terms of doing away 4 

with those big breaks? 5 

  MR. WARD:  Well, I think the emphasis is 6 

on the small break, but, I mean, you want to look at 7 

the limiting accident.  You want to be able to still 8 

analyze that event because you don't want people 9 

saying, well, I don't have to look at large-break 10 

LOCAs, so I am going to remove the accumulators and -- 11 

  CONSULTANT WALLIS:  Well, you're analyzing 12 

 that if a small-break LOCA is limiting, then -- 13 

  MR. WARD:  Well, most of the time. 14 

  CONSULTANT WALLIS:  Most of the time? 15 

  MR. WARD:  Most of the time.  I mean there 16 

are plants, the later plants, the later current-17 

generation plants had higher capacity, high-pressure 18 

injection systems.  So the temperatures, a small break 19 

on the way down, there's more margin to increase power 20 

as opposed to earlier plants.  Like with a Combustion 21 

Engineering 2700-megawatt class plant, I mean they are 22 

limited by small-break LOCA. 23 

  You get the later plants that have very 24 

high-capacity, much higher-capacity ECC pumps, and 25 
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they don't have that limitation.  But you still want 1 

to be able to look at the large-break LOCA.  You don't 2 

want somebody saying, "Well, I don't have to look at 3 

this.  I'm going to remove accumulators.  I don't need 4 

them."  Well, you know, we want to be able to evaluate 5 

that. 6 

  I mean there is the best-estimate LOCA 7 

with the best-estimate approach, which eventually is 8 

going to capture small break and large break.  They 9 

are going to jack the power levels up and the peak 10 

linear heat rates up, and the temperatures are going 11 

to be near 2200 degrees.  We want to know where we 12 

are.  We want to look at both.  We want to look at 13 

large breaks and small breaks.  But, right now, it is 14 

small-break LOCA. 15 

  And what I wanted to mention, what we 16 

would like to see is something a little bit more 17 

comprehensive in the plan, address all of the issues. 18 

 Loop-seal clearing is very important.  A dynamic 19 

study that looks at loop-seal clearing and its effect 20 

on long-term core uncovery, that's important.  Nobody 21 

can seem to predict that very well, and there's test 22 

data out there. 23 

  CHAIR BANERJEE:  We would like to see 24 

some, going back to NRO, we certainly would want to 25 
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see this effect looked at carefully for the APWRs at 1 

some point -- 2 

  MR. WARD:  Uh-hum. 3 

  CHAIR BANERJEE:  -- and some confirmatory 4 

calculations. 5 

  MR. WARD:  The important emphasis, though, 6 

is two-phase level-swell in the vessel.  There is 7 

critical flow.  The heat transfer during core 8 

uncovery, steam cooling, radiation even becomes 9 

important for some of these small breaks.  So it is 10 

convection radiation, two-phase level-swell, critical 11 

flow, counter-current flow in the hot legs and steam 12 

generator, condensation, and the presence of a non-13 

condensable, if that's in there.  Those are the things 14 

that we like to see. 15 

  Address all, identify all of the key 16 

phenomena and what tests you are going to do to 17 

support that, separate effects and integral tests, and 18 

then, even most important, we would like to see more 19 

comparisons to integral tests where the core uncovers 20 

and it heats up, something that is in the 1500- to 21 

1800-degree range.  That is going to be a good test of 22 

the code. 23 

  CHAIR BANERJEE:  So, does the research 24 

program address your concerns? 25 
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  MR. WARD:  Yes, I think they're there.  It 1 

is just they're not quite there.  I think they are 2 

getting there.  I just want to see some, we would like 3 

to see some more validation against tests where the 4 

core uncovers, integral data, a study on loop-seal 5 

clearing.  Do something a little bit more 6 

comprehensive. 7 

  CONSULTANT WALLIS:  More heat-up tests?  8 

Would they be going back to the LOFT tests or there 9 

would be some new tests? 10 

  MR. WARD:  Well, Semiscale.  Semiscale.  11 

There are some good tests there. 12 

  CONSULTANT WALLIS:  And there's still 13 

variation. 14 

  MR. WARD:  There's ROSA, ROSA Semiscale.  15 

I don't know; there are some European tests.  I 16 

haven't looked at the data there. 17 

  MR. BAJOREK:  Semiscale is useful, but at 18 

this point we have tried to stay with ROSA, where you 19 

do have core uncovery and heatup.  It is probably 20 

better scaled than Semiscale.  It doesn't have the 21 

heat loss effects. 22 

  We have been using those, BETHSY, LOFT, 23 

mainly because it just has the nuclear rods in there. 24 

 It's not particularly well-scaled.  But, in the 25 
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future, we would try to add some additional Semiscale 1 

tests in there. 2 

  It does help you with the loop-seal, 3 

although you have to be careful because it had a 4 

single loop on one side and it lumped on the other.  5 

They kept the center lines the same height.  So you 6 

tend to preferentially vent through this lumped loop-7 

seal on the opposite side of the plant. 8 

  CONSULTANT WALLIS:  Which loop-seal 9 

clears, is the question sometimes. 10 

  MR. BAJOREK:  Well, you have a choice.  11 

You either have one or three in Semiscale.  ROSA and 12 

BETHSY, it's a little bit more of a one per loop, and 13 

it depends more on your steam production rate whether 14 

you get one, two, or three. 15 

  CHAIR BANERJEE:  Now this new Finnish 16 

facility, is this useful?  They keep talking about it. 17 

  MR. BAJOREK:  That is the ROKOM? 18 

  CHAIR BANERJEE:  They are trying to make a 19 

standard problem out of some experiments.  Oh, I have 20 

forgotten the name.  There's some university there. 21 

  MR. BAJOREK:  Yes, I -- 22 

  CHAIR BANERJEE:  Tamporari or something? 23 

  MR. BAJOREK:  I think I know what you 24 

mean, but I'm not familiar with it enough. 25 
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  CHAIR BANERJEE:  This was a very recent 1 

facility.  It's not full-height.  It's not like ROSA. 2 

 It's some scaling which I worry about. 3 

  MR. BAJOREK:  Yes.  We try to stay with 4 

the small-break full-height -- 5 

  CHAIR BANERJEE:  Yes. 6 

  MR. BAJOREK:  -- full-pressure facilities, 7 

whenever we possibly can. 8 

  CHAIR BANERJEE:  At one point, these 9 

Finnish people asked me about it, and I said, if it's 10 

not full-height, I'm not interested.  But at least you 11 

thought ROSA. 12 

  MR. BAJOREK:  Yes. 13 

  MEMBER REMPE:  Len, you indicated that 14 

primarily you are using TRACE for comparisons with 15 

what you're getting for the vendors' four power 16 

uprates, right? 17 

  MR. WARD:  Uh-hum. 18 

  MEMBER REMPE:  And so, they are primarily 19 

RELAP-3D or something like that, and you're doing 20 

these comparisons? 21 

  MR. WARD:  No, they are using the vendor 22 

codes. 23 

  MEMBER REMPE:  The vendor version or 24 

whatever? 25 
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  MR. WARD:  You're talking NOTRUMP from 1 

Westinghouse, CFLASH-4AS for the CE class of plants, 2 

and BNW uses RELAP5 for small -- 3 

  MEMBER REMPE:  Okay.  What kind of 4 

differences are you seeing, and what's your judgment 5 

about such differences? 6 

  MR. WARD:  Well, the last time I used the 7 

code was Browns Ferry, and the limiting break was a 8 

very small break.  I think it was .05, .06 square 9 

foot.  I had a RELAP deck.  We used RELAP and TRACE.  10 

There were two vendor fuels in there, GE and AREVA.  11 

AREVA wasn't getting the limiting break as a small 12 

break. 13 

  And we used TRACE and RELAP to basically 14 

identify some problem areas in their model.  That 15 

wasn't the intent of that review, but we did notice 16 

some modeling things, counter-current flow 17 

limitations.  But TRACE and the GE SAFR GESTR code and 18 

RELAP all produced the same, had the same answer, the 19 

same ball park, within 150 degrees, 200 degrees, which 20 

is good. 21 

  But that's the last time I used it.  I 22 

haven't had a need to run TRACE for an EPU because the 23 

temperatures were so very low, we haven't run it. 24 

  But we're using it.  We're looking at Nine 25 
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Mile right now, and their temperatures are quite low. 1 

 We ran TRACE.  It is showing a very non-limiting 2 

nature of that event.  But we use it. 3 

  We will especially use it when the 4 

temperature is over 1600, 1700 degrees.  When you 5 

start to get 1800 to 2200, then you want to look at 6 

it.  You want to see what sensitivities are to power 7 

shape.  I mean we use the code to question the 8 

vendor's non-limiting nature.  They had mid-peak as 9 

their limiting shape, when I did some calculations for 10 

the top peak, and I used a RELAP penetration and 11 

showed that you get a higher temperature.  And lo and 12 

behold, that was the case.  So TRACE showed that.  So 13 

it has given us good feedback. 14 

  MEMBER REMPE:  Okay. 15 

  MR. WARD:  You know, I mean it's running 16 

it.  When I ran the Browns Ferry calculations, I 17 

didn't get a failure. 18 

  CONSULTANT KRESS:  Are these generally the 19 

95/95 calculations? 20 

  MR. WARD:  These are Appendix K.  I was 21 

running it in Appendix K mode. 22 

  CONSULTANT KRESS:  They are still 23 

conservative? 24 

  MR. WARD:  Yes, they're conservative.  I'm 25 
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using the 1.2 multiplier in decay heat and the worse 1 

single failure, that kind of a calculation. 2 

  And when I talk about the small break for 3 

the PWRs, it's the Appendix K result.  Those are the 4 

ones that are close to 2200. 5 

  CONSULTANT WALLIS:  So, when they get too 6 

close to 2200, they will turn around and do a 7 

statistical 95/95 one? 8 

  MR. WARD:  Well, they don't have a model 9 

for that yet.  But that's where they're going. 10 

  CONSULTANT WALLIS:  They will have a big 11 

incentive to get one. 12 

  MR. WARD:  That's where they're going.  13 

Yes, that's where they're going. 14 

  CHAIR BANERJEE:  And you've got the tool 15 

to check it -- 16 

  MR. WARD:  Sure. 17 

  CHAIR BANERJEE:  -- in terms of speed? 18 

  MR. WARD:  Yes.  Oh, yes.  It runs, it's 19 

reasonable.  I mean -- 20 

  CHAIR BANERJEE:  Because NOTRUMP runs 21 

pretty fast. 22 

  MR. WARD:  It does, yes. 23 

  CHAIR BANERJEE:  Whereas, I mean I don't 24 

know how fast TRACE -- 25 
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  MR. WARD:  Well, RELAP is fast, and I mean 1 

TRACE, it's there. 2 

  CHAIR BANERJEE:  Okay. 3 

  CONSULTANT KRESS:  Do you run these on a 4 

PC? 5 

  MR. WARD:  Uh-hum.  Yes.  A Dell, right. 6 

  CONSULTANT KRESS:  So, as time goes on, 7 

speed becomes less important? 8 

  MR. WARD:  That's right. 9 

  CHAIR BANERJEE:  All right, Len, let's 10 

move on. 11 

  MR. WARD:  Well, to finish up here, the 12 

other bullet was dispersed flow film boiling.  You 13 

know, one of the things, we have a code now that has 14 

captured through the consolidation all the 15 

capabilities of the other code, but we ultimately want 16 

something that is better.  That is the long-term goal. 17 

 We don't want more of the same.  We want something 18 

that is going to give us more capability, something 19 

better. 20 

  And Research is doing that.  Their attack 21 

on dispersed flow film boiling for a large-break LOCA 22 

-- and that's why I mentioned that -- is in that 23 

spirit.  What I would like to see is a little bit more 24 

comprehensive discussion of it. 25 
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  I mean they are talking about the droplet 1 

field, and certainly the limitation of all codes is 2 

the single droplet.  I mean you're not going to get 3 

the temperature right.  You're not going to get the 4 

physics right.  And ultimately, what you end up having 5 

to do is put in an unreasonably large drop size to try 6 

to capture the low reflood rate PCT.  You want 7 

something better than that.  Let's do the physics 8 

right.  So, there's a distribution of drops, but where 9 

are they? 10 

  I guess the comment I am making is that 11 

that's important, but there are other mechanisms with 12 

dispersed flow film boiling that are very important.  13 

Just fixing that one is not going to solve your 14 

problem.  I mean there are many mechanisms, heat-15 

transfer and thermal hydraulic mechanisms, that 16 

collectively are going to dictate this model.  But 17 

this is, I mean -- 18 

  CHAIR BANERJEE:  How important are those 19 

spacers? 20 

  MR. WARD:  -- this is a major limitation 21 

that they are addressing. 22 

  CHAIR BANERJEE:  How important are the 23 

spacers modeling -- 24 

  MR. WARD:  Well, that's important to break 25 
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up the droplets.  I mean they have plans to look at 1 

spacer grid droplets breakout.  But there are 2 

entrainment mechanisms, other droplet breakup 3 

mechanisms, capillary action, aerodynamic.  There are 4 

heat-transfer effects.  Between the phases, there's 5 

interfacial heat transfer.  Where are the drops?  I 6 

mean we have got a 1D channel. 7 

  Even though you've got the droplet 8 

distribution correctly, you've got to know where they 9 

are.  They are going to basically reside in the center 10 

of the hot channel, and they are going to have a layer 11 

of high super-heat on the boundary.  So smearing 12 

everything all across the channel is not getting the 13 

physics right, even though you can predict the proper 14 

droplet distribution, but you've got to know where 15 

they are. 16 

  All I am saying is that all of these 17 

things should be discussed in a comprehensive session. 18 

 If you are going to address this, dispersed flow film 19 

boiling, mention them all, and what are you going to 20 

do about it? 21 

  CHAIR BANERJEE:  How sensitive are the 22 

results to being able to put that level of detail in, 23 

in your experience? 24 

  MR. WARD:  You know, I'm wondering, maybe 25 
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you can't have a 3D hot channel or a multidimensional 1 

hot channel model.  Maybe it's not appropriate for 2 

TRACE, but maybe you develop a separate hot channel 3 

model and drive it with TRACE global effects.  And 4 

then, maybe I've got 20 or 40 radial cells, and I can 5 

calculate where the drops go and get the boundary 6 

layer, the super-heat correct, and the heat-7 

transfer -- 8 

  CONSULTANT WALLIS:  There is a point where 9 

it is a fantasy, and the best thing you can do is do a 10 

test and correlate it, which is what you do with DMB, 11 

I think. 12 

  MR. WARD:  Uh-hum.  Well, I think the test 13 

program at Penn State is designed to, hopefully, 14 

provide data, so that you can address dispersed flow 15 

film boiling. 16 

  CONSULTANT KRESS:  Don't you think the 17 

turbulence will pretty well -- 18 

  MR. WARD:  The turbulence, yes -- 19 

  CONSULTANT KRESS:  -- wash out the problem 20 

with the distribution of the droplets? 21 

  MR. WARD:  Well, but the droplets, you 22 

know, there's a lot of axial momentum.  There's not 23 

very much radial momentum that you have them into the 24 

wall.  They can't penetrate the boundary layers. 25 
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  CONSULTANT KRESS:  Well, the turbulence -- 1 

  MR. WARD:  So the drops will reside in the 2 

center. 3 

  CONSULTANT KRESS:  Turbulence would tend 4 

to do that.  Do you have experimental verification 5 

that you're in the middle? 6 

  MR. WARD:  I haven't seen any of the Penn 7 

State data.  But I think, wasn't that one of the 8 

objectives of the Penn State program, was to look at 9 

dispersed flow film boiling? 10 

  MR. BAJOREK:  You see some of that, 11 

actually, I think you see some of that type of 12 

behavior in Dr. Ishii's work with looking at 13 

bubbles -- 14 

  CONSULTANT WALLIS:  Are we going to hear 15 

about this later?  Are we going to hear about this 16 

later?  Because the only thing I have seen from the 17 

Penn State work was some very sort of crude results, 18 

but they measured all kinds of stuff. 19 

  MR. BAJOREK:  Yes, we are going to talk 20 

about some of the RBHT7 results, not necessarily -- we 21 

have not measured a drop in distribution across the 22 

channel, but we have used the steam probes to show 23 

that there are temperature distributions. 24 

  CONSULTANT WALLIS:  Well, they promised to 25 
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measure everything, and you promised to put everything 1 

in the code.  And I haven't seen much yet about any of 2 

it. 3 

  (Laughter.) 4 

  CHAIR BANERJEE:  Well, we are still in the 5 

preliminaries, Graham. 6 

  CONSULTANT WALLIS:  But it's been a long 7 

time. 8 

  CHAIR BANERJEE:  Finish up, Len. 9 

  MR. WARD:  Let me jump -- 10 

  CHAIR BANERJEE:  Yes. 11 

  MR. WARD:  I mean the code outputs, that 12 

is -- 13 

  CHAIR BANERJEE:  Go to the next one. 14 

  MR. WARD:  So our future TRACE 15 

interactions.  Just completed the user need, and 16 

Research has responded to our needs to develop plant 17 

decks.  We want to have a database of plant decks that 18 

we can use for not only EPU, but anything else that 19 

might come up.  And they are doing that. 20 

  CHAIR BANERJEE:  You have got five minutes 21 

to finish up. 22 

  MR. WARD:  Yes.  Well, then there are 23 

monthly, what Tony has told me about, between NRO and 24 

Research and us.  There have been biweekly meetings, 25 
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so that we can discuss, prioritize improvements.  So 1 

we are consistent with NRO.  You know, we want to work 2 

together and formulate a consistent set of 3 

recommendations that meets both our needs.  And that's 4 

what we will be doing in the future. 5 

  Whenever I need some help running the code 6 

or there is a problem, they respond and I get good 7 

feedback.  I get good assistance from them.  So I 8 

think they are on the right path. 9 

  Small break needs to be emphasized more 10 

comprehensively, more comprehensive study on small-11 

break LOCA, validation, and then a more comprehensive, 12 

maybe a little bit better discussion of all the 13 

mechanisms affected by dispersed flow film boiling. 14 

  I mean I know they are aware of it.  When 15 

you have your plan, put it in the plan, so we can see 16 

the whole picture and how your model that you are 17 

emphasizing the droplet field, you know, that's just 18 

one piece of maybe four or five other things that need 19 

to be fixed. 20 

  But they are on the path, and I think that 21 

is the path that is going to get us a code that is 22 

better. 23 

  CHAIR BANERJEE:  Okay. 24 

  MR. WARD:  And they're doing it. 25 
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  CHAIR BANERJEE:  Thank you. 1 

  What we will do now is we will take our 2 

break now for 10 minutes, and we will reconvene, let's 3 

say, at 20 past 10:00 and move on to the TRACE 4 

development work. 5 

  CONSULTANT WALLIS:  You have to hit the 6 

gavel. 7 

  CHAIR BANERJEE:  I think the public 8 

statement will be after lunch. 9 

  So, with that, we are off the record. 10 

   (Whereupon, the foregoing matter went off 11 

the record at 10:08 a.m. and went back on the record 12 

at 10:23 a.m.) 13 

  CHAIR BANERJEE:  So we are back in 14 

session. 15 

  And we start with TRACE development.  16 

Chris, are you going to lead it off with a few words, 17 

or Joe?  Who's going to do it?  Joe? 18 

  Okay, which handout do we need now? 19 

  MR. STAUDENMEIER:  Okay.  I'm Joe 20 

Staudenmeier, for people who don't know me. 21 

  I am going to go over, first, significant 22 

improvements that we have made to TRACE since Version 23 

5.0, and then a sample of our future development plan 24 

items and provide motivation for development and 25 
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expected impact on code results. 1 

  Recent TRACE history, we released Version 2 

5.0 with assessment for operating PWR and BWR LOCAs, 3 

both small-break and large-break.  Had a peer review 4 

of Version 5.  Conclusion was no major deficiencies 5 

were found in the physical models. 6 

  CONSULTANT WALLIS:  Even in the momentum 7 

equation? 8 

  MR. STAUDENMEIER:  It depends how you 9 

define deficiency, if it is going to impact your 10 

results or not.  In terms of impacting results, I 11 

would say it wasn't significant for LOCA.  For some 12 

things it may be, but not LOCA.  And we did make some 13 

improvements to that, although it is not perfect. 14 

  Presented results of the peer review to 15 

ACRS.  And another part of that is they identified 16 

code weaknesses and areas for improvement that are 17 

also fitting into our development plan, in addition to 18 

NRO and NRR and our international user community. 19 

  We are continuing the development of TRACE 20 

with priorities driven by, the first thing is fixing 21 

bugs and deficiencies identified in ongoing analyses. 22 

 They are usually the things that we are working on, 23 

have the short fuses and timelines to get fixed, so 24 

things that are preventing calculations from being run 25 
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in ongoing analyses. 1 

  In addition to that, new requirements and 2 

capabilities for new reactors feed into it.  For 3 

instance, if NuScale Power comes in with an 4 

application, they have helical coil steam generators, 5 

and we will have to develop a helical coil steam 6 

generator model for TRACE in order to analyze that. 7 

  CONSULTANT KRESS:  When you say 8 

"priorities are driven by", that doesn't mean those 9 

are in order of time or -- 10 

  MR. STAUDENMEIER:  No, it doesn't. 11 

  CONSULTANT KRESS:  It means they all go 12 

into your equation, whatever it is, and then given 13 

priority? 14 

  MR. STAUDENMEIER:  Yes, that's correct.  I 15 

mean, often, there's competing priorities.  Different 16 

organizations have a high priority on different 17 

things.  There has to be a management decision to sort 18 

out what really is the highest-priority issue. 19 

  Weaknesses identified and assessments, 20 

current assessments, for Version 5.0 are another area 21 

that drives our development. 22 

  Capabilities needed for events other than 23 

LOCAs, the code, Version 5.0 was assessed for LOCAs.  24 

We are also using the code for transients, AOOs, and 25 
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accidents.  So we are doing assessment of the code for 1 

AOOs now for BWRs supporting MELLLA-plus.  There will 2 

also be some PWR AOO assessment done, and things we 3 

find in those assessments are candidates for code 4 

improvements or correlations that may need to be added 5 

for a situation that didn't come up in the LOCA. 6 

  CONSULTANT WALLIS:  So rod ejection is one 7 

of those things? 8 

  MR. STAUDENMEIER:  Rod ejection is one of 9 

the things they are using it for. 10 

  CONSULTANT WALLIS:  But NuScale doesn't 11 

have many rods?  So, if they eject one, it might be 12 

important. 13 

  MR. STAUDENMEIER:  Yes, I don't know.  14 

From what I have seen of NuScale, they have larger 15 

margins in just about every area than normal PWRs do. 16 

  Okay.  And development of the capability 17 

for uncertainty analysis.  I mean the future goal of 18 

this is not only provide best-estimate solutions or 19 

realistic LOCA solutions, but also an estimate of how 20 

big the uncertainty is in the calculation. 21 

  CHAIR BANERJEE:  When you talk of 22 

uncertainty, Joe, are you including model uncertainty? 23 

  MR. STAUDENMEIER:  You mean input model, 24 

plant model uncertainty? 25 
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  CHAIR BANERJEE:  No.  No, no. 1 

  MR. STAUDENMEIER:  Physical model 2 

uncertainty? 3 

  CHAIR BANERJEE:  Yes. 4 

  MR. STAUDENMEIER:  Correlation 5 

uncertainty?  Yes, correlation uncertainty is what we 6 

are going to be building and supporting to TRACE for. 7 

 So there will be ranging coefficients that will be 8 

put on various correlations, and there will be a 9 

separate input file for putting those ranges or 10 

putting multipliers on that would be determined by -- 11 

  CHAIR BANERJEE:  But they would be 12 

multipliers, right? 13 

  MR. STAUDENMEIER:  That's correct. 14 

  CHAIR BANERJEE:  But imagine that you talk 15 

about something like condensation, and let's say the 16 

effect of how things vary with the Prandtl number, the 17 

heat-transfer coefficient.  So the free surface, you 18 

know, things will move with the Prandtl to the half, 19 

rather than Prandtl to the two-thirds.  Are there 20 

going to be sort of also uncertainties on the 21 

exponents and things built in? 22 

  MR. STAUDENMEIER:  There could be 23 

  CHAIR BANERJEE:  Rather than multipliers? 24 

  MR. STAUDENMEIER:  There could be 25 
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uncertainties in exponents, reviewing these 1 

correlations, if that's determined to be a significant 2 

range of variation in predictive -- 3 

  CHAIR BANERJEE:  What's the methodology by 4 

which you will select the things that you can range?  5 

Is there going to be some sort of a working group 6 

which will look at the correlations?  Or how will you 7 

go about it? 8 

  MR. STAUDENMEIER:  Yes, I think for each 9 

different accident type there would be different 10 

things that are more important, I think, and there 11 

would have to be some sort of expert group, I think, 12 

reviewing these correlations, what's important for 13 

these different accident types. 14 

  We have some basis for doing it already 15 

for CSAU for large-break LOCA.  I think there was a 16 

mini-CSAU done for BWR ATWS a long time ago in small-17 

break LOCA. 18 

  MR. BAJOREK:  Sanjoy, what we have done is 19 

we have started off by going through the parts of the 20 

various plants that we anticipate doing these for, 21 

getting this high-ranked phenomena, and getting those 22 

first set up to go into SNAP, where the user is going 23 

to be able to say, hey, these are the physical models 24 

for the processes that need to be ranged.  We have 25 
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identified other aspects of the plant, modeling of 1 

accumulators, safety injection, initial and boundary 2 

conditions.  We will likely use a variation of Wilkes 3 

method, non-statistical -- 4 

  CHAIR BANERJEE:  Tell me what that is, 5 

Wilkes method. 6 

  MR. BAJOREK:  I'm sorry, I couldn't -- 7 

  CHAIR BANERJEE:  What is the Wilkes 8 

method? 9 

  MR. BAJOREK:  Wilkes method is a sampling 10 

method that allows you to get an uncertainty as well 11 

as a confidence interval for your particular scenario. 12 

 In general, it involves making at least 59 13 

calculations for a plant, where you sample all of the 14 

parameters in which you are interested in ranging.  It 15 

picks either a multiplier or a bias on whatever that 16 

parameter is, runs the calculation, and you get your 17 

output from that.  It does that "N" number of times.  18 

And if you believe the statisticians, if you do 59 of 19 

these calculations, whichever one gives you the worst 20 

PCT or clad oxidation, that is a conservative estimate 21 

of the 95/95 value for that transient. 22 

  It is something that we can accommodate, 23 

but we are trying to keep enough flexibility in our 24 

uncertainties so that we can answer other questions as 25 
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they come in; for example, what if we do an ASTRUM; 1 

what if we do a response surface methodology?  We want 2 

to be able to explore other ways of getting the 3 

uncertainty. 4 

  CHAIR BANERJEE:  So, to go back to the 5 

point Len was making about dispersed flow boiling, 6 

clearly, that or loop-seal clearing or there are 7 

various phenomena which are very important because the 8 

user knows what they are, and you are getting feedback 9 

from these guys. 10 

  So what are you going to be doing, for 11 

example, with handling dispersed flow boiling to, say, 12 

respond to the sort of concerns the users might have 13 

about the correlations or methodology that you are 14 

using there? 15 

  MR. BAJOREK:  We haven't gotten it 16 

completely down to the level of whether we are going 17 

to be varying coefficients on Prandtl numbers or 18 

things like that.  However, as it has been done by 19 

others, you would take a look at the heat-transfer 20 

coefficient that you have calculated by your code.  21 

Dispersed flow film boiling would be a heat-transfer 22 

coefficient that is due from several physical 23 

mechanisms, convection, enhancement due to droplets, 24 

wall interaction, if that were to occur. 25 
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  You would look at your assessment base for 1 

that, and you would see how likely it was that you 2 

either had a good agreement -- your multiplier might 3 

be a 1.0 -- or whether you tended to over- or 4 

underpredict it.  You would range that entire heat-5 

transfer coefficient.  That is one way of doing it. 6 

  CHAIR BANERJEE:  So you do this one at a 7 

time or do you do -- so it's clear that you can do 8 

uncertainty and sensitivity studies, if you vary, say, 9 

a coefficient or a power or something one at a time? 10 

  MR. BAJOREK:  Uh-hum. 11 

  CHAIR BANERJEE:  What about interactions? 12 

 Because you are often, you know, there are large 13 

transitions occurring at the boundaries of flow regime 14 

maps and things like that.  So how do you handle those 15 

problems?  I mean where there are several parameters 16 

which might interact in some way by shifting you into 17 

a different flow regime or something like that, its 18 

uncertainty? 19 

  MR. BAJOREK:  If that is a major concern 20 

for the analysis, if that is a highly-ranked parameter 21 

in there, you can either change the transition 22 

boundary or, let's say, the drag coefficient that you 23 

get out of that.  There are ways of ranging those 24 

types of things. 25 
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  CHAIR BANERJEE:  So you can change the 1 

flow regime boundary and see what happens? 2 

  MR. BAJOREK:  That's one thing that you 3 

can do, yes. 4 

  CHAIR BANERJEE:  Okay. 5 

  MR. BAJOREK:  Now, in general, you have 6 

got to be careful because it depends on the accident 7 

scenario that you are looking at.  If you are looking 8 

at the transition from a horizontal flow pattern, you 9 

may not care about that for a large break, for 10 

example. 11 

  CHAIR BANERJEE:  Right. 12 

  MR. BAJOREK:  The loop is just empty.  It 13 

may become important for a small break.  Okay? 14 

  CHAIR BANERJEE:  Okay, but you are going 15 

to write up this methodology at some point, Steve, 16 

before you start to apply it? 17 

  MR. BAJOREK:  Yes.  Yes, oh, yes, we'll 18 

write this up. 19 

  CHAIR BANERJEE:  Yes, I think that would 20 

be useful to review at some point or as part of 21 

another meeting or something. 22 

  MR. BAJOREK:  The work right now are 23 

identifying the major models that should be ranged. 24 

  CHAIR BANERJEE:  Right. 25 
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  MR. BAJOREK:  That's one thing that we 1 

will be able to do in writeup, and setting up the 2 

mechanics for doing this.  Fifty-nine is the minimum 3 

number of calculations with this type of a method.  4 

Depending on what you are trying to predict and the 5 

particular scenario, you can very quickly go to 124 or 6 

up in the hundreds.  That is a daunting task for a 7 

user -- 8 

  CHAIR BANERJEE:  Right. 9 

  MR. BAJOREK:  -- to set up and keep track 10 

of those many calculations. 11 

  So what we are trying to do right now is 12 

to automate the process.  So, once we get a workable 13 

plant deck and we know which transient that we are 14 

interested in, large-break, small-break, DVI line 15 

break, what have you, the user can go through and make 16 

his, let's say, 124 calculations and get the results 17 

in an efficient manner. 18 

  CHAIR BANERJEE:  Looking at model 19 

uncertainties, not just input uncertainties -- 20 

  MR. STAUDENMEIER:  Yes, there will be a 21 

whole uncertainty vector that SNAP would automatically 22 

generate the inputs for that, send off the runs, so 23 

124 or however many runs, come back, gather the 24 

statistics, and -- 25 
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  MR. BAJOREK:  But, no, that's one thing 1 

that -- maybe this is what you are trying to get at, 2 

but one of the things that we are going to be able to 3 

do with this feature that we are building in is shut 4 

off the other model variations, let me only range the 5 

models and see what that uncertainty is. 6 

  CHAIR BANERJEE:  Right. 7 

  MR. BAJOREK:  So that we are trying to be 8 

flexible.  So we can answer some of those questions, 9 

in addition to be able to explore the question marks 10 

we have with uncertainty methods that we are seeing 11 

from industry.  Well, what if you ranged one more 12 

thing?  What if you took this parameter and ranged it 13 

over a wider overall range?  How much does that affect 14 

your PCT or your oxidation?  We will be able to 15 

explore that. 16 

  CHAIR BANERJEE:  Well, if I understand 17 

what industry is doing right now, they are looking at 18 

the uncertainties in the inputs, but not in the models 19 

themselves. 20 

  CONSULTANT WALLIS:  I think they look at 21 

the models, too. 22 

  MR. BAJOREK:  Yes, they do. 23 

  CHAIR BANERJEE:  Do they? 24 

  MR. BAJOREK:  Yes. 25 
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  CONSULTANT WALLIS:  It's the same thing.  1 

You just look at the models, the uncertainties in 2 

everything, yes.  Yes. 3 

  MEMBER REMPE:  Is there an expert group 4 

that says that, if you vary one variable, that it is 5 

correlated to another, so they both should be moving 6 

that direction together, instead of just a random 7 

Monte Carlo pick a few variables, or how is this done? 8 

  MR. BAJOREK:  That is a good question.  9 

There is one particular evaluation model that ranges 10 

things independently, even though it doesn't look like 11 

they should be.  That's one of the things that we 12 

would like to be able to explore with the model when 13 

we do that. 14 

  MR. STAUDENMEIER:  That is one of the 15 

hardest parts, is determining linear independence of 16 

the variations. 17 

  MEMBER REMPE:  I know. 18 

  CONSULTANT KRESS:  Yes, that could 19 

certainly change your impression of the importance 20 

factor. 21 

  That sounded like -- PRA uses importance 22 

factors to decide on what to focus on -- that sounds 23 

like some sort of importance factor you are talking 24 

about in terms of models and correlations.  That would 25 
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be an interesting new development, I think. 1 

  This uncertainty analysis, like most 2 

uncertainty analyses, is going to boil down to expert 3 

opinion because there's hardly any other way to do 4 

that. 5 

  MR. BAJOREK:  That is why we are starting 6 

off with PARCS. 7 

  CONSULTANT WALLIS:  The Wilkes approach, 8 

you can simply put in the uncertainty in everything.  9 

You don't care what's important, what isn't important, 10 

and it should all work out.  But that's a big task.  11 

So what you are trying to do is figure out which ones 12 

you can leave out, which is a more difficult task.  13 

But if you put in everything, in theory, it's supposed 14 

to work out fine. 15 

  MR. BAJOREK:  In theory. 16 

  CONSULTANT KRESS:  These experts that are 17 

going to decide on the ranges of, say, phenomena or 18 

things, they are going to give you a range and a 19 

distribution? 20 

  MR. BAJOREK:  Yes.  That is the direction 21 

you need to go in.  That is also why we don't want to 22 

get to the point where we try to range out everything, 23 

because you have to -- 24 

  CONSULTANT KRESS:  That's a lot, a lot of 25 
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calculation. 1 

  MR. BAJOREK:  -- have a distribution for 2 

everything.  So that is why, at least as we are 3 

starting into this, we are going at those things which 4 

the experts have acknowledged, hey, these are the most 5 

important things that drive a certain transient.  Then 6 

we will go from there with the questions that come on, 7 

the uncertainty. 8 

  The other nice thing about this, as we get 9 

the uncertainty automated, is it does help us answer 10 

some of the questions.  For example, if you do a 11 

certain change to a correlation, either a different 12 

correlation or change its range in distribution, it is 13 

now I can determine, gee, do I really need to sink a 14 

lot of money into dispersed droplet film boiling?  15 

Because I know small changes in heat-transfer 16 

coefficient can translate into 100 degrees of change 17 

or 10 degree of change.  Likewise, you can look at 18 

other models in that area.  We think it is going to 19 

help us direct some of our research in the future, or 20 

at least help prioritize what experimental work we 21 

should be doing. 22 

  CHAIR BANERJEE:  Do any of the vendors do 23 

this with their codes, an uncertainty analysis? 24 

  MR. BAJOREK:  Yes. 25 
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  CHAIR BANERJEE:  They do that?  With the 1 

models? 2 

  MR. BAJOREK:  Yes. 3 

  CHAIR BANERJEE:  Not just the inputs? 4 

  MR. BAJOREK:  When I was with 5 

Westinghouse, that is what I was doing there in terms 6 

of many of the models and correlations that got 7 

ranged.  I don't want to go into the details -- 8 

  CHAIR BANERJEE:  No. 9 

  MR. BAJOREK:  -- of how it was done, but 10 

it's done there.  I'm fairly certain that something 11 

similar is being done with the ASTRUM that you just 12 

mentioned, and models are also ranged in AREVA's best-13 

estimate methodology.  So it is being done. 14 

  CHAIR BANERJEE:  All right.  Let's move 15 

on, Joe. 16 

  MR. STAUDENMEIER:  And General Electric 17 

also does it with their transient TRACG methodology. 18 

  I am going to try to go over some 19 

improvements we made since Version 5.0.  Since then, 20 

we tested and assessed the containment component 21 

module in TRACE called the CONTAN component or CONTAIN 22 

component. 23 

  CONSULTANT WALLIS:  I thought it had an 24 

"I" in it?  It doesn't anymore? 25 
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  MR. STAUDENMEIER:  Well, they probably did 1 

that because "CONTAIN" already existed as a code, and 2 

they didn't want to confuse people with that. 3 

  CONSULTANT WALLIS:  So it's different? 4 

  MR. STAUDENMEIER:  Yes, it's not CONTAIN. 5 

  Vessel-to-vessel junctions, I will show an 6 

example of what that is.  It allows more nodalization 7 

flexibility for people building models. 8 

  New choked flow solver. 9 

  We upgraded to PARCS 3.0.  Version 5.0 had 10 

PARCS 2.6, I believe. 11 

  CHAIR BANERJEE:  What was the difference 12 

in PARCS there? 13 

  MR. STAUDENMEIER:  It was a modernized 14 

code base where we went through and cleaned up the old 15 

coding, various improvements and bug fixes over the 16 

years, flexibility -- 17 

  CHAIR BANERJEE:  It was just fixes?  There 18 

was new models, nothing like that? 19 

  MR. STAUDENMEIER:  No.  Well, there may 20 

have been some new solvers that were implemented.  21 

Nate will give a presentation on PARCS and you can ask 22 

him -- 23 

  CHAIR BANERJEE:  Oh, okay. 24 

  MR. STAUDENMEIER:  -- the details of that. 25 
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  We added some improved fuel rod models, 1 

improved the fuel thermal conductivity, gap 2 

conductivity, and added a clad ballooning and rupture 3 

model. 4 

  Vessel noding flexibility, we can now 5 

connect two vessels together with single junctions, 6 

and we can also, internally to the vessel, put single 7 

junction connections that may be single junction pumps 8 

or valves, add multiple flow paths between two vessel 9 

cells.  The internal pump is one example of something 10 

that will be used, I believe, in our ABWR 11 

calculations, modeling the internal recirculation 12 

pumps. 13 

  We can also do the same thing with 1D 14 

component flow paths now, have more than one 15 

connection between two one-dimensional cells.  So that 16 

would allow you to do things like model two separate 17 

diameter connections between two cells or between two 18 

vessel cells, to model maybe something like CCFL a 19 

little better, modeling it instead of having to lump 20 

the connections together. 21 

  For the vessel modeling, I will show how 22 

it improves things.  Before, we were limited to having 23 

the same radial nodalization at all the core levels 24 

and the same theta nodalization at all the core 25 
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levels.  When we can connect two vessels together, it 1 

allows you to put in detail or different radial or 2 

theta nodalization in different parts of the vessel.  3 

So you can only use the fine noding where you need it 4 

and you are not wasting nodes in areas where you don't 5 

need it.  So this is an example where we can connect 6 

essentially a two-dimensional vessel to a three-7 

dimensional vessel to model different parts that need 8 

detail. 9 

  One example of how we are seeing that we 10 

are going to use this in the future is modeling PWR 11 

cores, model them as Cartesian cores instead of 12 

cylindrical cores.  I mean everybody knows fuel 13 

bundles are laid out in a Cartesian geometry. 14 

  We have some assessment that we have done. 15 

 Our SCTF assessment has modeled every bundle 16 

separately.  We are working on some LOFT assessment 17 

now, modeling every bundle in the core separately, and 18 

we will move up into -- 19 

  CONSULTANT WALLIS:  You have to do that 20 

because the fuel loading is so variable. 21 

  MR. STAUDENMEIER:  Uh-hum. 22 

  CONSULTANT WALLIS:  All kinds of 23 

combinations of fuel loading goes into these things.  24 

So you almost have to model every bundle. 25 
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  MR. STAUDENMEIER:  Yes, it becomes kind of 1 

an art in how you lump things together, if you are not 2 

modeling them separately. 3 

  Need for containment modeling.  PWRs, 4 

containment backpressure affects plant LOCA response. 5 

 Long-term cooling ECCS comes from the sump. 6 

  BWRs, the same thing, backpressure affects 7 

LOCA response.  ECCS comes from the suppression pool 8 

in BWRs.   And also, suppression pool temperature is 9 

important for ATWS calculations in terms of when you 10 

depressurize the plant. 11 

  Here's an example of the effect that 12 

containment backpressure has on cladding temperatures. 13 

 The black curve is what the containment pressure was 14 

calculated to be for this plant.  It is a double-ended 15 

guillotine break in a 3-loop Westinghouse plant. 16 

  The dashed red curve is what would happen 17 

if you just set the backpressure at containment, at 18 

atmospheric break pressure.  So you can see there's a 19 

significant impact on the long-term response to the 20 

temperature. 21 

  And some of the power uprates, like GE at 22 

one time used to use atmospheric backpressure on all 23 

their LOCA calculations and not take credit for it.  I 24 

think with the recent power uprates, they have started 25 
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having to take credit for some of the containment 1 

backpressure. 2 

  CHAIR BANERJEE:  Well, they certainly have 3 

to for long-term cooling in some cases.  But this is 4 

the early part of the transient. 5 

  MR. STAUDENMEIER:  Yes, this is the early 6 

part.  Something like this, well, now we are getting 7 

into the burnup-dependent oxidation limits.  So, I 8 

mean, it may be past the point of peak clad 9 

temperature, but how long it stays up at a high 10 

temperature may be important, because once you get out 11 

into the second- and third-cycle fuel, the oxidation 12 

limits can be much lower than the 17 percent on the 13 

first-cycle fuel.  So it is something that -- 14 

  CONSULTANT WALLIS:  That is not so hot, 15 

that fuel. 16 

  MR. STAUDENMEIER:  No, it's not so hot.  17 

So it is an average.  It is essentially you are 18 

talking about temperature effect.  Yes, that comes 19 

down to also modeling these bundles separately, also 20 

the ability to do that, too, so that you are not 21 

lumping things together as one. 22 

  The CONTAN component or CONTAIN component, 23 

it's a CONTEMPT-like lumped parameter model.  It 24 

supports engineered safety features, fan coolers  and 25 
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sprays.  It is coupled to the TRACE primary system 1 

model through our BREAK and FILL components. 2 

  CONSULTANT WALLIS:  CONTAN has separate 3 

nodes throughout containment? 4 

  MR. STAUDENMEIER:  It has separate 5 

volumes, but large volumes connected -- 6 

  CONSULTANT WALLIS:  Stratification and 7 

things like that or? 8 

  MR. STAUDENMEIER:  It may or may not be 9 

able to.  It hasn't been tested against any test that 10 

shows -- 11 

  CONSULTANT WALLIS:  And it tells you where 12 

the non-condensables go, does it? 13 

  MR. STAUDENMEIER:  Yes, it will tell you 14 

where non-condensables go. 15 

  CONSULTANT WALLIS:  It does?  But it 16 

doesn't separate the different kinds of non-17 

condensables? 18 

  MR. STAUDENMEIER:  No, it doesn't do that. 19 

  CONSULTANT WALLIS:  Like nitrogen and 20 

oxygen and hydrogen? 21 

  MR. STAUDENMEIER:  They all go -- uh-hum. 22 

  CONSULTANT WALLIS:  Because that might be 23 

important.  You eat up your nitrogen; then you're left 24 

with more combustible non-condensables. 25 
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  MR. STAUDENMEIER:  Yes.  Well, if you have 1 

something, a process that separates out nitrogen or 2 

through something that is not flow-related, you can -- 3 

  CONSULTANT WALLIS:  It pumps it into one 4 

region then? 5 

  MR. STAUDENMEIER:  Uh-hum. 6 

  CONSULTANT WALLIS:  It is flow-related. 7 

  MR. STAUDENMEIER:  Yes, like steam, you 8 

can condense out steam and leave non-condensables 9 

there, but they flow together. 10 

  It can model things like compartment 11 

spillover levels. 12 

  Proposed applicability in TRACE:  BWR Mark 13 

I, II, and III containments and PWR large dry 14 

containments.  We don't know have models for the ice 15 

condenser containments for PWRs. 16 

  A sample assessment that we did for this, 17 

the CVTR test.  It was a decommissioned reactor 18 

containment building.  Tests were conducted in the 19 

late sixties.  We did assessment for tests 3, 4, and 20 

5. 21 

  This is an example of how it was noded.  22 

It was three CONTAN volumes that were noded in there. 23 

  And here's what the results looked like.  24 

You can see that TRACE is predicting things with 25 
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similar accuracy to CONTAIN and MELCOR for this test. 1 

 This is actually a steam line break test. 2 

  To get the early peak, we use Uchida 3 

condensation correlation.  If you had some sort of a 4 

turbulent heat-transfer correlation, I think that is 5 

what you would need to get that early peak flow in a 6 

more accurate manner. 7 

  CHAIR BANERJEE:  But they are getting a 8 

higher peak in the experiment? 9 

  MR. STAUDENMEIER:  We are calculating 10 

higher peak than the experiment, yes, for this. 11 

  CHAIR BANERJEE:  You are calculating a 12 

higher peak? 13 

  MR. STAUDENMEIER:  Uh-hum. 14 

  CONSULTANT WALLIS:  Yours does it just 15 

like MELCOR? 16 

  MR. STAUDENMEIER:  Yes, we are just about 17 

the same as CONTAIN or MELCOR calculating this, and 18 

they are similar level of detail models.  They are 19 

both more one-parameter type of models. 20 

  CHAIR BANERJEE:  Were there some tests 21 

done at HDR? 22 

  MR. STAUDENMEIER:  There were tests done 23 

in HDR, and we did an assessment against, I think, one 24 

or two of those tests also. 25 
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  CHAIR BANERJEE:  Well, what did that look 1 

like? 2 

  MR. STAUDENMEIER:  It looked similar, I 3 

would say. 4 

  CHAIR BANERJEE:  Always you're 5 

predicting -- 6 

  MR. STAUDENMEIER:  It was an 7 

overprediction, yes, I think, and it is related to our 8 

heat-transfer correlations are going to always 9 

overpredict without a turbulent heat-transfer 10 

correlation in there for the turbulent mixing 11 

transporting vapor to the film.  We don't have a film 12 

model, either.  That's something we would like to 13 

improve in the future. 14 

  CHAIR BANERJEE:  Well, the model you have 15 

is a condensation model, not based on a film 16 

condensation? 17 

  MR. STAUDENMEIER:  Uchida is based on film 18 

condensation tests.  And if you look at Uchida, it is 19 

really in the laminar film region of the tests.  So it 20 

really is a correlation that is only really good for a 21 

laminar film.  So, if you get into turbulent films, 22 

you are going to underpredict that side of the heat 23 

transfer, but, then, the other thing is predicting the 24 

vapor side heat transfer also.  We would also need 25 
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turbulent correlations for that to get this peak in 1 

the beginning. 2 

  CHAIR BANERJEE:  So you have a laminar 3 

film. 4 

  MR. STAUDENMEIER:  Uh-hum. 5 

  CHAIR BANERJEE:  So you have a heat-6 

transfer coefficient with the wall, but also you have 7 

a condensation coefficient at the free surface, right? 8 

 A heat-transfer coefficient -- 9 

  MR. STAUDENMEIER:  Right, right. 10 

  CHAIR BANERJEE:  -- of the free surface?  11 

So some non-condensables accumulate at the free 12 

surface as well? 13 

  MR. STAUDENMEIER:  Right.  And in Uchida, 14 

this is, yes, there is an effect versus -- well, it's 15 

really looking at the bulk atmosphere non-condensable 16 

correlation in Uchida.  It is not looking at a local 17 

thing.  It's not like our film condensation in like 18 

the one that Joe Kelly developed for the tubes for the 19 

new reactors. 20 

  CHAIR BANERJEE:  Well, but it is a falling 21 

liquid film on a wall, right? 22 

  MR. STAUDENMEIER:  That's what the data 23 

was that the correlation was developed from. 24 

  CHAIR BANERJEE:  But the reality is also a 25 
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falling liquid film on a wall? 1 

  MR. STAUDENMEIER:  That's right. 2 

  CHAIR BANERJEE:  Yes.  There is a huge 3 

literature on this in chemical engineering, which you 4 

should look at because I don't know what Uchida did, 5 

but chemical engineers have had mass transfer to 6 

falling liquid films which they have done for many, 7 

many years. 8 

  MR. STAUDENMEIER:  Yes, and nuclear 9 

engineers have also.  I mean, if you look at like 10 

results that GOTHIC would get for this problem, which 11 

came from COBRA-NC, I mean they get good predictions 12 

of peaks on these pressures for HDR and CVTR.  And 13 

they do model films explicitly. 14 

  CHAIR BANERJEE:  But you don't model the 15 

film explicitly itself? 16 

  MR. STAUDENMEIER:  No, not currently.  In 17 

the future, we want to. 18 

  An example of a type of calculation you 19 

can do, coupling a big reactor model to the CONTAN 20 

component.  This is looking out in a long-term cooling 21 

period.  You can see how things affect pressures. 22 

  The black curve is a base correlation or 23 

base results.  The blue dashed curve, if you turn off 24 

auxiliary feedwater, sometime out there you see the 25 
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pressure starts rising.  Another thing that was looked 1 

at in, I think, maybe EPR was switching over to hot-2 

leg injection. 3 

  The dashed curve decreasing is showing 4 

switch over to hot-leg injection at 5500 seconds.  So 5 

you are dumping water in.  The steam isn't coming out 6 

of the top of the core anymore.  You are condensing 7 

that steam.  So you are reducing the load on the 8 

containment; pressure goes down. 9 

  MEMBER ABDEL-KHALIK:  You mentioned the 10 

Cartesian vessel model.  Would you be able to compare 11 

the results of this model against something like 12 

VIPR-2, if you were to drive VIPR-2 with whatever 13 

boundary conditions you may get from TRACE? 14 

  MR. STAUDENMEIER:  Well, you could compare 15 

it.  I mean VIPR-2 is a sub-channel code.  It has some 16 

things -- we don't have the mixing between different 17 

channels, turbulent mixing models. 18 

  MEMBER ABDEL-KHALIK:  But VIPR-2 can be 19 

used to model whole cores using individual bundles as, 20 

you know, your sub-channels.  So, in this model, you 21 

don't have any cross-flow? 22 

  MR. STAUDENMEIER:  Well, there is cross-23 

flow, but it's just determined by k-losses.  There's 24 

no model for mixing between the different channels. 25 
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  MEMBER ABDEL-KHALIK:  Would you learn 1 

anything by doing a comparison of that type? 2 

  MR. STAUDENMEIER:  Possibly.  It depends 3 

on, I guess, what you were looking at.  But, I mean, I 4 

guess at least one thing you would learn is how much 5 

you lose by not having the mixing models between the 6 

channels, although at bundle level I don't know how 7 

good the mixing models work for bundle level.  I think 8 

they are more meant for sub-channel-level mixing in 9 

those codes.  But, yes, you could learn things from 10 

doing comparisons like that, I think. 11 

  MEMBER ABDEL-KHALIK:  Okay. 12 

  MR. STAUDENMEIER:  Choked flow solver, I 13 

mean I will skip over this.  It doesn't really affect 14 

code results.  It speeds up the code.  You can see in 15 

that -- 16 

  CONSULTANT WALLIS:  That blue thing is a 17 

very strange calculation. 18 

  MR. STAUDENMEIER:  Yes. 19 

  CONSULTANT WALLIS:  I mean it oscillates 20 

around 400 and then suddenly leaps up to 700. 21 

  MR. STAUDENMEIER:  Yes, it suddenly gets 22 

in the range, I guess, the radius of convergence of 23 

the thing, and then starts giving good convergence 24 

behavior.  And that was why we wanted to get rid of 25 
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that and replace it with something better.  The dashed 1 

line is our new solver, and that gives a lot better 2 

convergence behavior. 3 

  And here's another plot showing number of 4 

iterations it needs to converge versus time-step 5 

number for -- 6 

  CONSULTANT WALLIS:  It looks as if it 7 

isn't converging at all.  It is starting getting 8 

wilder and wilder oscillations and then it stops. 9 

  MR. STAUDENMEIER:  Yes.  The way it does 10 

it, it keeps expanding.  It starts with its initial 11 

guess and keeps expanding its range until it 12 

encompasses where it is, and then it finds its way to 13 

the solution.  So it is, yes, not the optimal way to 14 

find the solution. 15 

  Now the fuel thermal conductivity, the 16 

original TRACE thermal conductivity model didn't 17 

account for burnup for gadolinium.  Both of these 18 

things reduce thermal conductivity, increase stored 19 

energy in the fuel. 20 

  Here's an example of what the TRACE 21 

thermal conductivity looked like versus the FRAPCON 22 

model, which did take burnup and gadolinium into 23 

account.  You can see TRACE, the black curve is the 24 

base.  You can see what the effect of FRAPCON -- even 25 
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at the higher temperatures with no burnup or no gad, 1 

we were still off at temperatures above 2,000 k.  We 2 

were overpredicting thermal conductivity. 3 

  Then you can see the effects, then, of 4 

adding either burnup to the fuel or gadolinium to the 5 

fuel.  That reduces the thermal conductivity over what 6 

TRACE would have predicted. 7 

  CONSULTANT WALLIS:  On TRACE, it looks 8 

like a kink at 1900 degrees.  It sort of suddenly -- 9 

  MR. STAUDENMEIER:  Yes, there is a change 10 

in the formula right there. 11 

  CONSULTANT WALLIS:  A change in something, 12 

yes. 13 

  MR. STAUDENMEIER:  Uh-hum.  So there's two 14 

different mathematical curves. 15 

  And you can see what the effect of this is 16 

on large-break LOCA temperatures.  You can see that, 17 

with the new thermal conductivity model, that TRACE 18 

predicts PCTs about 50 degrees higher than before, and 19 

it also extends the quench time out into time further. 20 

  Small-break LOCAs wouldn't really be 21 

affected very much by this because they are more decay 22 

heat-driven.  Large-break LOCAs are driven by stored 23 

energy, and that's what the thermal conductivity is 24 

really doing.  Reducing the thermal conductivity 25 
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increases the stored energy that has to be removed.  1 

The fast transient is where it shows up the 2 

differences in stored energy you get and the limits on 3 

how much you can remove due to the low heat-transfer 4 

coefficients. 5 

  MEMBER REMPE:  And is this based on data 6 

obtained from Halden?  Or where?  Are you using 7 

FRAPCON and putting what FRAPCON predicts? 8 

  MR. STAUDENMEIER:  Well, we took what 9 

FRAPCON did, the formulas from there, but, I mean, 10 

they do assessment against Halden experiments and 11 

other experiments. 12 

  MEMBER REMPE:  Okay. 13 

  MR. STAUDENMEIER:  Okay.  Let's move on to 14 

the future TRACE development.  It was divided into 15 

different time horizons:  short term, zero to two 16 

years; intermediate, two to four, and long term, four-17 

plus. 18 

  Longer term can be because of either lower 19 

priority, lack of models and data that you can 20 

implement in a short term, or that it needs some of 21 

the short-term items to be done before you can do the 22 

long-term things. 23 

  And then, I will go into a sample of some 24 

of the things that are in the development plan. 25 
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  Short term, here's a list.  A lot of these 1 

are, I guess I would call them minor updates and are 2 

mostly developed.  So they just need to be implemented 3 

and tested.  The major thing in the short term is 4 

looking at the droplet field and dispersed field film 5 

 boiling -- 6 

  CONSULTANT WALLIS:  How far along are you 7 

in this droplet field and grid spacers and inverted 8 

annular film?  Are you going to tell us that?  Because 9 

that is not a simple problem. 10 

  MR. STAUDENMEIER:  No, no.  Yes, I have 11 

some slides on that. 12 

  CONSULTANT WALLIS:  Later on? 13 

  MR. STAUDENMEIER:  Okay, medium term, one 14 

thing we are looking at, conservative formulation of 15 

momentum equation. 16 

  CHAIR BANERJEE:  Now the improved 17 

numerical methods and parallelization, what do you 18 

mean exactly by that, the last bullet there? 19 

  MR. STAUDENMEIER:  Okay.  Improved 20 

numerical methods are more implicit methods.  So, 21 

implicit interfacial heat transfer, implicit wall heat 22 

transfer, implicit -- 23 

  CHAIR BANERJEE:  This becomes more like 24 

CATHARE or what? 25 
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  MR. STAUDENMEIER:  Yes, it would be more 1 

like CATHARE.  So, I mean, right now, a lot of the 2 

coefficients are just evaluated at the beginning of 3 

the time-step and then used during the time-step.  4 

With implicit methods, they would be moved into the 5 

iteration scheme, so you would be getting coefficients 6 

that were consistent with what your end-of-time step 7 

results were. 8 

  CHAIR BANERJEE:  But you're not going into 9 

 calculating the Jacobians or anything? 10 

  MR. STAUDENMEIER:  Yes, you will. 11 

  CHAIR BANERJEE:  You will be? 12 

  MR. STAUDENMEIER:  Uh-hum. 13 

  CHAIR BANERJEE:  So, why not go all the 14 

way and just do what CATHARE does?  I mean just 15 

calculate the Jacobian and go ahead and solve it.  16 

It's basically a Newton Rafts then. 17 

  MR. STAUDENMEIER:  Yes.  I mean we really 18 

do that right now with TRACE, even with like sets or 19 

semi-implicit we do that. 20 

  CHAIR BANERJEE:  Right. 21 

  MR. STAUDENMEIER:  But, I mean, we are 22 

implementing a piece at a time.  I mean, you could 23 

take the approach, okay, we develop them all, stick 24 

them all in at once, but we want to stick them in 25 
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piece-by-piece. 1 

  CHAIR BANERJEE:  Yes, all right.  But, 2 

eventually, you will get to more or less the same 3 

spot? 4 

  MR. STAUDENMEIER:  Yes, eventually, we 5 

will get there, uh-hum. 6 

  CHAIR BANERJEE:  And the parallelization, 7 

how are you doing that now?  What's involved? 8 

  MR. STAUDENMEIER:  We are looking at using 9 

open MP parallelization.  So we want something that is 10 

portable.  Right now, you can run TRACE in parallel by 11 

setting up different input models, and they can talk 12 

to each other and interact, but that puts a lot of 13 

burden on the user to divide up these components by 14 

hand. 15 

  So we are looking for a way where it's 16 

transparent to the user, that they just run it and set 17 

up the number of processors, just let it know how many 18 

processors they want it parallelized on, or you could 19 

have the code read how many processors or threads are 20 

available on the machine and then run and take 21 

advantage of what the hardware -- 22 

  CHAIR BANERJEE:  Yes, the more implicit 23 

you get, the more non-local the problem becomes, 24 

right, because everything is -- 25 
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  MR. STAUDENMEIER:  You get into bigger 1 

matrices, yes. 2 

  CHAIR BANERJEE:  So it becomes more 3 

difficult to parallelize that problem. 4 

  MR. STAUDENMEIER:  Yes or no.  I mean more 5 

parallelizing more on a component level, and right now 6 

our components are -- 7 

  CHAIR BANERJEE:  Are self-contained in 8 

some way? 9 

  MR. STAUDENMEIER:  Uh-hum. 10 

  CHAIR BANERJEE:  They don't talk to other 11 

components too much? 12 

  MR. STAUDENMEIER:  I mean, if you look at 13 

where the work is in doing it, I mean it is setting up 14 

coefficients, setting up evaluating equations, but, 15 

then, the matrix solution is where they really talk to 16 

each other. 17 

  CHAIR BANERJEE:  Right. 18 

  MR. STAUDENMEIER:  Uh-hum. 19 

  CHAIR BANERJEE:  How well does it 20 

parallelize?  I mean, if you plotted it out, purely, 21 

let's say things like lattice Boltzmann methods are 22 

very, very local.  So, up to many thousands of 23 

processes it will go linearly scalable.  Okay?  Any 24 

CFD method which has to solve a Berson equation or 25 
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something because it involves a matrix is poorly 1 

parallelizable.  I mean up to a certain number of 2 

processes it goes fairly linear, and then it just sort 3 

of flattens out at the large number, you know. 4 

  So, there are reasons for moving towards 5 

explicit methods if you go to very large numbers of 6 

processes, you know, peta-scale or something.  And I 7 

am just wondering whether, ultimately, that that 8 

should be something you would look at and optimize, 9 

how much implicitness, how much explicitness. 10 

  Parallelization helps you a lot.  I mean 11 

you can run a billion nodes, for example, fast with 12 

lattice Boltzmann or something because you can use 13 

10,000 processes or 100,000 processes.  There's no 14 

problem. 15 

  MR. STAUDENMEIER:  Yes.  The number of 16 

processes we're looking at is what is available on a 17 

PC.  So I would say right now 4 to 8 is the range of 18 

what people are looking at. 19 

  CHAIR BANERJEE:  So, a cluster which I 20 

have, which we bought for $200,000, has about 25 eight 21 

-- a dual quad-core, so 200 processes, costs you 22 

nothing.  Probably the price has come down now.  You 23 

can buy 1,000 processor machines for almost nothing.  24 

I mean the price is dropping all the time.  So you're 25 
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not confined to PCs. 1 

  MR. STAUDENMEIER:  No, we're not confined 2 

to them, but that's what, I guess, our target for 3 

running these codes is, running them on a PC 4 

workstation and keeping runtimes reasonable. 5 

  CHAIR BANERJEE:  Like what, dual quad-core 6 

machines or what?  What are these PCs? 7 

  MR. STAUDENMEIER:  I think, generally, 8 

most of the engineers have at least quad-cores now.  9 

Some have dual quad-cores or six-cores, dual six-10 

cores.  We also have cluster machines that we can -- 11 

  CHAIR BANERJEE:  But they have, 12 

essentially, shared memory then? 13 

  MR. STAUDENMEIER:  Right, they're shared 14 

memory. 15 

  CHAIR BANERJEE:  Yes, they're not 16 

distributed memory machines. 17 

  MR. STAUDENMEIER:  No. 18 

  CHAIR BANERJEE:  So all this doesn't 19 

-- what I'm talking about is really running them on 20 

large distributed memory machines. 21 

  MR. STAUDENMEIER:  Yes.  I mean, if you 22 

look at the size of our models, I mean our big models 23 

have 2,000 nodes.  The biggest model I have ever seen 24 

has 20,000 nodes maybe.  So you're not getting up 25 
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where you are going to be able to use thousands of 1 

processors or things like that. 2 

  CHAIR BANERJEE:  Right.  Yes, this is a 3 

different problem. 4 

  MR. STAUDENMEIER:  Yes.  In the way that 5 

TRAC can run parallel or TRACE can run parallel now, 6 

it was shown, previous studies showed good speedup for 7 

maybe up to six to eight processors on a large model. 8 

 I mean, if the models get small, then communication 9 

times really become the limiting thing and overhead.  10 

So you need to have fairly big models to get decent 11 

speedup. 12 

  CHAIR BANERJEE:  This is on a shared 13 

memory machine essentially? 14 

  MR. STAUDENMEIER:  That's right, uh-hum. 15 

  CHAIR BANERJEE:  Okay.  So we are not 16 

really talking about parallelization in the normal 17 

sense of the word, I would say.  Being able to use 18 

multiple processors in a shared memory machine is what 19 

you're talking about? 20 

  MR. STAUDENMEIER:  Uh-hum. 21 

  CHAIR BANERJEE:  Okay. 22 

  MR. STAUDENMEIER:  Okay. 23 

  CHAIR BANERJEE:  If runtime is your 24 

problem, shouldn't it be efficient to really 25 
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parallelize this thing and you could even run it on 1 

those little graphic processors? 2 

  MR. STAUDENMEIER:  That's one thing that 3 

we may look into, is the graphics processors. 4 

  CHAIR BANERJEE:  People are writing 5 

oil/gas pipeline codes which run on those. 6 

  MR. STAUDENMEIER:  Especially getting into 7 

the bigger matrices that come out from the more 8 

implicit methods.  I mean they may be something that 9 

could be offloaded onto the graphics processor and get 10 

good speed. 11 

  CHAIR BANERJEE:  To give you an example 12 

now, they are running full-field models in the oil 13 

business with mesh size, which is less or equal to the 14 

pipe diameter for 30-kilometer-long pipelines, and 15 

they run them fast because they just run them on 16 

graphic processors, just explicit.  Zap. 17 

  I mean, why are we worrying about computer 18 

time and things?  We should be able to move into that 19 

direction with very, very fine nodalization. 20 

  The great advantage of this very fine 21 

nodalization is that you can actually capture a lot of 22 

flow regime transitions which are held in the 23 

equations which you can't capture now because your 24 

volumes are so large. 25 
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  There's a lot of work in the oil industry 1 

right now on this.  There's a program called LEDA 2 

which is actually putting in real 3D components 3 

together with highly-resolved 1D in between. 4 

  So, it would be good if you had some 5 

interactions.  I can put you in touch with the people 6 

developing these.  Because we shouldn't be working 7 

completely in isolation.  There are other industries 8 

which are moving really fast because they have a lot 9 

of money, obviously.  I mean you are not in the same 10 

boat.  I mean they can spend whatever they feel like. 11 

  MR. STAUDENMEIER:  Yes, I mean that is 12 

probably, if you are talking about 30-kilometer 13 

pipelines, one model nodalized finely, that is the 14 

ultimate for speeding up things. 15 

  CHAIR BANERJEE:  They are running that 16 

real fast because they are using graphic processors in 17 

parallel.  You see, it's all explicit.  They don't do 18 

anything implicitly.  They run it all explicit, except 19 

the pressure equation, you know, and it is really 20 

fast. 21 

  So there is no reason why we should be 22 

using 3-meter nodes and things. 23 

  MR. STAUDENMEIER:  Yes, I don't think we 24 

really use -- there's not too many places where we 25 
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have nodes that big anymore.  I mean we are generally 1 

moving into finer nodalization and more detailed 2 

nodalization. 3 

  CHAIR BANERJEE:  Yes.  Okay.  Well, let's 4 

move on, but it is something to note. 5 

  MR. STAUDENMEIER:  Okay.  Short-term 6 

development, I guess the thing we were probably 7 

putting the most resources into is the post-CHF heat 8 

transfer. 9 

  CONSULTANT WALLIS:  So you skipped over 10 

this slide 25? 11 

  MR. STAUDENMEIER:  Yes, I guess I went 12 

through part of it. 13 

  Conservative momentum equation, enthalpy-14 

based energy equation -- 15 

  CONSULTANT WALLIS:  Conservative 16 

formulation of a momentum -- I mean you are making 17 

assumptions which may be conservative under some 18 

circumstances and not under other circumstances.  I 19 

don't know what you mean by conservative formulation. 20 

  MR. STAUDENMEIER:  I am talking about 21 

solving, casting the equations in conservative form. 22 

  CONSULTANT WALLIS:  So they conserve 23 

something, like momentum? 24 

  MR. STAUDENMEIER:  So it would be a 25 
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momentum equation instead of a velocity equation, and 1 

in a standard conservative form. 2 

  CONSULTANT WALLIS:  But it still makes 3 

assumption because you are taking a three-dimensional 4 

thing and making it one-dimensional? 5 

  MR. STAUDENMEIER:  That's correct, it 6 

still makes assumptions like that. 7 

  CONSULTANT WALLIS:  So it's not 8 

conservative in the usual sense? 9 

  MR. STAUDENMEIER:  No.  Well, it is not 10 

solving a full flow field in three dimensions. 11 

  CONSULTANT WALLIS:  It is not conservative 12 

in the sense that you know that your assumptions err 13 

on some direction which is conservative?  It is not 14 

that meaning of conservative? 15 

  MR. STAUDENMEIER:  Not that meaning, no. 16 

  CONSULTANT WALLIS:  Okay. 17 

  CHAIR BANERJEE:  But, going back to your 18 

point, of course, because momentum is a vector, so 19 

have you thought of writing it in conservation-law 20 

form for mechanical energy, which is a scalar, but 21 

still gives you the velocity field? 22 

  MR. STAUDENMEIER:  You could do that.  I 23 

mean you end up with similar equations, I believe. 24 

  CHAIR BANERJEE:  You will, but I haven't 25 
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seen -- I mean, obviously, people do this.  In single-1 

phase you can do this very easily, but I haven't seen 2 

any derivation of this for two-phase flow that I know 3 

of.  I mean there's been talk of it, and you can use 4 

perhaps exactly the same methodologies for doing 5 

volume averaging over a slice and then assemble 6 

averaging, because usually we do double-averaging. 7 

  And you should be able to come to a form 8 

where you are dealing with a scalar quantity rather 9 

than a vector quantity.  And in fact, when you use a 10 

loss factor or something, you are dealing with a 11 

square of the velocity, you know.  So it would make 12 

sense to do it, but has anybody ever actually done it? 13 

  Graham didn't do it in his book.  I guess 14 

you derived the momentum equation. 15 

  CONSULTANT WALLIS:  Do you know how many 16 

years ago that was? 17 

  (Laughter.) 18 

  CHAIR BANERJEE:  Well, but nothing has 19 

changed since your book, has it, in two-phase flow, to 20 

a first approximation? 21 

  I guess if you look at what he called the 22 

separate-cylinders model in his book, that's what your 23 

two-fluid model is, right? 24 

  MR. STAUDENMEIER:  Uh-hum. 25 
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  CHAIR BANERJEE:  That's all it is. 1 

  CONSULTANT WALLIS:  But, then, they would 2 

be doing something which is innovative and beyond the 3 

state-of-the-art, and I don't know that that's what 4 

they do here. 5 

  CHAIR BANERJEE:  They're still allowed to 6 

do that. 7 

  CONSULTANT WALLIS:  It's the first thing 8 

our universities should be doing, isn't it? 9 

  CHAIR BANERJEE:  The problem with the 10 

conservation-law form, as Graham says, is it is a 11 

vector quantity.  It is really three-dimensional, 12 

right?  So, you can formulate it and solve it, but 13 

every time you turn a bend or you have something -- 14 

  CONSULTANT WALLIS:  You get anomalous 15 

results for certain geometries. 16 

  CHAIR BANERJEE:  Yes.  Whereas, if you 17 

cast it as a mechanical energy equation, you could 18 

still solve it in conservative form. 19 

  CONSULTANT WALLIS:  Perhaps redefine all 20 

your LOFT coefficients, presumably, in some way 21 

consistent -- 22 

  CHAIR BANERJEE:  But LOFT coefficients are 23 

more naturally there.  But think about it.  It is an 24 

idea which has been bandied about.  Maybe it is to 25 
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look at it more in the long term than the medium term, 1 

but it could put you on a sounder basis. 2 

  CONSULTANT WALLIS:  I think a few years 3 

ago you said, "I will do it."  But it hasn't happened 4 

yet, has it? 5 

  CHAIR BANERJEE:  I haven't had time. 6 

  (Laughter.) 7 

  You should do it. 8 

  All right. 9 

  MR. STAUDENMEIER:  Okay? 10 

  CHAIR BANERJEE:  The point remains about 11 

the momentum equation, though, because, obviously, all 12 

these forces and things at bends, you know, it's a 13 

messy business.  So okay. 14 

  CONSULTANT WALLIS:  As long as a bend 15 

isn't predicted to act like a pump -- we certainly 16 

don't want -- 17 

  MR. STAUDENMEIER:  Yes, bends don't act 18 

like pumps. 19 

  CONSULTANT WALLIS:  Never act as pumps? 20 

  MR. STAUDENMEIER:  No. 21 

  CHAIR BANERJEE:  They have made sure that 22 

you lose your bend now. 23 

  CONSULTANT WALLIS:  All right. 24 

  CHAIR BANERJEE:  Okay. 25 
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  MR. STAUDENMEIER:  Enthalpy-based energy 1 

equation, that would be something we would need if we 2 

wanted to start modeling containment volumes with 3 

regular TRACE pipe and vessel components without doing 4 

something extra.  Like ESBWR, we did model a 5 

containment with pipe and vessel components, and then 6 

we had a control system calculating what was done 7 

improperly in the work term going across the choked 8 

flow plain and then adding that in downstream.  But to 9 

do it right, you really need to cast your energy 10 

equation into an enthalpy-based formulation.  And 11 

along with that, you would need to add a containment 12 

modeling correlation package. 13 

  Dissolved gas field is something that we 14 

would look at for like accumulators.  When 15 

accumulators discharge gas, it comes out of solution 16 

and increases the pressure drop and reduces the peak 17 

flow you get. 18 

  Interfacial condensation, there's a few 19 

things we want to do with that.  One is cast all the 20 

interfacial condensation to the way the Joe Kelly film 21 

model was done, solving diffusion-limited mass-22 

transport problems for non-condensable -- 23 

  CHAIR BANERJEE:  But these are turbulent 24 

films, right?  Or turbulent -- 25 



 

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

 136 

  MR. STAUDENMEIER:  Well, turbulent films, 1 

if they were there, yes, or laminar films, but doing 2 

the mass transfer limited condensation. 3 

  CHAIR BANERJEE:  Yes, you know that at the 4 

interface, Reynolds' analogy doesn't hold.  Friction 5 

and heat transfer on the liquid side, if it is 6 

controlled on the liquid side, is different.  So, be 7 

careful about this because it goes as Prandtl to the 8 

half, as I was saying. 9 

  MR. STAUDENMEIER:  Okay. 10 

  CHAIR BANERJEE:  So, when you cast this, 11 

do look at the literature, the recent literature.  12 

There's been a lot of direct numerical simulations 13 

done of gas/liquid condensation.  I mean vapor/liquid 14 

condensation. 15 

  MR. STAUDENMEIER:  Okay. 16 

  CHAIR BANERJEE:  And don't get stuck with 17 

correlations which are completely wrong.  Because what 18 

has happened to correlations is that people have 19 

adjusted the interfacial area and got the wrong heat-20 

transfer coefficient. 21 

  If you look, Joe Kelly has this famous 22 

slide, if you have seen it, where he shows the actual 23 

measured heat-transfer coefficient in a condensing 24 

flow versus the prediction for the RELAP5, which was 25 
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wrong by three orders of magnitude. 1 

  MR. STAUDENMEIER:  Uh-hum. 2 

  CHAIR BANERJEE:  And the reason it was 3 

done is that they had the wrong flow regime and the 4 

wrong interfacial area.  So the product of the heat-5 

transfer coefficient was in the interfacial area.  It 6 

gave you the right total heat transfer for the wrong 7 

reasons, because you are in the wrong flow regime. 8 

  So one has to be very careful with the 9 

interfacial condensation because, obviously, in 10 

certain situations, especially in stratified flows, 11 

you can completely get it wrong. 12 

  Anyway, okay. 13 

  MR. STAUDENMEIER:  Okay.  Long term, I 14 

mean these are more speculative.  One thing you will 15 

see later is the interfacial area transport.  Another 16 

thing we have batted around for a long time is 17 

integration of TRACE with CFD models. 18 

  CONSULTANT WALLIS:  Well, these have been 19 

long-term for a long term itself. 20 

  MR. STAUDENMEIER:  That's right. 21 

  CONSULTANT WALLIS:  They have always been 22 

long-term.  So there must be sometime when they come 23 

to fruition. 24 

  MR. STAUDENMEIER:  Yes, and I think the 25 
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interfacial area transport, that is moving in towards 1 

where we have solid implementation plan.  The CFD, 2 

there's some people that have experimented and 3 

integrated TRACE with CFD or RELAP5 with CFD.  In 4 

principle, it works and can be useful for some 5 

problems. 6 

  At the NRC, we just have never had 7 

something driving it.  I mean it is kind of a chicken-8 

and-egg problem.  If you don't plan it long enough 9 

ahead of time, it is not there for you to use, and the 10 

only time people see a real short-term use for it, you 11 

don't have enough time to develop it. 12 

  So, it is something that, if you really 13 

want it, you have to do some more long-term planning 14 

and stick with the plan.  But it just hasn't come to 15 

the point where people have been, I guess, making 16 

serious efforts at it. 17 

  CHAIR BANERJEE:  So, by integration of 18 

TRACE with CFD, you are meaning taking the 1D 19 

components and mating them to true CFD calculations? 20 

  MR. STAUDENMEIER:  That is correct. 21 

  CHAIR BANERJEE:  Not sort of a pseudo-CFD 22 

porous media or something like that? 23 

  MR. STAUDENMEIER:  No.  And, yes, one 24 

problem, example problem, one of our CAMP people have 25 
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is looking at T-offtake, and they are calculating the 1 

T-offtake part with CFD to get the right flow splits 2 

and then pipes around there. 3 

  CHAIR BANERJEE:  Is the CFD any more 4 

reliable than just putting a correlation in there? 5 

  MR. STAUDENMEIER:  I guess it depends if 6 

you have data that is close to the condition you want 7 

to calculate.  Yes, I don't really know the 8 

reliability of CFD in predicting things like 9 

T-offtakes.  I'm not real familiar with how accurate 10 

it is or I guess how much you could predict the 11 

geometry that was put up there and you hadn't seen 12 

before, didn't have data close to, and how reliable 13 

your answer would be. 14 

  CHAIR BANERJEE:  Okay. 15 

  MR. STAUDENMEIER:  I think that was one of 16 

the things they looked at in the CFD conference 17 

recently.  They had everybody looking at a T-offtake 18 

model and trying to calculate with their CFD code.  19 

And a bunch of people submitted results.  I think they 20 

had a session actually reviewing the results.  I 21 

wasn't at the session. 22 

  CHAIR BANERJEE:  Did they actually know 23 

the results before they did the calculations or not? 24 

  MR. STAUDENMEIER:  I'm not sure about 25 
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that.  John Mahaffey I think was the Chair of that 1 

session.  He could -- 2 

  CHAIR BANERJEE:  They knew the results in 3 

advance. 4 

  MR. BAJOREK:  Yes, it was a blind 5 

calculation.  They had data for that.  But when you're 6 

talking about offtake, we are talking about single-7 

phase flow here, not offtake and taking droplets off 8 

of a T-line. 9 

  CHAIR BANERJEE:  Oh, okay. 10 

  MR. BAJOREK:  This was offtake where I 11 

guess the eddies would go down the T-pipe -- 12 

  CHAIR BANERJEE:  Yes, okay. 13 

  MR. BAJOREK:  -- and the thermal -- 14 

  CONSULTANT WALLIS:  This is going from a 15 

hot leg to a surge line or something like that? 16 

  MR. BAJOREK:  Something like that, yes. 17 

  CHAIR BANERJEE:  So, just to see how the 18 

vortexes penetrated into the offtake back and forth?  19 

It's oscillatory? 20 

  MR. BAJOREK:  Yes. 21 

  CHAIR BANERJEE:  Yes.  All right. 22 

  MR. STAUDENMEIER:  Okay.  Moving into 23 

post-CHF heat transfer development, droplet and spacer 24 

grid models for dispersed flow film boiling are 25 
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probably what is going to take the biggest part of our 1 

effort. 2 

  I have also been looking at a turbulent 3 

film model for inverted annular film boiling. 4 

  Some other improvements in the short term: 5 

 a more mechanistic flashing model than we currently 6 

have.  We are looking at revised annular mist 7 

interpolation, and, as I said, implicit and parallel 8 

methods. 9 

  This is what our post-CHF vertical flow 10 

map looks like.  Dispersed flow film boiling is for 11 

void fractions greater than 0.9. 12 

  Inverted slug film boiling is between .6 13 

and .9, but it's not really an explicit model.  It is 14 

just an interpolation with a functional polynomial fit 15 

between .6 and .9, splicing together the inverted 16 

annular and dispersed flow film boiling.  You can see 17 

in the theory manual it seems to give the right 18 

behavior compared to experimental data. 19 

  Inverted annular film boiling is for void 20 

fractions less than .6. 21 

  Dispersed flow film boiling, the 22 

conceptual model, primary heat-transfer mode is 23 

convection to the vapor.  Subcooled liquid droplets 24 

compared to the vapor de-superheat the vapor.  So that 25 
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enhances the heat transfer. 1 

  Models needed:  wall-vapor heat transfer, 2 

vapor-interface heat transfer, liquid-interface heat 3 

transfer, wall-to-liquid radiation  heat transfer, and 4 

interfacial drag model, and also a wall drag model I 5 

didn't list there. 6 

  We currently don't model grid spacer 7 

effects.  What grid spacers do is they break up liquid 8 

droplets and enhance interfacial area.  That decreases 9 

the vapor superheat, and more heat is transferred from 10 

the wall to the coolant then.  And there's also 11 

turbulence effects in the vicinity of the grids that 12 

can enhance even single-phase heat transfer. 13 

  CONSULTANT WALLIS:  So the droplets don't 14 

come close to the wall where they form?  A very thin 15 

film between the drop and the wall, they don't do 16 

that? 17 

  MR. STAUDENMEIER:  I think they travel 18 

near the wall, but I think they all get evaporated 19 

before they can actually hit the wall.  But I'm not 20 

all that familiar with all the experimental data 21 

trying to see that.  I think maybe RBHT has something 22 

that looks at that problem. 23 

  CONSULTANT WALLIS:  On the surface, they 24 

are suspended by the thin vapor layer. 25 
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  MR. STAUDENMEIER:  Right, right, yes. 1 

  CONSULTANT WALLIS:  So it doesn't happen 2 

in the pipe where the drop gets close to the wall, and 3 

then, because of the rapid vapor formation, it gets 4 

pushed off again, but you could still have a very thin 5 

film for a while. 6 

  MR. STAUDENMEIER:  You mean vapor? 7 

  CONSULTANT KRESS:  Paper-thin. 8 

  MR. STAUDENMEIER:  Okay.  Yes, I have seen 9 

movies of that behavior of single droplets.  Yes, I 10 

don't know. 11 

  CONSULTANT WALLIS:  You don't seem to be 12 

modeling that.  That is what I was -- 13 

  MR. STAUDENMEIER:  I think some of the 14 

correlations try to take into account what they call 15 

near-wall effects for the droplets. 16 

  MR. BAJOREK:  COBRA tends to do that.  17 

There's been some data taking a look at those types of 18 

movies.  I think there was some work done by Rosenau 19 

and Goenig, where they took a look at droplets being 20 

sent with a certain momentum towards the wall, and 21 

they looked at the increase in heat transfer, whether 22 

it is a near-wall collision, or in some cases they 23 

said there were wet-wall collisions.  COBRA tries to 24 

take advantage of that and models these wet-wall 25 
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collisions. 1 

  In either case, the enhancement is 2 

primarily due to disrupting the boundary layer and 3 

enhancing the heat transfer in that manner.  But you 4 

could add that on there.  Otherwise, you would wind up 5 

putting it in one of the other terms. 6 

  CHAIR BANERJEE:  So, you know, if you look 7 

at experiments of this in a heated glass tube, what 8 

you see is that the inverted annular flow actually 9 

breaks up into ligaments, and it's very, very 10 

oscillatory.  It falls back and it goes up and it sort 11 

of breaks up into a few large drops.  These drops sort 12 

of bounce around. 13 

  I have never seen a very fine spray of 14 

drops.  You know, there's been a large number of 15 

visualization experiments done of this. 16 

  I had a student, Masahiro Kawagi, that did 17 

this right up and through quite high amounts of wall 18 

heating.  Never saw these very fine drops. 19 

  Now is there somebody who has actually 20 

seen them like this?  Or is it just inferred? 21 

  MR. STAUDENMEIER:  Well, I think RBHT 22 

measures droplet size distribution.  So they have 23 

results of -- 24 

  CHAIR BANERJEE:  How do they measure it? 25 
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  MR. STAUDENMEIER:  Lasers, I believe, 1 

laser scattering. 2 

  CHAIR BANERJEE:  And they get a lot of 3 

fine drops? 4 

  MR. STAUDENMEIER:  I don't know the 5 

details of it, but I think the interfacial area, if 6 

you look at where the interfacial area is, it is all 7 

in the fine drops and not in the big drops after the 8 

breakups on the grids. 9 

  CHAIR BANERJEE:  What you see are these 10 

big drops sort of bouncing around hitting the walls 11 

and things. 12 

  MR. STAUDENMEIER:  Yes, but, as I say, 13 

Steve is going to give a presentation on the RBHT 14 

later. 15 

  CHAIR BANERJEE:  Right.  We will see, yes. 16 

  MR. BAJOREK:  Yes, you are talking, your 17 

experiments were more an inverted annular flow. 18 

  CHAIR BANERJEE:  They went way beyond, 19 

right?  I mean we've got these tongues going all the 20 

way up? 21 

  CONSULTANT KRESS:  It is really places 22 

through the grids that you get the fine droplets. 23 

  CHAIR BANERJEE:  They would drop through 24 

the grids, yes. 25 
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  CONSULTANT KRESS:  Yes.  And it is clear 1 

from the heat transfer that they have to be fine 2 

droplets or you wouldn't get that kind of enhancement. 3 

 But I don't know of anybody that has actually 4 

measured the droplets, other than they measure the 5 

heat transfer and infer the droplets' sizes from that. 6 

  MR. BAJOREK:  Yes.  In RBHT, we are 7 

getting droplet distributions, but we are always up in 8 

dispersed flow film boiling.  The gas velocity there, 9 

the droplets are lifted.  They are up and out through 10 

the bundle. 11 

  CONSULTANT KRESS:  Yes, that would be a 12 

new measurement. 13 

  CHAIR BANERJEE:  Yes.  And it is also 14 

very, very oscillatory.  It goes up; it comes back; up 15 

and comes back. 16 

  MR. STAUDENMEIER:  In the vicinity of the 17 

quench front you are talking about? 18 

  CHAIR BANERJEE:  Well, way above.  You 19 

know, you have just got these ligaments going up, 20 

breaking, and then they all fall back, and then it 21 

goes up. 22 

  MR. STAUDENMEIER:  How large are the 23 

distances that this is over you think? 24 

  CHAIR BANERJEE:  A few feet. 25 
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  CONSULTANT WALLIS:  Presumably, it is 1 

spaces where it catches these ligaments. 2 

  CHAIR BANERJEE:  Yes, spaces would break 3 

them up, but that would be -- anyway, let's go on. 4 

  MR. STAUDENMEIER:  Okay. 5 

  CHAIR BANERJEE:  So you have a cartoon 6 

here of what you expect. 7 

  MR. STAUDENMEIER:  Okay.  I mean, yes, I 8 

have seen RBHT movies, and I have also seen a freon 9 

reflood facility, a single tube with a rod in the 10 

middle, and you can actually see it moving up the -- 11 

  CONSULTANT WALLIS:  You show these 12 

cartoons.  You would show a picture of reality beside 13 

them? 14 

  (Laughter.) 15 

  CHAIR BANERJEE:  Keep going, yes. 16 

  MR. STAUDENMEIER:  Droplet field 17 

development, the primary motivation is better post-CHF 18 

heat transfer.  We want to add droplet and spacer grid 19 

models for dispersed flow film boiling and model the 20 

breakup of droplets at grid spacers that gives the big 21 

heat transfer benefit of lowering vapor -- 22 

  CONSULTANT WALLIS:  But the space has 23 

actually caught droplets, and it is the breakup after 24 

the spacer that makes the little ones, isn't that 25 
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right? 1 

  MR. STAUDENMEIER:  They shatter.  It 2 

depends how they hit and if there's films on the 3 

spacers or not, but some of them just hit and shatter 4 

into smaller droplets immediately.  Others, they get 5 

entrained off the film into smaller droplets. 6 

  CONSULTANT WALLIS:  They will be bigger.  7 

They have to break up. 8 

  MR. STAUDENMEIER:  Uh-hum. 9 

  CONSULTANT KRESS:  Do you have a model in 10 

mind for this?  It was my opinion that actually the 11 

droplets were broken up by the turbulence forces as 12 

opposed to being sheared off of the grids and 13 

impacting the grids.  Because you can see the effect 14 

change with distance beyond it. 15 

  MR. STAUDENMEIER:  I mean, the initial 16 

model we are going to be implementing is just a first-17 

order model which has been looked at before, which is 18 

just that a fraction of the droplets get broken up and 19 

shattered into smaller droplets of a different size 20 

and track interfacial area to get the interfacial heat 21 

transfer. 22 

  In RBHT experiments in the future, they 23 

have been talking about looking at more details and 24 

mechanisms of what happens at the grid, and there have 25 
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been some studies on that. 1 

  MR. BAJOREK:  We are going to get into a 2 

little of that later this afternoon.  There's two 3 

different mechanisms that are important that need to 4 

be modeled.  We are putting in right now what I called 5 

the dry grid interaction, the kind of classical view 6 

where a droplet comes up and gets shattered into one 7 

or more droplet distributions.  RBHT is giving us some 8 

information on that to help refine, although we are 9 

using some existing models to get started in TRACE. 10 

  We are also finding in RBHT that those 11 

grids rewet very quickly, almost regardless of the 12 

reflood rate.  What we think is going on is that you 13 

form a film on the spacer grid itself, and then it 14 

breaks up, much like an inverted annular column, into 15 

larger droplets than you might expect, had it just 16 

only been a dry grid interaction.  We will talk about 17 

that this afternoon. 18 

  CHAIR BANERJEE:  So, when you add this 19 

droplet field, I mean a lot of computer codes, 20 

especially CFD codes, have this, right, bubbles or 21 

drops?  And the reason, obviously, is because they 22 

look at fuel combustion problems.  Okay. 23 

  And the way it is done is you solve a 24 

Boltzmann-like equation for the probability density 25 



 

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

 150 

function, which gives you the size distribution.  And 1 

you look at how the size distribution changes due to 2 

coalescence processes or breakup or whatever.  That is 3 

the physical input you put into it, which is the 4 

normal way that people use.  It started with Foreman 5 

Williams in 1959.  He wrote the equations down. 6 

  Now why are you not doing something like 7 

that?  I mean, effectively, you have an interfacial 8 

area equation there because the probability density 9 

function gives it to you.  So, if you just take that, 10 

you know, you follow the size of the drops -- 11 

  MR. STAUDENMEIER:  That is an approach, 12 

and that has been looked at. 13 

  CHAIR BANERJEE:  Well, he uses that. 14 

  MR. STAUDENMEIER:  Yes, one of the 15 

references in the development plan talks about there 16 

was a thesis at Penn State where the guy had up to 112 17 

groups, I think -- 18 

  CHAIR BANERJEE:  No, no, no.  You don't 19 

have to.  You just -- 20 

  MR. STAUDENMEIER:  -- shattering, and then 21 

modeling each group separately, and each one had its 22 

own size. 23 

  CHAIR BANERJEE:  No, no, it's not done 24 

that way at all.  This is completely the wrong 25 



 

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

 151 

approach. 1 

  What you do is you follow a probability 2 

density function that is called a -- 3 

  MR. STAUDENMEIER:  A Boltzmann-like 4 

distribution? 5 

  CHAIR BANERJEE:  Yes. 6 

  MR. STAUDENMEIER:  Okay. 7 

  CHAIR BANERJEE:  That's what people -- 8 

  MR. STAUDENMEIER:  Well, you end up doing 9 

multi-grid or multi-group in that, I think is one 10 

method to solve that because you can have different 11 

drag coefficients, depending on -- 12 

  CHAIR BANERJEE:  Yes, I mean it's not 13 

particularly fancy.  It is done in every CFD code that 14 

deals with -- 15 

  CONSULTANT WALLIS:  But you have to 16 

digitize it at some level, though.  You could have 17 

split it up into finite little bits and -- 18 

  CHAIR BANERJEE:  In bins?  No, you follow 19 

the function. 20 

  CONSULTANT WALLIS:  Indeed, when you 21 

follow a function digitally, you don't get continuous 22 

function. 23 

  CHAIR BANERJEE:  Oh, well, you have to 24 

take the finite difference, obviously, with space and 25 
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time.  But what you get out of the function, if you 1 

wish to get a drag or something, is you can get a sort 2 

of mean diameter out of it.  Then you just do it. 3 

  But it depends how you do it, but in most 4 

-- I can give you the paper.  It was written back in 5 

`59.  It's in Foreman Williams' book on combustion.  I 6 

mean it has been used for God knows how long. 7 

  CONSULTANT WALLIS:  I think the danger is 8 

that the sophistication of the model exceeds the 9 

knowledge base that you have from your experiment, 10 

which means -- 11 

  CHAIR BANERJEE:  Yes. 12 

  CONSULTANT WALLIS:  -- you are in a 13 

fantasyland unless there's some really good physics 14 

behind it. 15 

  CHAIR BANERJEE:  Well, the physics there 16 

is simply -- everything else is just accounting -- the 17 

physics is in the coalescence and the breakup.  That's 18 

where the physics is.  The others is just an 19 

accounting. 20 

  CONSULTANT WALLIS:  It sounds like cloud 21 

modeling. 22 

  CHAIR BANERJEE:  Well, they use it for 23 

clouds as well. 24 

  I'm just wondering if this is the approach 25 
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to use.  Because we are very stuck in this multi-1 

field, so-called, way of doing things, but droplet is 2 

just a field.  You can have a probability density 3 

function which gives you that.  It is very easy to 4 

solve that equation because it is just an explicit 5 

equation.  You don't solve it implicitly in the loop. 6 

 You get the velocity field and you just do it.  It is 7 

not very profound. 8 

  But I am wondering why you are doing it 9 

this way rather than doing what everybody else does. 10 

  MR. STAUDENMEIER:  I don't know.  I guess 11 

it has been proven to work.  This is kind of, I guess, 12 

back to the future for NRC codes because they 13 

developed this back in the eighties, and it worked and 14 

gave good results.  COBRA TRAC uses this method. 15 

  So, I mean, there is, I guess, a value.  16 

If it is better, we will -- I will certainly take a 17 

look at it, if you give me the references, and I am 18 

familiar with following probability distribution 19 

functions from plasma particle simulations that I'm 20 

familiar with from back in graduate school. 21 

  CHAIR BANERJEE:  It is very standard in 22 

combustion.  To break this up into multiple bins seems 23 

a very onerous task because then you have to follow 20 24 

fields or 30 fields, which -- 25 
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  MR. STAUDENMEIER:  Yes, I guess the 1 

problem with solving distribution functions, I mean it 2 

is fine if they all move and the distribution function 3 

distorts in a smooth manner.  I mean you can get into 4 

situations where it starts getting tangled up and you 5 

get weird behavior, at least -- 6 

  CONSULTANT WALLIS:  That's a grid.  What 7 

happens when a distribution -- 8 

  CHAIR BANERJEE:  Well, it changes, 9 

obviously.  You have a breakup. 10 

  Anyway, I don't want to belabor it, but 11 

because it is used extensively in the combustion 12 

business, you should certainly look at it.  It is in 13 

every code like FLUENT, or whatever. 14 

  MR. STAUDENMEIER:  Okay. 15 

  CHAIR BANERJEE:  The equation is all 16 

there. 17 

  MR. STAUDENMEIER:  Well, I will look and 18 

see what -- 19 

  CHAIR BANERJEE:  And you are just running 20 

a 1D version of it. 21 

  CONSULTANT WALLIS:  The best thing is to 22 

design a core that never uncovers.  That, by far, is 23 

the best solution, engineering solution. 24 

  (Laughter.) 25 
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  CHAIR BANERJEE:  Which? 1 

  CONSULTANT KRESS:  A core that never 2 

uncovers. 3 

  CHAIR BANERJEE:  All right.  Okay.  Let's 4 

go. 5 

  MR. STAUDENMEIER:  I guess other benefits 6 

of this droplet field are better pre-CHF annular-mist 7 

and entrainment modeling in pipes and rod bundles, 8 

improved ECCS bypass modeling for modeling things like 9 

bypass in large-break LOCA, and improved pressurizer 10 

modeling. 11 

  Current status:  we have droplet and 12 

associated interfacial area transport equations in 13 

TRACE, and we are starting the debugging and testing 14 

process. 15 

  CONSULTANT WALLIS:  Pressurizer modeling, 16 

is this the business of how much mixing you have got 17 

in the liquid?  Is that part of the problem now? 18 

  MR. STAUDENMEIER:  Well, I was thinking 19 

more of sprays coming in -- 20 

  CONSULTANT WALLIS:  Sprays? 21 

  MR. STAUDENMEIER:  -- and films on the 22 

wall during like transients in PWRs. 23 

  CHAIR BANERJEE:  I mean, the real physics 24 

here, other than the accounting, is really the 25 
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entrainment, the breakup, the coalescence that is 1 

going on. 2 

  MR. STAUDENMEIER:  Uh-hum. 3 

  CHAIR BANERJEE:  Or the de-entrainment. 4 

  CONSULTANT WALLIS:  Then, the pressurizer, 5 

when you are draining the pressurizer, things don't 6 

mix very much at all.  There's no turbulence in there. 7 

 But when you have an insurge, it stirs things up.  8 

But I thought that was what you were trying to model. 9 

  MR. STAUDENMEIER:  No, that is another 10 

thing, though that is definitely a problem. 11 

  Okay.  Need for droplet and grid spacer 12 

models, generally, TRACE can predict temperatures up 13 

to the core mid-plain or a little bit above fairly 14 

well, but once we get up into the higher elevations of 15 

the bundle, we start overpredicting temperatures. 16 

  You can see the plot on the left side is 17 

CCTF about the mid-plain, and on the right side is up 18 

at 3.05 meters.  The bundle length is about 3.65 or 19 

something like that.  So you can see that, up there, 20 

TRACE is greatly overpredicting the temperatures.  21 

That is the area where we expect the droplet field and 22 

grid spacer models to have the biggest impact on 23 

improving the results, because we already get fairly 24 

good results down at the core mid-plain or a little 25 
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bit above. 1 

  CONSULTANT KRESS:  Where do the data come 2 

from?  Is that the rod bundle heat transfer? 3 

  MR. STAUDENMEIER:  This is CCTF, 4 

Cylindrical Core Test Facility.  It was from their 5 

2D/3D program over in Japan. 6 

  CONSULTANT KRESS:  Oh, yes, I remember it. 7 

 Yes. 8 

  MR. STAUDENMEIER:  It was a large-scale 9 

facility. 10 

  CONSULTANT KRESS:  Yes, I remember. 11 

  MR. STAUDENMEIER:  This is a plot from 12 

THTF showing the effect of grid spacers.  This was a 13 

steady-state post-CHF heat-transfer experiment.  You 14 

can see TRACE predicts the temperature going up, but 15 

it stays up and increases a little bit.  You can see 16 

in the test, when you went through a grid spacer, you 17 

get these droplet breakups and shattering, and it de-18 

superheats the vapor.  So you get step-downs in the 19 

temperatures as you go up through the grid spacers, 20 

and we are not modeling that effect right now. 21 

  This is a preliminary or an early 22 

implementation of a grid spacer model into TRACE.  23 

This is without a separate droplet field, done as a 24 

master's thesis at Penn State.  And this is putting in 25 
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existing models, and this is an RBHT test. 1 

  You can see the curve from TRACE without 2 

the grid spacer models.  The red curve is TRACE with 3 

the grid spacer models, and the bottom curve is the 4 

RBHT data itself. 5 

  So we are not modeling -- the model that 6 

was put in there isn't -- you can see the impact of 7 

the grid spacers.  You see the dips in the temperature 8 

downstream of the grid spacers, but it is not getting 9 

the full impact of what shows up in the test. 10 

  CONSULTANT WALLIS:  But you could probably 11 

make it fit at least one of these sets of curves. 12 

  MR. STAUDENMEIER:  Yes.  I guess if you 13 

had derived the correlations from RBHT, maybe you 14 

could have done a better job. 15 

  CONSULTANT WALLIS:  Right. 16 

  MR. STAUDENMEIER:  These are some early 17 

correlations.  I think Hawke-Rider and Yowl is the one 18 

correlation that is in there.  Then, also, single-19 

phase enhancement in the range of grid spacers, I 20 

forget the -- 21 

  MR. BAJOREK:  Nearly all of the existing 22 

data for grid spacers, those correlations that went in 23 

there now are for what you call egg-crate grids 24 

without the mixing vanes on there.  We think they are 25 
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conservative.  The effect is predicted conservatively 1 

with those models.  But once you get mixing vanes in 2 

there, you are going to have additional enhancement, 3 

and you would expect more of a decrease in that drop 4 

if you were to use the right type of data for that 5 

model. 6 

  MR. STAUDENMEIER:  Inverted annular film 7 

boiling is the other post-CHF regime that we model 8 

explicitly.  The same sorts of individual models we 9 

need for that as for dispersed flow film boiling.  As 10 

I said before, it is for void fractions of less than 11 

0.6 in TRACE. 12 

  The current inverted annular film boiling 13 

model assumes a laminar film with an enhancement 14 

factor that is a function of dimensionless film 15 

thickness.  One thing in our assessments, we have seen 16 

that it underpredicts heat removal in LOFT L2-6 during 17 

blowdown and, also, that THTF experiments quench a bit 18 

late. 19 

  The turbulent vapor film during the large 20 

insurge, liquid insurge, in LOFT L26, puts the core 21 

into inverted annular film boiling down near the 22 

bottom part of the core. 23 

  We get a good prediction of the heat 24 

transfer for L2-5, which doesn't have the large liquid 25 
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insurge due to they disconnected the pumps from the 1 

flywheels early in that experiment.  So the pumps were 2 

more freewheeling, and they didn't put a big insurge 3 

of water in the core. 4 

  In experimenting with this, while I was 5 

trying to diagnose what the problem was, I looked and 6 

saw that the Reynolds number, the film vapor Reynolds 7 

numbers get up into turbulent flow regime.  To see how 8 

big an effect it would have putting in a turbulent 9 

correlation, I put in just a simple Dittus-Boelter 10 

correlation for the turbulent film. 11 

  You can see in the top plot it has a large 12 

effect on LOFT L2-6.  You get the early quench that 13 

the experiment has that we weren't getting before in 14 

the red dashed curve. 15 

  L2-5, it improves results out -- 16 

  CONSULTANT WALLIS:  So the blue curve is 17 

your improved -- 18 

  MR. STAUDENMEIER:  Yes, the blue curve is 19 

the improved model.  I mean it is a preliminary 20 

improved model.  There's more work that needs to be 21 

done on it, but this was just a simple first crack at 22 

seeing how big an effect a turbulent film would have. 23 

  And L2-5, we improve the heat transfer and 24 

temperature predictions later out into the run.  We 25 
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don't affect things early on.  But the blowdown, you 1 

can see there's almost no difference in the blowdown 2 

heat transfer, whereas in L2-6 we get a big 3 

difference, and that is due to this liquid insurge 4 

into the core. 5 

  You can see that we are predicting reflood 6 

quench temperatures coming from too high a temperature 7 

with this model.  So we are going to have to look at 8 

-- in the THTF experiments, we predict they quench a 9 

little bit too early with this model -- but, again, 10 

look at some other models and some other data to -- 11 

  CHAIR BANERJEE:  Wasn't there an issue 12 

with regard to potential rewetting of the 13 

thermocouples in the experiment? 14 

  MR. STAUDENMEIER:  Yes, there have been 15 

issues, and people have studied that.  I think they 16 

concluded it wasn't really a big issue.  I mean, in 17 

thermocouples, they had expected a decrease in 18 

temperature due to the thermocouples, and there is 19 

a -- 20 

  CHAIR BANERJEE:  But the phenomena you are 21 

seeing there is truly associated with the liquid 22 

insurge rather than just rewetting the thermocouples 23 

when there was a liquid insurge? 24 

  MR. STAUDENMEIER:  That's right. 25 
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  CHAIR BANERJEE:  It wasn't the fact that 1 

the liquid rewet the thermocouples and not the clad? 2 

  MR. STAUDENMEIER:  No, I don't think the 3 

liquid wet the thermocouples and not the clad.  I mean 4 

there's -- 5 

  CHAIR BANERJEE:  How do you know that? 6 

  MR. STAUDENMEIER:  This is actually the 7 

peak rod, and there's other rods that quenched a lot 8 

that you don't get nearly a high temperature on. 9 

  Well, I mean, you don't know.  I guess you 10 

didn't have a camera there watching to see what was 11 

going on. 12 

  CHAIR BANERJEE:  Yes, because -- 13 

  MR. STAUDENMEIER:  But there have been 14 

studies that have looked at the effect of the 15 

thermocouples, fairly detailed studies.  It has been 16 

looked at a lot and documented in one NUREG, NUREG-IA, 17 

about the LOFT program, the OECD LOFT program. 18 

  CHAIR BANERJEE:  So you think that is a 19 

real -- I remember that people adjusted the heat-20 

transfer coefficients to fit this data, right? 21 

  MR. STAUDENMEIER:  Uh-hum. 22 

  CHAIR BANERJEE:  I mean they fooled 23 

around.  There was some correlation, I have forgotten, 24 

Inouye or something, that they did something with. 25 
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  But, then, there was a series of other 1 

tests which showed something different.  So they went 2 

back and uncorrelated the correlation they had done.  3 

So this went on and on and on for a long time. 4 

  So, you are saying that, in the final 5 

analysis, they came down and said that it wasn't 6 

thermocoupled rewetting which was doing this? 7 

  MR. STAUDENMEIER:  That's my 8 

understanding, yes. 9 

  CONSULTANT KRESS:  Did they not have 10 

thermocouples inside the heaters? 11 

  CHAIR BANERJEE:  No, it was on the 12 

cladding. 13 

  CONSULTANT KRESS:  They were all on the 14 

outside? 15 

  CHAIR BANERJEE:  Yes. 16 

  MR. STAUDENMEIER:  Well, they had 17 

thermocouples inside the fuel, too. 18 

  CHAIR BANERJEE:  They had some, but these 19 

were the outside ones. 20 

  MR. BAJOREK:  Those were center-line 21 

thermocouples. 22 

  CHAIR BANERJEE:  Yes. 23 

  CONSULTANT KRESS:  Oh, I see.  They 24 

weren't up near the -- 25 
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  CHAIR BANERJEE:  Yes, and as far as I 1 

remember -- I was sort of involved in the first fuel 2 

LOFT experiments -- the wisdom at that time, which may 3 

have changed in the past, was that the thermocouples 4 

had rewet and not the clad.  But maybe the 5 

thermocouples had led to the clad rewetting because it 6 

started a rewetting front.  But, in reality, it was 7 

not. 8 

  So, I would like to see what evidence 9 

there is to say that it did.  Otherwise, you can spend 10 

an awful lot of time and effort fooling around the 11 

with correlations, trying to fix this data. 12 

  MR. STAUDENMEIER:  Well, irrespective of 13 

that, the vapor film does get up into the turbulent 14 

flow regime and a lot higher Reynolds number than the 15 

current correlation is valid for.  The final thing 16 

that goes in, maybe it won't totally quench the clad 17 

like this does, but -- 18 

  CONSULTANT WALLIS:  Why is Reynolds number 19 

the right variable when the film starts out as laminar 20 

and then progresses?  The Reynolds number works for 21 

pipes.  Why should it work for this situation, where 22 

you are developing a film? 23 

  MR. STAUDENMEIER:  Well, there are also 24 

development effects on the film also, and I think 25 
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there is a correction for development of a laminar 1 

film at least in the code right now. 2 

  CONSULTANT WALLIS:  Okay.  And they've got 3 

this funny liquid interface, too? 4 

  MR. STAUDENMEIER:  That's right, and there 5 

is this enhancement factor on the interface that puts 6 

the -- 7 

  CONSULTANT WALLIS:  It is injecting steam 8 

all the time. 9 

  MR. STAUDENMEIER:  That's correct, yes.  10 

You're generating vapor at the interface. 11 

  CONSULTANT WALLIS:  I won't belabor this, 12 

but to just pick up something from fully-developed 13 

pipe flow and use -- 14 

  MR. STAUDENMEIER:  No, and we are taking, 15 

actually, some data for inverted annular film boiling, 16 

 and hopefully, that will support this. 17 

  Okay.  Flashing nucleation delay, current 18 

TRACE flashing model is just non-mechanistic and 19 

doesn't have any void fraction dependence.  It is just 20 

designed to keep things near the saturation line, so 21 

you don't get too high of a liquid superheat. 22 

  This was a model that Joe Kelly developed, 23 

but never turned it on, for Version 5.0.  We are 24 

looking at activating the model and assessing the 25 
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data.  This is an example of how it helps in 1 

undershoot flashing nucleation delay and Marviken 2 

experiment. 3 

  You can see the base model.  The black 4 

curve is TRACE base.  You just get a nice, smooth 5 

decrease in the pressure.  With TRACE, this more 6 

mechanistic flashing model, you get the dip in the 7 

pressure right at the beginning and then recovery, and 8 

then depressurization along the curve.  So it is 9 

something that you're -- 10 

  CONSULTANT WALLIS:  It depends on the 11 

nucleation centers available, which probably depends 12 

on how they did the Marviken test and how clean the 13 

water was, and all kinds of stuff. 14 

  MR. STAUDENMEIER:  In the beginning, it is 15 

that, but, then, as the void fraction increases, it -- 16 

  CONSULTANT WALLIS:  Right.  The initial 17 

kink, though, depends a lot on how clean the water is 18 

and where it's been and what's happened to it. 19 

  MR. STAUDENMEIER:  Uh-hum. 20 

  CHAIR BANERJEE:  You mean the under-shoot. 21 

  CONSULTANT WALLIS:  Yes. 22 

  CHAIR BANERJEE:  Yes, it depends where the 23 

nucleation was.  I mean Edwards sees this in his 24 

experiments as well. 25 
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  CONSULTANT WALLIS:  If you have a sharp 1 

corner on a nozzle, it makes a little difference -- 2 

  CHAIR BANERJEE:  Yes, it changes, right. 3 

  CONSULTANT WALLIS:  -- and stuff like 4 

that. 5 

  CHAIR BANERJEE:  Okay. 6 

  MR. STAUDENMEIER:  So, we get some details 7 

that we weren't able to get before.  Actually, our 8 

Swedish CAMP members, they are very interested in 9 

being able to see this nucleation delay by the codes, 10 

and they are happy that we are looking at this thing. 11 

  This is a liquid break.  There is a steam 12 

break test that we haven't run in TRACE that they 13 

claim it is the best place to see this effect. 14 

  CHAIR BANERJEE:  Well, but you have to 15 

have some model for the number of nuclei, right, if 16 

you are going to get this? 17 

  MR. STAUDENMEIER:  Well, we do have, I 18 

guess, if you were modeling the wall heat transfer, 19 

which we do have, I guess it's a boiling nucleation 20 

model for the wall heat transfer for boiling.  So, if 21 

the nucleis started there, then it would just be our 22 

normal boiling model.  If it gets into bulk liquid 23 

flashing, where you exceed the metastable points, we 24 

don't really have a model for that at all. 25 
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  CHAIR BANERJEE:  So, in a large pipe, your 1 

model is simply that nucleation would start at the 2 

wall? 3 

  MR. STAUDENMEIER:  Right. 4 

  CHAIR BANERJEE:  And you have some model 5 

for that that you are using? 6 

  MR. STAUDENMEIER:  Yes, in our steam 7 

tables, we do know where the metastable points are.  8 

So we could, if there was a model available, we could 9 

look at where we were in the steam tables and put in 10 

bulk liquid flashing with no nucleation sites, I 11 

guess, when it hit those points, but right, currently, 12 

we don't -- 13 

  CONSULTANT WALLIS:  Pretty high superheat, 14 

isn't it? 15 

  MR. STAUDENMEIER:  Excuse me? 16 

  CONSULTANT WALLIS:  That's a very high 17 

superheat.  It's bulk flashing with no -- 18 

  MR. STAUDENMEIER:  In some cases, yes, it 19 

can be small, like in the 5- to 10-degree range of 20 

superheat, I think, where you get these metastable 21 

points.  I think it depends on the pressure, on where 22 

they are. 23 

  CHAIR BANERJEE:  So, don't people use 24 

correlations like Alamgir and Leonhart's to get the 25 
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undershoot because -- 1 

  MR. STAUDENMEIER:  Well, the break flow we 2 

do.  We do have that for getting the undershoot and 3 

the break flow. 4 

  CHAIR BANERJEE:  So, if you use that here, 5 

what happens? 6 

  MR. STAUDENMEIER:  Well, that is turned on 7 

there.  I mean we don't get the undershoot in the 8 

pressure when we have that turned on. 9 

  CHAIR BANERJEE:  It does not? 10 

  MR. STAUDENMEIER:  No. 11 

  CHAIR BANERJEE:  I see.  And that's based 12 

on sort of homogeneous nucleation, right? 13 

  MR. STAUDENMEIER:  I mean, yes, that 14 

pressure is the local pressure where the flow is 15 

becoming choked.  This is a pressure that is up in the 16 

tank, so high up in the tank, up in the vapor space of 17 

a tank. 18 

  CHAIR BANERJEE:  So this is just wall 19 

nucleation rather than homogeneous nucleation? 20 

  MR. STAUDENMEIER:  Right, uh-hum. 21 

  Okay.  Annular-mist drag, current TRACE 22 

annular-mist assumes the entrainment fraction is small 23 

when it calculates the velocity difference liquid and 24 

vapor.  There is a new interpolation that I have been 25 
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working on that does a weighting by the entrainment 1 

fraction that gives the right values at the fully-2 

entrained limit.  And it has a significant impact on 3 

sump problems.  Once we have a droplet field,  we 4 

don't need to worry about that as much when it is 5 

turned on. 6 

  But one thing where we have seen it giving 7 

a big impact is BWR turbine trips.  Where it really 8 

matters is the separator, the annular-mist in the 9 

separator components.  It can make a big difference in 10 

the flow insurge into the core, in the power peak that 11 

you get.  It has to do with how it affects the 12 

separator inertia. 13 

  That is something, I guess, that has been 14 

known in the BWR transient community for a long time, 15 

that the separator inertia is important for getting 16 

the right power peaks in these flow insurges. 17 

  CONSULTANT WALLIS:  What do you mean by 18 

separator inertia? 19 

  MR. STAUDENMEIER:  Well, the inertia of 20 

the flow through there being accelerated because, I 21 

mean, you come out of the upper plenum and you get 22 

into a big area reduction for going into the separator 23 

standpipes. 24 

  Since this happens, this is a short time-25 
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scale transient.  Then these transient inertia-type 1 

effects for fluid accelerations come into play in how 2 

much -- 3 

  CONSULTANT WALLIS:  A momentum equation? 4 

  MR. STAUDENMEIER:  Yes, it could be.  It 5 

would be a momentum equation. 6 

  CONSULTANT WALLIS:  It's not the inertia 7 

of the separator.  It's the inertia change of the 8 

fluid -- 9 

  MR. STAUDENMEIER:  Of the fluid going 10 

through the separator, yes. 11 

  CONSULTANT WALLIS:  -- going into the 12 

separator, right? 13 

  MR. STAUDENMEIER:  Uh-hum.  Yes, separator 14 

fluid inertia, I should have said there. 15 

  Then there's other things going on there 16 

that we aren't really modeling mechanistically, like 17 

the swirl vanes going into the separator.  I mean that 18 

is taking axial-directed flow and rotating it into 19 

theta-directed flow.  So that also adds, I guess, an 20 

inertial effect for that. 21 

  Implicit numerical methods, there is, I 22 

guess, a couple reasons that we want to do that.  23 

Avoid numerical instabilities, improve convergence 24 

behavior, and improve runtimes for slow-moving 25 
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transients. 1 

  We have been developing implicit numerical 2 

methods for wall heat transfer, interfacial heat 3 

transfer, reactor kinetics, and interfacial drag. 4 

  The implicit wall and interfacial heat 5 

transfer and reactor point kinetics are going to be 6 

things that we are going to be making functional in 7 

the short term, the zero-to-two-year phase. 8 

  And the interfacial drag and full 3D 9 

implicit kinetics I think will take longer than that. 10 

 And also, the interfacial area transport will 11 

probably require more implicit numerical methods 12 

because they run into stiffness in those equations. 13 

  Numerical instabilities, I mean there -- 14 

  CHAIR BANERJEE:  But do you need to solve 15 

it fully coupled or can you do it explicitly? 16 

  MR. STAUDENMEIER:  I think you will need 17 

to solve it coupled.  I mean, right now, explicitly, 18 

the current code version for interfacial area 19 

transport is explicit, but it can only really do 20 

air/water problems where the transfer between the 21 

phases is small.  If you tried to do steam/water with 22 

the way it is implemented now, the code wouldn't run 23 

very well. 24 

  CONSULTANT WALLIS:  The righthand curve is 25 
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very strange, and the red doesn't go through the 1 

black. 2 

  MR. STAUDENMEIER:  Yes, that is a problem 3 

with numerical instabilities.  I mean you get into 4 

oscillations, and the average value of the 5 

oscillations doesn't equal what the real answer should 6 

be. 7 

  CONSULTANT WALLIS:  It seems sort of 8 

relativistic.  You are plotting time versus time? 9 

  MR. STAUDENMEIER:  Yes, that should be 10 

time-step size, actually, not time. 11 

  CONSULTANT WALLIS:  Oh, okay. 12 

  MR. STAUDENMEIER:  It is delta T, it 13 

should be.  So the second plot is time-step size 14 

versus time. 15 

  You can see, yes, that you get into these 16 

oscillations. 17 

  CONSULTANT WALLIS:  That doesn't have to 18 

converge at all?  It is just -- 19 

  MR. STAUDENMEIER:  No. 20 

  CONSULTANT WALLIS:  No. 21 

  MR. STAUDENMEIER:  That is just showing 22 

you are getting a worse answer and you are cutting 23 

down on the time-step trying to resolve it, but it is 24 

just things aren't working. 25 
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  CONSULTANT WALLIS:  We have this problem 1 

with some vendor codes, where they give us a 2 

prediction and you see something like the black on the 3 

left.  And what are we supposed to do with that?  Just 4 

take the average of that as being representative of 5 

what is happening or not? 6 

  MR. STAUDENMEIER:  In some cases, it has 7 

been shown that it is bad idea to take the average -- 8 

  CONSULTANT WALLIS:  Right. 9 

  MR. STAUDENMEIER:  -- and think that 10 

that's what the answer is. 11 

  CONSULTANT WALLIS:  That's right.  Because 12 

when it's oscillation so much, you are changing all 13 

kinds of things in it. 14 

  MR. STAUDENMEIER:  Yes, because you get 15 

into the non-linear convolutions between terms and -- 16 

  CONSULTANT WALLIS:  Right.  That's right. 17 

  MR. STAUDENMEIER:  And it is actually one 18 

of the classic problems in reactor kinetics.  I mean, 19 

if you have an oscillator reactivity input, the 20 

reactor doesn't oscillate about that same power.  You 21 

get a climbing oscillation. 22 

  Another thing with the implicit methods,  23 

we get better convergence behavior with the implicit 24 

coupling.  The lefthand side is explicit coupling with 25 
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the power.  This is PARCS TRACE power.  The right side 1 

is implicit. 2 

  So you can see dropping the time-step .07, 3 

.05, .03, it is still not even getting close to being 4 

converged.  We have to drop down.  This is typically 5 

our turbine trip type of problems.  We are running at 6 

a thousandth of a second time scale or delta T.  The 7 

implicit, it converges a lot faster towards the small 8 

time-step size number. 9 

  CHAIR BANERJEE:  Why?  There's less 10 

numerical diffusion or something? 11 

  MR. STAUDENMEIER:  No, it has to do with 12 

things that are changing the reactivity as you go 13 

through the time-step.  I mean it is taking things 14 

constant from the beginning of the time-step.  But 15 

during the time-step, like a pressurization transient, 16 

the void is being collapsed.  So the implicit method 17 

is accounting for the void collapsing over that time-18 

step, whereas, the explicit method isn't.  It is 19 

stepping up each time.  So you are systematically 20 

underpredicting it or overpredicting it. 21 

  CHAIR BANERJEE:  So it is the coupling 22 

which is -- 23 

  MR. STAUDENMEIER:  Yes.  Yes, it is the 24 

coupling, uh-hum. 25 
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  Okay.  Parallel solution methods, we 1 

talked about this before.  We just want to be able to 2 

take advantage of computers that everyone has 3 

available to them now and speed up things on a small 4 

number of processors. 5 

  And the main reason we want to do this is 6 

to reduce runtime in large models because we want to 7 

move towards less lumping and arbitrary mapping in 8 

plant models and move, like in BWRs we are moving 9 

towards one-to-one chan component bundle mapping in 10 

TRACE/PARCS calculations. 11 

  Examples of this:  for Ringhals out-of-12 

phase instability assessment, we modeled one-to-one 13 

with the plant, 648 channels.  ESBWR turbine trips and 14 

transients, we did 1/8th core one-to-one mapping.  You 15 

are going to see an Oskarshamn calculation in the next 16 

presentation.  They did 1/2 core one-to-one channel 17 

mapping in that. 18 

  In PWRs, we want to start modeling those 19 

on a bundle level also or move toward modeling those 20 

on a bundle level. 21 

  And also, as we move towards implicit 22 

numerical methods, the matrices get larger, so you 23 

want to look at parallel solutions methods for the 24 

matrices. 25 
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  This is just our 648-channel Ringhals 1 

model that we use for the stability tests at Ringhals. 2 

 It didn't go into stability, but the decay ratio was 3 

about one.  We ended up taking that model and doing a 4 

pump trip, because we knew the out-of-phase 5 

instability was going to be the most unstable, to see 6 

what would happen and see if TRACE could survive 7 

through the calculation. 8 

  There's actually been plants in Europe 9 

that have seen the non-linear phase of the out-of-10 

phase instability.  And you will see later in this you 11 

will get the node rotating around the core even, but 12 

you can get into large-amplitudes oscillations.  This 13 

is 648 channels modeled separately -- 14 

  CONSULTANT WALLIS:  It looks pretty 15 

exciting there. 16 

  (Laughter.) 17 

  MR. STAUDENMEIER:  Yes.  Yes, the plots on 18 

the right are the time history, the power end of it. 19 

  The dangerous thing about the out-of-phase 20 

instability compared to the in-phase is, well, when 21 

they first discovered it at least, you can't really 22 

see a big change in power in the average power range 23 

monitors.  You need to look at the local power range 24 

monitors. 25 
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  CONSULTANT WALLIS:  It seems to be 1 

precessing around.  It's not just -- 2 

  MR. STAUDENMEIER:  Yes, that's correct, 3 

and that has been seen in plants, actually, where it 4 

precesses around. 5 

  CONSULTANT WALLIS:  You get seasick 6 

watching this. 7 

  (Laughter.) 8 

  At least it's going down. 9 

  MR. STAUDENMEIER:  But, anyway, for things 10 

like this, I mean if you want to capture that type of 11 

effect, and you're lumping channels together, I mean 12 

that can affect your answer and you don't really have 13 

a good way of a well-defined way of lumping channels 14 

together. 15 

  I will move on, move to the end here. 16 

  MEMBER ABDEL-KHALIK:  Is there data from 17 

actual instability events that would allow you to 18 

validate these results? 19 

  MR. STAUDENMEIER:  Yes, there are some 20 

plant  data.  This Oskarshamn instability is one plant 21 

that we did a calculation of.  In the U.S., Oskarshamn 22 

wasn't an out-of-phase.  It was an in-phase.  But 23 

there have been some out-of-phase instabilities, and 24 

in the U.S. there have been some in-phase 25 
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instabilities.  I don't think we have ever seen an 1 

out-of-phase instability in the U.S. 2 

  We also want to expand current range of 3 

applications.  Current assessment is mainly focused 4 

towards PWR large-break LOCA, U-tube PWR small-break 5 

LOCA and BWR LOCA, and some new reactor applicability 6 

studies that we have done for ESBWR, AP1000, EPR, 7 

APWR, ABWR. 8 

  We are looking at in the future -- I mean, 9 

right now, we have a project going on with looking at 10 

BWR transients with PARCS, including stability.  We 11 

are doing some assessment for that.  That is related 12 

to the MELLLA-plus work. 13 

  B&W small-break LOCAS, we are looking at 14 

the mist test facility, some assessments with the mist 15 

test facility. 16 

  PWR transients, we are going to look at 17 

doing the LOFT transient tests.  They are not as well-18 

known as the LOCA tests, but there were transient 19 

tests, including ATWS tests, that were done at LOFT. 20 

  NuScale and mPower Reactors are new 21 

reactors that are coming in, and we will have to do 22 

assessment to qualify the code for that, if they do, 23 

in fact, come in. 24 

  CONSULTANT WALLIS:  Presumably, you 25 
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started on some pebble bed reactor work, and then 1 

cancelled it, did you? 2 

  MR. STAUDENMEIER:  There was a long time 3 

ago that there was pebble bed reactor work done for 4 

TRACE, but, then, it was decided that MELCOR would be 5 

the code that they would use for that. 6 

  CONSULTANT WALLIS:  Oh, okay.  Okay. 7 

  MR. STAUDENMEIER:  I think there still is 8 

pebble bed work going on with that and with this other 9 

code called AGREE that is coupled with PARCS.  So 10 

there is gas reactor work going on.  That is done in a 11 

different branch than we are.  That is where Joe Kelly 12 

is off working right now.  So he has moved on to gas 13 

reactors. 14 

  Our CAMP members do assessments.  In 15 

addition to our assessments, in addition to the 16 

reactors we have, they look at VVER reactors, CANDU 17 

reactors.  They are doing some gas and liquid metal 18 

reactor calculations and look at things like there are 19 

some people that have looked at water hammer with 20 

TRACE also.  And they also do tests of the kind of 21 

reactors we run in the U.S., the BWRs and PWRs.  They 22 

do assessment and plant calculations of those. 23 

  Intermediate term development, I will try 24 

to move through this quick.  The only thing I am going 25 
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to show something on is conservative formulation of 1 

momentum equation.  I think at one of the last 2 

meetings it was brought up, this memo that Joe Kelly 3 

wrote about oscillations, and that they may be fixed 4 

by conservative momentum equation, formulation of 5 

momentum equation. 6 

  These are the actual oscillations from the 7 

deck that they were discovered in.  You can see it is 8 

a two-ring vessel, and the two rings of the vessel, 9 

they aren't sitting still when they should be.  They 10 

are oscillating out of phase with a small oscillation 11 

and void fraction.  So it is really a lot of moving up 12 

and down. 13 

  CONSULTANT WALLIS:  They are just sitting 14 

there.  There is nothing to excite this except the 15 

code? 16 

  MR. STAUDENMEIER:  That's right.  It is 17 

just code numerics exciting this.  And you can see, if 18 

we turn on level tracking, we do get the right answer. 19 

 It just settles into a constant level -- 20 

  CONSULTANT WALLIS:  So you haven't 21 

discovered a new source of energy or something here? 22 

  MR. STAUDENMEIER:  Yes.  So that's what 23 

conservative momentum equation work we are looking at. 24 

 It is designed to fix that problem. 25 
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  What it really runs into is it is a real 1 

discontinuity at the liquid interface.  So you get 2 

these phantom terms because you are not treating the 3 

liquid and vapor region separately. 4 

  With conservative formulation, you get 5 

void fraction weights on these phantom terms, so they 6 

don't cause problems like they do in the formulation 7 

that we are looking at where they would get rid of 8 

oscillations, or that's what Joe thought anyway, based 9 

from his experience with COBRA TRAC, and COBRA had a 10 

conservative formulation of the momentum equation in 11 

it. 12 

  The TRACE vessel momentum problem that you 13 

have seen before, the source of the problem, TRACE 14 

doesn't preserve Bernoulli flow relation when turning 15 

around corners. 16 

  The source of the difference is caused by 17 

the momentum flux term.  I mean, to really get 18 

Bernoulli flow, this is just a vector calculus 19 

identity, and it really decomposes the convection term 20 

into like a Helmholz decomposition, where you can 21 

decompose any vector field into your rotational part 22 

and the solenoidal part. 23 

  For Bernoulli flow, CORA-V has to be zero. 24 

 So, you really want to -- 25 
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  CONSULTANT WALLIS:  Across CORA-V, the 1 

whole thing could be zero, you know, but that is okay. 2 

  MR. STAUDENMEIER:  Yes, that's true.  The 3 

whole thing could be zero.  Or if you wanted to come 4 

out -- our coarse nodalization and our different 5 

scheme hasn't let this Bernoulli flow or close to 6 

Bernoulli flow come out naturally, and we get loss 7 

coefficients that depend on the grid spacing, and we 8 

have derived a formula or worked out the formula for 9 

what we get based on how we implement the boundary 10 

conditions in our different schemes. 11 

  We have reduced the losses, as we have 12 

shown before.  We can actually further reduce losses 13 

by turning on what's called our orifice model, which 14 

gets rid of the off-diagonal terms in the momentum 15 

convection, or you could connect, make 1D pipe 16 

connections at the turns, if you want to preserve 17 

Bernoulli, because Bernoulli is preserved in the 1D 18 

pipe model. 19 

  That is something we don't have any solid 20 

plans at looking at any revisions to the differencing 21 

in the future, but it is something that we -- 22 

  CONSULTANT WALLIS:  I don't think it just 23 

the CORA-V.  I think the problem of turning corners is 24 

the delta-V, too.  I mean, how do you evaluate three-25 
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dimensional properties in an essentially one-1 

dimensional model? 2 

  MR. STAUDENMEIER:  Right.  Yes, it is the 3 

coarse nodalization that I think has a big effect on 4 

that. 5 

  Long-term development, interfacial area 6 

transport, you will see presentations on that later.  7 

I talked about integration of TRACE with CFD. 8 

  Interfacial area transport, these are just 9 

some of the motivations, but you will see more about, 10 

I guess, deficiencies and how TRACE predicts things 11 

where that's important later on. 12 

  Conclusions:  I think we have made some 13 

significant improvements to TRACE since Version 5.0, 14 

and our future development will improve plant accident 15 

modeling fidelity and safety analysis capabilities. 16 

  MEMBER ABDEL-KHALIK:  Thank you. 17 

  Are there any questions for Joe? 18 

  (No response.) 19 

  If not, what we will do is take a lunch 20 

break, 45 minutes. 21 

  We will reconvene at one o'clock. 22 

  (Whereupon, the matter went off the record 23 

at 12:14 p.m. and resumed at 1:04 p.m.) 24 

 25 
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A-F-T-E-R-N-O-O-N   S-E-S-S-I-O-N 1 

1:03 p.m. 2 

  CHAIR BANERJEE:  So let's go back into 3 

session. 4 

  Sorry, we actually need a brief break 5 

because we have a member of the public who wants to 6 

make a statement. 7 

  So, Nate, we will hold you until we 8 

finish. 9 

  So can we have the public statement, 10 

please?  There's a member of the public who wants to 11 

make a comment.  I think it is Mark Edward Leyse, I 12 

believe.  Yes. 13 

  Yes, go ahead.  Let's do that. 14 

  MR. MARK LEYSE:  Hello. 15 

  CHAIR BANERJEE:  Hi.  We are here. 16 

  MR. MARK LEYSE:  Can you hear us? 17 

  CHAIR BANERJEE:  Positively. 18 

  MR. MARK LEYSE:  Okay.  Great.  Yes, 19 

because we were on mute before.  So I just wanted to 20 

clarify that. 21 

  Okay.  First, I want to thank ACRS for the 22 

10-minute time slot.  Ten minutes is not a lot of 23 

time, but Bob Leyse and I will summarize some 24 

important safety issues. 25 
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  Bob Leyse began working in the nuclear 1 

industry in 1950 and worked in nuclear safety at GE, 2 

Westinghouse, and EPRI. 3 

  I am Mark Leyse, author of PRM-50-84, a 4 

petition accepted for consideration in NRC's 5 

rulemaking process for revisions to 50.46b and 6 

Appendix K to Part 50.  I also wrote PRM-50-93. 7 

  PRM-50-93 is the subject of a user need 8 

request, dated April 26th, 2010, from Eric Leeds, 9 

Director, Office of Nuclear Reactor Regulations, to 10 

Brian Sheron, Director, Office of Nuclear Regulatory 11 

Research. 12 

  NRR's user need request states that, I 13 

cite extensive data from numerous multi-rod 14 

experiments and that their request is a high priority 15 

with a target due date of September 30, 2010. 16 

  In PRM-50-93, I argue that NRC's peak 17 

cladding temperature limit should be based on data 18 

from multi-rod zircaloy severe fuel damage experiments 19 

because such data demonstrates that the 2200-20 

Fahrenheit limit is non-conservative.  I also argue 21 

that the Baker-Just and Cathcart-Pawel equations are 22 

non-conservative for calculating the metal/water 23 

reaction rates that would occur in the event of a 24 

LOCA, and I ask that a minimum reflood rate be 25 
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specified. 1 

  The page you have lists some of the multi-2 

rod zircaloy severe fuel damage experiments in which 3 

runaway oxidation commenced between 1832 and 2200 4 

degrees Fahrenheit.  It is reported that in the LOFT 5 

LP-FP-2 experiment heated with actual decay heat that 6 

runaway oxidation commenced at about 2060 degrees 7 

Fahrenheit. 8 

  In the Karlsruhe CORA program, there were 9 

about 20 experiments.  A Karlsruhe paper states, "The 10 

critical temperature above which uncontrolled 11 

temperature escalation takes place due to the 12 

exothermic zirconium/steam reaction crucially depends 13 

on the heat loss from the bundle, that is, on bundle 14 

insulation.  With a good bundle insulation in the CORA 15 

test facility, temperature escalation starts between 16 

1100 and 1200 degrees Celsius." 17 

  And the page you have has a quote on 18 

single-rod quench experiments at Karlsruhe in which 19 

there were no temperature excursions during quenching 20 

due to high radioactive heat losses. 21 

  Now Bob Leyse will discuss the Baker-Just 22 

equation. 23 

  MR. BOB LEYSE:  I am Bob Leyse, author of 24 

denied PRM-50-76. 25 
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  The licensing of ECCS and many LWRs under 1 

Appendix K specifies Baker-Just.  For emphasis, I 2 

repeat the licensing of ECCS and many LWRs under 3 

Appendix K specifies Baker-Just. 4 

  In its technical analysis of PRM-50-76, 5 

the NRC fiercely defends Baker-Just.  I quote, "The 6 

Baker-Just correlation using the current range of 7 

parameter inputs is conservative and adequate to 8 

assess Appendix K ECCS performance.   Virtually every 9 

dataset published since the Baker-Just correlation was 10 

developed has clearly demonstrated the conservatism of 11 

the correlation above 1800 Fahrenheit."  End of quote. 12 

  That is an interesting observation in 13 

light of data from zircaloy multi-rod assembles that 14 

Mark Leyse has just cited.  It is also revealing 15 

because the NRC did not even have access to the two 16 

key references in the Baker-Just report until April 17 

2010.  In response to my persistent demands, NRC 18 

acquired the documents and they were placed in ADAMS 19 

during April 2010. 20 

  Short rods of half-inch-diameter zircaloy 21 

2 were induction heated underwater in Case 1, year 22 

1954, and in steam in Case 2, year 1957. 23 

  Shifting from pages 7, 29, and 31 of the 24 

Commissioner's denial of PRM-50-76, I quote, "NRC's 25 
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technical safety analysis demonstrates that current 1 

procedures for evaluating performance of ECCS are 2 

based on sound science and that no amendments to the 3 

NRC's regulations and guidance documents are 4 

necessary."  End quote. 5 

  Contrary to the Commissioner's 6 

observation, it is not sound science to combine the 7 

testing of single short rods of zirconium alloy with 8 

the testing of multi-rod stainless or Inconel 9 

assemblies in order to ascertain the performance of 10 

the emergency core cooling systems having thousands of 11 

zircaloy alloy full-length rods. 12 

  Back to you, Mark. 13 

  MR. MARK LEYSE:  An Oak Ridge National 14 

Laboratory paper discussing the CORA 16 experiment 15 

states, "The predicted and observed cladding thermal 16 

response are in excellent agreement until application 17 

of available zircaloy oxidation kinetics models causes 18 

the low temperature 900 to 1200 degrees Celsius 19 

oxidation to be underpredicted." 20 

  And another ORNL paper states that, "For 21 

the CORA 16 experiment, cladding oxidation was not 22 

accurately predicted by available correlations." 23 

  These papers are from the early 1990s, so 24 

the Baker-Just and Cathcart-Pawel equations were among 25 
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the available zircaloy oxidation kinetics models that 1 

underpredicted oxidation in the 1650-degree to 2200-2 

degree Fahrenheit range. 3 

  Severe fuel damage experiments also show 4 

that eutectic reactions between fuel assembly 5 

components can commence below or at about 2200 degrees 6 

Fahrenheit, for example, the chemical reaction between 7 

Inconel spacer grids and zircaloy fuel rods. 8 

  In its denial of PRM-50-76 in 2005, the 9 

NRC stated that more than 50 zircaloy tests were 10 

conducted at the NRU reactor at Chalk River to 11 

evaluate the thermal hydraulic and mechanical 12 

deformation behavior of full-length bundles during a 13 

large-break LOCA, and that NRC is reviewing the data 14 

from that program to determine its value for assessing 15 

the current generation of codes such as TRACE.  That 16 

was from 2005. 17 

  But almost all the zircaloy heat-transfer 18 

tests conducted by Chalk River had peak cladding 19 

temperatures below 2000 degrees Fahrenheit.  One test 20 

PCT was 2040 degrees Fahrenheit. 21 

  Except for the tests conducted at Chalk 22 

River, perhaps all the main PWR and BWR heat-transfer 23 

experiments after the original FLEC tests were 24 

conducted with stainless steel and Inconel 600 fuel 25 
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rod simulators.  Trying to relate this to what would 1 

occur in a LOCA in a reactor core with zircaloy 2 

bundles simply does not work. 3 

  The NRC needs to conduct realistic heat-4 

transfer experiments with multi-rod zircaloy bundles 5 

in which the bundles would be heated up to at least 6 

2200 degrees Fahrenheit.  The licensing basis PCTs of 7 

many plants do not provide necessary margins of 8 

safety.  For example, the licensing basis PCT of 9 

Indian Point Unit 2 is 1937 degrees Fahrenheit, and 10 

Oyster Creek's is set at 2150 degrees Fahrenheit.  11 

Clearly, NRC's 2200-degree Fahrenheit PCT limit needs 12 

to be substantially lowered. 13 

  Thank you. 14 

  CHAIR BANERJEE:  Thank you both very much. 15 

 We appreciate your comments, and we will certainly 16 

take them into account. 17 

  So I think we can move on, then, with the 18 

agenda. 19 

  And can we put that on mute, Theron, now? 20 

  MR. MARK LEYSE:  Yes, thank you again. 21 

  CHAIR BANERJEE:  Thanks a lot. 22 

  MR. MARK LEYSE:  Yes. 23 

  CHAIR BANERJEE:  Okay, Nate? 24 

  Oh, okay, Mike Corradini is on the line 25 
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now.  Great. 1 

  MEMBER CORRADINI:  Yes, I am. 2 

  CHAIR BANERJEE:  Mike, welcome. 3 

  MEMBER CORRADINI:  Okay.  Welcome to you, 4 

too. 5 

  CHAIR BANERJEE:  I see that you escape 6 

travel repeatedly at these meetings. 7 

  MEMBER CORRADINI:  Well, some faculty 8 

members actually have teaching assignments. 9 

  (Laughter.) 10 

  CHAIR BANERJEE:  That includes me, 11 

actually. 12 

  MEMBER CORRADINI:  Well, simply stated a 13 

fact.  I did not cast any aspersions on any others. 14 

  CHAIR BANERJEE:  Okay, Mike, so we are 15 

done with some of the TRACE stuff, and we are moving 16 

on to the PARCS roadmap.  You have the agenda in front 17 

of you and the slides, right? 18 

  MEMBER CORRADINI:  Yes, sir, I have the 19 

agenda.  I do not have the slides.  Were they sent 20 

over the weekend? 21 

  CHAIR BANERJEE:  Well, we will have them 22 

sent to you by email now. 23 

  MEMBER CORRADINI:  Thank you. 24 

  CHAIR BANERJEE:  Okay.  Go for it, Nate.  25 
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It's your baby. 1 

  MR. HUDSON:  Mike, you have last Friday's 2 

version of my slides.  I updated them yesterday. 3 

  Good afternoon. 4 

  I am going to be talking about the PARCS 5 

roadmap and the status of where we have been and where 6 

we are going with PARCS as with regard to LWR reactors 7 

with TRACE. 8 

  I am the Project Manager of PARCS.  I am 9 

in the same branch as the TRACE group.  The principal 10 

investigator, Professor Tom Downar, and the guy that 11 

has done a lot of the coding in PARCS, the co-PI, is 12 

Yunlin Xu.  He has been working -- 13 

  CHAIR BANERJEE:  Is he at Michigan, too, 14 

or -- 15 

  MR. HUDSON:  Yes. 16 

  CHAIR BANERJEE:  -- is he still at Purdue? 17 

  MR. HUDSON:  He's at Michigan. 18 

  CHAIR BANERJEE:  Okay. 19 

  MR. HUDSON:  Yes.  And I don't list all 20 

the graduate students and undergraduates, but there's 21 

probably 10 or so that support this code as well. 22 

  Just a brief overview of the NRC code 23 

suite as reflecting on neutronics and how it affects 24 

TRACE: 25 
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  From the point ENDF data with the NJOY-1 

type capabilities, AMPX text point data massages it 2 

into a 238-group library that the scale sequences, due 3 

to resonance processing and flux self-shielding, to 4 

calculate a cross-section of libraries with a 5 

transport method and also to correct for the resonance 6 

effects. 7 

  Now GenPMAXS, which you see in the middle, 8 

is merely a converter code to convert isotopic and 9 

transport cross-sections to a table at nodal cross-10 

sections for use by PARCS.  To put it in the PARCS 11 

PMAXS format, generally, for LWRs it's 2 to 8 group 12 

cross-sections, and, also, in addition to cross-13 

sections, you have diffusion coefficients and history 14 

variables that are also tabulated in that format. 15 

  PARCS, in turn, with which you are 16 

familiar, it takes the cross-sections during a 17 

transient and reads them.  Basically, PARCS is a nodal 18 

code that approximates, you know, on a coarser level 19 

than the transport, the neutron transport and 20 

diffusion within the core, and this coupled with 21 

TRACE. 22 

  A little bit of history:  it's a 3D 23 

kinetics code, PARCS is.  It has been coupled to TRACE 24 

and RELAP.  In general, and Joe has hinted at it 25 
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before, it does AOOs, turbine trips.  In general, 1 

reactivity insertion events in the core where you have 2 

a control rod withdrawal or insertion, oscillations, 3 

those situations where point kinetics isn't a good 4 

approximation, where you have more spatial effects in 5 

the core, and you want to capture the power shape, 6 

actually, in three dimensions in the core. 7 

  It is also capable of analyzing in-core 8 

burnup and power changes during a fuel cycle, and it 9 

is, you know, these slow transients that occur during 10 

the fuel cycle calculations. 11 

  There are a variety of differencing 12 

methods, neutronic differencing methods, in PARCS.  13 

You have the classical diffusion.  You have the 14 

coarse-mesh diffusion.  You have the fine-mesh 15 

diffusion.  You have transport as well.  And within 16 

the corse-mesh/fine difference, you also have these 17 

different methods, NEM and AEM, basically, two 18 

approximations to calculate the diffusion coefficient 19 

between nodes. 20 

  And for HTGRs -- I am not going to talk 21 

about it here -- they are also doing more differencing 22 

methods for the different types of lattices you see. 23 

  We have supported it since the 1990s to 24 

replace the 3D kinetics capabilities from RAMONA, and, 25 
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also, it is a work-in-progress.  We have upgraded to 1 

FORTRAN 90 and we are in the process of putting more 2 

assessment problems in the testing suite to metatest, 3 

in addition to testing;, also, comparing PARCS/TRACE 4 

calculations to hard plant data. 5 

  CHAIR BANERJEE:  The MELLLA-plus 6 

applications are fairly recent, right? 7 

  MR. HUDSON:  Right. 8 

  CHAIR BANERJEE:  Because when we did 9 

MELLLA-plus, I don't think we had Fox TRACE available 10 

to us, which was -- what? -- two or three years ago. 11 

  Can it do ATWS or did you say that 12 

somewhere else up there? 13 

  MR. HUDSON:  Yes. 14 

  CHAIR BANERJEE:  Are you coupled to TRACE 15 

fully for ATWS? 16 

  MR. HUDSON:  There is some ongoing work 17 

for the MELLLA-plus milestones.  We have a user need, 18 

and part of that, they are developing plant models to 19 

approximate the ATWS with TRACE/PARCS. 20 

  CHAIR BANERJEE:  But is it available for 21 

confirmatory calculations right now with ATWS, 22 

TRACE/PARCS? 23 

  MR. HUDSON:  Without development or? 24 

  CHAIR BANERJEE:  No, no.  When will it be 25 
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available or what times scales or is available 1 

already? 2 

  MR. HUDSON:  There is a current plant deck 3 

that they are working on.  It is being worked on right 4 

now.  RSAB, our other group, it develops the plant 5 

decks for us or, you know, in response to user needs. 6 

 They are developing a plant model to approximate ATWS 7 

with TRACE/PARCS. 8 

  CHAIR BANERJEE:  And what is the sort of 9 

time scale that we -- 10 

  MR. HUDSON:  I guess the final product, 11 

the next year, next winter. 12 

  MR. HOXIE:  Yes, this is Chris Hoxie. 13 

  They are due like next spring.  That is 14 

the timeframe. 15 

  CHAIR BANERJEE:  Okay.  Go ahead. 16 

  CONSULTANT WALLIS:  When it is coupled 17 

with TRACE, it uses the same nodalization? 18 

  MR. HUDSON:  No. 19 

  CONSULTANT WALLIS:  No, it doesn't, does 20 

it? 21 

  MR. HUDSON:  In general, a PARCS node is 22 

approximately the same as a bundle, and you have a 23 

mapping between the two. 24 

  CONSULTANT WALLIS:  TRACE is working 25 



 

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

 198 

towards modeling every bundle? 1 

  MR. HUDSON:  Yes. 2 

  CONSULTANT WALLIS:  Which, basically, they 3 

would be compatible? 4 

  MR. HUDSON:  There is no theoretical 5 

reason why they can't.  It is just a question of how 6 

fast -- 7 

  CONSULTANT WALLIS:  That's right. 8 

  MR. HUDSON:  -- you want your calculation 9 

to go. 10 

  CONSULTANT WALLIS:  Well, it is desirable 11 

that they do -- 12 

  MR. HUDSON:  Right. 13 

  CONSULTANT WALLIS:  -- use the same 14 

noding. 15 

  CHAIR BANERJEE:  Okay, let's go. 16 

  MR. HUDSON:  Near-term development, you 17 

know, currently, we have a big regression testing 18 

suite.  Also, we have two problems to test the coupled 19 

neutronics thermal hydraulics in TRACE when it is 20 

tested and when we have a new update.  So, in addition 21 

to maintenance and support, we are developing with the 22 

current in the works, to develop more assessment 23 

problems and more regression testing problems to test 24 

the coupling between the two in the types of 25 
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transients we are looking at to better support user 1 

needs. 2 

  The GenPMAXS code, I mentioned in the 3 

previous slide it is not subject to the same SQA.  It 4 

was developed under a DOE NERI Grant.  So, as PARCS 5 

was modernized, they are modernizing GenPMAXS to be 6 

able to make sure it is consistent between the lattice 7 

physics codes and PARCS and TRACE. 8 

  User training and best practices 9 

documentation, you know we have a set of manuals for 10 

PARCS, but we really don't have, you know, in addition 11 

to formalizing assessments or documentation, we don't 12 

have good user training or best practices.  So they 13 

will be coming here and giving training and 14 

documenting best practices for the types of training 15 

and screening we are seeing. 16 

  In addition, currently, as PARCS is 17 

implemented, it is basically there's hardly any 18 

difference between the standalone distribution and the 19 

PARCS that goes into TRACE.  So we are modularizing 20 

and restructuring to basically lean-up the subroutines 21 

that go into TRACE and to cut out the unnecessary 22 

baggage that TRACE will carry along and attempt to 23 

make it better supportable and, also, to make it 24 

easier to distribute the code and to support the 25 
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interface between PARCS and AGREE for the NGNP and 1 

PARCS/RELAP. 2 

  Currently, as you asked, they are 3 

developing plant decks for MELLLA-plus reviews 4 

currently, and we have several projects where we are 5 

assessing it for BWR stability. 6 

  Medium-term development, they are starting 7 

a sensitivity and uncertainty methodology for PARCS to 8 

be able to see perturbations in cross-sections or 9 

statistical uncertainties in cross-sections point 10 

data.  Not only that, but homogenization perhaps and 11 

numerical differencing, how that affects the end 12 

result, the statistics and the power shape, and how 13 

that is fed into these strongly-coupled problems.  I 14 

mean, but the end results are you have an upper and 15 

lower bound on the power shape in PARCS. 16 

  And we have talked about this earlier, but 17 

also longer-term development, make sure that PARCS can 18 

model the NuScale integral PWR reactors.  We don't 19 

foresee any showstoppers or major development.  It is 20 

just a smaller core.  So perhaps we can modify the 21 

noding or such of the groups, but we don't have a 22 

basis to quantify what we have to do yet, and also, to 23 

better implicit the coupling between TRACE/PARCS. 24 

  As I hinted, we have two test problems, 25 
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main steam line break for PWR in a Peach Bottom 1 

turbine trip and BWR in the testing.  In addition, 2 

PARCS, you can test for code-to-code types of 3 

calculations to get power shapes and such, but really 4 

you want to compare to the hard plant data.  So, in 5 

addition to the code-to-code regression testing, which 6 

we are going to include more problems in the 7 

regression set for the testing, we are also doing more 8 

code assessment and validation against plant data. 9 

  And part of those regression problems, it 10 

is important so much that you have a new version of 11 

PARCS, you test it, and it comes up with a similar 12 

result when you make a change.  So we are going to 13 

come up with some generic plant designs, perhaps 14 

problems that approximate a BWR ATWS, core flux 15 

symmetry solution exercises, and perturbations on 16 

parameters like solvers and such in the input deck to 17 

make sure that those lines are covered.  And along 18 

with this, code profiling to make sure parts of the 19 

code are being covered during the relevant transient 20 

or the solver. 21 

  Here is some work that is going on now 22 

down at -- the first few exercises are at Oak Ridge.  23 

In addition to Peach Bottom 2, the turbine trip, they 24 

are going to look at Peach Bottom 2, 1, and 3 for 25 
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pressurizeration.  There are Peach Bottom stability 1 

tests 1 through 4.  They are going to look at Ringhals 2 

for the decay ratios that are less than 1 for the 3 

small perturbations, out-of-phase and in-phase control 4 

perturbations. 5 

  Michigan is looking at Oskarshamn, had a 6 

large decay ratio, and it was a trip to cut that off. 7 

 They are also going to look at -- a staff member 8 

started some SPERT work.  SPERT was this reactor at 9 

INL in the sixties. 10 

  CONSULTANT WALLIS:  Where does the "C" 11 

come from in Oskarshamn? 12 

  MR. HUDSON:  Did I misspell it? 13 

  CONSULTANT WALLIS:  Yes. 14 

  MR. HUDSON:  Apologies. 15 

  (Laughter.) 16 

  CONSULTANT WALLIS:  I just was interested 17 

because you and the previous speaker used the same 18 

spelling here.  It's okay.  I don't think it has a "C" 19 

in it. 20 

  MR. HUDSON:  Yes, I'm not sure. 21 

  There were reactivity measurements taken 22 

in LOFT, and we are going to look at that for further 23 

code-to-data assessment. 24 

  And in addition, I haven't talked about 25 
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this, but PARCS in the standalone version has its own 1 

assessment for, you know, when it is not coupled with 2 

TRACE, but for these types of eigenvalue criticality 3 

transport-type calculations and transients, and we are 4 

going to try to develop test problems where they are 5 

coupled with TRACE to be able to kind of give a 6 

further basis for testing. 7 

  GenPMAXS, as I said, it is being 8 

restructured.  It is going to be in FORTRAN 90, and it 9 

will be up to the TRACE coding standards.  And also, 10 

it is in the pipeline to further the assessment basis 11 

for GenPMAXS and PARCS so that the SCALE test suite, 12 

there's common test problems between SCALE -- that's 13 

the lattice physics code -- and PARCS with the same 14 

types of core problems to make sure they get 15 

consistent answers. 16 

  MEMBER ABDEL-KHALIK:  Were these still the 17 

same stability data used to validate TRACG? 18 

  MR. HUDSON:  Oskarshamn. 19 

  MEMBER ABDEL-KHALIK:  Whatever stability, 20 

the Peace Bottom stability test and Oskarshamn and 21 

Ringhals?  Weren't there more data, actually, that 22 

were used to validate TRACG? 23 

  MR. HUDSON:  I'm really not aware.  I know 24 

Oskarshamn was modeled with RAMONA. 25 
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  CHAIR BANERJEE:  There was some Leibstadt 1 

data for -- 2 

  MEMBER ABDEL-KHALIK:  Right. 3 

  MR. HUDSON:  Right.  For BWR stability. 4 

  CHAIR BANERJEE:  Uh-hum.  Where's Zeyna?  5 

Wasn't there Leibstadt data for the BWR stability 6 

testing?  I mean development. 7 

  Speak up.  Identify yourself. 8 

  MS. ABDULLAHI:  This is Zeyna Abdullahi. 9 

  I don't remember the details, but there 10 

were some decay ratio cases and then there was a case 11 

which was time domain that exists that were used to 12 

benchmark TRACG ATWS analyses and instability 13 

analyses.  I think some of them are identified in the 14 

SCR, if you go through them. 15 

  MEMBER ABDEL-KHALIK:  Okay.  It would just 16 

seem appropriate that, you know, if data are 17 

available, you might as well use it. 18 

  MR. HUDSON:  Yes.  Thank you for that. 19 

  I have heard of Leibstadt being -- there 20 

were measured field cycle data from that plant.  I 21 

didn't know about -- 22 

  CHAIR BANERJEE:  Yes, I don't know what 23 

the details are.  So Zeyna needs to give you the SCR 24 

or something. 25 
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  MS. ABDULLAHI:  Yes, I will provide, if 1 

you need, what these benchmarkings were. 2 

  MR. HUDSON:  Sure.  Thank you. 3 

  This is some work that is ongoing at Oak 4 

Ridge.  They are looking at the decay ratios for in-5 

phase and out-of-phase.  I mean, ideally, the decay 6 

ratio, you want to be on the line at 45 degrees.  So, 7 

within the measured uncertainty, you can see you are 8 

inside kind of in the band for the most part.  I think 9 

there were nine points taken.  And the abscissa, the 10 

y, you can see the TRACE decay ratio versus the 11 

benchmark decay ratio. 12 

  MEMBER ABDEL-KHALIK:  But does that tell 13 

you that TRACE decay ratios are generally non-14 

conservative? 15 

  MR. HUDSON:  There is a bias, based on my 16 

reading, that they haven't explained.  I think it is 17 

the case of a lot of time domain codes, that there's a 18 

bias lower than that 45-degree line. 19 

  CHAIR BANERJEE:  Is it because of 20 

numerical diffusion or -- I mean, there is a numerical 21 

damping that occurs, right? 22 

  MR. HUDSON:  Yes. 23 

  CHAIR BANERJEE:  In any finite difference 24 

code? 25 
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  CONSULTANT WALLIS:  That red point on the 1 

right there, I mean the experiment is teetering on the 2 

edge of being unstable, but TRACE is predicting .8, 3 

which is quite a big difference. 4 

  MR. HUDSON:  Right.  Yes, I don't have a 5 

good explanation for that point. 6 

  MR. STAUDENMEIER:  Actually, that looks 7 

like the out-of-phase decay ratio, and I think these 8 

are the in-phase results here, from my memory of this 9 

paper. 10 

  There is actually a paper that was -- 11 

  CONSULTANT WALLIS:  But you can't plot 12 

out-of-phase against in-phase.  TRACE must be 13 

predicting out-of-phase. 14 

  MR. STAUDENMEIER:  Because my recollection 15 

is, when we did the out-of-phase, TRACE was predicting 16 

something about .95, and the test was right around 1. 17 

 I don't remember it being off that much. 18 

  MEMBER ABDEL-KHALIK:  I don't think we can 19 

go by your recollection.  We go by what's presented 20 

here.  And what's presented here shows that TRACE 21 

predictions are non-conservative, and that's the 22 

question. 23 

  CHAIR BANERJEE:  I mean maybe you can 24 

correct it, if it is in error. 25 



 

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

 207 

  MR. STAUDENMEIER:  Yes, I think we need to 1 

go back and look and see how these plot runs were run 2 

because, yes, it just looks different than what I am 3 

remembering when we did the original runs. 4 

  CHAIR BANERJEE:  You would expect some 5 

damping from any -- 6 

  MR. STAUDENMEIER:  Yes, and the effect of 7 

damping was characterized in terms of time-step sizes 8 

and numerical diffusion in that paper. 9 

  CHAIR BANERJEE:  Right.  Okay.  If 10 

necessary, correct the record. 11 

  MR. HUDSON:  Yes.  This is ongoing work 12 

that is done at Oak Ridge. 13 

  CHAIR BANERJEE:  Yes. 14 

  MR. HUDSON:  And I think outline point is 15 

.9 from the test. 16 

  CHAIR BANERJEE:  Okay. 17 

  MEMBER ABDEL-KHALIK:  I mean, except for 18 

one case, the decay ratio predicted by TRACE is less 19 

than the actual decay ratio. 20 

  MR. HUDSON:  Based on my reading, there is 21 

a bias for time domain codes to be lower than that 22 

line.  I don't think, now to conjecture, I don't think 23 

it is just a TRACE/PARCS problems.  I think several 24 

codes have seen this. 25 
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  CHAIR BANERJEE:  Does TRACG show the same 1 

behavior? 2 

  MEMBER ABDEL-KHALIK:  Not that I know of. 3 

  CHAIR BANERJEE:  Where has our expert 4 

Zeyna gone?  She has vanished.  All right, we'll get 5 

her later. 6 

  Let's go. 7 

  MR. HUDSON:  This is the Oskarshamn 8 

stability event.  Basically, there was a loss of power 9 

for a few milliseconds, and there was a dumping of 10 

steam and the turbine tripped, and there was no signal 11 

to the reactor to cut the power in a scram.  So the 12 

reactor was still at power.  And because of that 13 

event, the steam was dumped in the secondary and the 14 

feedwater heaters were cut out.  So the water entering 15 

the core was decreased, and there was a positive 16 

reactivity feedback because of the incoming water. 17 

  So the water is coming into the core.  18 

There was a pump rundown, and that is what you see in 19 

steps 7, 8, and 9.  There were basically three pump 20 

rundowns, but the water still was coming in that had 21 

more of a drastic subcooling. 22 

  So, there was a possible scram and there 23 

was still a decrease in feedwater coming into the 24 

core, positive reactivity, and because of the low-25 



 

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

 209 

flow/high-power conditions, you have a stability event 1 

that was greater than 1. 2 

  And you can see they are just getting 3 

started with this work, but you can see, at the top, 4 

you can see the plot of RAMONA, which was done a few 5 

years ago, versus the plant data.  And basically, it 6 

looks like the TRACE/PARCS and the RAMONA can 7 

approximate the pressure, the power oscillation pretty 8 

closely. 9 

  Now there's a problem at least 10 

characterizing the end of the subcooling for this 11 

problem.  They are in the process of formalizing a 12 

benchmark that they can agree on next January, where 13 

they are going to see if they can publish the cross-14 

sections and nail down the benchmark specifications.  15 

  I think part of the benchmark, at least 16 

for the test, this will be blind.  And I didn't 17 

mention this event was going to blind.  There were 18 

three tests before and three tests afterwards, and I 19 

think some of the tests will be not blind, but open. 20 

  Joe, I think he mentioned this is a half-21 

core symmetry.  So, the four bundles and 222 core 22 

channels.  CASMO cross-sections, those are available 23 

from the plant.  So you get everything you need to go 24 

to set the benchmark. 25 
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  Here are some preliminary TRACE/PARCS-to-1 

code results for Oskarshamn.  This is the converse 2 

steady-state.  And you see TRACE can simulate at least 3 

the void fraction in terms of height.  They follow 4 

each other.  The bundle, the axial power profile, they 5 

are pretty close, and the temperature, I can't explain 6 

the higher peaking in TRACE towards the bottom.  But 7 

these are preliminary results once again. 8 

  MR. STAUDENMEIER:  I was going to say one 9 

comment on the RAMONA results.  They weren't able to 10 

actually calculate the power like that when they had 11 

the right feedwater boundary conditions.  They had to 12 

change the feedwater boundary conditions to force it 13 

into an instability; whereas, TRACE/PARCS calculated 14 

it with the actual feedwater boundary conditions.  So 15 

it is the only code that has been able to do that so 16 

far. 17 

  MR. HUDSON:  Yes.  I think they had to 18 

make it constant, right? 19 

  MR. STAUDENMEIER:  Right. 20 

  MR. HUDSON:  Yes.  In addition to the 21 

documentation, you have user theory manuals for PARCS. 22 

 We want to do best practices.  Basically, you know, 23 

if you are a very experienced nuclear engineer, you 24 

can develop the cross-section libraries, the number of 25 



 

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

 211 

void histories, the interpolation points you want to 1 

do for your cross-sections. 2 

  You basically have to tailor that towards 3 

your transients.  So, they are in the process of 4 

developing some best practices to kind of formalize 5 

how dense to make your cross-section matrix for a BWR 6 

ATWS or a turbine trip or main steam line break. 7 

  They are doing the same thing for GenPMAXS 8 

and PARCS, and they are also coming up a few times, I 9 

mean once this year and once next year for training, 10 

to coordinate with TRACE and SCALE training. 11 

  I'm supporting them to take part in the 12 

UAM benchmark.  Basically, there's several exercises 13 

that are part of this benchmark.  Exercise I, which is 14 

not listed here, is the lattice physics.  Exercise II, 15 

core physics. 16 

  They are taking part in a coupled 17 

-- excuse me -- a II-2, which is basically neutron 18 

kinetics, standalone performance.  All of Exercise II 19 

is not coupled to TRACE or RELAP.  Exercise III is the 20 

coupled thermal hydraulics/neutronics part of the 21 

benchmark. 22 

  In addition to this benchmark, you know, 23 

as I mentioned, it is of interest to us to see whether 24 

homogenization errors, point-data errors impact the 25 
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change in power shape and how it affects P clad 1 

temperature.  So, we are in the process of starting 2 

collaborations with GRS and perhaps Oak Ridge, and 3 

Michigan is looking at different methodologies to 4 

incorporate a random-sampling method or perhaps a 5 

perturbation and joint method into PARCS to 6 

characterize, to calculate uncertainty. 7 

  Here are some preliminary methods that 8 

they are floating.  Basically, they are not starting 9 

with the point data.  This is just macroscopic cross-10 

sections, and they have different methods for 11 

perturbing the cross-sections to see how it affects 12 

the eigenvalue in this case.  They haven't gone to the 13 

power. 14 

  Method 1, you perturb the cross-section 15 

along a mean.  I'm sorry I didn't define, but the "A" 16 

is a decomposition of a sensitivity matrix; "N" is the 17 

random variable. 18 

  And in Method 2, a way to calculate the 19 

variance in eigenvalue is you multiply the transpose, 20 

the sensitivity vector, which is not defined here, but 21 

it is basically a vector that is the sensitivity of 22 

the eigenvalue versus macroscopic cross-sections of 23 

interest, which is basically a nine-member vector, 24 

times the covariance matrix, which characterizes the 25 
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covariance of point data, or in this case broad group 1 

data that comes out of SCALE times the sensitivity 2 

vector again.  So they've actually got results for 3 

this, and they are looking at these different methods 4 

for sampling the errors in PARCS. 5 

  Method 3, they are basically brute-force 6 

sampling different cross-section data in PARCS and 7 

feeding it back into PARCS and seeing how it changes 8 

the box powers with perturbed cross-sections. 9 

  And Method 4 is more of a direct method, 10 

where you basically perturb in a positive or negative 11 

direction the amount of the cross-section. 12 

  And finally, as Joe mentioned, there is 13 

some preliminary work for coupling implicitly the 14 

neutronics and the thermal hydraulics fields in 15 

TRACE/PARCS.  It is currently purely explicit.  TRACE 16 

calls PARCS for time-step converged density and 17 

temperature.  PARCS, in turn, returns the power shape. 18 

  And they are looking at several different 19 

methods.  Penn State and Michigan is looking at more 20 

of a Jacobian-free way to calculate the Jacobian 21 

point-by-point. 22 

  CHAIR BANERJEE:  A what?  A Jacobian -- 23 

  MR. HUDSON:  A matrix-free.  Sorry. 24 

  CHAIR BANERJEE:  Is the Jacobian going to 25 
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be calculated algebraically or by perturbation?  Or 1 

how are they doing it? 2 

  MR. HUDSON:  I think they are going to use 3 

a Newton-Raphson method. 4 

  CHAIR BANERJEE:  No, the Newton-Raphson, 5 

but for the Newton-Raphson you need the Jacobian. 6 

  MR. HUDSON:  Yes. 7 

  CHAIR BANERJEE:  So how are they going to 8 

calculate the Jacobian? 9 

  MR. HUDSON:  Algebraically. 10 

  CHAIR BANERJEE:  Algebraically? 11 

  MR. HUDSON:  Yes. 12 

  CHAIR BANERJEE:  So they are using some 13 

program like Mathematica or something? 14 

  MR. HUDSON:  Well, they haven't started.  15 

Actually, they wrote up a proposal for how they are 16 

going to do it, documentation for how they would do 17 

it, if they did it start it. 18 

  CHAIR BANERJEE:  Because the problem is, 19 

if you don't calculate it algebraically, then it can 20 

be quite a lot of work to do it, especially in 3D, you 21 

know. 22 

  MR. HUDSON:  If you do it numerically -- 23 

  CHAIR BANERJEE:  Yes, you can do it 24 

numerically by perturbation, but it is very expensive. 25 
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  Okay, anyway, it will be interesting.  You 1 

have brought a proposal.  I'm sure they guys know what 2 

they are doing. 3 

  MR. HUDSON:  That's it.  Any questions? 4 

  CHAIR BANERJEE:  How important is this 5 

implicit coupling?  Is it mainly for ATWS?  Or is it 6 

also necessary for stability calculations? 7 

  MR. HUDSON:  I mean it would help us to 8 

shorten the time-step so that -- I mean there are 9 

applications where you might want to have a very small 10 

time-step if you have an oscillation in the core.  So, 11 

to conjecture why this would be important, you would 12 

always want to speed up the code.  If this method 13 

works, this is a way to do it. 14 

  CHAIR BANERJEE:  Yes.  Well, okay.  It 15 

seems it is a lot of work to calculate implicitly, but 16 

you have thought through the same issues that I 17 

brought up, whether to analyze on a large-scale using 18 

almost exclusive versus implicit?  You know, the world 19 

is going parallel, and implicit is hard to 20 

parallelize.  But you haven't let this contract yet or 21 

are you considering it? 22 

  MR. HUDSON:  It's started. 23 

  CHAIR BANERJEE:  It's started? 24 

  MR. HUDSON:  Yes. 25 
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  CHAIR BANERJEE:  All right. 1 

  MEMBER ABDEL-KHALIK:  Just for your 2 

reference, some of the events are the 1988 LaSalle 3 

instability event, the leach-type tests.  There is a 4 

KRBC test, Confrenta's instability event, Laguna Verde 5 

instability event, Nine Mile Point, Unit 2, 6 

instability event.  There are a lot of data that you 7 

can use to validate this code. 8 

  MR. HUDSON:  Thank you. 9 

  CHAIR BANERJEE:  Okay.  Thanks a lot. 10 

  Let's move on. 11 

  Do we have any other questions for Nate? 12 

  (No response.) 13 

  Otherwise, I guess it will be Chester. 14 

  Are you going to talk to us about SNAP? 15 

  MR. GINGRICH:  Yes. 16 

  CHAIR BANERJEE:  Let's go through this 17 

fairly quickly. 18 

  MR. GINGRICH:  I'll save you some of the 19 

details, since I'm not real comfortable with some of 20 

them anyway. 21 

  (Laughter.) 22 

  CHAIR BANERJEE:  We are a little behind 23 

time. 24 

  MR. GINGRICH:  All right.  I don't want 25 
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that view.  I want the slideshow.  There we are. 1 

  Hello.  My name is Chester Gingrich.  I'm 2 

the NRC's SNAP Project Manager. 3 

  If I can page down here, let me give you a 4 

quick overview of what we have done and what we are 5 

planning on doing, and then show you some of the 6 

details here. 7 

  What we have done, well, staff continues, 8 

development continues to focus on simplifying and 9 

improving the user interface for TRACE.  SNAP, as you 10 

know, it is kind of like the icing, and really, in 11 

this case, it holds a lot of the cake together.  We 12 

have a lot of layers on this cake.  TRACE is one of 13 

the layers, but we do work with MELCOR and all kinds 14 

of codes, PARCS. 15 

  SNAP current and planned development is 16 

providing a framework for uncertainty analysis, which 17 

we will get into in a little bit more detail later on. 18 

 I like to emphasize it is just the framework.  I'm 19 

not advocating any particular methodology as of yet.  20 

We do have a reference implementation which I shall 21 

discuss a little later. 22 

  Implementing the uncertainty capabilities 23 

required updating our job execution environment.  We 24 

needed to have a way of executing a large number, a 25 
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potentially large number of batch jobs.  So we really 1 

needed to address how we were going to submit all 2 

these jobs and gather all the data from them. 3 

  So what we came up with was a replacement 4 

for our job execution environment.  We call it our 5 

job-stream functionality.  It addresses job submission 6 

to high-performance competing resources, such as 7 

clusters, cloud computers, whatever you have 8 

available. 9 

  One of the things I am not going to be 10 

touching much on is the engineering template because 11 

at this point we really don't have even a beta for it 12 

ready yet.  We do have beta versions of the 13 

uncertainty and the job-stream functionality. 14 

  I was going to give a demo today, but 15 

common sense won out.  So I am just going to go 16 

through these real quick. 17 

  Some of the 2D drawing improvements are 18 

shown here.  We have tried to mimic, the drawing tools 19 

that we have added, we have tried to mimic popular 20 

paint products, such as PhotoShop or Paint Shop, 21 

whatever you are used to using. 22 

  We have added pattern fills, curved 23 

segments, different types of line forms, and we have 24 

added a feature for layers.  Layers is nice because 25 
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this allows you to put, for instance, you could put 1 

all of your primary coolant system components on one 2 

layer, hide that layer, put all your secondary 3 

components on another layer, and it really helps when 4 

you are trying to clarify what you are looking at and 5 

debug in your model. 6 

  As you can see, let's see, it would be on 7 

your left here, is the old-style drawing format, which 8 

is basically cell volume connected with lines.  And on 9 

the right here, this is an actual input model, and 10 

it's a lot easier, a lot more conceptually related to 11 

the model you are working on. 12 

  We have had the user-defined numerics 13 

before.  User-defined numerics allows you to associate 14 

a variable with any component or component property 15 

inside of your model.  So, like if you have a 16 

particular velocity you want to use in an initial 17 

condition, you can associate that, instead, with a 18 

user-defined numeric variable.  Then, you could have a 19 

script interact with that variable and change it. 20 

  This is how we accomplish our parametric 21 

studies in SNAP.  You just have a script that changes 22 

that variable, exports a TRACE model, goes back, 23 

changes that variable, exports a TRACE model.  And you 24 

just keep doing that over your entire batch, and you 25 
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can do many of these calculations and you can vary 1 

many parameters at one time.  That is how you would do 2 

a parametric study with SNAP. 3 

  We have built-in script support for the 4 

Python scripting language, but we also support MathCAD 5 

and MATLAB scripts. 6 

  This is also something that has been 7 

around a little while now, the electronic model 8 

notebook.  This is handy for reviewers, anyone who is 9 

having to review a submittal, a license submittal.  10 

They can keep track of where their values for the 11 

properties came from, where their initial additions 12 

came from.  They can put the reference right in right 13 

next to the value.  Then, when they export this model 14 

notebook, they will have a reference.  It is a way of 15 

doing quality assurance of your model. 16 

  And the nice thing about this model 17 

notebook is it can be exported in an open-office 18 

format, which is importable.  You can import it right 19 

into Microsoft Word or any other number of software 20 

systems. 21 

  Due to the work we have been doing with 22 

the MELCOR code, MELCOR has come out with a Version 23 

2.1, which has a number of modeling improvements, and 24 

it also has a different input file structure.  But 25 
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they have also been wanting to do more simulator-like 1 

capabilities.  So we have put a lot of work into 2 

adding these new animation components.  And you can 3 

just read these off of the slide. 4 

  These are very nice, though, and the nice 5 

thing to point out is that, whenever SNAP adds an 6 

animation component like this, it is shared by all of 7 

the codes that SNAP supports.  So TRACE, for instance, 8 

could take any of these, like the linear dial or the 9 

control rod animation component, and use it directly. 10 

  MEMBER ABDEL-KHALIK:  What do you mean by 11 

animating a BWR power flow map? 12 

  MR. GINGRICH:  This, unfortunately, is not 13 

something I'm real familiar with, but we would take 14 

whatever the code outputs and feed it into this 15 

animation component.  And what this one particular 16 

shows, you can see where your system state is on this 17 

diagram with this red dot. 18 

  MEMBER ABDEL-KHALIK:  Okay. 19 

  MR. GINGRICH:  And it trails.  It shows 20 

you the way it's moving.  And you are trying to stay 21 

out of this -- I do know this much -- you are trying 22 

to stay out of this area here in the BWR. 23 

  Now what you are actually pulling from the 24 

code to determine that point is, I am not familiar 25 
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with that.  I don't know. 1 

  MEMBER ABDEL-KHALIK:  Okay. 2 

  MR. GINGRICH:  Okay.  Now I am going to 3 

talk a little bit about the new functionality.  We 4 

have made, or we are going to make, planning to make, 5 

some pretty significant changes.  So, what we are 6 

going to do is, once we have all these changes 7 

implemented, we are going to call the next version of 8 

SNAP Version 2.  Right now we are stuck at Version 9 

1.26.  We are not stuck, but we are at Version 1.26, 10 

and we are going to jump all the way up to 2 because 11 

the execution framework that we have put in place, or 12 

will be putting in place, is considerably significant. 13 

  As I have mentioned earlier, the job 14 

stream is our new execution environment, but it also 15 

has a manifestation, a visual manifestation that is 16 

very nice for the user, in that you can see it here on 17 

the screen.  You can develop a number of steps that 18 

you can build your own execution, your own analytical 19 

workflow and save it. 20 

  Currently, we support several different 21 

types of job streams.  We have our interactive stream, 22 

which is what you would be using if you were 23 

developing an animation or simulation for viewing 24 

actually on the screen as you are running it. 25 
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  We also have a parametric screen, which 1 

will let you take -- you can run TRACE to a steady-2 

state, and then, what we typically do is we will have 3 

a number of transients that you want to run with 4 

different parameters.  This is how you would use the 5 

parametric stream.  At that point, we could read, set 6 

up and read a set of variables from a file or from the 7 

terminal, and substitute them into this transient 8 

restart deck, and then you could basically fan out any 9 

number of parametric runs off that steady-state. 10 

  And, of course, the third type is the 11 

uncertainty stream, and I am coming to that, but that 12 

is a new stream as well.  Well, all these are new. 13 

  But once these streams are defined, you 14 

can go back and run them any number of times.  You 15 

don't have to keep redefining the stream.  It is 16 

there.  It is basically a graphical way of 17 

constructing a job sequence or job runs. 18 

  A model can contain one or more job stream 19 

definitions, and that's no problem there.  Parametric 20 

support through numerics, parametric fan-out and fan-21 

in.  Okay. 22 

  Job stream steps, I'm not going to read 23 

all these, but they are here.  We can add to these 24 

steps.  You can do initial condition retrieval, 25 
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renodalization.  Any parameter can be changed.  Of 1 

course, you have a step to start running the code.  2 

You have a step to post-process the output from the 3 

code, such as plot generation or data extraction. 4 

  Now one of the neat things we could do is 5 

take data from the execution of one TRACE run, 6 

manipulate it, and then send it to another TRACE run. 7 

 That is very powerful.  Especially if you put it into 8 

a fixed stream like this, we can actually have 9 

conditional logic to actually possibly divert from one 10 

sequence to another, depending on the output of a 11 

previous run of TRACE. 12 

  We have two portions.  Now the job stream, 13 

I haven't gone over the actual structure of how this 14 

works yet.  I believe it's on -- no, it's not there 15 

yet.  I will talk about it a little bit later. 16 

  The bottom line is that there is a local 17 

portion of the job stream that runs alongside the 18 

model, and there's a version that runs on either a 19 

remote server, your cluster perhaps, or just on 20 

another machine or on your own local desktop.  So this 21 

will work on a single PC or will run on a distributed 22 

network.  Okay? 23 

  This is just saying the job streams are 24 

extensible.  Just because we don't support it now, it 25 
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is very easy to support later.  Not support; it is 1 

very easy to extend.  We can add new steps by simply 2 

adding JAR files.  A JAR file is a Java archive.  3 

Always part of the SNAP goal was to maintain our 4 

ability to expand and not break stuff in the future. 5 

  Right now, in terms of the cluster 6 

support, we support Torque/Maui, if you are familiar 7 

with the nomenclature.  Torque/Maui is basically 8 

improvements on the open PBS, Portable Batch Queuing 9 

Systems, which have been around for a long time, very 10 

popular.  But we can add different supports for 11 

different systems. 12 

  File selection and access, right now, we 13 

support direct file reading through the basic file 14 

system on your computer, but there's nothing saying we 15 

can't support document management systems such as at 16 

the agency we have ADAMS.  We could actually go into 17 

ADAMS, grab documents, process them, grab parameters 18 

out of them, and use those to feed our calculations. 19 

  I should stop at this point and mention 20 

that one of the reasons it can do some of this stuff 21 

is SNAP was actually co-developed with naval reactors. 22 

 Bettis and Capell actually put a lot of work into, a 23 

lot of money into the job stream development, and it 24 

was their idea to be able to go into the document 25 
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management streams.  So they deserve a lot of the 1 

credit for this idea. 2 

  Here we see a job stream overview 3 

schematic.  I am not going to go into the details, but 4 

notice that we have got a section here that we are 5 

talking about.  This is the model editor.  This is 6 

what you would see on your screen.  It talks remotely 7 

to the Torque, your cluster software, and then all 8 

this information is sent to the execution wrapper on 9 

each node in the cluster. 10 

  This is handled by a stream manager.  So 11 

the stream manager is kind of marshaling all of this 12 

information on the remote side, telling everything how 13 

and where to write its data to and read it from, and 14 

then communicating back with the main model editor. 15 

  Don't strain over that.  It will probably 16 

change.  It's probably changed by the time we are 17 

finished talking about this. 18 

  Engineering templates, I will give you the 19 

lowdown on these.  They could be used as models of 20 

models.  An engineering template is a special model in 21 

which you can place -- for instance, you could have -- 22 

what we are using this for or proposing to use it for 23 

in the NGNP evaluation model is to be able to place 24 

multiple code models inside of an engineering template 25 
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to perform the entire evaluation model analysis.  So 1 

you can put a TRACE model in here.  You could put a 2 

PARCS model in here.  What other stuff do we use?  3 

Other codes that we have to intercommunicate.  SNAP 4 

can pretty much control and guide the communications 5 

and control the executions of these codes as they are 6 

running. 7 

  This is a great way of basically -- it's 8 

very easy when you are doing this analysis to get 9 

lost, very easy to misplace your files, translate a 10 

file wrong, misread an output.  This gives you a way 11 

of codifying your actual analysis. 12 

  Okay.  And last, but not least, is our 13 

uncertainty analysis.  This is a stream type built on 14 

top of the job stream API, Application Interface. 15 

  What we have done here is we have used a 16 

code called DAKOTA.  This is -- I don't know what you 17 

would call it actually.  We stole this code from 18 

Sandia.  We didn't steal it; we borrowed it literally. 19 

  It has the capability of doing Monte Carlo 20 

sampling, Latin Hypercube sampling.  It is made to be 21 

used for -- well, they have a lot of purposes for it. 22 

 Here's the background for DAKOTA.  You can just go to 23 

Sandia National Laboratories.  They have a website on 24 

how this works. 25 
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  But they use it for sensitivity analysis, 1 

uncertainty analysis, optimization problems.  As I say 2 

here, it is an open-source model.  It has over 4,000 3 

registrations spanning the government, industry, and 4 

academia.  There are a fair number of journal articles 5 

that use this. 6 

  We are actually only looking at the 7 

uncertainty quantification features of it.  Like I 8 

said, it has the capability of doing Monte Carlo 9 

sampling and Latin Hypercube sampling.  The random 10 

variates that we obtain from there can be applied as a 11 

factor or as an additive value inside of our reference 12 

implementation. 13 

  Currently, however, and you were talking 14 

about this earlier, SNAP is only, with regard to 15 

TRACE, SNAP can only affect or do uncertainty analysis 16 

on variables that we can define a numeric for, which 17 

means input variables only.  We can't go in and modify 18 

a correlation coefficient or a model value parameter. 19 

Development of something like that is going to need 20 

some kind of interface to be developed in TRACE to 21 

give us access to those parameters. 22 

  Okay.  That's enough of that one.  We have 23 

already talked about that. 24 

  This is actually how, it shows the 25 
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schematic of how DAKOTA is used inside of SNAP.  What 1 

SNAP does is that we give you a user interface that 2 

lets you define which variables you want to check the 3 

uncertainty of in your input scheme, input model.  4 

Then you define the ranges.  You can define the 5 

distributions. 6 

  And DAKOTA, then, takes that information, 7 

generates your random variates.  DAKOTA, then, is run 8 

in this pre-run mode.  It generates the random 9 

variates. 10 

  SNAP, then, takes those values, jams it 11 

back in the model, exports the TRACE model, pushes 12 

that over to our server-side submitted stream, which 13 

might be just a job running on your local machine, and 14 

then submits all these jobs, basically, what we call 15 

parametric fan-out.  The solver here is just TRACE.  16 

TRACE runs, produces the output. 17 

  We have what we call an AptPlot extract 18 

step here.  This is just extracting the output from 19 

TRACE, whatever output variable you are looking to 20 

get, maybe your peak cladding temperature or 21 

something.  22 

  Hands it back into this DAKOTA step, and 23 

that is broken down here.  DAKOTA, then, puts all this 24 

back together, does post-run statistics, builds your 25 
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response functions, whatever you ask it to do.  And 1 

then, SNAP takes that output and generates a report.  2 

That is how we do it. 3 

  Things that are still open issues:  as we 4 

were saying earlier, we need some way of presenting a 5 

user with what variables do you want to modify.  As 6 

Steve was saying, we have had this PIRT and we have 7 

identified what high-ranking phenomenon need to be 8 

considered during different plant and accidents types. 9 

 But we still need to go a little step further and 10 

say, well, what are the critical parameters and what 11 

type of scenario and plant are you looking to do this 12 

for? 13 

  SNAP can, then, come with a default set, 14 

for instance, of ranges and distributions.  A user 15 

could maybe override that default set or the 16 

distributions.  There's a lot of fine details left 17 

here.  And because of all these fine details left, we 18 

are proposing that SNAP2 will probably come out next 19 

spring, even though we have beta versions of this 20 

software right now. 21 

  CHAIR BANERJEE:  But this will go right 22 

into the code and change? 23 

  MR. GINGRICH:  Yes.  Yes.  SNAP will 24 

gather and process all the stuff through DAKOTA. 25 
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  So I know it was a lot and I did a 1 

whirlwind tour, but -- 2 

  CHAIR BANERJEE:  No, that's good.  We have 3 

a current idea. 4 

  MR. GINGRICH:  Yes, and I really want to 5 

emphasize, though, as Steve was saying, we are still 6 

kind of learning what we want to do with our 7 

uncertainty methodologies.  So this is only a 8 

reference implementation.  If we change our mind, we 9 

have the framework to take it and go somewhere else 10 

with it. 11 

  CONSULTANT KRESS:  This is not the 59-12 

sample thing?  It's, through the Monte Carlo, you are 13 

going to do thousands and thousands of samples? 14 

  MR. GINGRICH:  We could.  There's no 15 

reason you couldn't use the Wilkes formula and 16 

calculate how many -- 17 

  CONSULTANT KRESS:  I thought DAKOTA had 18 

the modified random -- 19 

  MR. GINGRICH:  Well, it basically has its 20 

own input deck, and we can -- 21 

  CONSULTANT KRESS:  You can fix that? 22 

  MR. GINGRICH:  Yes. 23 

  CONSULTANT KRESS:  Okay. 24 

  MR. GINGRICH:  Yes. 25 
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  MEMBER CORRADINI:  Can I ask a question? 1 

  CHAIR BANERJEE:  Sure. 2 

  MEMBER CORRADINI:  So I guess I want to 3 

understand, SNAP you said is co-developed with naval 4 

reactors? 5 

  MR. GINGRICH:  Yes. 6 

  MEMBER CORRADINI:  And what you are 7 

describing is customizing what, for use with TRACE or 8 

essentially using it with a whole range of potential 9 

software tools? 10 

  MR. GINGRICH:  A whole range. 11 

  MEMBER CORRADINI:  So, the reason you 12 

present it here is just to indicate that TRACE can be 13 

used within its context? 14 

  MR. GINGRICH:  Right. 15 

  MEMBER CORRADINI:  And just what is the 16 

level of effort that is going into this?  Since you 17 

called it a framework, I guess I want to understand 18 

what that means.  I don't care about money; I just 19 

care about approximate person-years. 20 

  (Laughter.) 21 

  MR. GINGRICH:  Oh, well, as I was saying, 22 

this is actually -- we have a beta of this out 23 

already, and we are running it.  It wasn't person-24 

years; it was more like maybe four staff-months. 25 
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  MEMBER CORRADINI:  Four staff-months? 1 

  MR. GINGRICH:  Yes. 2 

  MEMBER CORRADINI:  Okay.  And then, one 3 

last thing.  Since this framework can be used, in 4 

theory, one could use MELCOR in this framework? 5 

  MR. GINGRICH:  Exactly.  As a matter of 6 

fact, I was referencing the NGNP PEM, the Next 7 

Generation Nuclear Plant, I guess, Evaluation Model. 8 

  I am sitting in with those people, those 9 

groups.  They are also part of our Division, and they 10 

are actively looking at using MELCOR in this. 11 

  MEMBER CORRADINI:  So two other questions. 12 

 One is, so they are, in theory, developing a 13 

framework with this new hub.  Are you familiar with 14 

the framework they are doing in comparison with what 15 

you are doing? 16 

  MR. GINGRICH:  Explain. 17 

  MEMBER REMPE:  The DOE. 18 

  MEMBER CORRADINI:  Oak Ridge is running a 19 

hub for DOE where -- 20 

  MR. GINGRICH:  Right. 21 

  MEMBER CORRADINI:  -- unless I'm off-base, 22 

they are doing a database framework very similar to 23 

what you are talking about here, maybe a little more 24 

sophisticated, but not much more -- 25 
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  MR. GINGRICH:  Right. 1 

  MEMBER CORRADINI:  -- because you've got 2 

to move information between various tools. 3 

  MR. GINGRICH:  In fact, somebody just made 4 

me aware of that a couple of weeks ago, and I never 5 

was able to go and look at it in great detail. 6 

  MEMBER CORRADINI:  You might be able to 7 

save them a whole bunch of money. 8 

  MR. GINGRICH:  Oak Ridge is aware of SNAP, 9 

though. 10 

  MEMBER CORRADINI:  Well, all right.  So 11 

that was one question. 12 

  The other part of the question is, many of 13 

these tools don't work flawlessly.  And when you go 14 

into the middle of doing an uncertainty analysis with 15 

DAKOTA, at least when my students used DAKOTA, it 16 

fails, the tool might fail. 17 

  MR. GINGRICH:  Right. 18 

  MEMBER CORRADINI:  So what's the logic 19 

here about how you determine when there's a failed run 20 

versus, essentially, one that works versus one that is 21 

unphysical? 22 

  MR. GINGRICH:  That's the last bullet on 23 

slide 19.  Well, it's the last slide because we need 24 

to add that. 25 
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  MEMBER CORRADINI:  I mean maybe I am just 1 

being the only one that the computer doesn't work, but 2 

every time I try to use these things, the computer 3 

doesn't work. 4 

  (Laughter.) 5 

  So it is doing 600 calculations to 6 

determine an uncertainty about a key dependent 7 

variable.  I come to find out that maybe 50 of them 8 

didn't work exactly where I care about the information 9 

because the physics starts breaking down. 10 

  MR. GINGRICH:  Yes, you're absolutely 11 

right.  I wrote a reference, I wrote my own prototype 12 

of this about a year ago, almost to the month.  What I 13 

did was I just checked to make sure that the TRACE run 14 

completed because TRACE marks a run complete versus 15 

failed.  And when they completed, I simply said, okay, 16 

that is a successful run; we'll sample from that. 17 

  MEMBER CORRADINI:  Well, okay.  So I won't 18 

waste the Committee's time. 19 

  The only other thing that my students and 20 

I have found is you go back to old-fashioned 21 

statistics where you can use a box Benkin or some sort 22 

of simple test -- 23 

  MR. GINGRICH:  Right. 24 

  MEMBER CORRADINI:  -- and do the outsides 25 
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of your sensitivity analysis by hand to make sure you 1 

don't fail when the parameters are fairly extreme.  2 

Then, normally, everything in the middle tends to work 3 

all right. 4 

  But I guess I'm concerned about that 5 

because, once you go into production running, you can 6 

get a lot of garbage, with all due respect, garbage 7 

that flows through these things without knowing you 8 

get it. 9 

  MR. GINGRICH:  You're absolutely right.  10 

Yes, that is a good idea about what you said about 11 

catching the outside edges. 12 

  MEMBER CORRADINI:  Okay.  Sorry.  Now I'm 13 

done. 14 

  MR. GINGRICH:  That's good.  Thank you. 15 

  Any other questions? 16 

  CHAIR BANERJEE:  Okay.  Any other 17 

questions? 18 

  (No response.) 19 

  If not, thank you very much, Chester. 20 

  MR. GINGRICH:  Thank you. 21 

  CHAIR BANERJEE:  And I think now we have 22 

time for Steve Bajorek.  We are only running one hour 23 

late.  So I think, in the end, we probably live with 24 

that hour, Steve, or we try to make it half an hour. 25 
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  MR. BAJOREK:  Okay.  I'm going to try to 1 

help this out. 2 

  CHAIR BANERJEE:  All right. 3 

  MR. BAJOREK:  Because I think this one 4 

might go a little bit less than the allotted time.  5 

However, I thought that on the first one as well. 6 

  (Laughter.) 7 

  CHAIR BANERJEE:  We want to make sure we 8 

give our visitors from distant lands and places enough 9 

time. 10 

  MR. BAJOREK:  Okay.  Well, what I will do, 11 

then, is I am going to jump over a couple of parts 12 

because I think you are going to see it more in detail 13 

in a couple of the other presentations coming up. 14 

  What I want to do in the next few minutes 15 

is to introduce some of what I will call our 16 

experimental and support programs.  In one way, a code 17 

like TRACE is only valid within a certain boundary, 18 

and you have to assess it within that boundary.  Once 19 

you start to go out, either the range of correlation, 20 

the range of conditions exceed your original 21 

assessment base or you start to add features to the 22 

transient that change its nature; you need to extend 23 

your assessment. 24 

  That's what we use our experimental 25 
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programs for.  That's what we use our involvement in 1 

other code assessment activities.  So I would like to 2 

go through and introduce some of those. 3 

  Of course, our experimental support is 4 

done through primarily the Thermal-Hydraulics 5 

Institute.  Today we are going to talk about the 6 

interfacial area transport.  We have also done some 7 

work there to look at void distribution in very large-8 

diameter pipes.  That was an issue that was important 9 

for ESBWR.  I don't believe we are going to have 10 

enough time to get into some of that. 11 

  But we would use the Thermal-Hydraulics 12 

Institute to help us with our long-term development 13 

needs and, when the need arises to get data that we 14 

need right away, to go in and very quickly get that. 15 

  Then, we are going to talk about the Rod 16 

Bundle Heat Transfer Project, where it's been and what 17 

we are doing with some of that data right now. 18 

  We are going to talk also about some of 19 

the code assessment activities. 20 

  I would just mention this very quickly.  21 

Professor Seungjin Kim from Penn State is going to 22 

talk about the Rod Bundle Heat Transfer Project. 23 

  We have completed basically four series of 24 

tests, reflood tests, steam-only tests, mixture level-25 
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swell tests, and another series of tests where we 1 

injected droplets below one of the spacer grids in 2 

order to get its impact without trying to isolate that 3 

from the rest of a reflood test. 4 

  We are presently doing some oscillatory 5 

reflood tests, and I wanted to bring that to Dr. 6 

Banerjee's attention because we think in some of those 7 

tests is where we might get some better measurements 8 

on either inverted annular slugs that break up but 9 

don't make it out of the bundle, but also the effects 10 

that you see in an oscillatory reflood which we 11 

observe in all of the gravity reflood tests, but we 12 

don't have any good assessment because there's been a 13 

distinct lack of that in rod bundle geometry. 14 

  I will let Professor Kim address the other 15 

issues with RBHT. 16 

  We will talk about the interfacial area 17 

transport equation development.  Professor Ishii from 18 

Purdue is here today. 19 

  As we mentioned previously, our goal here 20 

is to eliminate the use of these static flow pattern 21 

maps, go to a more mechanistic treatment of flow 22 

pattern description and flow pattern transitions. 23 

  Professor Kim completed a project where he 24 

has done the initial implementation of the interfacial 25 



 

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

 240 

area transport into TRACE.  So we will talk about some 1 

of those results as well. 2 

  CONSULTANT WALLIS:  So, when you put it 3 

in, does this give you another conservation law, so 4 

your whole solution procedure has to consider four 5 

conservation laws instead of three? 6 

  CHAIR BANERJEE:  It is not a conservation 7 

law.  It's another equation. 8 

  MEMBER CORRADINI:  But area is not 9 

conserved, Graham. 10 

  CONSULTANT WALLIS:  But it is written as 11 

though it were.  It is written with an input and 12 

output, and you keep calculating the area. 13 

  MR. BAJOREK:  The area is not -- 14 

  CONSULTANT WALLIS:  It's a variable like 15 

pressure, temperature, velocity, whatever your key 16 

variables are. 17 

  CHAIR BANERJEE:  Let's separate the 18 

question. 19 

  CONSULTANT WALLIS:  Shall we get to that 20 

when we get to it? 21 

  CHAIR BANERJEE:  Yes. 22 

  CONSULTANT WALLIS:  I just wonder how you 23 

put it into TRACE.  That was the question. 24 

  CHAIR BANERJEE:  Yes. 25 
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  CONSULTANT KRESS:  You would have to model 1 

the physics, wouldn't you? 2 

  CHAIR BANERJEE:  Well, I think there are 3 

two separate issues. 4 

  MR. BAJOREK:  Central to that is we put in 5 

an interfacial area transport equation, and in that 6 

equation you will see the various terms represent -- 7 

  CONSULTANT WALLIS:  You don't have to 8 

change the solution procedure and all this, inverting 9 

matrices and stuff?  You don't have to do all that, 10 

redo all of that? 11 

  MR. BAJOREK:  You do have to put that in 12 

there and solve it. 13 

  CONSULTANT WALLIS:  You do, yes.  Okay. 14 

  MR. BAJOREK:  I want to point out some of 15 

our participation in international programs because 16 

this has become a very good way for the staff to 17 

obtain information from large-scale integral test 18 

facilities, data for facilities that we would not have 19 

the resources ourselves to develop and conduct. 20 

  But for a relatively modest commitment to 21 

the project, we are able to get experimental data and 22 

able to use this for TRACE assessment.  And use it in 23 

several different areas, not only our generic-type 24 

assessment that we use, more or less, for conventional 25 
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plants, but you see the international participants 1 

also interested in some of the advanced plants.  So 2 

many of the tests that come out of these do help us 3 

with things like reflux condensation and natural 4 

circulation in a passively-cooled plant. 5 

  I will talk briefly about four of our 6 

projects:  ROSA, PKL, BFBT, a BWR fine-mesh bundle 7 

test, and its equivalent for PWR bundles as well, and 8 

ISP-50, which is the Korean integral test facility I 9 

talked about earlier. 10 

  CHAIR BANERJEE:  Is the data from the 11 

Korean integral test facility available to you? 12 

  MR. BAJOREK:  It is available to us as 13 

participants. 14 

  CHAIR BANERJEE:  So, if we wanted to, 15 

because it has an accumulator similar to the APWR, if 16 

we wanted to do some confirmatory calculations and 17 

check how well our codes do, could we use that 18 

database?  Let's say, if we wanted to use TRACE for 19 

some confirmatory calculations on the APWR, could we 20 

check TRACE out against the Korean data? 21 

  MR. BAJOREK:  At this time, we would be 22 

able to use the ISP-50 information.  That has been 23 

released to us.  That is what Koreans donated -- 24 

  CHAIR BANERJEE:  Is that with the 25 
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accumulator or without? 1 

  MR. BAJOREK:  That I believe does have the 2 

vortex suppression device in there.  It's very -- 3 

  CHAIR BANERJEE:  It's very similar? 4 

  MR. BAJOREK:  I don't want to get into 5 

proprietary information. 6 

  CHAIR BANERJEE:  Yes, but we all know 7 

roughly what it is.  Yes. 8 

  MR. BAJOREK:  But it does have one in 9 

there.  We would have access to that. 10 

  Now our ability to use the rest of that 11 

database would require us to either enter an agreement 12 

with Kerry, who I think is the owner of that data, or 13 

we might be able to request that if one of the Korean 14 

organizations were to submit the APR-1400 for 15 

licensing.  Okay?  If it is strictly for APR, I don't 16 

know if we can -- 17 

  CHAIR BANERJEE:  But what I am saying is, 18 

could you validate TRACE against some of that data? 19 

  MR. BAJOREK:  Only the data that has been 20 

made available to us. 21 

  CHAIR BANERJEE:  Okay. 22 

  MR. BAJOREK:  We have one test right now. 23 

  CHAIR BANERJEE:  Only one test? 24 

  MR. BAJOREK:  ISP-50.  Now there are other 25 
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tests that they have run, but I don't believe we can 1 

just go and cherry-pick that information and say, 2 

"Please let us validate our code to it." 3 

  CHAIR BANERJEE:  And ISP-50 is what sort 4 

of a test? 5 

  MR. BAJOREK:  It is a DVI line break.  The 6 

APR-1400, as Ralph Landry mentioned, is very much like 7 

an uprated System 80+.  The interesting features of 8 

that are it has direct vessel injection for the pump 9 

safety systems.  The accumulators go into the cold 10 

legs.  So it is coming in two different places, a 11 

little bit different than the AP1000 where everything 12 

is through that DVI line break. 13 

  The DVI line break, of course, is very 14 

important for that unit, which is why they choose to 15 

look at this one for the international -- 16 

  CHAIR BANERJEE:  Anyway, I think you have 17 

answered my question.  You have one -- 18 

  MR. BAJOREK:  One at this time. 19 

  CHAIR BANERJEE:  That's all you have? 20 

  MR. BAJOREK:  That's all we have. 21 

  CONSULTANT KRESS:  They use these datasets 22 

as their payment for staying in this international 23 

program?  Is that why they won't release them? 24 

  MR. BAJOREK:  Well, the way these ISPs are 25 
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written up, the host country will donate the data or 1 

use of the facility, and all the other participants 2 

will provide some money.  Okay?  I am not exactly sure 3 

how the formula of that is. 4 

  And in ISP-50 -- we might as well jump to 5 

this one right now -- everyone will do both blind and 6 

open calculations.  So, in this case, the ATWS 7 

facility was to run a DVI line break.  The data was 8 

locked up.  The Koreans ran the test, ensured that the 9 

test was run properly.  The data was kept away.  They 10 

gave the boundary conditions and initial conditions to 11 

everyone, a limited set of data.  Everyone did blind 12 

calculations.  We used TRACE.  Others used RELAP.  I 13 

think CATHARE was in there.  MARS, which is the Korean 14 

code, was used.  ATHLET I think was in on that as 15 

well. 16 

  Everybody compares notes, and you see what 17 

works, perhaps what doesn't work, once they show you 18 

the data. 19 

  CONSULTANT KRESS:  I see.  They wouldn't 20 

want to release the data before all that was done. 21 

  MR. BAJOREK:  And you get the calculations 22 

in. 23 

  CHAIR BANERJEE:  And has that been 24 

completed? 25 
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  MR. BAJOREK:  The open part has been 1 

completed.  Or, I'm sorry, the blind calculations have 2 

been completed.  The open calculations, where the data 3 

has been released and everybody learns a little bit 4 

more -- oh, the reason this changed is they shut off 5 

the power, and we assumed it kept on going, or get a 6 

better understanding of the measurements. 7 

  Now people will refine their models and 8 

are showing basically the best that they can do with 9 

their codes, once they have done some additional work 10 

with it. 11 

  We are participating in that.  We did the 12 

blind calculations. 13 

  CHAIR BANERJEE:  How did the blind 14 

calculations go? 15 

  MR. BAJOREK:  TRACE did a reasonably good 16 

job on that.  It didn't do a perfect job.  If you 17 

compared it to the other codes, I think it did better 18 

than most of them. 19 

  CHAIR BANERJEE:  Better than CATHARE? 20 

  MR. BAJOREK:  I don't remember right 21 

offhand. 22 

  MEMBER ABDEL-KHALIK:  What are you allowed 23 

to do in the open calculations?  Everything and 24 

anything, including tweaking numbers? 25 
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  MR. BAJOREK:  Well, you are allowed to go 1 

back and make changes to your model based on things 2 

that you have learned from the data.  For example, 3 

there may have been measurements where the break flow 4 

I think may have been misunderstood.  It was the total 5 

instead of the two phases.  In some cases, we have 6 

gone back and the delta-P cell that you were comparing 7 

to wasn't the one you should have compared to.  You go 8 

back and you make those changes. 9 

  MEMBER ABDEL-KHALIK:  So it's essentially 10 

correcting the problem definition? 11 

  MR. BAJOREK:  That's what goes into an 12 

awful lot of it. 13 

  MEMBER ABDEL-KHALIK:  You're not allowed 14 

to change anything in the code itself? 15 

  MR. BAJOREK:  I don't know if that is 16 

prohibited.  I don't believe that is prohibited.  So, 17 

if people wanted to go change their code because they 18 

felt they needed a better correlation for something, 19 

that could be done. 20 

  CONSULTANT WALLIS:  You can tweak it. 21 

  CONSULTANT KRESS:  It wouldn't make 22 

sense -- 23 

  CONSULTANT WALLIS:  With enough 24 

tweaking -- 25 
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  CONSULTANT KRESS:  It would make sense not 1 

to, to me, it seems to me like. 2 

  MR. BAJOREK:  It does -- 3 

  MEMBER ABDEL-KHALIK:  You can get any 4 

answer you want, if you are given the liberty to tweak 5 

anything you want. 6 

  CONSULTANT WALLIS:  You can tweak a bubbly 7 

flow model to correlate azimuthal flow, if you have 8 

enough variables. 9 

  CONSULTANT KRESS:  But then they get to, 10 

no doubt, a blind calculation for the next test, 11 

right? 12 

  CHAIR BANERJEE:  Well, but don't they use 13 

correlations for bubbly flow, correlations which will 14 

remain nameless, for void fraction? 15 

  CONSULTANT KRESS:  We know where those 16 

come from. 17 

  MR. BAJOREK:  Clearly, the benefit of the 18 

blind calculation is it really forces you to try your 19 

best right at the start, get the model as accurate as 20 

you can. 21 

  MEMBER ABDEL-KHALIK:  I am just concerned 22 

about the open calculations, making changes beyond the 23 

problem definition. 24 

  MR. BAJOREK:  That can go on.  We don't do 25 
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that with TRACE.  We try to follow our own process 1 

here on how we would model things. 2 

  CHAIR BANERJEE:  Okay.  Let's move on. 3 

  MR. BAJOREK:  Okay.  ROSA, which is the 4 

title, but through the magic of cut and paste, I 5 

started with "PKL" and that's what is in the first 6 

bullet. 7 

  ROSA is the full-height, full-pressure 8 

facility that is a 1:48 power-to-volume scale.  It is 9 

essentially a two-loop integral test facility.  It 10 

represents a four-loop plant, but two loops on each 11 

side were lumped together in the facility itself. 12 

  This is another one where we are doing 13 

blind calculations as part of the test. 14 

  CHAIR BANERJEE:  What do you mean "PKL" 15 

there?  You mean ROSA? 16 

  MR. BAJOREK:  No, I'm sorry, that's cut 17 

and paste from the next slide, actually. 18 

  CHAIR BANERJEE:  Okay. 19 

  MR. BAJOREK:  But the project itself is 20 

designed to produce six tests.  Two of them are 21 

complete at this point, and we have simulated those. 22 

  Now I want to point those out because what 23 

we are trying to do with these test facilities or our 24 

participation, when possible, is to try to push these 25 
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into a direction that we think is important to us. 1 

  We saw 50.46a coming down, and we realized 2 

that we really don't have a lot of information at or 3 

near this transition break size.  So what we asked for 4 

were intermediate-size breaks, 17 percent on the hot 5 

leg, another one on the cold leg, in order to help 6 

fill in the database for which we don't have any 7 

information. 8 

  They are going to run another intermediate 9 

break.  It hasn't been decided at this point whether 10 

they are going to do the hot leg or the cold leg. 11 

  They are also going to do some steam 12 

generator tube ruptures in this one.  So we look 13 

forward to next year or the year before (sic) 14 

participating in this and extending TRACE to start 15 

doing more tube rupture and things that really 16 

exercise the code in a way that we haven't in the 17 

past. 18 

  Our generic database is focused very 19 

heavily on large- and small-break LOCA, but a test or 20 

a series like this now allow us to start moving into 21 

steam generator tube rupture and transients that we 22 

feel there may be a need for in the future. 23 

  PKL is the integral test facility which is 24 

a 1:145 power-to-volume scaling.  This one is a four-25 
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loop.  Each loop is modeled explicitly, which is good 1 

because, as we start to get into some of the 2 

transients, which are small-break in general and you 3 

may have loop-to-loop differences, as in the type of 4 

loop-seal that clears or the number of loop-seals, you 5 

may be able to see it in those tests. 6 

  At this point, they have completed and we 7 

have started simulations for three of the tests, a 8 

main steam line break, a small break with a rapid 9 

cooldown of the steam generator secondary.  Okay.  Of 10 

course, that's important to one of the new and 11 

advanced plants we're looking at.  It helps to enhance 12 

the reflux condensation. 13 

  So we are using those data now in a more 14 

public format to look at something that is important 15 

to one of the new reactors. 16 

  CHAIR BANERJEE:  Now that is a good test. 17 

  MR. BAJOREK:  Yes, yes.  So we are setting 18 

up TRACE to do that. 19 

  Also, they have completed and they are 20 

going to be running or they have run a large break to 21 

get boron precipitation effects in the plant.  We may 22 

run that one soon with TRACE. 23 

  CHAIR BANERJEE:  I think you will find 24 

with both APWR and EPR, so I am not saying which one 25 
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is worse or better, that the refluxing problem will be 1 

significant because, with the power in the APWR going 2 

up and the hot leg size not proportionately -- 3 

  MR. BAJOREK:  Uh-hum, these help in that. 4 

  CHAIR BANERJEE:  But, of course, also the 5 

Dresden tests that you mentioned, Rosendorf. 6 

  MR. BAJOREK:  The BWR fine-mesh bundle 7 

tests and PSBT, this was another cooperative project. 8 

 The interesting thing with this test, it was a full-9 

height bundle.  They ran it at full power, relatively 10 

high flow rates.  They used x-ray and CT scanners at 11 

three different elevations to get a void distribution 12 

across the entire bundle. 13 

  This exercise was fun, in a way, because 14 

you had some participants using CFD; you had some 15 

participants using a sub-channel code.  Others, we 16 

used TRACE for this, looking at more of a lumped-17 

parameter code where you would have to just look at 18 

the average void across the entire facility, or excuse 19 

me, for the test. 20 

  We sort of found that the lumped-parameter 21 

codes didn't do all that much worse than the CFD or 22 

the sub-channel codes in predicting just what that 23 

average void was across the plain which you were 24 

interested in. 25 
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  MEMBER ABDEL-KHALIK:  Is that really 1 

surprising? 2 

  MR. BAJOREK:  If you look at the 3 

literature, you would think that the CFD was going to 4 

be able to get every droplet right.  It didn't in 5 

these.  You know, so when we are trying to just 6 

predict the average void, they really didn't have so 7 

much of an advantage over the lumped-systems code. 8 

  CONSULTANT WALLIS:  So this plot here is 9 

of local voids? 10 

  MR. BAJOREK:  Those are local voids. 11 

  CONSULTANT WALLIS:  Even close to the 12 

bowls and things? 13 

  CHAIR BANERJEE:  No, the lumped-parameter 14 

code just averaged -- 15 

  MEMBER ABDEL-KHALIK:  It just averages 16 

things across the entire -- 17 

  CONSULTANT WALLIS:  Well, the plot here is 18 

for an average? 19 

  MR. BAJOREK:  That's right. 20 

  CONSULTANT WALLIS:  Oh, I thought you 21 

meant it was actually the distribution as well.  22 

That's much more difficult. 23 

  MR. BAJOREK:  Well, three different, but 24 

not the plainer variation across there. 25 



 

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

 254 

  CHAIR BANERJEE:  Was there a lot of 1 

variation across the bundle in the experiments? 2 

  MR. BAJOREK:  If I recall correctly, there 3 

were at some elevations, but not at the exit.  But it 4 

has been a while since I have looked at that. 5 

  CHAIR BANERJEE:  So, all this CT scanning 6 

and x-rays didn't show you huge maldistributions of 7 

material, liquid and steam -- 8 

  MR. BAJOREK:  There were distributions 9 

across there, but when it came to trying to predict 10 

that, those average voids and the change with 11 

elevation, it gave us some additional information by 12 

which we could assess TRACE, and it did not appear to 13 

us that some of the more sophisticated codes were 14 

doing all that much better in either predicting the 15 

axial variation or in capturing where the flow was or 16 

the voids were within the -- 17 

  CHAIR BANERJEE:  So where is this 18 

facility? 19 

  MR. BAJOREK:  This was in Japan.  I think 20 

it was JAEA donated the data.  This was actually, they 21 

actually looked at several different assemblies.  The 22 

BWR had in some cases one or two water rods.  So there 23 

was, I think, six to eight different assemblies 24 

represented in all these data. 25 
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  CONSULTANT WALLIS:  This is all full-1 

pressure and everything? 2 

  MR. BAJOREK:  Full-pressure, yes. 3 

  CONSULTANT KRESS:  It looked like it 4 

covered all the flow regimes in two-phase flow? 5 

  MR. BAJOREK:  It gets up to around a 6 

little bit over 80 percent. 7 

  CONSULTANT KRESS:  Okay, .8, that's not 8 

quite there yet, but -- 9 

  MR. BAJOREK:  That's close to the exit, 10 

and down lower were much lower in void. 11 

  But, anyway, our participation in this 12 

gave us some very high-quality data with measurements 13 

that we would not be able to afford ourselves for that 14 

many assemblies. 15 

  MEMBER REMPE:  Where is PKL also?  Is it 16 

in Switzerland or -- 17 

  MR. BAJOREK:  That's in Germany. 18 

  MEMBER REMPE:  In Germany?  Karlsruhe 19 

or -- 20 

  MR. BAJOREK:  Yes, I think so. 21 

  CONSULTANT KRESS:  What is the model 22 

vessel made of?  Is it steel? 23 

  MR. BAJOREK:  Yes. 24 

  CONSULTANT KRESS:  And you have to correct 25 
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the x-ray for attenuation through the walls of it? 1 

  MR. BAJOREK:  I don't remember. 2 

  CONSULTANT WALLIS:  You must. 3 

  CONSULTANT KRESS:  Yes. 4 

  CONSULTANT WALLIS:  You must. 5 

  MR. BAJOREK:  I don't remember. 6 

  CONSULTANT KRESS:  Well, it looks like the 7 

data is good.  What I am worried about is subtracting 8 

out two large things to get a small one, but it looks 9 

like it worked all right. 10 

  MEMBER CORRADINI:  All of them or -- 11 

  MR. BAJOREK:  I can find that out for you, 12 

but I don't know offhand. 13 

  ISP-50, that's from the international 14 

programs.  We are also continuing our own assessment 15 

internal to the NRC.  At this point, we usually have 16 

our own people do this instead of contractors.  Right 17 

now, we are simulating some of the mist tests in order 18 

to validate the code better for Babcock and Wilcox 19 

plants. 20 

  We have plants to do CCTF for the two-loop 21 

plants where they had upper plenum injection.  We want 22 

to do that.  That is on our schedule.  We may wait for 23 

the droplet field to be activated and used, because 24 

these are tests where you do have films draining down 25 
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simultaneous with the drops going up.  I think that is 1 

one of the reasons why we are interested in pursuing a 2 

droplet field. 3 

  These were very difficult, these plants 4 

are probably very difficult to simulate.  I know that 5 

vendors had submitted two fluid codes back in the 6 

eighties, and those were rejected by NRR, and I 7 

believe this Committee, because they did not have the 8 

sophistication to try to look at these things 9 

simultaneously. 10 

  We are also extending the assessment base 11 

by looking at loop-seal clearance tests.  When we 12 

started to have some questions about a year ago, we 13 

did take one of the plant models and do some 14 

simulations and compare it to correlations that came 15 

out of UPTF.  They had done some loop-seal clearance 16 

tests there, came up with some correlations that gave 17 

you an indication that, depending on your steam flow, 18 

how much mass would be left in the bottom of the loop-19 

seal. 20 

  There's also some test data from IVO, one 21 

of the Finnish facilities.  It is more of a VVER loop-22 

seal that gives us some data there.  We would like to 23 

try to simulate against that, try to get that aspect 24 

of loop-seal clearance correct. 25 
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  CONSULTANT WALLIS:  You get the loop-seal 1 

filling up again.  It seems to me in some of these 2 

long-term cooling situations, if you had unsteady 3 

flow, there's a slug of water down there, and you can 4 

block the loop-seal again.  Do you ever see that? 5 

  MR. BAJOREK:  Yes, we actually are running 6 

a case right now with TRACE to look at that.  There 7 

had been tests done in ROSA a number of years ago 8 

where they found that late in these small breaks you 9 

would condense in the steam generator, and you would 10 

gradually fill up the loop-seal. 11 

  CONSULTANT WALLIS:  Yes. 12 

  MR. BAJOREK:  Well, you've got no way to 13 

get the steam out at that point. 14 

  CONSULTANT WALLIS:  So what happens? 15 

  MR. BAJOREK:  So what happens, you have to 16 

depress the level again, uncover the core, and -- 17 

  CONSULTANT WALLIS:  Have enough head in 18 

the downcomer to do that in a cold-leg break? 19 

  MR. BAJOREK:  We are running a calculation 20 

right now to see, well, what happens if this goes on 21 

during an intermediate break.  In the small breaks, 22 

they take so long to get out to that condition, your 23 

decay heat has gone to a low level.  But what if we go 24 

to this new world of transition break size, and we 25 
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plug the loop-seal or loop-seals earlier?  So we are 1 

running a case now.  It is not quite out far enough to 2 

do that, but we do expect to see at some point liquid 3 

from all of your SI start to backflow through the 4 

pump. 5 

  But, actually, we are looking at that 6 

because one of those tests in ROSA is still yet to be 7 

defined.  And if our calculations start to show that 8 

that is an issue or a concern, that might be our 9 

proposal for that -- 10 

  CONSULTANT WALLIS:  If it becomes a 11 

concern, it will come back to the Committee pretty 12 

quickly, I hope. 13 

  MR. BAJOREK:  You hope? 14 

  CONSULTANT WALLIS:  Well, it is not 15 

something that we discover down the line after 16 

everything has been approved. 17 

  MR. BAJOREK:  Yes.  We also would like to 18 

increase the number of BETHSY and Semiscale integral 19 

tests that we have done.  We have done, I think, one 20 

or two BETHSY at this point, and we have four 21 

Semiscale tests in our test matrix, but there are some 22 

other ones that we would like to continue on. 23 

  Likewise, we have done for BWRs FIST and 24 

TLTA.  We would like to use some of the additional 25 



 

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

 260 

data and extend that. 1 

  CHAIR BANERJEE:  Wasn't the heat loss very 2 

high in FIST?  Can you get something useful out of it? 3 

  MR. BAJOREK:  It may have been.  I am not 4 

that familiar with FIST.  Semiscale, that was a 5 

problem. 6 

  CHAIR BANERJEE:  Yes.  I don't know; 7 

maybe, maybe not. 8 

  MR. BAJOREK:  In summary, now that the 9 

code is consolidated, we have generated input decks 10 

for many of the facilities that are of significant 11 

interest.  We are going to increase on that. 12 

  As we mentioned earlier, when we encounter 13 

a new and advanced plant, there is a separate batch of 14 

assessment.  We look at the integral tests.  We look 15 

at any of the unique features for those, and do the 16 

assessment against those.  Those go in separate 17 

applicability reports. 18 

  As you heard in one of the earlier 19 

presentations, we are now starting to do more in BWR 20 

stability, doing the coupling with PARCS.  But we 21 

intend to use these international programs to enlarge 22 

the database, use them in some cases to get additional 23 

input decks as we work with the other partners.  They 24 

have set up RELAP decks.  We use those to report over 25 
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to TRACE.  So we are using those now to increase that 1 

and extend this boundary from what had been the 2 

original generic assessment now to cover more and more 3 

plants and more and more thermal conditions. 4 

  CHAIR BANERJEE:  So, the colors don't mean 5 

anything there, right? 6 

  MR. BAJOREK:  No. 7 

  (Laughter.) 8 

  CONSULTANT KRESS:  Just out of curiosity, 9 

how does an organization or a person become a member 10 

of the Thermal-Hydraulic Institute?  Is that an NRC -- 11 

  MR. BAJOREK:  Every, I believe it is about 12 

five years, they have open bidding. 13 

  CONSULTANT KRESS:  Open bidding? 14 

  MR. BAJOREK:  Proposals come in.  They are 15 

evaluated versus what was in the proposal for what 16 

types of things the Institute needs to be able to do. 17 

  CONSULTANT KRESS:  Do you guys do that in 18 

Research, do this evaluation? 19 

  MR. BAJOREK:  We participate in that.  The 20 

formal mechanism, I'm not exactly sure who coordinates 21 

all that.  But we have research participants in 22 

reviewing those proposals.  But it is part of an open 23 

bid process. 24 

  CONSULTANT KRESS:  Yes, I was just 25 
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curious.  Yes. 1 

  MR. STAUDENMEIER:  Joe Staudenmeier, 2 

Research. 3 

  The Thermal-Hydraulic Institute, it is 4 

just what we call "the contract" essentially.  So you 5 

put a contract out for bids saying we want 6 

experiments -- 7 

  CONSULTANT KRESS:  So you treat it like 8 

any contract? 9 

  MR. STAUDENMEIER:  Yes, any contract.  10 

Yes, it is an open bidding contract. 11 

  Last winter the contract was a consortium 12 

of universities that were called the Thermal-Hydraulic 13 

Institute. 14 

  CONSULTANT KRESS:  Yes, I understand that. 15 

  MR. STAUDENMEIER:  Work gets sent out to 16 

them, and they decide among themselves which 17 

university is the best capable of doing this 18 

experiment. 19 

  CONSULTANT WALLIS:  And they are all in 20 

the Midwest somewhere, aren't they? 21 

  MR. STAUDENMEIER:  Right now, no, not all 22 

of them. 23 

  CONSULTANT WALLIS:  Not all of them? 24 

  MR. STAUDENMEIER:  I think UCLA is part of 25 
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it. 1 

  CONSULTANT KRESS:  That makes sense. 2 

  CHAIR BANERJEE:  So, going back to the 3 

existing reactors, if 50.46a goes through, we might 4 

see a number of larger EPUs coming through, 5 

potentially, on the PWR side.  What are you doing to 6 

prepare for those?  I mean they are already starting 7 

to push the envelope in many ways. 8 

  MR. BAJOREK:  Well, the one thing that we 9 

have -- 10 

  CHAIR BANERJEE:  Small breaks 11 

particularly. 12 

  MR. BAJOREK:  That has been our main 13 

concern right now.  Do we have enough information near 14 

this transition break size and these alternative break 15 

locations, so that we can assess the code and know the 16 

code is doing the right thing for the right reasons?  17 

That was the purpose for some of those tests that you 18 

saw in ROSA. 19 

  CONSULTANT KRESS:  That 17 percent, was 20 

that close to what you would call the small-break -- 21 

  MR. BAJOREK:  Pretty close. 22 

  CONSULTANT KRESS:  I mean transition -- 23 

  MR. BAJOREK:  Yes. 24 

  CHAIR BANERJEE:  But you also have to look 25 
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at mitigation measures for large breaks, right?  I 1 

mean these could be non-safety mitigations, but, you 2 

know, you don't have to have loss of offsite power 3 

necessarily. 4 

  MR. BAJOREK:  Large break we feel we have 5 

pretty well covered at this point.  I mean most of the 6 

test programs going from LOFT, CCTF, and even on the 7 

separate effect side, like FLEXC set, were really 8 

designed to provide large-break information. 9 

  Now, fortunately, when they ran tests like 10 

FLEXC set, the peak kilowatt per foot was higher than 11 

what they are running now, and it seems to be higher 12 

than what people would get to when they have uprates 13 

or they increase their peaking factors. 14 

  If they start to get higher than that, we 15 

might have to look at doing additional separate 16 

effects tests or asking industry to provide that data, 17 

if they want to increase peak linear heat rates beyond 18 

what the database covers right now. 19 

  CHAIR BANERJEE:  And what about long-term 20 

cooling, which is more and more an issue? 21 

  MR. BAJOREK:  It is more and more an 22 

issue, but if you look at, taking one of the advanced 23 

plans, look at long-term cooling PIRTs, and you 24 

compare those to a small-break LOCA PIRT, what you 25 
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encounter in those long-term cooling transients is 1 

covered in small break. 2 

  So, again, by doing many of the small-3 

break tests, we feel we have covered the phenomena 4 

that we would need to validate the code for long-term 5 

coolant, apart from things like what happens if you 6 

block a lower grid plate or debris block, and things 7 

like that. 8 

  CHAIR BANERJEE:  Increasingly, these codes 9 

are being used to justify, say, in-vessel effect 10 

outcomes.  Okay?  So, we are dealing with now 11 

situations, quite often, where in long-term cooling 12 

people who use, have tried to use TRACE, but they have 13 

used other codes, to justify that there is going to be 14 

 no problem if the pressure losses are less than some 15 

number, whatever. 16 

  MR. BAJOREK:  Uh-hum. 17 

  CHAIR BANERJEE:  And then, they go out and 18 

do experiments.  But now the code has become very 19 

important because we are talking of relatively small 20 

pressure losses. 21 

  So, how do we know that your codes are 22 

accurate in these regimes? 23 

  MR. BAJOREK:  We would have to rely there 24 

on our calculations for natural circulation tests.   A 25 
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couple of the Semiscale tests that we did in the 1 

assessment base were those natural circulation tests 2 

where they gradually stepped-down the inventory in 3 

there until you start to break down the single- and 4 

two-phase natural circulation. 5 

  There you are dealing with those fairly 6 

small losses and fairly small flow rates.  We see that 7 

in -- 8 

  CHAIR BANERJEE:  But with a lot of boiling 9 

now because you have got resistance in the core.  So 10 

you are going to have above-the-blockage boiling.  And 11 

if it was a cold-leg break, let's say, then you are 12 

bypassing a lot of stuff out, but whatever is going in 13 

is boiling and then it has to go all the way over.  14 

Okay?  And there is a lot of resistance on the way out 15 

of steam generators. 16 

  So these are pretty complicated 17 

calculations to do and very delicate, I would think. 18 

  CONSULTANT WALLIS:  You have got to get 19 

the flow regime right, I think, too. 20 

  CHAIR BANERJEE:  Yes.  And we are facing a 21 

lot of issues where, you know, getting it right means 22 

the difference between having 3 psi or 4 psi, which is 23 

like you are trying to really tune these things. 24 

  So how do we know that these codes will -- 25 
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so, it is being driven by very small heads.  With a 1 

pump system, it is a little bit better.  But if it is 2 

not pumped, I mean you are really delicate.  It is 3 

just point C heads.  And we are talking of a psi or 4 

two at this point. 5 

  CONSULTANT WALLIS:  The problem is, if you 6 

build up some liquid in the loop-seal or in the bottom 7 

of the steam generator, or something, it makes all the 8 

difference in the world. 9 

  MR. BAJOREK:  Yes.  Maybe one thing to 10 

consider here is looking at uncertainty methodologies 11 

out in long-term cooling.  We, or applicants, for that 12 

matter, can assess your code against the available 13 

natural circulation tests.  You have what you have, 14 

and there is only a limited amount of information 15 

there. 16 

  And you predict your driving heads and 17 

your delta-p's, wherever they come from, based on 18 

those models.  But it should be possible to look at 19 

uncertainties, let's say, for loss coefficients at the 20 

spacer grid.  You only know they are so accurate.  You 21 

may have a transition from bubbly to slug flow, 22 

uncertainty on where that is. 23 

  If you have an uncertainty methodology, 24 

and you are ranging those things which you believe are 25 
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most important at those particular flows and flow 1 

rates, you should be able to balance off at 3 versus 2 

4, or if it turns out to be 3, how often is it 3.5, 3 

based on the way your code is predicting things at 4 

that time. 5 

  CHAIR BANERJEE:  Because, you know, we are 6 

probably going to disposition the out-vessel issues 7 

within, I would say, the next couple of years.  I mean 8 

it will all be done.  I imagine even for the high-9 

fiber plants. 10 

  But the in-vessel effects may go on for a 11 

while, even for the existing plants.  Forget the new 12 

plants. 13 

  MR. BAJOREK:  Yes. 14 

  CHAIR BANERJEE:  So we don't know.  It all 15 

depends on the testing.  But I'm sure that codes like 16 

TRACE or its equivalents will play a key role in 17 

trying to understand what margins we have. 18 

  So you should be prepared for that or 19 

maybe the answer you are giving is the right answer, 20 

which is look at low-pressure, natural circulation 21 

tests and see the sensitivity and how well we can do 22 

on that. 23 

  But there should be some thinking on 24 

this -- 25 
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  MR. BAJOREK:  Okay. 1 

  CHAIR BANERJEE:  -- and some systematic 2 

way of dealing with it. 3 

  CONSULTANT WALLIS:  The concern is, way 4 

down the road, when the decay heat is pretty low, you 5 

are not making much steam; there's not much steam to 6 

push water around to let the steam out.  So it may be 7 

a worse situation than early on.  So, maybe after a 8 

week or something, things could be worse than they 9 

were at the beginning. 10 

  CHAIR BANERJEE:  Well, by then, it is 11 

pretty low, but 10 hours or -- 12 

  CONSULTANT WALLIS:  Even so, it is going 13 

to cool it. 14 

  MR. BAJOREK:  I think it was a year, a 15 

couple of years ago, we kind of did these hand 16 

calculations.  It basically showed, once you get more 17 

water up in the upper plenum region, you have 18 

additional head that you have to push against.  The 19 

velocity, then, decreases yet further.  And at some 20 

point, that has to be balanced off against -- 21 

  CONSULTANT WALLIS:  It's the upper head, 22 

though.  It's the whole of the loop through which the 23 

steam is escaping, yes. 24 

  CHAIR BANERJEE:  All right. 25 
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  CONSULTANT WALLIS:  Shall we move on? 1 

  CHAIR BANERJEE:  Are we, more or less, 2 

done, or do you have many more? 3 

  MR. BAJOREK:  No, I am done.  Yes, that is 4 

the last one. 5 

  CHAIR BANERJEE:  Now we have, let's see, 6 

we have got Professor Ishii, then Professor Kim. 7 

  How many slides do we have here?  Let's 8 

have a look. 9 

  CONSULTANT WALLIS:  Ishii has 93, is it? 10 

  CHAIR BANERJEE:  Ninety-three? 11 

  CONSULTANT WALLIS:  Three minutes per 12 

slide? 13 

  CHAIR BANERJEE:  State your name, Mamoru. 14 

  MR. ISHII:  This is Mamoru Ishii from 15 

Purdue University. 16 

  For the next presentation, the slides are 17 

divided into two groups.  The first one, I intend to 18 

use to explain, but there are additional slides to 19 

give you more insight, if you are interested, and if 20 

you raise some questions, I will go into it. 21 

  CHAIR BANERJEE:  Okay.  So you will be 22 

able to stay, more or less, within your time? 23 

  MR. ISHII:  Yes, I think so. 24 

  CHAIR BANERJEE:  Okay.  So, without 25 



 

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

 271 

further ado, I think, we should get started with this. 1 

  What we will do is, let's see, it's about 2 

three o'clock now.  So maybe the best thing is to take 3 

a brief break and then come back, so we don't 4 

interrupt his presentation. 5 

  So let's take a 10-minute break, and then 6 

we will take it up from there.  So we are on break for 7 

10 minutes. 8 

  (Whereupon, the foregoing matter went off 9 

the record at 2:56 p.m. and went back on the record at 10 

3:07 p.m.) 11 

  CHAIR BANERJEE:   Okay we are back on the 12 

record and welcome Mamoru.  13 

  MR. ISHII:   Good afternoon. This is 14 

Mamoru Ishii from Purdue University. It is my pleasure 15 

to give you a summary of research under the 16 

development of interfacial area transport equation. 17 

  This slide gives you an outline but 18 

basically first I will discuss the analytical part, 19 

foundation of the transport equation, how we obtained 20 

theoretically. Then I will discuss the one-group 21 

transport equation and the constitutive relations to 22 

close that model and then this has come from our 23 

experience.  24 

  We found out that there are two groups of 25 
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bubbles. One is a typical bubble we know, like two, 1 

three millimeters, these are small bubbles. But they 2 

are cap bubbles, slug bubbles and turbulent bubbles 3 

which are elongated. 4 

  They behave differently. They move with a 5 

different velocity and it is very difficult to model 6 

the interfacial area with only one group and we came 7 

to the conclusion we need to introduce second group.  8 

  And if you have two groups, actually you 9 

can predict dynamically the evolution of flow regimes, 10 

change the slug for churn flow and so on. 11 

  CONSULTANT CRESS:   Are those two groups 12 

there simultaneously?  13 

  MR. ISHII:   Yes, I will discuss that. 14 

Transport equation is nothing more than like a 15 

continuing equation for gas spaces, but the valuable 16 

is the interfacial area. And basically we calculated 17 

the evolution of the interface dynamically. 18 

  Closure-based one users look up table and 19 

use the equation for interfacial area so there are 20 

some shortcomings.  21 

  Now I will discuss the local interfacial 22 

area measurement and then -- many people has a concern 23 

how accurate this instrument is so we spend many, many 24 

years benchmarking this and finally we came to the 25 
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conclusion we have a reliable instrument. 1 

  And actually we can measure the 2 

interfacial area the local point, so we can map three-3 

dimensional interfacial structure in the test section 4 

and that is the basis of the transport equation 5 

development. 6 

  And then I will go into the discussion of 7 

the experimental project. First I give you a table of 8 

the past tests, but because of the time limitation, I 9 

will give you the highlight of a recent experiment 10 

here listed is the task one, two, three, six.  11 

  One is a large diameter pipe and because 12 

there are some concerns related to ESBWR, water hold-13 

up and then those things can impact the reactor safety 14 

analysis. 15 

  So first we focused on the voidal 16 

distribution but at the same time we took interfacial 17 

area data and so that I will discuss. 18 

  Next one is 8x8 rod bundle, this 19 

adiabiatic rod bundle test, which is parallel to the 20 

Penn State heated experiment and gives the much 21 

cleaner boundary condition because phase change -- we 22 

know that what is in that gas volumetric flux. 23 

  And then this bundle has a spacer grid and 24 

we have many instrumentation locations and then we 25 
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tell us the local instrument and we can get detailed 1 

flow chart in the bundle. 2 

  Third one is subcooled boiling and this 3 

also was run not only for interfacial area transport  4 

equation development, but to benchmark the TRACE 5 

boiling model and we found out that there are some 6 

shortcomings in current modeling strategy like a Saha 7 

and Zuber onset of significant boiling point and 40 8 

years ago it was a good model but there are great 9 

uncertainties and you can see that impact on the void 10 

distribution subsequent. 11 

  And also partitioning the heat transfer 12 

between the leakage and the increase in the bubble 13 

generation, there are some shortcomings in the TRACE 14 

code. You can clearly see that the condensation model 15 

does not follow the experimental chain. 16 

  CHAIR BANERJEE:   Now wasn't Vijay, was he 17 

doing some work on this for the Thermal-Hydraulic 18 

Institute? 19 

  MR. ISHII:   No, he's doing the -- I think 20 

the post-CHF. He is more focused on the -- 21 

  CHAIR BANERJEE:   So when he came here a 22 

few years ago and made a presentation, he was -- I 23 

thought he was part of the Thermal-Hydraulic 24 

Institute. He was looking at bubbles, the -- 25 
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  MR. ISHII:   He was looking at the local 1 

point and he is modeling each bubble. 2 

  CHAIR BANERJEE:   And they were sliding up 3 

and --  4 

  MR. ISHII:   That's microscopic, I think -5 

- our experiment as you will see is more macroscopic. 6 

We measure the average point of fraction at the local 7 

point, interfacially, you can see the bubble boundary 8 

developing. First it is a small sub-cooled boiling 9 

bubble so it's a millimeter size, even 100 micron.  10 

  Gradually you create a second group which 11 

is a cap bubble and slug bubble and the shape of the 12 

void distribution will change significantly when you 13 

see the -- 14 

  So I will say this is a still local 15 

phenomenon but more macroscopic. What Vijay is doing 16 

is really focusing on one bubble, how bubbles thrive 17 

and grow. 18 

  CHAIR BANERJEE:   The question we had at 19 

that time of the -- because he was being funded by the 20 

same group of people, TRACE, somehow -- was how was it 21 

going to be integrated into TRACE, if we look back 22 

into the transcripts five or seven years ago. 23 

  And then they gave us a sort of a -- I 24 

think it must have still been Steve or when did you 25 
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come here Steve?  1 

  MR. BAJOREK:  I have been here about nine 2 

years now. 3 

  CHAIR BANERJEE:   Yes, so do you remember 4 

that you were trying to give us the rationale for how 5 

this was going to be integrated into strips -- TRACE, 6 

if my memory serves me right. 7 

  MR. BAJOREK:  Well first the basis came 8 

from looking at the sub-cooled boiling models, I guess 9 

back when they were doing AP600 and they found them to 10 

be deficient and that was the rationale for starting 11 

this project with Professor Deere. 12 

  And I don't remember the details but it 13 

was looking at sub-cooled boiling in a more 14 

mechanistic fashion where you look at the bubble 15 

growth, the bubble sliding, the nucleation site, the 16 

nucleation site density and he developed -- I would 17 

call it more of a series of models for each of those 18 

various mechanisms. 19 

  That was completed. We have that data now 20 

an we don't need to do anymore on that. I believe, in 21 

the roadmap for TRACE, that is one of the tasks that 22 

we identified -- 23 

  CHAIR BANERJEE:   To integrate it -- 24 

  MR. BAJOREK:  to develop an improved, sub-25 
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cooled boiling model, making use of those data and 1 

also some of the newer information that has been 2 

produced by the -- 3 

  CHAIR BANERJEE:   Yes, we just don't want 4 

that to be forgotten because -- 5 

  MR. BAJOREK:  No.  6 

  CHAIR BANERJEE:   Because you spent a lot 7 

of money on it, or not a lot, maybe, but some. Anyway, 8 

okay.  9 

  MR. ISHII:   For the interfacial area 10 

transport equation, putting the detail to subcooled 11 

boiling models is relatively easy because that 12 

transport equation need to have a raw source of 13 

nucleation so you need to have a model for nucleation 14 

tied to density, departure bubble size and frequency. 15 

  If you have that, at least you can handle 16 

the boundary condition of the nucleate boiling. After 17 

that, normal transport equation for energy and mass 18 

will handle it. 19 

  CHAIR BANERJEE:   Okay, I will try not to 20 

interrupt too much. 21 

  MR. ISHII:   This is a standard model and 22 

the major difficulty in the modeling interfacial is 23 

the interfacial area transport underlined with blue 24 

and when we do modeling, actually -- 25 
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  CHAIR BANERJEE:   Excuse me, you like to 1 

keep the alpha within the grad sign with the pressure? 2 

  MR. ISHII:   Well, there are another 3 

counterpart pressure, this one -- 4 

  CHAIR BANERJEE:   Well, you can manipulate 5 

so it goes outside. 6 

  MR. ISHII:   Yes, you can put it outside, 7 

yes. That's it. If you look the interfacial area 8 

transport terms, basically we model as a product with 9 

interfacial area concentration and driving force like 10 

a drag force. So the current traditional approach of 11 

following a two-fluid model is that we have a flow 12 

regime map of transition criteria, so you have a 13 

switch where you can switch the model, bubbly, slug, 14 

churn and annular typically. 15 

  MEMBER ABDEL-KHALIK:   I am sorry, if you 16 

go back to the previous slide, to the equation slide, 17 

I'm just confused on the terminology. What is 18 

q(subscript k)(subscript c) and q(subscript k) 19 

transpose. Is that a tensor -- in the energy equation. 20 

  MR. ISHII:   This is just a heat -- 21 

  MEMBER ABDEL-KHALIK:   No, no, no, no, in 22 

the term that had delta -- 23 

  MR. ISHII:   That's a vector. The heat -- 24 

  MEMBER ABDEL-KHALIK:   Fine, doesn't say 25 
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it's a vector, but that's okay. All right. Thank you. 1 

  MR. ISHII:   That's supposed to be a thick 2 

secret. This is a heat tracks due to conduction, this 3 

is the heat tracks due to turbulence.  4 

  CONSULTANT WALLIS:   But tau is a tensor, 5 

isn't it?  6 

  MR. ISHII:   Tau is a tensor, yes. Here, 7 

this is tensor, this is a vector.  8 

  CHAIR BANERJEE:   It's just a notation. 9 

  MR. ISHII:   It's just a typo. So if we 10 

use a flow regime, then we have a flow regime 11 

dependent interfacial area correlation. Then we have a 12 

drag on the interfacial heat transport -- 13 

  CONSULTANT WALLIS:   It kind of assumes 14 

that the driving force is uniform over the area. I 15 

mean it's not clear that you can separate the transfer 16 

between a driving force and an area if the area is 17 

complicated. 18 

  MR. ISHII:   This interfacial area is a 19 

local, average interfacial area. And that's the reason 20 

we saw it, you need to introduce two-group because 21 

small bubble group has a different drag force than the 22 

largest bubble group. 23 

  CONSULTANT WALLIS:   But the fact that you 24 

can separate into area and driving force isn't the 25 
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universal thing. You can have a situation where the 1 

driving force is itself varying over the area. 2 

  CHAIR BANERJEE:   Well, you can't separate 3 

it only in -- of course you are right, but -- which is 4 

--  5 

  MEMBER ABDEL-KHALIK:   It's the 6 

definition. 7 

  CONSULTANT WALLIS:   It's the definition 8 

but -- 9 

  CHAIR BANERJEE:   That's the definition. 10 

  CONSULTANT WALLIS:   It implies some kind 11 

of averaging. The whole idea of a heat transfer 12 

coefficient implies that you can average over the area 13 

in some way and it's not always necessarily a 14 

physically -- 15 

  MR. ISHII:   You need a cross-sectional 16 

area or just -- 17 

  CHAIR BANERJEE:   No, I think Graham is 18 

just making a general observation that all areas in 19 

this are not equal because it can vary over -- 20 

  MR. ISHII:   We are talking about average 21 

so it's a rough modeling compared to true local model 22 

where heat transfer changes out on the interface but 23 

we are -- 24 

  CONSULTANT WALLIS:   If you look at a 25 
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bubble or a transition boiling on a surface, the heat 1 

transfer coefficient buries along the surface of the 2 

droplet. A droplet sitting in a Leidenfrost, a droplet 3 

sitting on a surface, I mean it's not clear that you 4 

can take a driving force in an area and model that 5 

because the transfer coefficient is itself a function 6 

of position. 7 

  (Simultaneous speaking.) 8 

  CONSULTANT WALLIS:   Your argument is that 9 

you can do this. 10 

  MR. ISHII:   That's not my argument. This 11 

is the way we are doing it.  12 

  (Simultaneous speaking.) 13 

  CONSULTANT WALLIS:   You can hypothesize 14 

anything you like, right? 15 

  CHAIR BANERJEE:   The only thing, Mamoru, 16 

I would say, is that the area for momentum transfer 17 

may not be -- because of the problem that Graham is 18 

pointing out -- the same as the area for heat transfer 19 

or for mass transfer. I mean, because of the way you 20 

average these and depending on your Schmidt number and 21 

your Prandtl number it can vary and Reynolds analogy 22 

does not always hold. So there is area and area. 23 

  MR. ISHII:   One is you put that one into 24 

the surface areas, additional surface area for 25 
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effective surface area. Another one is you go through 1 

the heat transfer coefficient, which takes account of 2 

that effect. 3 

  (Simultaneous speaking.) 4 

  CONSULTANT WALLIS:   Let me give you 5 

another example. The drag on something like this in an 6 

airflow is not usually correlated with the interfacial 7 

area. It's correlated with the frontal area or the 8 

cross-sectional area, it's a different area. So it's 9 

just about getting the whole area of the airplane is 10 

not a very useful way of getting the drag force on the 11 

airplane. 12 

  MR. ISHII:   That is right, for a solid 13 

body airplane but generally bubbles and so on you can 14 

use a drag force. 15 

  CONSULTANT WALLIS:   Which area is often 16 

the question. 17 

  MR. ISHII:   Yes. That's right. If you 18 

talk detail you are totally clear. 19 

  CHAIR BANERJEE:   Anyway let's continue 20 

otherwise we'll get hung up. 21 

  MR. ISHII:   This traditional approach, 22 

first of all the flow regime concept itself is a 23 

global, mostly one-dimensional concept and then if you 24 

go to CFD and so on, flow regime based model are very 25 
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inconvenient and not effective. And that means that 1 

also flow regime is dependent on volume with the 2 

defined flow regime we usually define based on the 3 

cross-section of the type or so -- 4 

  CONSULTANT WALLIS:  It looks like the slug 5 

-- the drag force on a slug flow bubble is the same no 6 

matter how long it is so the interfacial area doesn't 7 

correlate with the drag force on the bubble, on the 8 

slug. It might have correlated with condensation at 9 

the interface. 10 

  MR. ISHII:   If you took individual slug, 11 

you are totally right, but the two-fluid model grows 12 

out and there is no more -- 13 

  CONSULTANT WALLIS:   I am wondering how 14 

you --  15 

  MR. ISHII:   -- discreet -- 16 

  CONSULTANT WALLIS:   -- how this relates 17 

to the two-fluid model we heard about this morning 18 

because I'm not sure the interfacial area and driving 19 

force is the universal thing. 20 

  CHAIR BANERJEE:   If we get into these 21 

arguments we are not going to -- 22 

  CONSULTANT WALLIS:   Sanjoy, I think we'll 23 

just listen. 24 

  CHAIR BANERJEE:   So I would say -- 25 
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  CONSULTANT WALLIS:   I'll be quiet. 1 

  CHAIR BANERJEE:   listen to what Mamoru 2 

has to say -- 3 

  CONSULTANT WALLIS:   That's right. I will. 4 

  CHAIR BANERJEE:   and then we will have a 5 

discussion at the end, so continue. 6 

  CONSULTANT WALLIS:   And I'll ask 7 

questions for clarification -- 8 

  CHAIR BANERJEE:   Yes, and then we can 9 

have our -- 10 

  CONSULTANT WALLIS:   -- but not for 11 

rationale. 12 

  CHAIR BANERJEE:   Yes, not for rationale. 13 

  MR. ISHII:   I mean, normally flow regime 14 

is obtained from the 1-D adiabatic fully developed and 15 

in many cases they are not, especially in the 16 

application. So if you think your model structure with 17 

the two-fluid model, facial interaction is treated 18 

dynamically because we have a two set conservation 19 

equation. 20 

  But in the current approach, we are 21 

inputting the fully developed steady state structure 22 

into the model. So this is some kind of inconsistency 23 

and in many cases flow regime map we use is not 24 

totally correct because this adiabatic based fully 25 
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developed model. 1 

  Another thing you can see is the putting 2 

the flow regime is you are putting the switch in the 3 

model, so you are embedding a numerical bifurcation 4 

possibility so one iteration process you have a slug, 5 

for another one demanding -- it is difficult to get 6 

the solution. 7 

  So many quality rated numerical 8 

oscillations can be triggered by this switch. So the 9 

approach we are proposing is eliminated this switch 10 

and make the flow regime transition continuously. That 11 

has happened if you use an interfacial area 12 

concentration because interfacial area concentration 13 

is a continuous property. 14 

  So essentially interfacial area transport 15 

equation is modeled to -- 16 

  MEMBER ABDEL-KHALIK:   I am sorry you used 17 

the term property. Is that a correct use? The 18 

interfacial area is a property. Is it a property? Is 19 

it a unique quantity -- 20 

  MR. ISHII:   It is a -- 21 

  MEMBER ABDEL-KHALIK:   -- that is defined 22 

by other thermodynamic local conditions? 23 

  MR. ISHII:   No, it is surface area per 24 

unit volume. That is like a concentration, like a gas 25 
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concentration -- 1 

  CONSULTANT WALLIS:   It is a continuous 2 

parameter, it's not -- 3 

  MEMBER ABDEL-KHALIK:   Okay, I'm just 4 

trying to be precise. 5 

  MR. ISHII:   So this is a simply a -- if 6 

you look at the equation it is simply a change of 7 

interfacial area proportional to the source and the 8 

sink term. 9 

  CONSULTANT WALLIS:   It is more continuous 10 

at a level change, the surface, you go from a pool to 11 

the air there's a jump in it.  MR. ISHII:   Yes, 12 

like it is a shock wave, kinematic shocks, yes. There 13 

are some cases you have  discontinuity of surface 14 

area. 15 

  So we started from one group and we hoped 16 

we can cover whole flow regime but it didn't work, so 17 

we now have a two-group modeling approach. One group 18 

is small bubbles, spherical and distorted bubbles and 19 

the second group is a cap/slug/churn-turbulent, 20 

typically a much larger bubble. 21 

  CONSULTANT WALLIS:   So Mamoru, this is 22 

just for bubbles, this isn't for drops? 23 

  MR. ISHII:   We can extend to the drop but 24 

we didn't reach that point yet. 25 
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  CONSULTANT WALLIS:   But the equation will 1 

look different for drops, presumably? 2 

  MR. ISHII:   The most difficult part of 3 

the interfacial area transport equation modeling is 4 

transitional form of slug to annular flow because if 5 

it continuous phase, the gas continuous phase, but for 6 

one 1-D case, it is relatively easy and of course 7 

Banerjee stated already basically in annular flow, 8 

entrainment and deposition control the interfacial 9 

area. 10 

  So if you have a very good model of that, 11 

you can model in one dimension. But in 3-D, CFD type 12 

of need it's a little bit more complicated.  13 

  So we obtained the interfacial area 14 

transport equation from the moment integral Boltzmann 15 

transport equation. We weighed the particle 16 

distribution function over the surface area for 17 

specifically that bubble size and they integrate over 18 

the entire bubble size or two-group case, we integrate 19 

from zero to maximum small bubble and beyond that you 20 

integrate from that size to the maximum bubble, so you 21 

get a two group of transport equation. 22 

  And once you use a transport equation, the 23 

equation is no more integral differential equation, 24 

it's just a differential equation so it's much easier 25 
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to implement in the system code right track.          1 

  2 

  CHAIR BANERJEE:   Well, I guess the issue 3 

Graham was bringing up is that there are two ways to 4 

do the integration. You can integrate so let's say you 5 

take the Boltzmann equation, which gives you a 6 

probability density function for different particle 7 

sizes and if you take the different particle sizes, 8 

multiply let's say they are sphericals, so the surface 9 

area of a sphere, you can certainly integrate it and 10 

get an interfacial area per unit volume, as you are 11 

getting, or you can multiply each of those particles 12 

by their drag and then integrate it after that or by 13 

their heat transfer coefficient and do the integral 14 

after that. 15 

  So for each of the momentum equation or 16 

the energy equation, the integral is done directly on 17 

the product rather than -- so what you are really 18 

saying is you are going to take the integral of the 19 

product, divide it by the integral of the area and 20 

thus get a heat transfer coefficient which is averaged 21 

over that.  22 

  So it's a question of which order you do 23 

the integration. 24 

  MR. ISHII:   That's right. Yes, yes, we 25 
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took this approach because we have a reasonable drag 1 

coefficient for normal size of the bubbles and so on. 2 

But if you go to the true physics, yes, if you have a 3 

changing the drag speed because of shapes and so on, 4 

then you can -- 5 

  CHAIR BANERJEE:   Or even size. 6 

  MR. ISHII:   You can put the product as a 7 

one variable. 8 

  CHAIR BANERJEE:   Yes. 9 

  MR. ISHII:   It may be more difficult to 10 

model this product because you have a geometric effect 11 

and a dynamic effect. 12 

  CHAIR BANERJEE:   Anyway I think we 13 

understand what you are doing. 14 

  MR. ISHII:   Yes, okay. That's great. 15 

  CHAIR BANERJEE:   That's all that really 16 

matters right now. 17 

  MR. ISHII:   Okay. So basically 18 

bubble<>bubble, bubble<>eddy collide and the 19 

bubble<>bubble collision will produce a coalescence 20 

and the bubble<>eddy collision will make a 21 

disintegration. 22 

  CONSULTANT WALLIS:   So a bubble<>bubble 23 

fracture comes into this? Must be. 24 

  MR. ISHII:   They are a possibility. I 25 
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will discuss. There are some instabilities, surface 1 

instabilities. But these are relatively, for the 2 

relatively large bubbles and when the bubbles get 3 

drawn actually the surface area doesn't matter too 4 

much.  5 

  So major source terms, the collision 6 

effect, and the wake entrainment and the surface 7 

instability and the nucleation and we need to model 8 

these separately. 9 

  So we did a lot of benchmark experiment 10 

over wide range and this was not only under NRC but 11 

initially this program started under DOE.  Now we are 12 

in a point that we start implementing this and 13 

Professor Kim will discuss some of the behavior of 14 

this. 15 

  So we need to have a nucleation site 16 

density and departure size and the frequency need to 17 

be modeled and the condensation is opposite of a 18 

nucleation. It is a sink and near the end of bubble 19 

collapse very rapidly and you need to model that and 20 

we already have that model. 21 

  So basically we have a random collision 22 

coalescence, wake entrainment, these are the sink term 23 

and disintegration come from eddy disintegrated 24 

bubbles by the turbulent impact. And another very 25 
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serious effect is a shearing-off of the very large 1 

bubbles at the skirt of the bubbles and we found out 2 

this has a huge impact on the surface area, then last 3 

one is the surface instability.  4 

  So this extraction of the interfacial area 5 

transport equation looks like the first equation. 6 

Left-hand side is just time rate of change and the 7 

convection -- 8 

  CONSULTANT WALLIS:   Why is it defined 9 

v(subscript i)? 10 

  MR. ISHII:   v(subscript i) is the 11 

interface velocity. 12 

  CONSULTANT WALLIS:   But I don't know how 13 

you define that. 14 

  MR. ISHII:   Well, eventually we assume if 15 

it vapor dispersed will make that to be same as the 16 

gas -- 17 

  CONSULTANT WALLIS:   I understand that. 18 

  MR. ISHII:   Yes. 19 

  CONSULTANT WALLIS:   Yes. 20 

  MR. ISHII:   It's not necessary totally 21 

correct. 22 

  CONSULTANT WALLIS:   I do understand how 23 

you have a general definition for all flow regimes of 24 

the i. 25 
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  MR. ISHII:   Yes, third term is actually 1 

the effect of the each bubble size changes, either by 2 

depressurization, compression or the phase change. 3 

  CONSULTANT WALLIS:   But this is only for 4 

bubbles, not for drops? This is only for bubbles? 5 

  MR. ISHII:   This equation for the vapor. 6 

  CONSULTANT WALLIS:   It's only for 7 

bubbles, though, that's -- 8 

  MR. ISHII:   Yes. 9 

  CHAIR BANERJEE:   I think it would have 10 

been useful for you to start with the Boltzmann 11 

equation, multiply it by surface area of the particle 12 

and then integrate it to show -- 13 

  CONSULTANT WALLIS:   Are they bubble 14 

particles or drop particles? Doesn't that make a 15 

difference? 16 

  CHAIR BANERJEE:   They can be -- well, it 17 

comes through the collision terms. It would be 18 

different. 19 

  MR. ISHII:   I have the slide like that 20 

somewhere. 21 

  CHAIR BANERJEE:   You probably have it but 22 

then their vision is here. Usually -- 23 

  CONSULTANT WALLIS:   I guess we can't do 24 

it now. Maybe he could send us something. 25 
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  CHAIR BANERJEE:   Yes, we don't have time 1 

right now but what we should do is get from you -- I 2 

mean it's fairly straightforward -- just show us how 3 

you arrive at the equation from the -- 4 

  MR. ISHII:   We can send you a report. 5 

  CHAIR BANERJEE:   Yes, on the Boltzmann 6 

equation. It's not very profound but we need to see 7 

it. But there is a point that in the Boltzmann 8 

equation, usually the probability density function is 9 

written as there are three space variables and three 10 

velocity variables so you are talking about seven-11 

dimensional space usually. And the probability density 12 

function is a function of this normally. 13 

  So you have somehow got rid of the -- 14 

  MR. ISHII:   That's right. 15 

  CHAIR BANERJEE:   -- the grad -- 16 

  MR. ISHII:   Velocity dependence by 17 

assuming the same sized particle moves with the same 18 

velocity. That's right.  19 

  CHAIR BANERJEE:   Yes, so this -- 20 

  MR. ISHII:   These are actually in the 21 

reports that we dropped this time. 22 

  CHAIR BANERJEE:   Yes, it's fine. But you 23 

should justify that because typically in the usual 24 

equations that term is there and there's an 25 
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acceleration term that arises due to that. 1 

  So if you see, like what you have written 2 

a velocity into the probability density function which 3 

would be the a(subscript i) on the left-hand side, 4 

there should be a grad with regard to the velocity 5 

into -- 6 

  MR. ISHII:   Yes, that's right. We dropped 7 

that term. 8 

  CHAIR BANERJEE:   -- yes, f into the 9 

acceleration. 10 

  MR. ISHII:   That's right. 11 

  CHAIR BANERJEE:   So it's not obvious that 12 

you can drop it but -- 13 

  MR. ISHII:   This is a very simplified 14 

version. 15 

  CHAIR BANERJEE:   Yes. Okay. 16 

  MR. ISHII:   So that actually we can use 17 

it. It's the major reason. 18 

  CHAIR BANERJEE:   Well, you can -- I mean 19 

everything is possible. 20 

  MR. ISHII:   If we have a lot of time and 21 

-- 22 

  CHAIR BANERJEE:   Yes. 23 

  CONSULTANT WALLIS:   So the reason you 24 

have v(subscript g) on the right-hand side is because 25 
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it's for bubbles and not for drops. 1 

  MR. ISHII:   That has come from simply the 2 

volume will change and then this -- 3 

  CONSULTANT WALLIS:   Let me see. We could 4 

have a d one minus alpha, the d one minus alpha 5 

v(subscript f). That would be for drops. Have we had 6 

drops? We have a different thing there? 7 

  CHAIR BANERJEE:   We need to look at the 8 

derivation of this. 9 

  CONSULTANT WALLIS:   I think this is for 10 

bubbles, this, this -- 11 

  CHAIR BANERJEE:   Well, the equations are 12 

for particles in general and how you interpret the 13 

various terms, collisions and so on -- 14 

  CONSULTANT WALLIS:   Well does g have to 15 

be the dispersed phase then in this? 16 

  MEMBER CORRADINI:   Can I ask Graham's 17 

question differently? Is the v(subscript g) just the 18 

dispersed phase? Is that what that means?  19 

  MR. ISHII:   This is one group and it is 20 

for the dispersed phase, yes, that's it.  21 

  (Simultaneous speaking.) 22 

  MEMBER CORRADINI:   -- whatever the 23 

dispersed phase component is. 24 

  CONSULTANT WALLIS:   So in annular flow we 25 
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don't know what the dispersed phase is, but anyway 1 

let's move on. 2 

  MR. ISHII:   For annular you need to write 3 

an equation for droplets. 4 

  CONSULTANT WALLIS:   Okay, thank you. 5 

That's fine. 6 

  MR. ISHII:   And the second one is the 7 

hydrodynamic actually source in the sink terms. 8 

  CHAIR BANERJEE:   But surely you are 9 

missing -- I guess that's coming through the alpha 10 

which is the change in the radius, so typically the 11 

Boltzmann equation would be d dt of f, which is -- 12 

 (Simultaneous speaking.) 13 

  CHAIR BANERJEE:   -- into d dr of drdt -- 14 

  MR. ISHII:   That is the time already we 15 

use the continuity equation they replaced, which is -- 16 

  CHAIR BANERJEE:   That is how you put that 17 

in. 18 

  MR. ISHII:   Yes, that's right. 19 

  CHAIR BANERJEE:   Okay.  20 

  MR. ISHII:   So if simply bubble expand 21 

you have a source term or you have a phase change and 22 

the bubble become larger. 23 

  CHAIR BANERJEE:   So that's the rdt term, 24 

basically. 25 
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  MR. ISHII:   That's right. Exactly. And 1 

the last term is ones newly nucleated but except for 2 

near the wall, nobody we don't have any nucleations so 3 

-- 4 

  CHAIR BANERJEE:   So yes. So that's source 5 

terms then. 6 

  MR. ISHII:   And then hydrodynamic source 7 

and the sink term is a major part and I show you here 8 

for the one group transport equation, turbulent impact 9 

disintegration, random collision and the wake 10 

entrainment.  11 

  They are moderately -- they have to be 12 

simply, by assuming certain patterns and they let the 13 

bubble move with the turbulence so randomly collide 14 

then and then we obtained this model. 15 

  CONSULTANT WALLIS:   And n is a number 16 

density? What is n? 17 

  CHAIR BANERJEE:   In the random collision. 18 

  CONSULTANT WALLIS:   In all of them. 19 

  MR. ISHII:   n is a number. 20 

  CONSULTANT WALLIS:   Number density. 21 

  MR. ISHII:   Yes. 22 

  CONSULTANT WALLIS:   And the u(subscript 23 

t) is turbulent velocity. 24 

  CHAIR BANERJEE:   So this is a specific 25 



 

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

 298 

model for whatever it means, direct. 1 

  CONSULTANT WALLIS:   Yes, because n is 2 

what I would have started with I think in getting my 3 

continuity equation, my conservation law, whatever you 4 

call it. But it's hidden there somewhere I suppose. 5 

Either you have an n or a diameter or something that -6 

- yes, but anyway. Let's move on. Let's move on. 7 

  CHAIR BANERJEE:   Well, let's -- 8 

  (Simultaneous speaking.) 9 

  MR. ISHII:   I can supply a general paper 10 

describing this model. 11 

  CHAIR BANERJEE:   These are just models so 12 

it's not -- I now will show you photographically how 13 

looks like these mechanisms. This is wake entrainment. 14 

One bubble go ahead of the other bubble and because of 15 

wake, where you have a low-pressure region it could be 16 

sucked in and therefore -- 17 

  CONSULTANT WALLIS:   Well this is the kind 18 

of thing that bothers me, because how can you have one 19 

heat transfer cushion for all these different areas in 20 

this picture? There's no way the heat transfer 21 

coefficient for that baby bubble is the same as it is 22 

for the big, slant surface and the -- but anyway.  23 

  MR. ISHII:   That's one of the reasons we 24 

separate into two groups small bubbles and the large 25 
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bubble doesn't behave -- 1 

  CONSULTANT WALLIS:   Okay, that's fine. 2 

  MR. ISHII:   And next one shows the -- it 3 

is actually disintegrating bubbles as you go by. You 4 

see the elongated bubbles eventually distingrate.  5 

  And this is actually shearing off bubbles 6 

at the skirt of the large cap bubbles. You see a large 7 

number of bubbles generated at this part, and this is 8 

a significant mechanism which is not much mentioned 9 

but we found out this need to be included. 10 

  This one shows the surface instability, 11 

which split the bubble and very interesting pictures 12 

and using about 100 millisecond bubble they 13 

disintegrate. 14 

  So this is another mechanism create 15 

surface area because you split the bubbles, but 16 

numerically, this large bubble has a very small 17 

impact, because most of the surface area carried by 18 

the small bubble. But we have this model included. 19 

  CHAIR BANERJEE:   I suppose, going back to 20 

Graham's point, if the large bubble is moving rapidly 21 

relative to the surrounding fluid, because of buoyancy 22 

or whatever, whereas the small bubbles have a very 23 

small relative velocity, it could be that the flow 24 

around the large bubble is turbulent, whereas the 25 



 

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

 300 

small bubbles are in a relatively stagnant region, so 1 

the heat transfer coefficient could be very high on 2 

the large bubble and very low on the small bubbles. 3 

  CONSULTANT WALLIS:   If they are in the 4 

wake of the big bubble, they go with the bubble and 5 

the drag is irrelevant but they could still be 6 

transferring a lot of heat because there is mixing in 7 

the -- 8 

  CHAIR BANERJEE:   There are all sorts of - 9 

  CONSULTANT WALLIS:   All sorts of things. 10 

  MR. ISHII:   I think that's right, all 11 

sort of complication but we have a limited capability 12 

so what we are trying to do is just incrementally next 13 

step. We are not going to solve all the problems. It's 14 

really challenging.  15 

  So next I would like to talk about 16 

interfacial area measurement and this slide summarizes 17 

a typical measurement. One is a photographic 18 

technique, which is very limited because you cannot 19 

see very well if you have very large void fraction and 20 

also fluids really are three-dimensional and what you 21 

see from one direction may not give a real good 22 

understanding. 23 

  The second technique, which was quite 24 

often used from `50s or `60s, there are a lot of 25 
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papers on the chemical absorption technique which used 1 

the first order chemical reaction at the interface and 2 

the concentration changes along the axis. So you 3 

measure the concentration two location, you say how 4 

much surface area was available for chemical reaction. 5 

  CHAIR BANERJEE:   And that doesn't give 6 

you the physical interfacial area. What -- I have used 7 

it myself -- what you find is you get a mass transfer 8 

weighted area of the type that Graham is saying, but 9 

it's nothing to do with the physical interfacial area 10 

so you have a different interfacial area for drag than 11 

you have for mass transfer, because you may find that 12 

in the dead regions, that that mass transfer 13 

coefficient is very low. 14 

  CONSULTANT WALLIS:   Nothing is happening. 15 

  CHAIR BANERJEE:   Nothing is happening.  16 

  CONSULTANT WALLIS:   Right, right. 17 

  CHAIR BANERJEE:   So that area gets almost 18 

out of the picture. So the chemical technique is very 19 

focused on -- 20 

  MR. ISHII:   Mass transfer. 21 

  CHAIR BANERJEE:   mass transfer, reaction 22 

engineering, because we can design chemical reactors 23 

using that area. 24 

  MEMBER ABDEL-KHALIK:   I guess we have a 25 
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very basic question. In order for this to work, for a 1 

given system under a given set of boundary conditions, 2 

this quantity has to be invariant. Is that correct? 3 

  MR. ISHII:   Invariant to the -- 4 

  MEMBER ABDEL-KHALIK:   For a given system, 5 

for a given set of boundary conditions, the 6 

distribution of the interfacial area has to be 7 

invariant, if this technique is to work.  8 

  MR. ISHII:   Invariant to the transfer 9 

phase of the -- 10 

  MEMBER ABDEL-KHALIK:   If I have two 11 

identical experiments with the same conditions and the 12 

same geometry -- 13 

  MR. ISHII:   The same boundary conditions, 14 

yes, it should be similar. 15 

  MEMBER ABDEL-KHALIK:   you expect this, 16 

the transient distribution of this quantity to be 17 

invariant? 18 

  MR. ISHII:   It's a -- time average sense 19 

yes. Not the local sense. The local sense, each 20 

bubble, if you count, it's not because bubble location 21 

are dependent on the system but if you time average -- 22 

  CHAIR BANERJEE:   It is the same problem 23 

in turbulence.  24 

  MR. ISHII:   Yes. 25 
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  CHAIR BANERJEE:   If you ensemble average 1 

those equations -- 2 

  MR. ISHII:   You need to have a --  3 

  CHAIR BANERJEE:   -- even if you assume 4 

the hypothesis, the statistical properties are well 5 

defined and stationary, so that's the basis of two-6 

phased flow. So I can repeat a thousand two-phase 7 

flows and of course the details will be different 8 

between each of them, but if I ensemble average them, 9 

so at any time in any point in space, then, I will 10 

have an ensemble average with a variance about it, 11 

these statistics -- just like turbulence, you have a 12 

mean velocity, you have a variance, even a non-13 

stationary turbulence. That's the basis of the idea. 14 

  CONSULTANT WALLIS:   I think the problem 15 

is though once you've got that, are the interfacial 16 

interactions -- is the average drag invariant 17 

depending on the way in which things are distributed? 18 

It's not. 19 

  CHAIR BANERJEE:   That is a separate -- 20 

  CONSULTANT WALLIS:   That's, yes, but 21 

that's what he is going to use it for.  22 

  CHAIR BANERJEE:   Well, if he decomposes 23 

it -- I am defending you, Mamoru -- in the way that he 24 

is saying he is decomposing it -- I mean you can take 25 
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an interfacial area of the type he has taken and then 1 

you can take an integral of the heat transfer or mass 2 

transfer into thousands of these things and divide by 3 

it and then you can get a heat transfer or a mass 4 

transfer coefficient. It's some sort of an average. 5 

  MR. ISHII:   Also, current approach in 6 

TRAC code is going that just way to calculate 7 

interfacial area would be different. TRAC code use 8 

just a correlation based on look-up table. 9 

  We are developing model which dynamically 10 

predict evolution of it so that's the difference. But 11 

the basic approach is similar. So third approach is 12 

actually the one we are using in the local probe 13 

technique -- 14 

  MEMBER CORRADINI:   Mamoru, can I just ask 15 

Said's question again because I guess I want to make 16 

sure I understood the answer, which is that by 17 

ensemble averaging, you are going to get some average 18 

value that is invariant. Is that the point? 19 

  MR. ISHII:   That is the assumption of the 20 

two-fluid model. If it is not, we cannot use two-fluid 21 

model and the certainty many problems it is not, 22 

especially like the severe accident in the vapor 23 

explosion the transient is so rapid it may not have a 24 

sufficient time to average that phenomenon, it's a 25 
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truly transient phenomenon. 1 

  CHAIR BANERJEE:   But then you will still 2 

have an ensemble average. Non-stationary processes 3 

still have an ensemble average -- 4 

  MR. ISHII:   Which means you -- average 5 

can be made but you can develop a model based on that. 6 

  CHAIR BANERJEE:   You may say the variance 7 

above that average will be extremely large. 8 

  MR. ISHII:   That's right. 9 

  CHAIR BANERJEE:   Yes. 10 

  MEMBER CORRADINI:   I guess that is kind 11 

of where I was going because I figured you were going 12 

to use the -- you were going to appeal to some sort of 13 

averaging. That would mean that all your quantities 14 

are going to have some sort of mean value and some 15 

sort of variance -- 16 

  MR. ISHII:   Yes. 17 

  MEMBER CORRADINI:   which kind of creates 18 

what I will call flexibility in the model, variation 19 

in the model results. Do I have it right? 20 

  MR. ISHII:   Yes, that's right. The other 21 

sort of model has an inherent resolution limit. For 22 

example if you use a time average, you cannot go below 23 

the time stamp you use to average the equation, 24 

because you wipe out the phenomena within that time 25 
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and if you average over the space, you wipe out the 1 

space dependence in that volume. 2 

  So there is an inherent model limitation 3 

that people need to be aware of. 4 

  CHAIR BANERJEE:   Well, you can't time 5 

average unless it's a relatively stationary process. 6 

  MR. ISHII:   Not necessarily. Most -- in 7 

that sense, for example, we made a couple of second 8 

with local probes, we get the hundred of bubble 9 

hitting. 10 

  CHAIR BANERJEE:   Well if you can separate 11 

the -- let's say you fully transform the fluctuations, 12 

if there are two widely different frequencies -- 13 

  MR. ISHII:   We hope that's the case, 14 

otherwise -- 15 

  CHAIR BANERJEE:   If that's the case then 16 

you can do that -- 17 

  MR. ISHII:   That's right. 18 

  CHAIR BANERJEE:   Because the transient is 19 

slow in regard to the time window which you are 20 

averaging. 21 

  MR. ISHII:   That's right, and the local 22 

and so on, they would have to be, but there are many, 23 

very rapid transient, a millisecond, and then the two 24 

-- 25 
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  CHAIR BANERJEE:   But an ensemble average 1 

is always well posed, as long as you've got it so I 2 

think -- well -- 3 

  MR. ISHII:   But you are losing the space 4 

if you -- 5 

  CHAIR BANERJEE:   No, you can do double 6 

averaging of course. 7 

  MR. ISHII:   I see. 8 

  CHAIR BANERJEE:   But let's move on I mean 9 

-- 10 

  MR. ISHII:   Okay, yes. 11 

  CHAIR BANERJEE:   This is -- we can spend 12 

the whole day talking about this. 13 

  MR. ISHII:   I will discuss how this local 14 

probe works but actually it involves local interfacial 15 

area concentration, which is time averaged in very 16 

small time scale and then we have been benchmarking 17 

against possible way to benchmark, I will discuss 18 

that, and then we becoming confident that it is 19 

working pretty accurately. 20 

  And then essentially these two methods are 21 

developed at the Purdue and the Grenoble nuclear site 22 

center and using the one conductivity probe and 23 

another one optical and they are totally two separate 24 

software. And then we actually cross-checked it and I 25 
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will show the data.  1 

  This is a conductivity-based measurement 2 

and the basic mathematical reason we can measure by 3 

local probe is this equation, interfacial area time 4 

average equals the basically the inverse of the 5 

harmonic mean of the normal velocity of the interface. 6 

So if you can measure the surface velocity, you can 7 

measure the interface.  8 

  So what we are actually doing, we have a 9 

very small probe here, cross sectional area of this 10 

full sensor is about 0.2 to 0.3 millimeters. 11 

  CHAIR BANERJEE:   Mamoru you have to speak 12 

into the mic, he can't year you, okay? 13 

  MR. ISHII:   Okay, yes. So actually this 14 

is a very, very small probe and each -- 15 

  MEMBER ABDEL-KHALIK:   Just use the 16 

cursor.  17 

  MR. ISHII:   What? 18 

  MEMBER ABDEL-KHALIK:   Do you have a 19 

mouse? You can use a cursor. 20 

  MR. ISHII:   This is a sensor and actually 21 

it's about 100 microns so it's very, very small and 22 

actually a student working are the only one who can 23 

see and they make those probes. We are too old to see 24 

this probe. It looks like just one needle but they are 25 
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actually four sensors and the tip exposed is about say 1 

20, 30 microns, so this is a microsensor. Actually, 2 

Professor Kim developed. 3 

  And the basic underlying -- 4 

  MEMBER REMPE:   Excuse me, but what is the 5 

coating? You are talking -- you graph a lot about a 6 

coating. What is the coating?  7 

  MR. ISHII:   Coating is the epoxy. 8 

  MEMBER REMPE:   It's an epoxy? 9 

  MR. ISHII:   For water but for the other 10 

system epoxy will disappear so we use a very thin 11 

teflon coating and then this is done by some company. 12 

  And then basic way we measure interface is 13 

we put the two reactor rod here. This is one and this 14 

is another one, bubble comes, first touch the front 15 

sensor and then theoretically you get this step 16 

function. Actual signal doesn't look like this screen 17 

so you need to have a signal processing but very close 18 

to step function. 19 

  Then you have a second sensor, you get the 20 

signal which is a certain grade and the time 21 

difference between this and the distance between the 22 

reactor rod, you measure the surface velocity in this 23 

direction and when you have the four electrode, you 24 

can measure the normal -- a normal velocity of an 25 
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interface.  1 

  That is the way we do and this looks 2 

simple method but in their measurement, if you have 3 

four electrodes, not all of them will not detect the 4 

interface all the time. Sometimes two electrode 5 

detect, three.   6 

  So you need to have a very sophisticated 7 

signal processing to recover the missing signals. So 8 

that comes the software part and this is Le Corre, was 9 

an engineer from Grenoble Nuclear Research Center, 10 

came to our lab. He brought optical fiber sensor with 11 

their software to process signal. This is our 12 

conductivity flow. These are the comparisons between 13 

what we measure. 14 

  As a comparison-based parameter, we use 15 

superficial velocity because superficial velocity is 16 

product of void fraction gas velocity and we measure 17 

locally void fraction gas velocity, integrated over 18 

the cross-sectional area and you compared the flow 19 

meter-based superficial velocity and the pro-based 20 

one, so these are three comparison and it shows 21 

reasonable agreement. 22 

  And these are the interfacial area 23 

concentration obtained from the optical fiber sensor 24 

and the conductivity flow and this is just one example 25 
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but he did the Masters thesis and his whole thesis 1 

from this kind of figures. 2 

  And after this kind of comparison we found 3 

out optical fiber sensor, because it is so small, 4 

much, much smaller, so it's a little bit better 5 

detecting the interface, so we need to change the 6 

signal processing as I show in this slide. 7 

  CONSULTANT WALLIS:   For all these cases, 8 

the interface velocity and the gas velocity are the 9 

same. 10 

  CHAIR BANERJEE:   Yes -- 11 

  MR. ISHII:   Basically bubble moves with 12 

the --  yes. This signal is actually have a take-off 13 

and we need to have a threshold to make a step 14 

function. We found out that just cutting with the 15 

threshold is not good enough compared with -- so we 16 

improved the software but this is a small detail. 17 

  So another example is this is a typical 18 

slug bubble and then this is a void distribution and 19 

then -- 20 

  CONSULTANT WALLIS:   The back of the slug 21 

bubble is not flat and it oscillates. 22 

  MR. ISHII:   No. 23 

  CONSULTANT WALLIS:   Yes, the bubble is 24 

not flat. 25 
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  MR. ISHII:    Not flat at all. This is a 1 

typical -- 2 

  CONSULTANT WALLIS:   But your alpha has to 3 

take account of that because you are measuring the 4 

front and the back, I take it? Or I have got something 5 

wrong? 6 

  MR. ISHII:   Alpha is measured by the, 7 

like a time spent by the bubble in -- 8 

  CONSULTANT WALLIS:   Are you just 9 

measuring the nose of the bubble or the entire thing? 10 

  MR. ISHII:   This is a plot of alpha, 11 

local alpha against the radius, so this has avoided 12 

this situation across the channel, so this is very 13 

similar --  14 

  CONSULTANT WALLIS:   Average of some sort 15 

because it is either zero or one in the bubble or the 16 

liquid, it's average. 17 

  MR. ISHII:   This is time-averaged, so you 18 

get the step function -- 19 

  CONSULTANT WALLIS:   All I'm saying is the 20 

back of the slug -- the back of all slugs is 21 

different, because it's not flat and it's subject to 22 

big eddies, so bubbles are round. 23 

  MR. ISHII:   Yes. That's it. 24 

  CONSULTANT WALLIS:   Okay, so your image 25 
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here is assuming something about the back of the slug? 1 

  MR. ISHII:   Well, image is -- we took 2 

many images -- 3 

  CONSULTANT WALLIS:   From the picture -- 4 

  MR. ISHII:   And we take the average shape 5 

so image analysis is not accurate. 6 

  CONSULTANT WALLIS:   Right. 7 

  MR. ISHII:   So there are -- this solid 8 

line is the image and the scale point is probe-based. 9 

This is a void fraction and this is the interfacial 10 

area and the surface area peaks near the wall because 11 

these have much more surface area. 12 

  CONSULTANT WALLIS:   And these bubbles 13 

that are following it don't come into this at all? 14 

  MR. ISHII:   This one is all together. 15 

  CONSULTANT WALLIS:   It accounts for the 16 

little bubbles as well? 17 

  MR. ISHII:   Yes. 18 

  CONSULTANT WALLIS:   And it's an average 19 

over some length, then? 20 

  MR. ISHII:   This is over the many, many 21 

bubbles. 22 

  CONSULTANT WALLIS:   Over many bubbles? 23 

  MR. ISHII:   Yes. Many, many bubbles. 24 

  CONSULTANT WALLIS:   For a slightly 25 
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different -- yes, okay. 1 

  MR. ISHII:   If you were to take one 2 

bubble -- 3 

  CONSULTANT WALLIS:   Now I think I 4 

understand. 5 

  MR. ISHII:   Yes, it's time-averaged. 6 

  CHAIR BANERJEE:   He calls it time-7 

averaged. 8 

  CONSULTANT WALLIS:   But your image is one 9 

bubble or images of all the bubbles? 10 

  MR. ISHII:   All the bubbles, many, many 11 

bubbles. 12 

  CONSULTANT WALLIS:   Oh, okay. 13 

  MR. ISHII:   And there are many bubbles 14 

with totally different lengths and so on. 15 

  CONSULTANT WALLIS:   The image takes 16 

account of the little bubbles too?  17 

  MR. ISHII:   Yes. 18 

  CHAIR BANERJEE:   Not the little bubbles, 19 

right? 20 

  MR. KIM:   This is Seungjin Kim from Penn 21 

State. I am the one who has run the experiments so I 22 

think I should answer. That void fraction and 23 

interfacial area concentration only accounts for the 24 

large slug. 25 
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  CONSULTANT WALLIS:   Yes. 1 

  MR. KIM:   It doesn't account for the 2 

small bubbles. 3 

  CONSULTANT WALLIS:   Okay. Okay. 4 

  MR. KIM:   And we had a special 5 

experimental facility to create consistent slugs so we 6 

took time-averaged. I mean we count number of slugs 7 

and then got the average length and -- 8 

  CONSULTANT WALLIS:   Okay, because they 9 

are different lengths too, yes, okay.  10 

  MR. KIM:   There was some slight variation 11 

in the length but overall the average length was very 12 

similar. 13 

  CHAIR BANERJEE:   It's not time-averaged. 14 

It's an ensemble average. 15 

  MR. KIM:   No, it's not time-averaged. 16 

  MR. ISHII:   Thank you. And normally we 17 

will not compare with the photos and so on. This is 18 

very tedious, time-consuming. So what we are doing is 19 

we measure locally void fraction as function of the 20 

position, r, and we measure interfacial area as 21 

position r and we also can measure the j-gas as a 22 

position r then use this alpha and j-gas together and 23 

integrate over the cross-section, you get the average, 24 

which we can compare with the flow rate. 25 
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  And the interfacial area is basically 1 

measuring the gas velocity so if you can say j-gas can 2 

be measured accurately, probably we can measure 3 

interface. So this is a front of -- this is a flow 4 

meter based one. This is a conductivity-based j-gas 5 

and you can see over wide range of parameters it's 6 

basically for. 7 

  So we can measure j-gas very accurately 8 

and we are implying, probably we are measuring the j-9 

gas accurately. 10 

  CONSULTANT WALLIS:  In slide 22, ai 11 

depends upon radius. It's not a constant. Why is that? 12 

  MR. ISHII:   Here, we are measuring at 13 

local point and we are developing the probe. 14 

  CONSULTANT WALLIS:   But the bubble 15 

velocity is still the gas velocity and the interface 16 

area velocity is still the gas velocity, isn't it? 17 

  MR. ISHII:   We made assumption because 18 

gas is dispersed and in most cases gas is moving. 19 

  CONSULTANT WALLIS:   But in 22, if you 20 

look at the figure on the right, this is ai. If I -- I 21 

guess, okay, forget it. Forget it. It's all right. 22 

  CHAIR BANERJEE:   So near the wall it's 23 

all liquid. 24 

  CONSULTANT WALLIS:   It's a bit wiggly up 25 
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here but that's okay. That's okay. 1 

  MR. ISHII:   So this -- this comparison we 2 

almost -- 3 

  CONSULTANT WALLIS:   No, this is nifty. I 4 

think I've seen this before. You did this a long time 5 

ago. You started this sort of thing a long time ago. 6 

  MR. ISHII:   We have been working on this 7 

a long, long time and we have been confident. 8 

  CHAIR BANERJEE:   The paper is in 2000. 9 

Ten years ago. 10 

  MR. ISHII:   Yes. 11 

  MEMBER ABDEL-KHALIK:   If this methodology 12 

is going to be fully implemented, one would have to 13 

have that same information for droplets. Is that 14 

correct? 15 

  MR. ISHII:   If you want to cover a whole 16 

flow regime, yes. That's it. But droplet cases mostly 17 

depend on what is the entrainment rate and deposition 18 

rate and this has been studied quite extensively by 19 

many people, typically like Hewitt and Howard has 20 

1,000 experiment data -- 21 

  MEMBER ABDEL-KHALIK:   You think this 22 

information is already available for droplets? 23 

  MR. ISHII:   Droplet, but what I said was 24 

the transition between slug flow to annular flow, this 25 
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part, is like a two-flow regime transition. There are 1 

not many data for what actually happened to the 2 

interfacial area because in the churn-turbulent flow 3 

or slug flow is -- the liquid is continuous but the 4 

ones you are going to annular flow in the core, gas is 5 

continuous.  6 

  MEMBER ABDEL-KHALIK:   Right. 7 

  MR. ISHII:   It suddenly switches surface 8 

inside out, actually, so in that point how we model 9 

this transition is still an open question -- 10 

  (Simultaneous speaking.) 11 

  MR. ISHII:   end-point program to do that 12 

yet. 13 

  CHAIR BANERJEE:   Well probably we can 14 

discuss that but why don't we proceed with your 15 

presentation because we want to finish in about 10, 15 16 

minutes. 17 

  MR. ISHII:   Okay. Good, so these are the 18 

typical data we obtain in the past many years, maybe 19 

over 20-years including the DOE-supported programs. So 20 

you can see we made a test over many different 21 

diameter pipes and these are the number of test-run 22 

means we measured that the several actual location and 23 

the total profile of the void fraction, interfacial 24 

area, gas velocity. 25 
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  So that's an extensively large set of data 1 

and then for we are going to use this as one-2 

dimensional base, we area-averaged those quantities. 3 

For TRAC, for example, currently mostly 1-D model so 4 

we condensed this to data which is three-dimensional 5 

into 1-D. 6 

  So this is after you did the area 7 

averaging the comparison of the experimental data, 8 

this is interfacial area against the actual location. 9 

You had three actual measurement point and these are 10 

the interfacial area so many cases the flow regime 11 

fully developed, didn't change too much, but some 12 

cases is really developing and you can predict all 13 

these things with a transport equation relatively 14 

well. 15 

  MEMBER ABDEL-KHALIK:   Now this data is 16 

for a specific experiment, right?  17 

  MR. ISHII:   No, this -- 18 

  MEMBER ABDEL-KHALIK:   Data points, the 19 

symbols. 20 

  MR. ISHII:   This one is one inch -- 21 

  MEMBER ABDEL-KHALIK:   No -- 22 

  MR. ISHII:   experiment but many, there 23 

are like 10, 15 experiment that are included and each 24 

line is one experiment and this is a measuring point, 25 
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three actual location and each location, we traverse 1 

the probe and map the profile of void interfacial area 2 

and void, so we area average it and this is the area 3 

average, one-dimensional transport equation. 4 

  CONSULTANT WALLIS:   So this is an area 5 

per unit volume, right? 6 

  MEMBER ABDEL-KHALIK:   Right. 7 

  MR. ISHII:   Right. 8 

  CONSULTANT WALLIS:   It's not a universal 9 

thing because you can -- 10 

  MR. ISHII:   -- over cub meter. 11 

  CONSULTANT WALLIS:   You could have -- 12 

it's n times surface area per bubble and you can have 13 

different n and different bubble sizes and still get 14 

the same ai. 15 

  MR. ISHII:   Yes. 16 

  CONSULTANT WALLIS:   So I'm not quite sure 17 

what it's saying here. 18 

  MR. ISHII:   Well, in order to 19 

characterize -- 20 

  CONSULTANT WALLIS:   I could have 1,000 21 

bubbles with an area of one, I could have 100 bubbles 22 

with an area of 10, I get the same area. 23 

  MR. ISHII:   That's the reason. You cannot 24 

say only the interfacial area is a predictor. Void 25 
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fraction interfacial area together gives a sort of 1 

mean diameter -- 2 

  CONSULTANT WALLIS:   Okay so you have to 3 

use them together. 4 

  MR. ISHII:   And the void fraction is 5 

already a variable in the differential equation based 6 

on two-fluid models so that's we calculate by field 7 

equation. 8 

  MEMBER ABDEL-KHALIK:   But I was asking my 9 

question to try to get at the error bar around each 10 

one of these data points. Does the symbol give me an 11 

indication of the error bar of the measured quantity? 12 

  MR. ISHII:   Usually about 10 percent or 13 

so, right? 14 

  MEMBER CORRADINI:   Mamoru, can I repeat 15 

Said's question differently, instead of calling it an 16 

error bar?   17 

  MR. ISHII:   Yes. 18 

  MEMBER CORRADINI:   If there's a mean 19 

value, what's the one sigma, two sigma and three 20 

sigma? It's got to be more than 10 percent. 21 

  MR. ISHII:   In making the comparison 22 

between the theory and the model, they are much 23 

bigger. 24 

  (Simultaneous speaking.) 25 
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  MEMBER CORRADINI:    -- which I thought 1 

was an interesting question about the variance, which 2 

is, this is invariant but it's an ensemble average 3 

which means as I continue to add more data in I would 4 

get some sort of normal distribution and I guess I 5 

don't know if I would call it error as much as just 6 

the potential variation in the values. 7 

  And if it's not 10 percent I guess I would 8 

be guessing it would be larger than that. 9 

  CHAIR BANERJEE:   It can be much larger 10 

than that. 11 

  MEMBER CORRADINI:   I thought Said was 12 

kind of saying -- 13 

  MR. ISHII:   The error is much larger if 14 

you have a very low void fraction. 15 

  CHAIR BANERJEE:   Or if you have large 16 

fluctuations or large bubbles, small bubbles. 17 

  MR. ISHII:   It's not a time-averaged and 18 

you don't have so much -- 19 

  CHAIR BANERJEE:   No no, I mean -- 20 

  MR. ISHII:   variances -- 21 

  CHAIR BANERJEE:   I'm not talking about 22 

the mean value. The mean value is, if you take a large 23 

enough sample, it will be the mean. The mean won't 24 

fluctuate. But the variance above the mean can be 25 
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pretty large because you have -- if you have a wide 1 

distribution of bubble sizes. 2 

  By the way Mike, it doesn't have to be 3 

normal, the distribution. 4 

  MEMBER CORRADINI:   I didn't -- I am 5 

sorry, I didn't mean to imply that. I am just trying 6 

to get an idea that -- in some sense, I guess I had a 7 

question to follow Said's but in some sense if I pick 8 

a particular void fraction and a particular diameter, 9 

I guess I can't think of area concentration. I kind of 10 

do the opposite. I think of a physical length scale 11 

like a droplet or a bubble -- 12 

  MEMBER ABDEL-KHALIK:   Yes. 13 

  MEMBER CORRADINI:   Void fraction and then 14 

from that I calculate an area. And so if I think about 15 

it from a bubble standpoint or a droplet, I won't have 16 

a bubble. I mean, there was an old PAC thesis that one 17 

of Said's students did back about 30 years ago, Gerald 18 

Pawel, where he looked at bubbles and boiling, and the 19 

normal -- he got a normal distribution of bubbles 20 

leaving the surface of a wire and it was a pretty wide 21 

distribution. 22 

  That's kind of the way I'm thinking about 23 

it. Said, do you understand what I'm asking? 24 

  MEMBER ABDEL-KHALIK:   Of course, I mean, 25 
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that's why I was asking the question. 1 

  MR. ISHII:   If you talk about real local 2 

conditions there is a large variance with respect to 3 

mean value, but we are focusing on the mean value and 4 

we try to model real behavior, but the -- 5 

  CHAIR BANERJEE:   Your cross section 6 

averaging it. 7 

  MR. ISHII:   Yes, this is already also 8 

cross section -- 9 

  CONSULTANT WALLIS:   And time-averaging 10 

it, right? No? 11 

  MR. ISHII:   grossly -- yes. 12 

  CHAIR BANERJEE:   and ensemble-averaging 13 

it. 14 

  MR. ISHII:   wiping out the real detail so 15 

the phase distribution and so on. 16 

  MEMBER CORRADINI:   All right. 17 

  MR. ISHII:   Yes. This is one particular 18 

condition and this is interesting, the experimental 19 

data for total interfacial area is this mark and then 20 

bottom one, this is a Group 2 bubble and then Group 1 21 

is here so what's happening is in this experiment, at 22 

the station 1, station 2 only had a small bubble but 23 

Group 2 bubbles start to appear near the end -- 24 

  CONSULTANT WALLIS:   They were bigger 25 
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bubbles? 1 

  MR. ISHII:   and then we can predict it. 2 

This is actually the flow regime transition happening 3 

in actual location. 4 

  CONSULTANT WALLIS:   Group 2 are bigger 5 

bubbles? 6 

  MR. ISHII:   Yes. This is a cap or slug 7 

bubble, and then right-hand side shows which mechanism 8 

contributed to produce this coalescence to generate a 9 

Group 2. These are the various mechanisms. You can see 10 

this mechanism created, particularly this one created 11 

a Group 2 and this is I think a random -- no, not a 12 

random collision, this one is -- 13 

  CONSULTANT WALLIS:   I think once you get 14 

one big enough bubble it tends to eat up the other 15 

bubbles. 16 

  (Simultaneous speaking.) 17 

  MR. ISHII:   -- coalesced in Group 2 I 18 

think, so -- 19 

  CHAIR BANERJEE:   It is a sweep mechanism, 20 

right? 21 

  CONSULTANT WALLIS:   How can you model 22 

that if you have one velocity for all bubbles? I don't 23 

know. 24 

  MR. ISHII:   There are two velocities -- 25 
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  CONSULTANT WALLIS:   Two groups? 1 

  MR. ISHII:   Group 1 and Group 2 are 2 

different. 3 

  CONSULTANT WALLIS:   Different velocities 4 

so one sweeps up the other one? 5 

  MR. ISHII:   And that's not too bad for 6 

the -- as you know the wobbling bubble has a constant 7 

bubble rise velocity so it's not too bad, even the 8 

sizes are quite different. 9 

  CONSULTANT WALLIS:   So is this something 10 

like a bubble-slug transition where once you begin to 11 

get spherical cap bubbles, they eat up the other ones? 12 

  MR. ISHII:   But if you use interfacial 13 

area, there is no discontinuity. That makes the code 14 

to be more than numerically continuous. And this one 15 

is another condition. This is a -- 16 

  CONSULTANT WALLIS:   The code has to model 17 

all those colored lines on the right of page 27 here. 18 

  MR. ISHII:   The code has a right-hand 19 

side source and sink term, the calculate is -- 20 

  CONSULTANT WALLIS:   That's to model all 21 

those things -- 22 

  MR. ISHII:    -- expression. And this is a 23 

Group 2 surface area. This is Group 1 surface area and 24 

this is total surface area and you can see in this 25 
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test, first Group 1 interfacial increase and then 1 

start decrease because of several different mechanisms 2 

working together. 3 

  CONSULTANT WALLIS: So you are modeling a 4 

development of a flow regime, right, which I don't 5 

think the codes can do today. They just say this is 6 

the flow regime under certain conditions. They don't 7 

develop it from bubble to slug.  CHAIR 8 

BANERJEE:   That is why he has a transport equation. 9 

  CONSULTANT WALLIS:   No, but I'm just 10 

saying, you are doing something which codes cannot do 11 

today, right? 12 

  MR. ISHII:   That's it.  13 

  CONSULTANT WALLIS:   I'm trying to see 14 

what is the virtue here. It will do something which 15 

you cannot do with something like -- 16 

  MR. ISHII:   I am running out of time so I 17 

will go fast. This is a down flow, two-phase case and 18 

it typically looks like this and then one particular 19 

character is a slug or cap bubble tend to go toward 20 

the wall instead of go to the center. And that's quite 21 

different, and the flow regime maps are also quite 22 

different. 23 

  And as you predicted in your book, there's 24 

a kinematic shock and there are regions where you 25 
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don't have a unique flow regime. You can have two 1 

section. One is separated flow and another section is 2 

a bubbly flow. Both are stable and these are indicated 3 

by kinematic shocks and we avoided addressing 4 

kinematic shock on the -- 5 

  CONSULTANT WALLIS:   If we look at that 6 

picture you just showed -- 7 

  MR. ISHII:   Yes. 8 

  CONSULTANT WALLIS:   I mean that's very 9 

interesting. I'm just wondering how you are going to 10 

correlate interfacial drag and heat transfer for those 11 

kind of patterns. 12 

  CHAIR BANERJEE:   Well he has big bubbles 13 

and small bubbles in his model. 14 

  MR. ISHII:   They are moving with totally 15 

different velocities. So our modeling  approach is 16 

lump all those small bubbles -- 17 

  CONSULTANT WALLIS:   But the void fraction 18 

is governed by the big bubble, the huge slug flow, it 19 

governs the void fraction, but the interfacial drag 20 

must be governed by the other ones and the average. 21 

  CHAIR BANERJEE:   Yes, the problem, 22 

Mamoru, is that essentially what you are doing is sort 23 

of a version of a multi-field model because you really 24 

do need a void fraction for the small bubbles and a 25 
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void fraction for the large bubbles. 1 

  MR. ISHII:   Yes, that's right. You need a 2 

continued -- 3 

  CHAIR BANERJEE:   Otherwise -- yes. So you 4 

need to be able to carry those two and so we did a 5 

four-field model which is a bit like this -- 6 

  MR. ISHII:   Yes. 7 

  CHAIR BANERJEE:   where we had the small 8 

bubbles and also the more or less a continuous, and so 9 

then you can do that because you have four void 10 

fractions effectively. 11 

  MR. ISHII:   If you have indicative field, 12 

yes. 13 

  CHAIR BANERJEE:   Liquid as well, you see? 14 

  MR. ISHII:   Yes, that's it.  15 

  CHAIR BANERJEE:   So in general, I am 16 

saying. 17 

  MR. ISHII:   In general, four probably 18 

sufficient -- 19 

  CHAIR BANERJEE:   Four is sufficient. 20 

  MR. ISHII:   to the old mechanistic 21 

change. 22 

  CHAIR BANERJEE:   And then you can carry 23 

exactly what you are doing, you have to take the void 24 

fraction, otherwise you can't do what Graham wants you 25 
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to do. So large bubbles are good. The small bubbles 1 

are good. But you need to know the void fraction of 2 

the small bubbles and the void fraction of the large 3 

bubbles. Okay. 4 

  MR. ISHII:   The small bubble carry the 5 

surface area. Big bubble carries the boiling. 6 

  CONSULTANT WALLIS:   So in your equation, 7 

there's a two-fluid model -- your two-group model, you 8 

have a separate equation for small bubbles and big 9 

bubbles? 10 

  MR. ISHII:   Yes. The continuity equation 11 

and the surface area, you have a -- 12 

  CONSULTANT WALLIS:   You have -- in which 13 

one can feed the other as the small bubbles make big 14 

bubbles and the big bubbles break up to make small 15 

bubbles? 16 

  MR. ISHII:   And from momentum equation, 17 

you have two choice. One is you introduce two field 18 

then you have a totally marked field but introducing 19 

momentum equation is very difficult. But bubble carry 20 

almost no inertia, so you can use the drift tracks 21 

velocity difference between the big bubble and small 22 

bubble and use the relative velocity equation. 23 

  But you can use the mixture gas momentum 24 

equation and I think that -- 25 



 

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

 331 

  CHAIR BANERJEE:   In fact, you can show 1 

that for the small bubbles, even if you write a two-2 

fluid equation, the inertia terms are so small that it 3 

becomes a drift flux model. I have that in this paper 4 

too. I'll show you. 5 

  MR. ISHII:   That's right.  6 

  CONSULTANT WALLIS:   Eventually there has 7 

to be a pay-off. You have to show that for some 8 

reactor transient of interest, you can predict 9 

something better than somebody else can. 10 

  CHAIR BANERJEE:   Well you can predict the 11 

development of a flow regime. 12 

  CONSULTANT WALLIS:   Yes, but can you 13 

predict something of interest better than somebody 14 

else can with TRACE or something, that's -- 15 

  MR. ISHII:   Well no, the motivation we 16 

will try to improve a two-fluid model is for current 17 

reactor where we have ACS injected is by pound. Fluid 18 

is determined mostly by pound.  19 

  CONSULTANT WALLIS:   I am asking this 20 

because I went to a very interesting meeting in Japan 21 

where we had 400 very interesting papers and I 22 

couldn't see anything I could use for reactor safety 23 

and it was very interesting, so you have got to make 24 

those links somehow. I am not saying you can't do it. 25 
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I'm just saying that some time there has to be this 1 

payoff. 2 

  MR. ISHII:   We are hoping that as the 3 

reactor -- 4 

  MR. BAJOREK:  The example that we 5 

sometimes talk about is let's say I had an ADS system 6 

coming off the top of a hot leg for a passive reactor, 7 

the flow that might come out of the upper plenum very 8 

early, might be a bubbly flow, enters the hot leg. Now 9 

you would expect the bubbles to collect towards the 10 

top of the pipe eventually, but what determines the 11 

rate at which you are going to depressurize the system 12 

is going to be whether you are drawing off gas or 13 

liquid from that horizontal pipe. 14 

  If you use a static flow pattern map, 15 

okay, if that's in a code right now, whatever is 16 

coming into that hot leg, that's the flow pattern you 17 

are going to have everywhere, all the way up to the 18 

steam generator. If you allow it to develop, then you 19 

are going to be able to find out where that -- 20 

  CONSULTANT WALLIS:   It has to develop. 21 

It's a very short L over D to the ADS -- 22 

  CHAIR BANERJEE:   But in reality of 23 

course, nothing like that happens. What you get is a 24 

bunch of vapor, depressurized, and the liquid fills up 25 
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and you get a chunk of liquid and it goes down. If you 1 

look at the ADS system, it is chugging away happily. 2 

It's not that you are getting a stable, two-phase 3 

mixture through it.  4 

  MR. BAJOREK:  No. 5 

  CHAIR BANERJEE:   It's sometimes all 6 

liquid, sometimes much vapor. That's the way it is. 7 

But if you have sufficient resolution, if you can ever 8 

make these codes highly resolved, you may be able to 9 

capture that if you can do flow regime transitions 10 

which happen as part of the code. But I think that we 11 

are going off the subject because we need to just 12 

focus on this and get it over. 13 

  CONSULTANT WALLIS:  I think what you need 14 

really is an example where this approach is superior 15 

to something else. 16 

  MEMBER CORRADINI:  I guess I would agree 17 

with Graham. I think, Mamoru, that would help you, I 18 

mean, from just an explanatory standpoint, get us to 19 

understand where this really gives you a benefit that 20 

drives the investigation, because I am trying to think 21 

myself: is it a high-pressure example is it a low-22 

pressure example, is it a natural circulation 23 

situation, where this really adds something that you 24 

really need? 25 
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  MR. ISHII:   Thank you. Personally, I 1 

think low pressure is the most challenging and the 2 

flow structure is the most complicated, and there 3 

probably standard flow regime, map-based model is very 4 

inaccurate. 5 

  Let me go further. The next slide show the 6 

local void fraction interfacial area with mean 7 

diameter and the gas velocity measured and this is 8 

down-flow, and interestingly, the void fraction has 9 

center peak. This is the lift force acting in opposite 10 

direction down-flow, and the interfacial area reflect, 11 

because this is bubbly flow data and if you go into 12 

the slug flow, void fraction of Group 1 has a wall 13 

peak, even though it is a down-flow and the void 14 

fraction Group 2 has a center peak. 15 

  And then interfacial area concentration 16 

deflect the void fraction so -- 17 

  CHAIR BANERJEE:   I'm sorry to interrupt 18 

you but how many more slides do you have to go 19 

through? 20 

  MR. ISHII:   Well, I can stop any place. 21 

  CHAIR BANERJEE:   I would say you want to 22 

finish in about the latest at 4:30. 23 

  MR. ISHII:   Okay. 24 

  CHAIR BANERJEE:   So give us clearly what 25 
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you feel you should give. 1 

  MR. ISHII:   These are the comparison with 2 

the model and the experimental data. And other things 3 

we have done over the large diameter -- 4 

  CONSULTANT WALLIS:   What I would like to 5 

-- this is very interesting. It is very interesting 6 

stuff. But eventually it has to go into something like 7 

TRACE and you have to tie in these area, interfacial 8 

areas to some kind of transfer or something of 9 

interest and show that the coefficients that you used 10 

to correlate that are reasonably predictable from 11 

something. 12 

  MR. ISHII:   Well, the heat transfer -- 13 

  CONSULTANT WALLIS:   And that's a long way 14 

from where you are now. 15 

  MR. ISHII:   the drag coefficient already 16 

exists actually, exists. And if for example slug flow 17 

is predicted to use a large bubble drag coefficient 18 

that is the way it is working. 19 

  CONSULTANT WALLIS:   You have to show, you 20 

take this, you put it into something like TRACE and 21 

then you can predict your data in some way. 22 

  MR. ISHII:   That's Professor Kim is going 23 

to do that. 24 

  CONSULTANT WALLIS:   Oh, he is going to do 25 
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that, okay. Good. 1 

  MR. ISHII:   This is a large diameter pipe 2 

void and the interfacial area. This is a very large 3 

group and six inch and eight inch we already performed 4 

and then these are the measuring location. Again, we 5 

measured the three actual level and these are the 6 

radial point we measure and this is a void fraction 7 

prediction based on the model and compared to 8 

experimental data. 9 

  And TRACE has, currently has two options: 10 

one is pipe model and one is churn, and the churn is 11 

the assumed model and we found out this -- if you use 12 

the churn model you have a very large error and then 13 

another interesting thing is the flow regime in the 14 

large pipe is totally different from normal small pipe 15 

flow regime. We have a bubbly flow, cap bubbly, churn 16 

turbulent and no slug flow. 17 

  CONSULTANT WALLIS:   And where is 18 

homogenous flow? 19 

  MR. ISHII:   This is bubbly flow. 20 

  CONSULTANT WALLIS:   No, I was just 21 

looking for -- oh all right. 22 

  MR. ISHII:   The next one is a cap. 23 

  CONSULTANT WALLIS:   I'm sorry I was 24 

looking at the previous slide. You have three Ishii 25 
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theories. I just wondered if you put homogenous, how 1 

far away is it from the others? 2 

  MR. ISHII:   They are very similar but I 3 

didn't show the other model. Maybe there are some 4 

slides which showing that. 5 

  CHAIR BANERJEE:   Okay. 6 

  MR. ISHII:   This is a profile of void 7 

fraction, Group 1 and Group 2. Group 1 has wall peak 8 

and Group 2 has center peak and this is interfacial 9 

area and this is a comparison of the transport 10 

equation predicted void fraction of Group 1 and Group 11 

2 and the interfacial area of Group 1 and Group 2, so 12 

reasonable agreement. 13 

  So I will go faster. And maybe -- and then 14 

we have the -- 15 

  CONSULTANT WALLIS:   Still pretty modest 16 

flow velocities? Yes, I guess so. 17 

  MR. ISHII:   That's right, because of our 18 

compressor limit, we are now running a higher flow 19 

rate. So this is a adiabatic boundary test. We have 20 

eight by eight and we put the flow, this is the flow 21 

with elevation and this is probably very interesting, 22 

what's happened at this grid spacer. This is upstream 23 

of the grid space and the flow regime boundary is 24 

similar to large pipe. 25 
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  But if you measure the flow regime 1 

immediately after the spacer grid, at the low velocity 2 

it tend to push the flow regime boundary to the right 3 

side and that means bubbles are disintegrating at the 4 

spacer grid. At the higher flow rate, it moves in the 5 

left side, means actually at the higher leakage flow, 6 

bubble coalesces because the wake forms behind the 7 

grid and we can visually see very large sheet of 8 

bubble forms behind. So that has a major effect. 9 

  But this effect also wipes out very short 10 

distance so it has a temporary effect and here the 11 

spacer grid and this also showed the drag model or 12 

developed velocity model in TRACE. This is a base 13 

steel model and these are the Katoaka model and the 14 

data totally agree with the Katoaka model so this is 15 

one of the questions. For years we debated about what 16 

kind of model we use and the Ontario data shows quite 17 

different behavior so that's one of the reasons we 18 

did. 19 

  And now I think TRACE has a very good 20 

modeling. This is a bundle, local interfacial area 21 

measurement. We traversed the probe inside and you can 22 

see that depending this higher point there is a center 23 

of subchannel. This is a narrow point and so the void 24 

fraction has very big area behavior and the 25 
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interfacial area concentration also.  So 1 

within the boundary, actually you can see these 2 

bundle-wise, distributional void interfacial area and 3 

within the subchannel, also the void distribution. 4 

  CHAIR BANERJEE:   But the Group 2 is just 5 

zero essentially? 6 

  MR. ISHII:   These are -- this is adjust 7 

to one set and actually if you are interested we can 8 

send the whole report. We are just finishing this and 9 

we went to the -- most of the regime we had a Group 1 10 

and a Group 2. 11 

  And bottom line, the boundary behaves in 12 

terms of relative velocity, more like a large pipe. 13 

  CHAIR BANERJEE:   So how do you define 14 

Group 1 and Group 2? Is there a sort of a diameter or 15 

--? 16 

  MR. ISHII:   If you look at the drag 17 

questions, you have a coming down and then wobbling or 18 

distorted particle that's going up and then become cap 19 

bubble or slug bubble and this region, we call it 20 

small bubble. That's a typical bubble in the common 21 

sense, one millimeter to maybe seven, eight millimeter 22 

bubbles. 23 

  Beyond that, bubble is no more spherical. 24 

It's usually cap bubble or elongated. So that's the 25 
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boundary we set. 1 

  CHAIR BANERJEE:   So you set it based on 2 

the drag? 3 

  MR. ISHII:   Drag coefficient 4 

characteristic, yes. But in the -- so measurement we 5 

use code lengths and we made a judgment and these are 6 

the prediction against experimental data. 7 

  And another experiment we performed sub-8 

cooled boiling test. This is a three meter heated 9 

section and one and a half meter other section and 10 

this was also used to benchmark the TRACE code boiling 11 

model and the local sensors are showing here and then 12 

we had a similar measurement point. Our test section 13 

is annulus and these are the test metrics, and this 14 

shows code 1 is the most upstream, second, third.  15 

  This is a heated section and you can see 16 

void fraction slowly develops from the inner wall 17 

toward the outer wall and the third, you see the Group 18 

2 bubble forms and the black one is a Group 1 bubble, 19 

so you have a bubble area. 20 

  And this is the interfacial area, very 21 

similar to the void distribution except for large 22 

bubble, interfacial area is very small so doesn't have 23 

much interfacial area. 24 

  CONSULTANT WALLIS:   Is there some 25 
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theoretical development that goes along with this to 1 

predict these things? 2 

  CHAIR BANERJEE:   Well, there are 3 

correlations he has provided so the theoretical basis 4 

is always the Boltzmann equation and -- 5 

  CONSULTANT WALLIS:   No, no, no, I mean 6 

this is data for two-phase flow like this, you want to 7 

predict these 8 

data.  9 

  MR. ISHII:   At the moment I was going to 10 

the TRACE model. 11 

  CHAIR BANERJEE:   But you have your 12 

correlations, right, in the first slide or two you 13 

showed this? 14 

  MR. ISHII:   We are going to predict this. 15 

  CONSULTANT WALLIS:   You were predicting 16 

these as a function of position? That is not in the -- 17 

  MR. ISHII:   -- experimental data. But 18 

then to have an interfacial area transport equation 19 

accurately predict these, you need to have a 20 

nucleation site density, departure site and frequency 21 

model, which we have it but not very good, except a 22 

site density is good. So we need to further study. 23 

  CONSULTANT WALLIS:   And you also have to 24 

have something which tells you how things move across 25 
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the channel from -- radially? 1 

  MR. ISHII:   Well at the moment we are not 2 

doing a CFD for the NRC. We are doing for Bettis 3 

totally CFD type. There everything is three-dimension. 4 

So -- 5 

  CHAIR BANERJEE:   Okay, Mamoru, let him 6 

finish. 7 

  MR. ISHII:   This is the condensation 8 

region. You can see the void fraction interfacial area 9 

start going down and then we did a TRACE benchmark and 10 

this is a major void fraction and then this is the 11 

exit of heated section that condenses oxygen then 12 

flushing will make what the TRACE doesn't have that 13 

characteristic. 14 

  And this has a spike, this numerical 15 

spike, already it is fixed at the onset of nucleate 16 

boiling. So this is a typical comparison, so we are 17 

benchmarking and this is gas flux, again it deflect 18 

the void fraction. The circle is the data and the 19 

TRACE, so TRACE has a little bit problem splitting the 20 

wall heat flux into the phase change and the sub-21 

cooling.  22 

  This is a temperature. It looks pretty 23 

good but there are sub-cooling errors in it which 24 

makes the void fraction reflect so maybe I stop here. 25 
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  CHAIR BANERJEE:   Yes I think this is -- 1 

  MEMBER ABDEL-KHALIK:   Let me just ask 2 

again a general question. When this is all said and 3 

done is this going to be a completely a priori model 4 

or do you still have to have empiricism that would 5 

allow you to predict? 6 

  MR. ISHII:   This is not totally 7 

theoretical model because there are like one group I 8 

show you, three force terms, each has a coefficient 9 

but -- 10 

  MEMBER ABDEL-KHALIK:   Right. 11 

  MR. ISHII:   this coefficient benchmarked 12 

for certain experiment. After that we froze this 13 

coefficient and apply for very different condition, 14 

different sizes and it is working so -- 15 

  MEMBER ABDEL-KHALIK:   But still -- 16 

  MR. ISHII:   But it's not purely 17 

theoretical. It is in some sense mechanistic structure 18 

of the model but it is not totally mechanistic. 19 

  CHAIR BANERJEE:   Slide 12 gives you -- 20 

  MEMBER ABDEL-KHALIK:   Right. I mean if I 21 

look at slide 12, in which you have the source terms. 22 

  MR. ISHII:   That's right. 23 

  MEMBER ABDEL-KHALIK:   And ultimately you 24 

have to use empiricism for those source terms. So what 25 
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is the point? 1 

  MR. ISHII:   Well, even you use the 2 

ultimate transport equation, you need to give a 3 

probability of coalescence, collision frequency, these 4 

two are not totally mechanistic.  5 

  CHAIR BANERJEE:   No, it is not, you need 6 

-- 7 

  MR. ISHII:   You need some empiricism 8 

because bubbles are deformal particles and it's very 9 

difficult to say when it's coalescing and when it 10 

doesn't so these are actually reflected in these 11 

question.  12 

  CHAIR BANERJEE:   I think the point here 13 

is that if you do it, starting with some follow-up to 14 

the Boltzmann equation, which is what you have here, 15 

with appropriate empiricisms, you can look at flow 16 

regime development and transitions as a part of that 17 

equation, without having to impose them artificially. 18 

That's the main advantage. 19 

  MR. ISHII:   Well, what we are really 20 

hoping -- this is a personal opinion -- in current 21 

nuclear reactor we have a lot of resources, 22 

experimental resource, we built many test facilities 23 

of different scales and transient or most of it driven 24 

by the pump, so flow was not wrong in predicting. It's 25 
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relatively easy. 1 

  But now we have a possible safe system 2 

going to the certification. Things are much more 3 

tricky to predict because it's not just allocation-4 

driven, like AP600, AP1000, ESBWR and then if we have 5 

enough resources like we did in the `70s and `80s, 6 

like 2-D, 3-D, we will have a very good empirically-7 

based model, but in future we will not have that much 8 

resource. 9 

  Then we better have a more mechanistic 10 

model. That's one of the motivations. I thought it is 11 

important to implement this. 12 

  You don't need so massive experimental 13 

database, maybe check of few separate effect test and 14 

then you can say what has happened to the nuclear 15 

reactor. That's what motivation I had in this.  16 

  CONSULTANT WALLIS:   Let me follow up on 17 

this slide 12 here. You have got a total impact. It 18 

seems to have a number density and a terminal velocity 19 

and a diameter, all of which have to be predicted and 20 

then there is a Weber number, but turbulence cannot 21 

depend only on those parameters. There's nothing here 22 

about the Reynolds number or the flow or the geometry 23 

of the flow or the fact that there are spaces -- 24 

  (Simultaneous speaking.) 25 
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  CONSULTANT WALLIS:   This can't be a 1 

universal correlation. This is just a correlation for 2 

maybe low velocity flow in pipes. 3 

  CHAIR BANERJEE: I think, Graham, we should 4 

look at it as a structure right now. 5 

  CONSULTANT WALLIS: Yes, but I'm just 6 

thinking, how far is it from this before I can predict 7 

what happens in a rod bundle? 8 

  MEMBER CORRADINI: Can I just -- I think -- 9 

I guess I would agree with Graham in terms of approach 10 

or ultimate objective but I guess in some sense I am 11 

not sure if we can ask Mamoru for this. We should ask 12 

staff as to how they think the road map leads from 13 

this fundamental work, which is interesting but has to 14 

have a few steps before you apply it. 15 

  CHAIR BANERJEE: Right. All right. So 16 

Mamoru I am going to thank you very much for your very 17 

interesting presentation and we need to move to the 18 

next presentation which will be Seungjin Jim, right? 19 

  CONSULTANT WALLIS: Can I ask what we are 20 

supposed to be doing here, Seungjin? This is very good 21 

informing us, but are we supposed to review this based 22 

on what we have seen today? I mean, it's such a -- 23 

  CHAIR BANERJEE: No I don't think so. 24 

  CONSULTANT WALLIS: quick overview of 25 
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stuff. 1 

  CHAIR BANERJEE: I think we are getting an 2 

overview. 3 

  CONSULTANT WALLIS: What are we supposed to 4 

do? Are we supposed to just sit back and say we have 5 

been informed or are we supposed to do something? 6 

  CHAIR BANERJEE: Let's look at -- let's 7 

discuss this at the end of the meeting. 8 

  CONSULTANT WALLIS: Okay. 9 

  MR. KIM: Hello, my name is Seungjin Kim, 10 

from Penn State University. First of all I am honored 11 

to sit here and present my work in front of ACRS 12 

committee. So first presentation is on the 13 

implementation of interfacial transport equation that 14 

Dr. Ishii just presented into TRACE. 15 

  I try to go over as quickly as possible to 16 

the implementation and reserve part instead of going 17 

through too much, spending too much time on the 18 

background. So let me start with this slide.  19 

  This is one of the first preliminary work 20 

to evaluate the interfacial transport equation with 21 

code. At that time it was presented in 2000 OECD/CSNI 22 

workshop. At that time we were starting to develop 23 

TRACE and we had a TRAC-M version where interfacial 24 

area concentration was calculated based on that 25 
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algebraic relationship between void fraction and the 1 

bubble size and bubble size is basically predicted by 2 

Laplace number which is basically a function of three 3 

properties. 4 

  And on the other hand, RELAP5 also uses 5 

algebraic relation between a(subscript i) and the -- I 6 

mean relations between void fraction and the bubble 7 

size where bubble size is predicted based on Weber 8 

number. 9 

  So what we did was at that time we had a 10 

preliminary model for one group interfacial transport 11 

equation and it was implemented into TRAC-M version so 12 

what you see here is on the y-axis is interfacial area 13 

concentration, one-dimensional, along the direction of 14 

the flow and red line represents the interfacial -- 15 

TRAC-M with interfacial area transport equation 16 

implemented and black line is the RELAP5 prediction 17 

and the blue line is TRAC-M without interfacial area 18 

transport equation meaning I used its Laplace number 19 

to calculate. 20 

  CONSULTANT WALLIS: So the bubbles are 21 

agglomerating, is that what is happening? 22 

  MR. KIM: Yes, in this case. If you look at 23 

the data which is highlighted in blue in this case you 24 

can se that is covered by red, right, which is 25 
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basically TRAC code with interfacial area transport 1 

equation. For normal TRAC-M, it was able to predict 2 

the initial value, but then it predicted the 3 

increasing trends instead of decreasing trend. RELAP5 4 

on the other hand failed to predict initial value and 5 

predict the increasing trend. 6 

  CONSULTANT WALLIS: One would think the  7 

ought to be predicting the fully-developed value. 8 

  MR. KIM: I'm sorry? 9 

  CONSULTANT WALLIS: Shouldn't they be -- 10 

the initial value is what you put in. They can't 11 

predict it. 12 

  MR. KIM: For the interfacial area 13 

transport equation model, we input initial value. But 14 

for the RELAP5 and the TRAC-M, the initial value was 15 

predicted based on the flow or flow condition, like 16 

local gas inlet, gas and liquid flow combination the 17 

pressure information will predict a(subscript i). 18 

  CHAIR BANERJEE: Yes, because the RELAP5 19 

has a relative velocity then, you know Weber number, 20 

so it would give you a different thing from that. 21 

Okay, I think we understand what you are going to tell 22 

us. 23 

  MR. KIM: So this gave us enough motivation 24 

to move ahead and -- 25 
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  CHAIR BANERJEE: And this was a very -- you 1 

took some simple interfacial area transport equation. 2 

  MR. KIM: Right. Right. Now so what I was 3 

asked to do by NRC is to first of all look at the 4 

framework of TRACE. TRACE version 5.0 Patch 2 is I 5 

believe the current version of TRACE and we found that 6 

there were two experimental versions of TRACE, version 7 

4.291, which is created by Dr. Mehaffey, and basically 8 

what it is, is it implemented third field for 9 

dispersed liquid drops so it was created initially for 10 

the annular flow.   11 

  And then there was another version, 4.291b 12 

which tried to use this third field for implementing 13 

interfacial area transport equation so it was already 14 

available and then it was being developed when we were 15 

asked to review. 16 

  So this was done by one of Dr. Mehaffey's 17 

Masters degree student at the time. So we took 18 

advantage of using this and tried to develop a pilot 19 

code for one group interfacial area transport equation 20 

and just we named it as TRACE-T just for simplicity to 21 

reflect transport models.  22 

  TRACE-TNT is just for the nomenclature, is 23 

that the -- it's the same version as this but hen we 24 

got rid of transport equation but used the algebraic 25 



 

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

 351 

relation for a(subscript i) just for the comparison o 1 

the two version of TRACE. 2 

  CHAIR BANERJEE: With the TRACE-T, you only 3 

did dispersed bubbles?    4 

  MR. KIM: Yes, at this point we are looking 5 

at bubbly flow only.  6 

  CHAIR BANERJEE: All right keep going. 7 

  MR. KIM: So I'll just go through very 8 

quickly. The conventional TRACE version uses this 9 

condition criteria and interfacial area concentration 10 

correlation. 11 

  CONSULTANT WALLIS: Transition criterion 12 

for what? 13 

  MR. KIM: This is a transition criterion 14 

for bubbly to slug. 15 

  CONSULTANT WALLIS: Okay. 16 

  MR. KIM: Which is currently available in 17 

TRACE version. 18 

  CHAIR BANERJEE: For vertical pipes? 19 

  MR. KIM: For vertical pipes, yes, and for 20 

TRACE-T, we basically used one-dimensional, steady 21 

state, one-group interfacial area transport equation 22 

to implement.  23 

  CHAIR BANERJEE: And those terms are 24 

coalescence and break-up and stuff -- 25 
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  MR. KIM: Right this is the source and sink 1 

terms. 2 

  CHAIR BANERJEE: Source and sink terms. 3 

  MR. KIM: Yes. Correct. And another 4 

difference -- 5 

  CONSULTANT WALLIS: Initial conditions at 6 

the bottom of the pipe? How do you set those? 7 

  MR. KIM: We used the experimental value so 8 

we -- 9 

  CONSULTANT WALLIS: The bubble size? 10 

  MR. KIM: We have a measured value for 11 

interfacial area concentration. 12 

  CONSULTANT WALLIS: Okay so you know the 13 

initial conditions? 14 

  MR. KIM: Yes. 15 

  CONSULTANT WALLIS: And they are not 16 

determined just by the flow rate, they are determined 17 

by how you -- 18 

  MR. KIM: For the TRACE calculation without 19 

interfacial area transport equation, they calculate, 20 

based on the pressure information and the -- 21 

  CONSULTANT WALLIS: It's a fully developed 22 

flow regime at the bottom of the inlet? 23 

  MR. KIM: We assume it's fully developed. I 24 

don't know -- 25 
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  CHAIR BANERJEE: But bubbly. Bubbly flow. 1 

If you go back to that equation there, I guess you are 2 

getting your interfacial area out of that core -- the 3 

Laplace number or whatever number it is, right, yes. 4 

Yes. Okay. So you have set the inlet in TRACE 5 

consistent with equations and TRACE-T based on 6 

measurements? 7 

  MR. KIM: Yes. 8 

  CHAIR BANERJEE: You did not -- 9 

  MR. KIM: So for TRACE version this 10 

a(subscript i) is calculated based on this alpha 11 

value. 12 

  CHAIR BANERJEE: Yes and then you input the 13 

alpha value? You must at the inlet, right? 14 

  MR. KIM: Yes, alpha has been calculated 15 

though, based on the pressure information and the 16 

JGJF, the liquid and gas flow rate combination. 17 

  CHAIR BANERJEE: So that's a consistent 18 

TRACE calculation. 19 

  MR. KIM: Right, so you will see that later 20 

that -- 21 

  MEMBER ABDEL-KHALIK: Is D (sub db)? 22 

  MR. KIM: This is how -- 23 

  MEMBER ABDEL-KHALIK: Where does it come 24 

from? 25 
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  MR. KIM:  Bubble length scale and they use 1 

this Laplace number to calculate bubble size. 2 

  CHAIR BANERJEE: It's just strange because 3 

there is no relative velocity there.  4 

  MR. KIM: That's what they use so --  5 

  CHAIR BANERJEE: Let's move on. I think we 6 

understand what you are trying to do. Keep going.  7 

  MR. KIM: Let me move on. Another 8 

difference is the drag. TRACE uses the drift-flux 9 

model based drag. We used the Ishii-Chawla model 10 

because this is what we used when we developed 11 

interfacial area transport equation just to be 12 

consistent. 13 

  So before I show you the experimental 14 

condition, what we did was we basically have three 15 

mechanistic source and sink terms and then two 16 

additional terms coming out of the equation. 17 

Turbulence impact is a source. Random collision and 18 

wake entrainment are coalescence mechanism sinks. 19 

  Pressure drop, as you saw, the first time 20 

in the right-hand side of the equation, was the 21 

pressure drop, so it can be source or sink depending 22 

on the flow direction. 23 

  Bubble velocity gradient, this is coming 24 

from left-hand side of the equation, when you take the 25 
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divergence to the a(subscript i), V(subscript i). So 1 

this could be also source and sink, depending on a 2 

bubble acceleration -- 3 

  CHAIR BANERJEE: Graham asked you where 4 

v(subscript i) was coming from and are you just 5 

putting v(subscript i) equal to v(subscript g) or what 6 

is happening? 7 

  MR. KIM: Yes -- actually for the one-group 8 

equation you can relate v(subscript i) to the void 9 

fraction, yes. So to answer your question, we are 10 

using v(subscript i) instead of V(subscript g). 11 

  CONSULTANT WALLIS: So a cloud of bubbles, 12 

they all have different rise velocities don't they? 13 

  MR. KIM: Yes. 14 

  CONSULTANT WALLIS: So what's v(subscript 15 

g)? Some sort of an average?  MR. KIM: Yes we 16 

are measuring basically v(subscript g) so we are using 17 

time-averaged -- ensemble-average value.  18 

  CONSULTANT WALLIS: And then the will 19 

collide because some go faster than others. I don't 20 

see how that is in here at all. 21 

  MR. KIM: Sorry I didn't get your question. 22 

  CONSULTANT WALLIS: The bubbles have a 23 

different rise velocity, then they have a velocity 24 

relative to each other, so the big ones hit small ones 25 
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as they go by. 1 

  MR. KIM: Yes, in this -- 2 

  CONSULTANT WALLIS: Not in here at all. 3 

  MR. KIM: This is the one-group model. 4 

  CONSULTANT WALLIS: That's a mechanism for 5 

coalescence, which is important, if you have a -- 6 

  CHAIR BANERJEE: Yes but he doesn't have it 7 

in this slide.  8 

  CONSULTANT WALLIS:   He doesn't have it. 9 

Okay. All right. 10 

  MR. KIM: When the bubble enters the wake 11 

region, they need to accelerate. 12 

  CHAIR BANERJEE: Yes I guess he is asking 13 

you the model. You strictly have just turbulent impact 14 

and the random -- sorry, collisions and would the wake 15 

entrainment, since you don't have two groups of 16 

bubbles, what is happening -- 17 

  MR. KIM: Well we do have wake entrainment 18 

active even in one group transfer equation. 19 

  CHAIR BANERJEE: Okay. All right. 20 

  MR. KIM: Because wake is still there. So 21 

from what you will see from now in the model -- 22 

  CONSULTANT WALLIS: Relative velocity of 23 

bubbles having different velocities. 24 

  CHAIR BANERJEE: But once he gets to two 25 
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groups you will see that. 1 

  MR. KIM: Of course, you will see more. 2 

  CONSULTANT WALLIS: Only with groups, yes. 3 

  CHAIR BANERJEE: Let's move on. 4 

  MR. KIM: Okay. So for all the comparison, 5 

we used one set of coefficient for vertical upward, 6 

and we had to use different coefficient for the 7 

turbulence impact term, otherwise the same for the 8 

vertical co-current downward flow. You can imagine 9 

why, because you have large turbulent eddies in the 10 

downward flow compared to the -- much larger eddies 11 

compared to the vertical upward flow, so that's why we 12 

had to use different coefficient. 13 

  The database that we used, we had one, 14 

two, three, four, five different round pipes, sizes, 15 

varying 2.5 centimeter all the way to 20 centimeters, 16 

for the round pipes and for upward flow. 17 

  For downward flow we have two different 18 

pipe sizes and for the upward flow we have this many 19 

test conditions and downward flow we have this many so 20 

in total, 47 test conditions. So in the flow regime 21 

map, it looks like this. These are the test conditions 22 

that we -- 23 

  CHAIR BANERJEE: You are going to get 10 24 

minutes more. 25 
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  MR. KIM: Yes. 1 

  CHAIR BANERJEE: And you have got 70 slides 2 

or something so please -- 3 

  MR. KIM: No, no, no I have less than that. 4 

So -- 5 

  CHAIR BANERJEE: choose them carefully and 6 

just show us what you feel is key. 7 

  MR. KIM: So this is a one-dimensional 8 

interfacial area concentration experimental data along 9 

axial direction of the flow, so if you use transport -10 

- TRACE equation without transport equation, TRACE 11 

model, non-transport, you get this type of prediction 12 

result.  13 

  If you implement TRACE with interfacial 14 

area transport equation, you get this type of result. 15 

Very good. 16 

  MEMBER ABDEL-KHALIK: But aren't you 17 

getting the data out of -- I mean -- 18 

  MR. KIM: Yes.  19 

  MEMBER ABDEL-KHALIK: We can argue it's a 20 

closed argument. 21 

  MR. KIM: Right, but so you can argue that 22 

if TRACE can now predict the initial value, right, 23 

then you can match the prediction, right? So for this 24 

condition, your argument is correct because now what I 25 
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am seeing is here is a delta-a(subscript i) which is a 1 

change in interfacial area concentration along the 2 

direction from the initial value and what we are 3 

plotting is the each mechanism. 4 

  So for this particular condition we find 5 

the pressure -- this is the line contribution coming 6 

from pressure drop only. And if you plug others, you 7 

can see that other mechanisms are there but it's very, 8 

very small. 9 

  So this particular condition, everything 10 

is dominated by pressure drop. 11 

  CONSULTANT WALLIS: It seems to me that the 12 

initial conditions, I keep asking about it, depends 13 

how you put the bubbles in, what you get for an 14 

initial size. 15 

  CHAIR BANERJEE: Well, he's done it now, 16 

he's put it -- 17 

  CONSULTANT WALLIS: Yes, that's right, but 18 

you have to know it, you can't just grab it from 19 

somewhere. 20 

  CHAIR BANERJEE: Yes. All right. 21 

  MR. KIM: So if you look at the different 22 

condition, where look at flow rate is much higher, 23 

which is highly turbulent. Again, initial value, for 24 

TRACE is not correct. 25 
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  CONSULTANT WALLIS: How do you know that? 1 

The initial value depends on how you put them in. 2 

  CHAIR BANERJEE: He is going to correct it. 3 

Next slide. 4 

  MR. KIM: So this is the interfacial area 5 

transport with the interfacial area transport 6 

equation, so in this case what is interesting is, not 7 

only -- it's not necessarily completely linear but you 8 

can start seeing some non-linearity of the prediction 9 

results so we wanted to take a look at the 10 

contribution. 11 

  CONSULTANT WALLIS: How does your model 12 

know the initial bubble size? 13 

  CHAIR BANERJEE: It's given to it.  14 

  CONSULTANT WALLIS: It's given to it. So no 15 

wonder it gets it right. 16 

  CHAIR BANERJEE: But when you give it to 17 

TRACE -- 18 

  MR. KIM: Now let's say we give it to TRACE 19 

and then even when you give it, it doesn't predict 20 

accurately and the reason I am showing you is this: in 21 

this particular condition, this is the total change in 22 

a(subscript i) and now you can start seeing that this 23 

blue line is the continuation coming from turbulence 24 

impact mechanism. 25 
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  So in this highly liquid flow conditions, 1 

you can imagine turbulence impact becomes more 2 

important and the rest of the condition contribution 3 

is coming from here. 4 

  So this condition highlights the effect of 5 

pressure and turbulence impact in changing the 6 

a(subscript i) which TRACE cannot. 7 

  CHAIR BANERJEE: The turbulence is breaking 8 

it up. 9 

  MR. KIM: Right. Right. Now let's look at 10 

different conditions. This is a 20 centimeter pipe 11 

with a gas flow 0.3, liquid flow very low again. TRACE 12 

somehow, let's say you give the same inlet condition 13 

in that value, it predicts wrong trend, increasing 14 

trend, whereas interfacial area transport equation 15 

predicts the correct trend. 16 

  CHAIR BANERJEE: It's getting coalesced. 17 

  MEMBER ABDEL-KHALIK: But we don't really 18 

know that, do we? I mean -- 19 

  MR. KIM: Yes we do. 20 

  MEMBER ABDEL-KHALIK: look at the error 21 

bars in the experiment.  22 

  MR. KIM: This is the error bar in the 23 

experiment, of course. But then you can see that from 24 

the initial value to the final value, it's decreasing. 25 
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  MEMBER ABDEL-KHALIK: But looking at those 1 

three data points, would those error bars, do you 2 

really know the trend? 3 

  MR. KIM: I think I do.  4 

  MEMBER CORRADINI: So you guys are on slide 5 

24 and 5?  6 

  MR. KIM: 26. 7 

  CONSULTANT WALLIS: 25, 26. 8 

  MEMBER CORRADINI: Thank you. 9 

  MR. KIM: Because I am putting 20 percent 10 

error bar here however the experimental error -- the 11 

measurement error in this condition is supposedly less 12 

than 10 percent. 13 

  CONSULTANT WALLIS: So you can model 14 

agglomeration of bubbles. 15 

  CHAIR BANERJEE: I think he is showing 16 

qualitative effects. I think we should move on, right. 17 

  MR. KIM: Okay, so let's look at the 18 

contribution. Now, interestingly enough, in this 19 

condition you have both pressure and the random 20 

collision dominant and the other mechanisms are still 21 

also very active.  22 

  CONSULTANT WALLIS: You mean the pressure 23 

going down, the bubbles get bigger, is what you mean 24 

by pressure? 25 
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  MR. KIM: Yes. 1 

  CONSULTANT WALLIS: Okay. 2 

  MR. KIM: Pressure in -- yes, pressure 3 

drops and then bubble gets bigger. 4 

  CHAIR BANERJEE: It's just the term which a 5 

lot of -- 6 

  CONSULTANT WALLIS: It just gets bigger 7 

because the pressure is going down. 8 

  MR. KIM: Yes. But then what I am 9 

highlighting here is actually data is decreasing 10 

because random collision is much more dominant 11 

compared to pressure drop in this particular 12 

condition, which TRACE cannot predict. 13 

  CONSULTANT WALLIS: You are modeling a 14 

developing flow regime which TRACE doesn't do. 15 

  MR. KIM: Yes, but this is bubbly flow, 16 

though. 17 

  CONSULTANT WALLIS: Yes, I know. I know. 18 

  MR. KIM: Now I will show you the very 19 

interesting result. This is the vertical downward, co-20 

current downward air water two-phase flow. The data 21 

shows increasing trend. Note the TRACE, because the 22 

change in a(subscript i) is dependent on the fluid 23 

property, it cannot predict. It doesn't have the 24 

ability to predict the increasing trend in the 25 
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downward flow. 1 

  So this is what TRACE predicts. And this 2 

case, they predict the initial value correctly, 3 

however this is wrong trend. But if you implement 4 

interfacial area transport equation then this is what 5 

you get. Not only it's correct, it's very accurate for 6 

this particular condition and if you plot the 7 

individual contribution, what you see is that the 8 

turbulence impact in this particular condition where 9 

it -- 10 

  MEMBER ABDEL-KHALIK: Go back to the 11 

previous slide please. 12 

  MR. KIM: Yes. 13 

  MEMBER ABDEL-KHALIK: The dotted green line 14 

or dotted blue line. 15 

  MR. KIM: Yes. 16 

  MEMBER ABDEL-KHALIK: Okay. Is this a 17 

completely a priori calculation? Does it use any of 18 

the information from the experiment? 19 

  CHAIR BANERJEE: It changes the constant to 20 

-- 21 

  MR. KIM: Well I -- 22 

  CONSULTANT WALLIS: The constants were 23 

fitted I thought in slide something or other. 24 

  MR. KIM: The only change in equation was 25 
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the turbulence impact coefficient. I don't know which 1 

number of slide that is. 2 

  CHAIR BANERJEE: It's slide 7. 3 

  CONSULTANT WALLIS: Which one is slide -- 4 

  CHAIR BANERJEE: It's slide 7. 5 

  MR. KIM: Yes. So random collision, wake 6 

entrainment coefficient is the same as in the 7 

vertical, two-phase flow. The only change -- 8 

  CHAIR BANERJEE: Where does the 9 

coefficients come from? Where do those coefficients 10 

come from? 11 

  MR. KIM: These are coming from mainly 12 

experiments. The -- 13 

   CONSULTANT WALLIS: Experiments? 14 

  MR. KIM: Yes sir. Because the way we found 15 

these coefficients, we chose the flow conditions where 16 

in the data, data reflect they render either a 17 

coalescence or breakup mechanisms, either one of them 18 

is dominant. So we chose those flow conditions and 19 

then fit one coefficient and then choose another 20 

condition to fit another and then -- 21 

  CHAIR BANERJEE: Suppose we went to a 22 

different turbulence I mean, much different Reynolds 23 

number. Would those coefficients change a lot? 24 

  MR. KIM: I don't believe so. 25 
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  CONSULTANT WALLIS: I think they must 1 

because they -- 2 

  MEMBER REMPE: But the data are all from 3 

your loop or Professor Ishii's loop? 4 

  MR. KIM: Of course, yes.  5 

  MEMBER REMPE: That's it. 6 

  MR. KIM: Yes. So if you -- you can argue 7 

that what if we apply this to different loop, 8 

different data, but I can tell you based on my 9 

experience, since I moved to Penn State, I am building 10 

my own loop, right, so I am getting in my own data and 11 

compared with this model it still works very well, 12 

even though I am using my same old code. 13 

  CONSULTANT WALLIS:  But surface 14 

activation, like soap, the bubbles would not 15 

agglomerate, and everything would be quite different. 16 

You could have a foam going on -- 17 

  MR. KIM: Yes if you have a different 18 

fluid, then there is no way that this will work. 19 

  CONSULTANT WALLIS:   The interface can 20 

make a difference in all of these things. 21 

  MR. KIM: Sure. Sure. 22 

  CONSULTANT KRESS: Put in some alcohol. 23 

That will do it. 24 

  MEMBER CORRADINI: Can I ask the question 25 
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that goes along Graham's line here? So he mentioned 1 

some sort of surfactant that changed it.  2 

  MR. KIM: Yes. 3 

  MEMBER CORRADINI: If I go to steam water 4 

versus air water so I have a heated system, or I go to 5 

pressure, what variables would start taking me away 6 

from the set of constants that you set it to? 7 

  MR. KIM: I think that major -- this is my 8 

personal opinion -- the major property would be 9 

surface tension. If the surface tension changes a lot, 10 

then that's where your turbulence impact model will 11 

start to deviate the air water condition as well as 12 

the random collision model. 13 

  CHAIR BANERJEE: Okay you have got two 14 

minutes. 15 

  MR. KIM: Okay so --  16 

  MEMBER ABDEL-KHALIK: If I have a 17 

complicated flow system where the orientation is 18 

changing, how would I be able to run the model in a 19 

completely a priori fashion? 20 

  MR. KIM: It's interesting that you ask me 21 

because that's what I am currently working on. You can 22 

account for -- actually we have horizontal flow data 23 

also and I was able to predict the interfacial area 24 

concentration around the elbows in horizontal two-25 
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phase flow using the existing model and then by adding 1 

additional minor loss around the elbow, two-phase 2 

minor loss, and then the bubble acceleration and 3 

deceleration model around the elbow. 4 

  So this is the pure additional mechanisms 5 

that I had to add in order to predict this change of 6 

a(subscript i) around the horizontal two-phase flow 7 

with 90 degree and 40 degree elbows. 8 

  So another experiment that I am currently 9 

working on is the vertical elbow from vertical to 10 

horizontal lag and then there you need the additional 11 

model to be implemented in addition to the mechanistic 12 

source and sink mechanisms that we modeled. 13 

  CHAIR BANERJEE: So I think we have got the 14 

picture, right? So is there another slide or two you 15 

want to show? 16 

  MR. KIM: No I think -- 17 

  CHAIR BANERJEE: You are done with this? 18 

  MR. KIM: I think I covered most of them. 19 

  CHAIR BANERJEE: Yes so this is a one-group 20 

description with certain empiricisms for coalescence 21 

and breakup using the transport equation that was 22 

shown to summarize and it shows sort of the 23 

possibilities of coalescence or breakup depending on-- 24 

  MR. KIM: In summary I would like to 25 
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emphasize that TRACE, we have tested seven different 1 

test conditions for one group with or without 2 

interfacial area transport equation with TRACE and you 3 

can see that without TRACE, data are mostly under-4 

predicted, because of course the initial value was 5 

wrongly predicted. 6 

  But if you implement TRACE-T, the 7 

prediction results are all within plus or minus 10 8 

percent. 9 

  CONSULTANT WALLIS: Can I ask you something 10 

now? We have an interesting problem. We have flow 11 

coming out of a core, out of a lot of different 12 

channels with a certain bubble size, going into a 13 

chimney which is much bigger. Can you predict how that 14 

flow develops in that chimney? 15 

  MR. KIM: In the chimney section? 16 

  CONSULTANT WALLIS: Yes. It is going to 17 

eventually be big bubbles or something. 18 

  MEMBER CORRADINI: So the weight scales are 19 

-- I know where Graham is getting this from. I might 20 

know that reactor. And so the length scales are on the 21 

order of maybe 20 or 30, maybe 40 centimeters on the 22 

transverse square and in each one of those you have 23 

got essentially maybe eight to 10 centimeters each. So 24 

you have got 16 channels feeding into one chimney and 25 
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the question would be, what happens as the length 1 

scale or as the void fraction -- I'm sorry as the flow 2 

regime changes, and essentially redistributes in the 3 

chimney? 4 

  CHAIR BANERJEE: Mike, can I try to answer 5 

this for them because I think what we are talking 6 

about is the transport equation depends on the 7 

correlations you have put in for coalescence and 8 

breakup. Obviously if you have a situation which is 9 

very turbulent, which has larger bubbles, whatever, 10 

you are going to have to change these correlations or 11 

reassess them. But ultimately what it does is gives 12 

you a degree of freedom without requiring to have to 13 

specify a whole bunch of flow regimes that should 14 

develop naturally if it is done right. 15 

  So I think there is a potential for it. 16 

  MEMBER CORRADINI: I guess I think it's 17 

very interesting fundamental work. I am kind of trying 18 

to think two or three steps ahead and I guess I really 19 

do think in some sense we ought to ask the staff on 20 

part of this, which is now that you have this 21 

capability, let's say Professor Kim showed in the 22 

bubbly flow, now what do I do with it, and where does 23 

it make a difference? 24 

  MEMBER ABDEL-KHALIK: Let me just ask a 25 
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follow-up question. You showed the difference in the 1 

values of a(subscript i). If I am an outside person 2 

looking in, I would say who cares? What is the 3 

difference in the primitive variables? 4 

  MR. KIM: I think a(subscript i) as well as 5 

the void fraction is the most two-phase flow 6 

parameters because it first of all, we started out 7 

this experiment and the modeling approach to solve, to 8 

be able to use two-fluid model consistently with the 9 

model itself which is the dynamic model. 10 

  MEMBER ABDEL-KHALIK: But this is sort of a 11 

circular argument and I am just wondering if I have a 12 

real system with an object, where the temperature is a 13 

critical parameter that I am concerned about, how does 14 

this improve my ability to predict the temperature of 15 

that object? 16 

  MR. KIM: Well, surface area basically 17 

determines the heat transfer right, energy transfer. 18 

  MEMBER ABDEL-KHALIK: But the question is 19 

have you shown us that? 20 

  CONSULTANT WALLIS:  Does it? Does it?  21 

  MR. STAUDENMEIER: Well I mean it controls 22 

interfacial area transport so interfacial heat 23 

transfer is governed by a(subscript i). 24 

  CONSULTANT WALLIS: But maybe the heat 25 
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transfer coefficient goes inversely as the area so the 1 

product is constant and we don't know thinks like 2 

that. 3 

  MEMBER ABDEL-KHALIK: But I haven't seen 4 

that. 5 

  MR. STAUDENMEIER: We are not there yet. 6 

  CONSULTANT WALLIS: What you need is an 7 

example of a critical problem where this does better 8 

than something else and solves the problem. 9 

  MS. UHLE: Well, can I, this is Jennifer 10 

Uhle from research. At this point in time, and you 11 

know this is the preliminary work. This work has been 12 

obviously going on at a very low funding level for 13 

some years. What we are trying to do, and you are 14 

exactly right, is we have to get data over all the 15 

flow conditions that are seen in a reactor. 16 

  And so we are not going to be able to do 17 

that on our own and so we are -- well hold on, let me 18 

finish -- so we are reaching out to the international 19 

community as well as DOE and we are in fact meeting at 20 

the next ANS meeting and there is about six countries 21 

plus DOE who want to collaborate and share data and 22 

there are groups that have done higher pressures, 23 

higher temperatures, they have done two phase because 24 

we have done -- excuse me -- interfacial heat transfer 25 
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conditions so that they are looking at the phase 1 

change whereas at this point we are not. 2 

  So the bottom line is we understand fully 3 

what you are saying. We don't have enough data to be 4 

able to have developed the models to cover all the 5 

range of conditions. 6 

  CONSULTANT WALLIS:  Jennifer you weren't 7 

here this morning. This morning we are asking 8 

questions of why are you doing these things and not 9 

something else? 10 

  CHAIR BANERJEE: Let's defer this 11 

conversation. I want to ask you something related to 12 

your work. Are you doing any two-group modeling 13 

currently or are you studying it? 14 

  MR. KIM: Yes that's what we are trying to 15 

do as a next step. I believe that we have completed 16 

looking at the one-group data, air water conditions,  17 

we want to primarily look at the two-group 18 

implementation as well as the sub-cooled boiling 19 

condition because this will be more challenging than 20 

the two-group implementation because it may need 21 

additional work on the TRACE, the framework. 22 

  CHAIR BANERJEE: Okay. So let's come back 23 

and discuss this later on and because we are very 24 

short of time I would like to move on to your next 25 
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presentation Dr. Kim. 1 

  MR. STAUDENMEIER: I was going to say I 2 

have two comments before you end this. I guess one 3 

thing -- 4 

  CHAIR BANERJEE: Can we come back to this?  5 

  MR. STAUDENMEIER: It'll just take a 6 

minute. We do have data, large hydraulic diameters 7 

with smaller bubbles injected in the bottom that 8 

develop, coalesce into tailor bubbles and come out the 9 

top so we have some data to see if we can predict that 10 

and we will be doing that in the future. 11 

  And also I guess the one thing, to close 12 

the picture, you saw things we were predicting with 13 

inlet bubble sizes the thing that closed the whole 14 

thing is generation birth of bubbles at a surface 15 

where you are boiling and then so that would be the 16 

model we needed to close that is the birth of bubbles. 17 

  CHAIR BANERJEE: Excellent. 18 

  MS. UHLE: And actually Korea is working on 19 

that right now. 20 

  CHAIR BANERJEE: Okay. All right. Next 21 

presentation. 22 

  MR. KIM: The next presentation is on the 23 

Rod Bundle Heat Transfer Program. As most of the 24 

members of the committee may know that this research 25 
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has been carried on by late Professor Hochreiter until 1 

2008 and due to his unfortunate death, I was asked to 2 

succeed the remaining program. 3 

  So I will be presenting, focusing on the 4 

test facility itself and try to answer any questions 5 

you have on the test facility. 6 

  So I just mention that I became PI since 7 

2008 to perform the remaining experiments planned by 8 

Dr. Hochreiter and basically the objective of the 9 

program was to perform Rod Bundle Heat Transfer during 10 

the reflux reflood phase in large-break LOCA and 11 

provide database for TRACE code development. 12 

  So it is a 7x7 rod bundle facility with 13 

four support rods. I must apologize that there is a 14 

typo here. It should be 3.65 instead of 3.5 so if you 15 

could correct that I would appreciate it. 16 

  And then let me just use this drawing, 17 

just to explain. This is the spacer grid similar to 18 

the generic PWR spacer grid we are surveying and it's 19 

a 7x7 and it's located at seven different actual 20 

locations along the bundle and this is a test facility 21 

where you have a -- 22 

  CHAIR BANERJEE: Go back to that spacer 23 

grid. Does it have the thing which gives it the -- 24 

  MR. KIM: Yes, the vane is here. I don't 25 
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know if you can see a little. So it does have a slow 1 

vane made of Inconel and test -- this is the test 2 

facility and this is a test section, lower plenum, 3 

upper plenum and test section in houses 7x7 large 4 

bundle that simulates PWR 17x17 fuel bundle. 5 

  And then the steam can escape through this 6 

steam separator and then there is a tank damper -- 7 

damping tank that is designed to damp the oscillation 8 

in the test section pressure oscillation and there is 9 

a collection tank right after the -- it's connected to 10 

the upper plenum where entrained liquid either drops 11 

or liquid can be collected to be used for the mass 12 

balance to do the QA purpose. 13 

  And then water is supplied by heated tank. 14 

Initially it was supplied through the pressurized 15 

water supplied there and then exited and water was 16 

dumped outside.  17 

  So that is how the experiment was done for 18 

the rod bundle steady state or constant reflood rate 19 

experiments. Again this is test section diagram. There 20 

are six quartz windows located -- this is like a view 21 

window -- in case we want to measure droplet size. 22 

  So in normal conditions this is a block 23 

but when we want to get the droplet data, the window 24 

is -- the cover is open and then we use the laser to 25 
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get the droplets.  1 

  And there are many different pressure -- 2 

differential pressure taps and thermocouples. This is 3 

a cross-sectional view of the bundle cross-section. 4 

You can see that there are four core rods and then 5 

there are remaining rods. Let me -- this is a better 6 

view. 7 

  So here S represents support rod, I 8 

represents instrumented rods, U represents 9 

uninstrumented. So you can see that the inner 6x6 rods 10 

or 5x5 rods are all instrumented and then some are not 11 

instrumented outer side. 12 

  And it is -- the test -- this is a heater 13 

rod diagram. It's 600 Inconel metal alloy and this is 14 

a total heated length and it is manufactured by a 15 

Stern Lab in Canada and they embedded thermocouples 16 

inside the heater rod. 17 

  And one thing unique about this rod bundle 18 

facility is that the heater rod has a linear power 19 

shape and I believe that it is because we wanted to 20 

have a simple power shape for modeling purpose so I 21 

think that was the background. 22 

  And the P power is located at 2.74 meter 23 

from the inlet along the heater. And this is just to 24 

show you where the thermocouples are so this does not 25 
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represent temperature but the location, z, along z 1 

direction.  2 

  And there are thermocouples strapped on 3 

this grid surface so that it can measure the 4 

temperature of the spacer grid. 5 

  CHAIR BANERJEE: Where are the grids? Do 6 

you show them? 7 

  MR. KIM: Yes, there are seven different 8 

locations along the axial direction and the first grid 9 

-- I think I skipped that slide so let me -- the 10 

section, rod bundle -- yes, so first grid is located 11 

at around 10 centimeters above the bottom of the 12 

heater and then from then on the grids are separated 13 

about 52 centimeters away with each other, so along -- 14 

  CHAIR BANERJEE: Does the inlet of the 15 

bundle have a typical geometry as well, which is just 16 

below the grid? 17 

  MR. KIM: I don't understand the question. 18 

  CHAIR BANERJEE: The inlet into the bundle 19 

-- 20 

  MR. KIM: Yes. 21 

  CHAIR BANERJEE: What is the geometry? 22 

  MR. KIM: There is a lower plenum. 23 

  CHAIR BANERJEE: There's no P-grid --  24 

  MR. KIM: Well what you see here is the rod 25 
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coming out and there is a specially-designed, they 1 

call it melting pot. This is a -- they have a liquid 2 

metal -- 3 

  CHAIR BANERJEE: But I mean the inlet, 4 

below this grid. Is there an inlet section? 5 

  MR. KIM: Yes there is a section, a heated 6 

section below the first -- 7 

  MR. BAJOREK: Sanjoy, at the bottom there 8 

is a -- it's a typical spacer grid down there. There 9 

wasn't a provision to try to put in a separate P-grid. 10 

  CHAIR BANERJEE: Okay so there is no P-grid 11 

there? 12 

  MR. BAJOREK: Not in this one, no. 13 

  CHAIR BANERJEE: All right. Okay, that then 14 

answers the question. 15 

  MR. BAJOREK: I mean typically even for a 16 

very low reflood rate test, that region quenches and 17 

is covered by water very quickly. 18 

  CHAIR BANERJEE: Okay. All right. You can 19 

go back to -- thanks. 20 

  MR. KIM: Okay, another unique 21 

instrumentation is the so-called steam probe brake. 22 

This is manufactured by a company in California. I 23 

don't have that information. But they are I believe 24 

they benchmarked and then calibrated a probe. 25 
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Basically it's like a conductivity probe but it's 1 

thermocouples at the tip. 2 

  So the size of this pin is I believe 0.4 3 

millimeters and thermocouples -- here is the size. The 4 

thermocouple size is 0.4 millimeters and this needle 5 

is 0.8 millimeters. 6 

  MEMBER CORRADINI: And these -- just so I 7 

understand, these are inserted in the center of the 8 

subchannel? 9 

  MR. KIM: Yes sir, if you look at the next 10 

slide, this is how they are inserted. So they can -- 11 

this is designed so that they can be traversed between 12 

the gap of the rods so that they can measure 13 

temperatures across the bundle. 14 

  MEMBER ABDEL-KHALIK: And how thick is 15 

this? 16 

  MR. KIM: 0.8 millimeters -- 17 

  MEMBER ABDEL-KHALIK: Compared to the rod-18 

to-rod gap? 19 

  MR. KIM: Rod-to-rod gap is about 1.25 20 

centimeters, 1.26 if I'm not -- 21 

  MEMBER ABDEL-KHALIK: Centimeters? No, 22 

can't be right.  23 

  MR. KIM: Oh you mean rod -- it's a pitch 24 

that I gave you. The pitch is 1.26. The gap-to-gap, I 25 
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-- 1 

  MEMBER CORRADINI: The gap has got to be 2 

about three millimeters. 3 

  MR. KIM: Yes, yes. I don't have the -- 4 

  MEMBER CORRADINI: The rod should be about 5 

nine millimeters. 6 

  MR. KIM: Right, nine millimeters so if you 7 

subtract -- 8 

  CHAIR BANERJEE: It's about three 9 

millimeters. 10 

  MEMBER ABDEL-KHALIK: It is not critical. 11 

Let's mov eon. 12 

  CHAIR BANERJEE: Yes. 13 

  MEMBER ABDEL-KHALIK: The point is it's a 14 

significant fraction of the gap. 15 

  CONSULTANT WALLIS: What does NRC get out 16 

of this? They get electronic version of the output of 17 

all these things? 18 

  MR. KIM: Yes.  19 

  CONSULTANT WALLIS: And how about you -- 20 

  MR. KIM: It's a huge database. 21 

  CONSULTANT WALLIS: How about the digital 22 

camera and the quartz window? Do you get a lot of data 23 

on droplet size? 24 

  MR. KIM: Yes we do. It is actually 25 
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published as a part of the NUREG report for the rod 1 

bundle. 2 

  CONSULTANT WALLIS: You can't get all this 3 

data in a published form. There must be a humongous 4 

amount of paper. 5 

  MR. KIM: It's a humongous amount, yes, 6 

more than sometimes 1,000 pages. 7 

  MR. BAJOREK: It is in our databank for -- 8 

each one of the tests will get a data file with all 9 

the thermocouple, all the DP cells, there will be 10 

separate files usually spreadsheets. 11 

  CONSULTANT WALLIS: You are going to tell 12 

us what you have done with it? 13 

  MR. BAJOREK: Yes. 14 

  CONSULTANT WALLIS: Thank you. 15 

  MR. KIM: So in some area, up to 2008, 16 

there were four characteristic experiments: reflood 17 

heat transfer; two phase mixture level experiment; 18 

steam cooling experiments; stem cooling experiments; 19 

steam with droplet experiments. 20 

  Since 2008, since I became PI, we have 21 

been running the oscillatory reflood test -- 22 

  CHAIR BANERJEE: So I think we have seen 23 

much of the work to 2008. 24 

  MR. KIM: So I guess next is Steve, Steve 25 
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Bajorek who will probably present some of the 1 

experimental results. 2 

  CHAIR BANERJEE: Steve, focus on the things 3 

that we haven't seen before, because we have reviewed 4 

this program before. 5 

  CONSULTANT WALLIS: Yes you reviewed it, 6 

but we weren't able to view all that. 7 

  MR. KIM: So do you have any questions? 8 

  CHAIR BANERJEE: No I think this is fine. 9 

Sorry to sort of rush you through like that. But you 10 

can blame all the questions -- 11 

  CONSULTANT WALLIS: We didn't ask him any 12 

questions.  13 

  CHAIR BANERJEE: You are being nice.   14 

  CONSULTANT WALLIS: It's all the questions 15 

we asked this morning that's the problem. 16 

  MR. BAJOREK: We are on P -- I don't see 17 

the file in here. Thanks.  18 

  CHAIR BANERJEE: Be careful of that mic on 19 

your -- the mic. 20 

  MR. BAJOREK: I see it. Are we okay? The 21 

one thing I want to add with the RBHT facility is 22 

recently, over the last year or so, in addition to 23 

making modifications in order to do oscillatory 24 

reflood tests, we have corrected a problem in the 25 
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upper plenum where the tie plate, we believe, in that 1 

very last series of tests, had cracked, a couple of 2 

rods had dropped out so there was a delay in the tests 3 

in order to fix that. 4 

  In addition, it was very difficult to get 5 

one to one effects of the spacer grids, droplets 6 

before and after that spacer grid because we only had 7 

one camera system. Since then a second camera system 8 

has been installed so now we will be able to run tests 9 

and immediately get that information. 10 

  What I would like to do is spend some time 11 

to show what we have been doing with the experimental 12 

data since it has been received from these tests. 13 

  Up until about 2004, 2005, most of the 14 

efforts were just getting the test data and finding 15 

what we needed to get out of that. There was a 16 

documentation phase where we needed to iterate several 17 

times with Penn State in order to get the 18 

documentation on the facility and the reflood test 19 

correct, and of course with Professor Hochreiter 20 

passing on, there was a delay in transferring things 21 

over. 22 

  But we believe now we are starting to get 23 

to the point where we can use this data to develop 24 

models and do some additional assessment. In the 25 
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assessment report we have made some comparisons to a 1 

number of the tests, just as we would against FLEC 2 

CSET but also and some of the other reflood tests. 3 

  Some things we want to point out about the 4 

experimental data that we are getting. We feel it is 5 

very unique. Those grids are prototypical, mixing vane 6 

grids with the swirl vanes, the design of that spacer 7 

grid is very much what is used in a commercial product 8 

that is seen in many operating reactors. 9 

  CONSULTANT WALLIS: These spacer vane grids 10 

do change with time and you get new fuel with more 11 

grids and different design and -- 12 

  MR. BAJOREK: More grids and it's a bit of 13 

an art -- 14 

  CONSULTANT WALLIS: rods, so does that mean 15 

you have to do a test of each fuel design every time 16 

it comes along? 17 

  MR. BAJOREK: No. This is my looking at the 18 

experimental data. Most of the effect of that spacer 19 

grid on a first order is in that blockage ratio, when 20 

it comes to heat transfer and on the droplet breakup 21 

mechanisms. Now DNB is certainly something different. 22 

Those swirl vanes and the art that goes into 23 

generating the downstream turbulence certainly has a 24 

big effect. Those are done on an assembly by assembly 25 
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basis when you get the DNB. 1 

  But it doesn't at least appear to us that 2 

we are -- it's necessary for to get every change in 3 

the fuel design by running another test. Long-range 4 

plans: we would like to try to look at different grids 5 

in order to investigate that but that's not something 6 

that is easily done in a facility like RBHT because 7 

you have to take the entire bundle apart. 8 

  CHAIR BANERJEE: But in first order, do 9 

these grids improve the re-wet process and the 10 

transfer or does the -- 11 

  MR. BAJOREK: I'm going to get into that in 12 

a little bit. 13 

  CHAIR BANERJEE: All right. Move on Steve.  14 

  MEMBER CORRADINI: So Steve can I just ask 15 

a different question since you answered Graham's by 16 

saying it's the blocking ratio. How do you know that? 17 

What empirical data is giving you that judgment? 18 

  MR. BAJOREK: There is data that have been 19 

done from FLEC CSET, FLECT, the work by Wemke, Rainer 20 

-- 21 

  MEMBER CORRADINI: Rainer. 22 

  MR. BAJOREK: Okay I'm saying his name 23 

incorrectly -- who had looked at grids of different 24 

blockage ratios and based on that you can -- there 25 
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were some models based on -- 1 

  CONSULTANT WALLIS: So the shape of the 2 

grid doesn't matter? The actual detailed shape of the 3 

grid doesn't matter? It is just a geometrical blockage 4 

or something or is a blockage something which you -- 5 

  MR. BAJOREK: The blockage is the first 6 

order effect. Now those are probably in the second 7 

order type of thing but we don't know that for sure.  8 

  MEMBER CORRADINI: But your answer to 9 

Graham was totally in low pressure reflood versus high 10 

pressure DNB? 11 

  CHAIR BANERJEE: Well that's a completely 12 

different problem.  13 

  MR. BAJOREK: That's true, yes, I think in 14 

high pressure, the DNB, the swirl vanes, and the 15 

details make lots of -- 16 

  CONSULTANT WALLIS: Swirl vanes have no 17 

effect at low pressure? 18 

  MR. BAJOREK: We don't have enough 19 

information to necessarily show that.  20 

  CONSULTANT WALLIS: But you think they 21 

don't have. 22 

  MR. BAJOREK: We don't think so. But we 23 

don't have that information. 24 

  CHAIR BANERJEE: Can we just do this -- 25 
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move on and then we will come and ask you the 1 

questions.  2 

  MR. BAJOREK: Okay. 3 

  MEMBER CORRADINI: Sorry, Dr. Banerjee. 4 

  MR. BAJOREK: Okay, aspects. We are able to 5 

get droplet-size measurements both above and below the 6 

spacer grids. This is something that hadn't been done 7 

before. As Professor Kim noted, we have instrumented 8 

most of those spacer grids with three, two or three 9 

thermocouples so we know if they are wet or not, that 10 

had not been done in previous facilities. 11 

  These tests are run -- the power is 12 

maintained constant. You saw the top skewed shape, 13 

which makes it easy for us to evaluate, but the power 14 

is left on so rather than seeing tests of very short 15 

duration, FLEC CSET, the six inch per second test was 16 

over in basically 20 seconds. 17 

  Equivalent conditions run in RBHT, it 18 

lasts for several hundred seconds. This gives us lots 19 

and lots of data, be it in film boiling disperse flow 20 

or inverted annular flow by which to develop or 21 

enhance some of the correlations. 22 

  What I want to go over today are just some 23 

of the findings that we have seen in the test and then 24 

talk a little bit about some of the new information 25 
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that we have been able to gather by looking at the 1 

spacer grids. 2 

  CHAIR BANERJEE: Steve, you have 20-odd 3 

slides.  4 

  MR. BAJOREK: I am going to go over these 5 

first couple very quickly -- 6 

  CHAIR BANERJEE: And you have got 15, let's 7 

give you 20 minutes, one minute a slide. 8 

  MR. BAJOREK: Thank you very much. I'll 9 

bank on some of that time by just going over a couple 10 

of these first ones quickly. 11 

  CHAIR BANERJEE: Okay. 12 

  MR. BAJOREK: One of our first things that 13 

we have done is we have taken a look at the basic 14 

sensitivities that we saw in RBHT -- What is the 15 

effect of pressure? What is the effect of flooding 16 

rate? What is the effect of inlet sub-cooling? -- to 17 

make sure that we are seeing trends which were 18 

consistent, that we saw in FLEC CSET and you see in 19 

other types of reflood tests.  20 

  This shows an example of this, that when 21 

you -- 22 

  MEMBER ABDEL-KHALIK: What are you plotting 23 

here? 24 

  MR. BAJOREK: This is the quench envelope. 25 
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      1 

  MEMBER ABDEL-KHALIK: Okay, this is the 2 

quench front location? 3 

  MR. BAJOREK: The quench front location. 4 

  MEMBER ABDEL-KHALIK: Okay.  5 

  MR. BAJOREK: So for example if I want to 6 

see when the -- 7 

  CHAIR BANERJEE: Effect of pressure. 8 

  MR. BAJOREK: the three-meter elevation 9 

quenches when it is at low pressure, 40 psi, excuse me 10 

20 psi, it's on the order of 900 -- 11 

  CONSULTANT WALLIS: Why are there so many 12 

data points? Is this that each rod quenches at a 13 

different time or something? 14 

  MR. BAJOREK: This is the instrumentation 15 

at every level. As Professor Kim pointed out most of 16 

those rods are instrumented. Now they are at different 17 

elevations. One rod might have thermocouples that are 18 

concentrated in the bottom half, others in the top 19 

half. 20 

  MEMBER REMPE: How did you put the 21 

thermocouples on the rods? Were they welded on? And 22 

then how do you know that their presence doesn't 23 

affect -- 24 

  MR. BAJOREK: These are internal. You put 25 
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them in there. You swage the cladding in order to 1 

compress that around the thermocouple and -- 2 

  MEMBER CORRADINI: Are these Stern heater 3 

rods?  4 

  MR. BAJOREK: Yes they are. 5 

  MEMBER CORRADINI: Okay, this is a heater 6 

tape, this is not a solid heater piece? 7 

  MR. BAJOREK: This is a heater tape, yes. 8 

It is wound -- 9 

  MEMBER CORRADINI: It's a heater tape 10 

wound? 11 

  MR. BAJOREK: Yes. 12 

  MEMBER CORRADINI: All right so I have a 13 

question about that that is fundamental and I'll ask 14 

it and Sanjoy will tell me to shut up. There is a heat 15 

flex variability.  It's not a constant heat flux 16 

across this. That is, you have like a sinusoidal 17 

effect to it. 18 

  Has that been investigated by Stern to 19 

make sure you are not getting any sort of an effect 20 

due to that?  21 

  MR. BAJOREK: You mean a sinusoidal as 22 

opposed -- I mean with time?  23 

  MEMBER CORRADINI: No, I am saying since 24 

it's a heater tape, I have a heater region, an 25 
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adiabatic region, a heater region and an adiabatic 1 

region so if I plotted the heat flux, if it's a 2 

cosine, it's not a straight curve sine, it's a wiggly 3 

cosine.  4 

  Has that been considered in some of this 5 

or does that just wash out? And you can take that 6 

separately and we can talk later about it but that is 7 

something that the Stern heater tape has an effect on, 8 

or at least in some experiments, has an effect on what 9 

you measure. 10 

  MR. BAJOREK: I have to look into that 11 

because I remember when those rods were being designed 12 

and tested out that was in the late `90s and that was 13 

the first two, three years of the program. I know that 14 

Larry had done a lot of work with Stern in order to 15 

qualify these rods but I don't know whether he looked 16 

into that.  17 

  MEMBER CORRADINI: We can talk later. 18 

  MR. BAJOREK: Okay. 19 

  CONSULTANT KRESS: It was a real problem 20 

when they used a wire but when they went to the tape I 21 

think that it just washed out. 22 

  MR. BAJOREK: I think it's wound tight 23 

enough that it's not but I don't know. 24 

  MEMBER CORRADINI: Because I remember that 25 
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it was a problem. 1 

  CHAIR BANERJEE: Why don't we table that 2 

question and you can answer that later Steve. 3 

  MEMBER CORRADINI: Fine. 4 

  MR. BAJOREK: Okay. What we do see by 5 

looking at the experimental test, that the parametric 6 

effects that we see in RBHT very much consistent with 7 

what we saw in FLEC CSET. That's good. That's what we 8 

wanted to see.  9 

     As an example, as the pressure increases, 10 

the quench profile should move to the left. Higher 11 

pressure gives you better heat transfer. We see that 12 

in the parametric effects. Likewise with inlet sub-13 

cooling, that that inlet sub-cooling is increased. We 14 

tend to have better heat transfer. It moves it to the 15 

left, not quite the sensitivity as you saw with 16 

pressure, but that's consistent with FLECT, FLEC CSET 17 

in those previous tests. 18 

  As we look at flooding rate and test 19 

repeatability, we see very similar attributes, so just 20 

in summary, we have gone through and we have taken a 21 

look at the test data. The parametric effects make 22 

sense, as you saw from the quench profile, it gives 23 

you an indication of how densely packed this facility 24 

is to give us temperatures as we go up with elevation. 25 
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  As we look downstream at the spacer grids, 1 

we are able to take advantage of that densely -- dense 2 

packing of the thermocouples, now to give us these 3 

downstream effects in the convective cooling that you 4 

saw in FLEC CSET but it wasn't necessarily 5 

instrumented for it.  6 

  What we have seen in the test so far is 7 

yes, the convective heat transfer is enhanced 8 

downstream of the grid and I will show you a 9 

correlation that has come out of that from the steam 10 

cooling tests. Clearly droplet breakup occurs. 11 

  As we compare test to test under the same 12 

conditions, we see larger droplets being broken up as 13 

they pass through these dry grids at the top of the 14 

bundle. We see some different things in there but we 15 

are seeing that difference in the distribution. 16 

  One thing that we are seeing in these 17 

tests, and we see this now because we have the spacer 18 

grids instrumented: they tend to re-wet well ahead of 19 

the quench front. I'll get to that in a few minutes.  20 

  As we pointed out earlier, we have put 21 

spacer grid models into a version of TRACE. You saw a 22 

figure that Joe Staudenmeier showed earlier where you 23 

saw these dips that occurred downstream of the grid. 24 

Without the spacer grid models, you don't get any of 25 
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that. If you notice, we don't get quite as deep a dip 1 

as we are seeing in the experimental data when you 2 

compared it to RBHT.  3 

            We attribute that to those earlier models 4 

having been derived primarily by "egg-crate" or non-5 

mixing vane grid data. But now that you put the spacer 6 

grids and the swirl vanes on there, you are getting 7 

more mixing and you are getting a greater enhancement 8 

downstream of the grid. 9 

  CHAIR BANERJEE: So what he showed us was 10 

without the mixing vanes, those bumps? 11 

  MR. BAJOREK: I think he showed two curves, 12 

one without any spacer grids and that was a smooth 13 

curve. 14 

  CHAIR BANERJEE: Right. 15 

  MR. BAJOREK: Then we saw some bumps that 16 

weren't quite as -- 17 

  CHAIR BANERJEE: It wasn't -- I mean they 18 

went down but -- 19 

  MR. BAJOREK: Not as dramatic as you like. 20 

When we take a look at the RBHT data, and we break it 21 

down into heat transfer coefficient as a function of 22 

elevation for -- and this just grabs one of the steam 23 

cooling tests -- if nothing is done to TRACE, when you 24 

just look at a fully-developed heat transfer 25 
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coefficient, you get the solid line here and those 1 

little ripples in there, those are -- that's the axial 2 

nodalization effect that is coming through on that. 3 

  But if you compare that to the data, you 4 

see a tremendous amount of scatter. Doesn't really 5 

make any sense until you put in the locations of the 6 

spacer grids and now by looking at that experimental 7 

data, you see this more or less exponential decay 8 

where there is a considerable increase in the heat 9 

transfer coefficient immediately downstream that 10 

decays the further downstream you go. 11 

  MEMBER ABDEL-KHALIK: How different is this 12 

from VIPRW? 13 

  MR. BAJOREK: This is -- 14 

  MEMBER ABDEL-KHALIK: This downstream 15 

effect, downstream of the spacer grid? 16 

  MR. BAJOREK: Yes.  17 

    MEMBER ABDEL-KHALIK: It's exactly the same 18 

is it? 19 

  MEMBER CORRADINI: Is this -- 20 

  CHAIR BANERJEE: One question at a time. Go 21 

ahead, Said. 22 

  MEMBER ABDEL-KHALIK: Isn't this what VIPRW 23 

predicts? 24 

  MR. BAJOREK: I think it does, yes. I am 25 
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not real familiar with VIPRW.  1 

  MEMBER ABDEL-KHALIK: I am just trying to 2 

find out what new information are you generating?  3 

  MR. BAJOREK: What we are generating here 4 

are the heat transfer coefficients downstream of the 5 

grid, okay? This is in steam cooling.     6 

  MEMBER CORRADINI: So can I ask my question 7 

again. So this is -- 8 

  CHAIR BANERJEE: Go ahead Mike. 9 

  MR. BAJOREK: I'm sorry I couldn't hear you 10 

there. 11 

  MEMBER CORRADINI: I'm sorry. Is this pure 12 

steam? 13 

  MR. BAJOREK: This is pure steam. 14 

  MEMBER CORRADINI: Okay so then at 1.25 15 

meters, how come I don't see a peaking in heat 16 

transfer that I do on the next four grid spaces? 17 

  MEMBER ABDEL-KHALIK: The data doesn't go 18 

down that far. 19 

  MR. BAJOREK: Yes I think as you start to -20 

- you are looking at basically the second grid with 21 

the G on top of it? 22 

  MEMBER CORRADINI: Correct.  23 

`  MR. BAJOREK: I think we are at a point 24 

where we just don't have enough information down 25 
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there. 1 

  MEMBER CORRADINI: It looks just as dense 2 

as either one of the ones above it. This is what 3 

struck me as I understood your physical explanation, I 4 

was just trying to look at that one and how come I 5 

didn't see a peaking. It's not even rising, it's 6 

below. But again you can put that away and save it for 7 

later I just was trying to understand that. 8 

  MR. BAJOREK: Part of this may be the 9 

instrumentation downstream of the grids. We were 10 

looking for this to be more prevalent at the top of 11 

the bundle as opposed to the bottom. 12 

  MEMBER CORRADINI: And the heat transfer 13 

coefficient is a local actual measure between that 14 

steam rake and the thermocouples that are embedded 15 

between the cladding and the heater tape? 16 

  MR. BAJOREK: Yes. Yes. We are taking -- 17 

this is -- 18 

  MEMBER CORRADINI: And subtracting away the 19 

resistance to the cladding? Shall I say back-20 

calculating the surface temperature. 21 

  MR. BAJOREK: Yes we use an inverse 22 

conduction routine to give us the outside surface 23 

temperature of the cladding. 24 

  MEMBER CORRADINI: Okay thank you. 25 
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  MR. BAJOREK: Okay.  1 

  MEMBER ABDEL-KHALIK: Now you said you 2 

expect this to be more prevalent at the top of the 3 

bundle? Why is that? 4 

  MR. BAJOREK: Remember that power shape was 5 

peaked at the top? We expect much hotter temperatures 6 

up there. That was where, in reflood we are much more 7 

interested in being able to predict disperse flow film 8 

boiling. 9 

  MEMBER ABDEL-KHALIK: This is all steam 10 

cooling, right? This is single-phase, forced 11 

convection of steam through the bundle? 12 

  MR. BAJOREK: But in the design of the 13 

bundle, because this was primarily for reflood, we are 14 

interested in what is going on at the peak power 15 

location and the peak -- well the peak cladding 16 

temperature. So the instrumentation downstream of the 17 

spacer grids, up at the top, is a little bit more 18 

throughout than what it is for those bottom two spacer 19 

grids.  20 

  MEMBER ABDEL-KHALIK: Oh so your statement 21 

was not related to the downstream enhancement but -- 22 

what does your statement relate to? 23 

  MR. BAJOREK: It was to one of the 24 

questions on why we are not seeing a blue curve, a 25 
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large change downstream of those bottom two grids. 1 

Because I don't think we had the thermocouples, what 2 

we needed down there.  3 

  CONSULTANT WALLIS: The grids are equally 4 

spaced? 5 

  MR. BAJOREK: Roughly. 6 

  CONSULTANT WALLIS: Because there is 7 

something. If you look at the second blue curve, it 8 

actually starts before you get to the grid and there's 9 

something a bit odd about that. 10 

  MR. BAJOREK: That's probably an oddity in 11 

my artwork in putting in those lines. 12 

  CONSULTANT WALLIS: Draw in the blue -- 13 

  MEMBER CORRADINI: Is that your artwork? Is 14 

that the artwork in the blue? 15 

  MR. BAJOREK: That is my artwork down 16 

there. 17 

  CONSULTANT WALLIS: You put in the blue by 18 

pencil like --? 19 

  MR. BAJOREK: The blue is drawn in by 20 

whatever software -- 21 

  CHAIR BANERJEE: Steve, continue please. 22 

All right? 23 

  CONSULTANT WALLIS: Oh is this artwork? 24 

It's not you. So it's still odd then as it starts 25 
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before the grid.  1 

  MR. BAJOREK: Where I put those.  2 

  CONSULTANT WALLIS: Where you put the 3 

grids? 4 

  CHAIR BANERJEE: We are going to be here 5 

all night otherwise which I don't want to be. 6 

  MR. BAJOREK: This is fun stuff. I'll stay 7 

late.  8 

  CHAIR BANERJEE: Right. Okay.  9 

  MR. BAJOREK: The conventional theory -- 10 

  CHAIR BANERJEE: It's like a root canal 11 

without anesthesia. Go ahead. 12 

  MR. BAJOREK: The conventional theory in 13 

looking at the grid effects has been that the grids 14 

start dry, remain dry under the quench front gets up 15 

to that low elevation. Much like the picture on the 16 

left, which I think comes out of one of the very 17 

original papers for the droplet breakup work, a 18 

droplet interacts with a grid strap, gets broken into 19 

a larger size distribution in some microdroplets -- 20 

  CONSULTANT WALLIS: Is it actually bigger 21 

than liquid strap? Is the drop really bigger than the 22 

grid strap like that? 23 

  MR. BAJOREK: They are typically on the 24 

order of one millimeter on the order of the size of 25 
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the grid strap. But the conventional theory has been 1 

that we get a distribution of -- 2 

  CONSULTANT WALLIS: In that case not many 3 

will hit because in that case -- 4 

  CHAIR BANERJEE: Can we move to the next 5 

slide? 6 

  MR. BAJOREK: Well keep in mind you also 7 

have rods in there, okay, and that blockage can be 30, 8 

40 percent of the area that is available for flow. 9 

  CHAIR BANERJEE: Let's look at the effect 10 

on this. 11 

  MR. BAJOREK: Okay. As we start to take a 12 

look at the tests, and this is an example for a three 13 

inch per second test, we see the characteristic quench 14 

profile shown in black. That's what is going on on the 15 

heater rods. 16 

  The spacer grids, those temperatures are 17 

shown in red.  18 

  CHAIR BANERJEE: Now these -- the black is 19 

for what you are seeing on the heater rods? 20 

  MR. BAJOREK: This is the heater rods. 21 

  CHAIR BANERJEE: And the red is what you 22 

are measuring on the spacer grid? 23 

  MR. BAJOREK: These are coming from the 24 

thermocouples which are tack-welded into the grid 25 
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spacers. 1 

  MEMBER CORRADINI: Can I just clarify 2 

Steve? The red squares are the six different grid 3 

spacers? 4 

  MR. BAJOREK: That's correct, yes. 5 

  MEMBER CORRADINI: Okay. Thank you. 6 

  MR. BAJOREK: Yes. Yes. So for example, if 7 

I look at this three meter elevation, the rod quenches 8 

on the order of 450, 500 seconds. 9 

  CONSULTANT KRESS: The quench is measured 10 

by sudden decrease in temperature. 11 

  MR. BAJOREK: If I take that thermocouple 12 

elevation and it's elevated and all of a sudden 13 

there's a very sharp drop as it reaches minimum film 14 

boiling temperature and goes to something -- 15 

  CONSULTANT KRESS: But you never see that 16 

on the grids.  17 

  MR. BAJOREK: You can see that on the grids 18 

if you blow some of those -- 19 

  CONSULTANT WALLIS: You must see it on the 20 

grids. They start off hot and they cool down. 21 

  CONSULTANT KRESS: Do they start off hot, 22 

just like the rods? 23 

  MR. BAJOREK: They start off hot very close 24 

to the surrounding cladding. When you run these tests 25 
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they preheat them for a couple of minutes or so or 1 

actually a little bit longer than that, so those 2 

spacer grids are very elevated in temperature.  3 

  Now they are unpowered though, unlike the 4 

rod. 5 

  CONSULTANT KRESS: Unpowered and they -- 6 

how is their mass specific heat release? 7 

  MR. BAJOREK: Fairly small.  8 

  CONSULTANT KRESS: Fairly small and they 9 

would come down then? 10 

  MR. BAJOREK: Now we could sort of expect 11 

that in a three inch per second test and we always did 12 

-- 13 

  MEMBER ABDEL-KHALIK: So in fact it a 14 

liquid drop lands on a thermocouple that is welded 15 

onto a spacer grid, would this result be surprising? 16 

  MR. BAJOREK: Yes if that spacer grid were 17 

well above the minimum film pointing temperature. 18 

  MEMBER ABDEL-KHALIK: Well, I mean how 19 

large is the thermocouple, how large is the drop -- 20 

are the droplets? And how many droplets are going up 21 

between the rods? 22 

  MR. BAJOREK: That depends on the tests, 23 

okay? For a three inch or a six inch per second test, 24 

we look at the carry-over tank, we see a fair amount 25 
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of liquid going through there. 1 

  CHAIR BANERJEE: Well this has quite a bit 2 

of sub-cooling. You can see, 136 degrees. So if you 3 

have less sub-cooling you would expect to have much 4 

less of an effect, right? 5 

  MR. BAJOREK: Right. 6 

  MEMBER CORRADINI: So if I might just ask, 7 

I'm sorry, just Steve your point is not so much that I 8 

should believe the red squares, it's just that the red 9 

squares cool off before the rest does and that 10 

accumulates liquid? 11 

  MR. BAJOREK: That's correct. 12 

  MEMBER CORRADINI: Okay. 13 

  MR. BAJOREK: Yes.  14 

  MEMBER ABDEL-KHALIK: The point I am trying 15 

to make is that this doesn't mean that the entire 16 

spacer grid has been quenched? This just means that 17 

the thermocouple has been quenched. 18 

  MR. BAJOREK: Thermocouples will always 19 

tell you the temperature of a thermocouple. 20 

  MEMBER CORRADINI: Said, I think two or 21 

three further just to accentuate your point.  22 

  CONSULTANT WALLIS: The fact that they are 23 

all quenched -- 24 

  MR. BAJOREK: Yes but the point is -- 25 
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  CONSULTANT WALLIS: sort of indicates there 1 

are lots of drops around. 2 

  MR. BAJOREK: as we take a look at other 3 

tests at lower reflood rates, okay, example 945, a one 4 

inch per second test, we still see the grids quench 5 

very, very early in the test. 6 

  CHAIR BANERJEE: And this is with much less 7 

sub-cooling. 8 

  MR. BAJOREK: This is with much less sub-9 

cooling. This is about as low as you could put in the 10 

bundle without having problems, without flashing in 11 

your meters and things like that. 12 

  MEMBER CORRADINI: So can I ask a question? 13 

Is Joe Staudenmeier there? Or has he gone. 14 

  MR. BAJOREK: He is still here. 15 

  MR. STAUDENMEIER: I am still here. 16 

  MEMBER CORRADINI: So how does TRACE model 17 

the grid now? Does it model as a separate solid that 18 

has to track its thermal inertia?  19 

  MR. STAUDENMEIER: It doesn't generally. 20 

People generally don't model grids as a separate 21 

structure and the only way it is modeled 22 

thermodynamically is a loss -- 23 

  MEMBER CORRADINI: -- it's telling me 24 

forget about when it quenches, I mean it's just 25 



 

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

 407 

telling me I've got another thermal inertia point 1 

that, once it cools, it essentially sucks up or holds 2 

water. Isn't that what it is physically telling me? 3 

   MR. BAJOREK: Well that's where we are 4 

headed.  5 

  MEMBER CORRADINI: Okay. 6 

  MR. BAJOREK: Right now I think what Joe 7 

was going to say is that TRACE does not have spacer 8 

grid models. 9 

  (Simultaneous speaking.) 10 

  MEMBER CORRADINI: -- fuel rod. You just 11 

stick a structure in there, right? 12 

  MR. BAJOREK: Well that's where we are 13 

headed right now, is we are going to put in a 14 

structure okay to represent this, and of course it's 15 

going to have very low mass but the indication is we 16 

should expect that small, thin metal structure to 17 

quench very quickly. 18 

  CHAIR BANERJEE: So let me ask you. Suppose 19 

you had half the number of spacer grids and you did 20 

the same experiment as you are doing here, what do you 21 

think would happen to that black line, all those black 22 

points? That's the significant issue, isn't it? 23 

  MR. BAJOREK: The quench will stay about 24 

the same but the axial profile and temperature would 25 



 

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

 408 

change dramatically. 1 

  CHAIR BANERJEE: Okay so then let's look at 2 

that. 3 

  MR. BAJOREK: Those were figures that we 4 

have shown before, what happens as the quench is 5 

approaching the grid and we found that the 6 

thermocouple upstream of the grid of course would 7 

quench before the one downstream but the downstream 8 

thermocouple would have the lower temperature. 9 

  CHAIR BANERJEE: Did you have some 10 

temperatures to show us, let's say for one of these 11 

tests? 12 

  MR. BAJOREK: I have them but I don't have 13 

them in this presentation. 14 

  CHAIR BANERJEE: Okay. 15 

  MR. BAJOREK: I can show you that. 16 

  CHAIR BANERJEE: But take any one of these 17 

and let's see. What you are saying is that you are 18 

going to see this temperature going up and down. 19 

  MR. BAJOREK: Yes, I do not have those in 20 

this presentation. 21 

  CHAIR BANERJEE: All right. 22 

  MR. BAJOREK: But if -- let's say I look at 23 

this spacer grid. 24 

  CHAIR BANERJEE: Right. 25 
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  MR. BAJOREK: If I took a look at a 1 

thermocouple at the tip of that arrow, it would quench 2 

-- that location will quench before the thermocouple 3 

at that elevation. We see that over there. You don't 4 

really see a grid effect over in the quench profile. 5 

If I take a look at the temperatures before quench, 6 

this elevation will be lower significantly than this 7 

elevation. 8 

  CONSULTANT KRESS: But you'd expect to see 9 

that from your slide 9 which shows the heat transfer 10 

coefficients. 11 

  MR. BAJOREK: Right.  12 

  CHAIR BANERJEE: That is with steam cooling 13 

only. 14 

  MR. BAJOREK: We see that in two-phase flow 15 

as well. 16 

  CONSULTANT WALLIS: And not only steam, 17 

because you have got droplets up there. 18 

  MR. BAJOREK: Yes. The reason we wanted to 19 

take -- we started taking a look at those steam 20 

cooling tests is this gives us a way of isolating out 21 

the convective heat transfer but on the wall without 22 

complicating it with droplets mixing in with the flow 23 

-- 24 

  CHAIR BANERJEE: So I am wondering really 25 
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what is the effect on peak clad temperature? 1 

  MR. BAJOREK: Peak cladding temperature? 2 

   CHAIR BANERJEE: Because if you look at 3 

your steam cooling curves, the heat transfer 4 

coefficient goes up just after the grid or near the 5 

grid and it decays and it is almost the same. That's -6 

- I don't know what it looks like in two-phase flow 7 

but let's imagine that it has some -- 8 

  MR. BAJOREK: You don't have to imagine it 9 

if you go back to the -- if we get direct to the 10 

slides. 11 

  CHAIR BANERJEE: Yes okay. 12 

  CONSULTANT WALLIS: Well look this whole 13 

thing is  about TRACE, isn't it, we haven't got there 14 

yet. 15 

  CHAIR BANERJEE: So the issue is what 16 

happens to the peak clad temperature due to this? Is 17 

there going to be a significant effect? 18 

  MR. BAJOREK: Yes you are going to 1) 19 

reduce the temperatures immediately downstream of the 20 

grid. That prevents that from being your PCT -- 21 

  CHAIR BANERJEE: That I agree, but now when 22 

you go further away from the grid, what happens? 23 

  MR. BAJOREK: It has to occur at a higher -24 

- at a different elevation. Now of course during 25 
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blowdown, you get the downflow, so you have a 1 

different period in which those, which are going to be 2 

your worst locations in reflood, are actually your 3 

best locations because of the grids during blowdown. 4 

  It can shift that PCT location. 5 

  CHAIR BANERJEE: It would be interesting to 6 

see the temperature but carry on. Let's go on. 7 

  MR. BAJOREK: I can show you those 8 

temperatures. 9 

  CHAIR BANERJEE: We can do it later. Let's 10 

move on. 11 

  MR. BAJOREK: Okay so as we look at lower 12 

reflood tests, we see the similar effect where these 13 

grids are quenching way ahead of the heater rod. There 14 

are  ea couple of tests, like 1383, where we do see 15 

some delays in that and we started to focus on these 16 

to try to see what is exactly -- what do we think is 17 

going on that is affecting the temperatures on the 18 

grid and how is this -- what's going on --  19 

  CHAIR BANERJEE: The different 20 

thermocouples on that grid? 21 

  MR. BAJOREK: Yes. Actually I should 22 

explain this one at the 2.86. We are seeing this grid 23 

wetting, heating up and then re-wetting again. 24 

  CHAIR BANERJEE: It's the same 25 
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thermocouple. 1 

  MR. BAJOREK: There are three 2 

thermocouples.  Each one quenches and heats up twice 3 

so we are seeing this one what I would call 4 

intermittently re-wet. We are seeing a case now where 5 

the grids aren't fully wetted. 6 

   CHAIR BANERJEE: This is near the peak heat 7 

flux? 8 

  MR. BAJOREK: Yes, the peak heat flux is 9 

actually just downstream of this grid. So this is an 10 

interesting elevation. This was one of the tests where 11 

we had good droplet measurements, good -- by this I 12 

mean we have to make sure that when the tests run, the 13 

windows don't cloud over, we get a sufficient number 14 

of droplets to make it meaningful. 15 

  CONSULTANT WALLIS: These are all at the 16 

same location, these measurements?  17 

  MR. BAJOREK: Yes. 18 

  CONSULTANT WALLIS: And whereabouts is this 19 

location? 20 

  MR. BAJOREK: This droplet measurement -- I 21 

go back to this one -- occurs -- 22 

  MEMBER CORRADINI: It looks like 3.7 23 

meters.  24 

  MR. BAJOREK: Yes it's right -- it's right 25 
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where the tip of this arrow is right now.  1 

  CONSULTANT WALLIS: It's three point 2 

something meters. That's on the figure lines. You 3 

can't read it. Is that it? 4 

  MR. BAJOREK: Yes. I tried to get a better 5 

quality on this. 6 

  CONSULTANT WALLIS: It says camera location 7 

but it's invisible. 8 

  MR. BAJOREK: It's two point -- it's like 9 

2.9 it's just downstream of that -- with the 10 

intermittent re-wetting. 11 

  In this test we see these two spacer grids 12 

downstream of that location wetting a little bit 13 

later. The first one starts to wet 200, 250 seconds. 14 

Around here. About 200 seconds we see that one 15 

starting to wet. Shortly after that, we are starting 16 

to see droplets increase in size at the measurement 17 

location. 18 

  CONSULTANT WALLIS: As the quench front 19 

gets closer? 20 

  MR. BAJOREK: As the quench front -- well, 21 

the quench front is getting closer but right when we 22 

get the one grid to re-wet, the second one is 23 

undergoing an intermittent re-wetting and shortly 24 

after that we are seeing these droplets increase in 25 
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size higher in the bundle. 1 

  What we think might be going on is rather 2 

than these grids always remaining dry in the bundle as 3 

they become wetted, the formation of the droplets, 4 

that mechanism changes from one of blunt force trauma 5 

to the droplet, as it hits the grid strap, to one 6 

where a film begins to form upon the grid strap and 7 

then has to re-entrain downstream of the grid spacer. 8 

  CONSULTANT WALLIS: This is a hypothesis.  9 

   MR. BAJOREK: Yes. However -- 10 

  MEMBER ABDEL-KHALIK: These straps are only 11 

10 mils thick right? That's a quarter of a millimeter. 12 

So I guess how does that compare to the size of the 13 

droplet? 14 

  MR. BAJOREK: I think they are about the 15 

same order of magnitude, they are smaller -- 16 

  CONSULTANT WALLIS: The droplets are one 17 

millimeter in the -- 18 

  MR. BAJOREK: The droplets are typically -- 19 

  CONSULTANT WALLIS: Half a millimeter --  20 

  MR. BAJOREK: Four tenths to one 21 

millimeter, in that range. So if you are telling me 22 

it's 10 mls --  23 

  CONSULTANT WALLIS: There must be lots of 24 

drops that go through without hitting anything. Most 25 
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of it is space, isn't it? I mean there are these 1 

plates but there's most of the spacer is space. 2 

  MR. BAJOREK: No if you look at all the 3 

springs and straps --  4 

  CONSULTANT WALLIS: What they can't make a 5 

straight shot right through without hitting something? 6 

  MR. BAJOREK: about 30, 40 percent of that 7 

flow area is blocked. 8 

  CONSULTANT WALLIS: So it's not just inline 9 

with the flow, something of a bent end. So the impact 10 

on the side of it, not on the end like this -- that 11 

makes much more sense. I mean the idea that they would 12 

all hit the vertical end doesn't make much sense. 13 

  MR. BAJOREK: The original view is that it 14 

hits that strap and breaks up as a completely dry 15 

grid. What we think we are seeing in terms of all of 16 

these spacer grids re-wetting very early, and the ones 17 

that seem to delay and then re-wet and we are seeing 18 

larger droplets starting to form immediately 19 

downstream, gives us an indication that the formation 20 

of these droplets downstream of the grid cannot be 21 

solely due to a dry grid interaction. But it's grids 22 

re-wetting and the film being re-entrained into the 23 

flow downstream. 24 

  CONSULTANT WALLIS: It would look like that 25 
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just by seeing the cross-section for hitting. I mean 1 

it's going to hit the bent bit in and it's going to 2 

impact on it and it's the first picture -- the first 3 

picture doesn't make much sense. 4 

  MR. BAJOREK: That's why we think it's more 5 

over towards the second one. And once it does drop in 6 

temperature and re-wet, now we have a thick film on 7 

the outside of this grid strap which we think it's 8 

going to be able to capture more droplets as they try 9 

to pass through this restricted area. 10 

  MEMBER ABDEL-KHALIK: If I could go back to 11 

the previous slide please.  12 

  MR. BAJOREK: This one? 13 

  MEMBER ABDEL-KHALIK: No, the one before 14 

that, the one before. 15 

  MR. BAJOREK: This one? 16 

  MEMBER ABDEL-KHALIK: Yes. So the sequence 17 

of red squares at 2.7 or 2.8 meters, is that the same 18 

spacer grid? 19 

  MR. BAJOREK: This is the same spacer grid, 20 

yes. 21 

  MEMBER ABDEL-KHALIK: So it quenches and 22 

then dries and then quenches and dries? 23 

  MR. BAJOREK: This one looks like it 24 

quenches and then dries out and quenches and then 25 
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dries out. 1 

  MEMBER ABDEL-KHALIK: And yet the one above 2 

it is continuously quenched? 3 

  MR. BAJOREK: This one up here? Yes. 4 

  MEMBER ABDEL-KHALIK: Does that make sense 5 

to you? 6 

  MR. BAJOREK: Yes, because that one started 7 

off at a cooler temperature. Remember that axial 8 

profile? 9 

  CONSULTANT WALLIS: Right.  10 

  MR. BAJOREK: It was high and then it 11 

decreased. 12 

  CONSULTANT WALLIS: There was radiation 13 

from the rods still. 14 

  MR. BAJOREK: And it's also getting very 15 

close to that top plate which we think gets cooler and 16 

the radiant heat transfer -- if you look at some of 17 

those, you see some of the rods do that up at the very 18 

top as well.  19 

  So we think that in development of models 20 

for droplet breakup at grid, we have to look at this 21 

other effect that we feel we are seeing in the data. 22 

Okay, we saw some of those steam cooling test results 23 

and I mentioned that existing correlations for that 24 

convective enhancement, kind of where you strip away 25 
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the boundary layer and it has to regrow downstream of 1 

the spacer grid, you increase those heat transfer 2 

coefficients. 3 

  Typically it's been -- I have seen some 4 

codes used correlation by Yao, Hochreiter and Leech 5 

that tend to be typical. It is based on the blockage 6 

ratio which is this epsilon and its downstream 7 

distance, l over d where d is a hydraulic diameter 8 

within your channel. 9 

  CONSULTANT WALLIS: What do you use in 10 

TRACE? This one that got the blue curves that you said 11 

had some artistic -- 12 

  MR. BAJOREK: My artistic difficulty there 13 

was only to capture the data points. 14 

  CONSULTANT WALLIS: Of course. The blue 15 

thing is just sketched through the data points? 16 

  MR. BAJOREK: That's just sketched through 17 

--  18 

  CONSULTANT WALLIS: Oh I thought that was a 19 

prediction of trends. 20 

  MR. BAJOREK: Not yet. 21 

  MEMBER CORRADINI: No that was just his 22 

drawing. 23 

  MR. BAJOREK: That is just -- 24 

  CONSULTANT WALLIS: So what you are 25 
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presenting today is simply you have seen some 1 

interesting effects, but you haven't used them for 2 

anything yet? 3 

  MR. BAJOREK: Next slide. 4 

  CONSULTANT WALLIS: Next slide? I haven't 5 

seen anything yet. 6 

  MR. BAJOREK: Okay. Right now, the only 7 

available information is based on essentially egg-8 

crate grids. 9 

  CONSULTANT WALLIS: So you have modified 10 

this Yao correlation? 11 

  MR. BAJOREK: So we have taken this 12 

correlation or I should say this is work done 13 

primarily by Professor Cheung and his students in Penn 14 

State, taken a look at these data and they have 15 

realized that there are a couple of things going on. 16 

One, there is an effect of the blockage ratio, okay, 17 

that's seen in several tests. That was captured in 18 

that original correlation. 19 

  CONSULTANT WALLIS: That's this epsilon 20 

thing? Epsilon is the blockage ratio? 21 

  MR. BAJOREK: That's right. 22 

  CONSULTANT WALLIS: And it's the fraction 23 

of the flow that is occupied by the metal, is that 24 

what it is? 25 
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  MR. BAJOREK: Yes. 1 

  CONSULTANT WALLIS: Even though the metal 2 

is bent. 3 

  MR. BAJOREK: Even though the metal is 4 

bent, yes. 5 

  CONSULTANT WALLIS: Yes, so it's a very -- 6 

  MEMBER CORRADINI: Steve, let me ask 7 

Graham's question differently. Is it the blockage 8 

ratio or the focal area ratio?  9 

  MR. BAJOREK: It's the blockage ratio. 10 

  MEMBER CORRADINI: So if I've got bent 11 

steel or bent something upstream of the leading edge, 12 

that's accounted for? 13 

  MR. BAJOREK: Yes. If I set the grid, if I 14 

held it up and had a flashlight --  15 

  MEMBER CORRADINI: I got you now. 16 

  MR. BAJOREK: and I measured the blockage 17 

of the shadow. 18 

  CONSULTANT WALLIS: That's the blockage? 19 

  MR. BAJOREK: That's the blockage.  20 

  CONSULTANT WALLIS: I thought you said the 21 

drops couldn't go straight through without hitting 22 

something. Here it looks as if they really can. 23 

  MEMBER ABDEL-KHALIK: They must. You have 24 

to have a clear area for the flow to go through.  25 
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  CONSULTANT WALLIS: No you could have them 1 

bent so that it goes in wiggles, wiggles through. 2 

  CHAIR BANERJEE: A tortuous path. 3 

  CONSULTANT WALLIS: But still, if this is 4 

the blockage ratio then lots of the drops will go 5 

straight through without hitting anything at all. 6 

  MR. BAJOREK: Some will go through without 7 

hitting anything at all. That's right.  8 

  CONSULTANT WALLIS: If they go in straight 9 

lines they will go through like the lightbeam without 10 

hitting anything at all. 11 

  CHAIR BANERJEE: All right. 12 

  CONSULTANT WALLIS: Now I have got a better 13 

picture. 14 

  MR. BAJOREK: By taking the steam cooling 15 

data, they have found there is two things going on 16 

simultaneously. One, there's the blockage ratio, 17 

secondly there's a Reynolds number effect, because now 18 

we will be able to take steam cooling over a range of 19 

Reynolds numbers from actually it's around 5,000 up to 20 

about 35,000, they focused on 10,000 to 30,000, they 21 

don't want to get into the laminar or transition flows 22 

at this point so they looked at the higher Reynolds 23 

number range. 24 

  They were able to re-correlate it, getting 25 
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rid of RA, augmenting the exponent to the decay term 1 

and develop a correlation that compares very well not 2 

only to the RBHT data but some of the other data as 3 

well. 4 

  CONSULTANT WALLIS: The Nussolt number goes 5 

down with Reynolds number? 6 

  MR. BAJOREK: Say again I'm sorry. 7 

  CONSULTANT WALLIS: The Nussolt number 8 

looks as if it goes just one plus Reynolds number to 9 

the minus something? So it goes down with increasing 10 

Reynolds number? 11 

  MR. BAJOREK: Yes I mean the Nussolt 12 

number, the infinity to the subgroup, that's a fully 13 

developed -- 14 

  CONSULTANT WALLIS: It's compensated for by 15 

the way B varies with Reynolds number so it actually 16 

goes up with the Reynolds number. 17 

  CHAIR BANERJEE: It also goes down so in 18 

fact Reynolds number well -- 19 

  MR. BAJOREK: There is two things going on 20 

here with the correlation. One, there's an initial 21 

enhancement. How much does that heat transfer 22 

coefficient increase immediately downstream? They 23 

found that is a function of the primarily the blockage 24 

ratio. That's what gives you that initial boost.     25 
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  CONSULTANT WALLIS: Makes sense here 1 

because -- 2 

  MR. BAJOREK: How quickly it decays is a 3 

stronger function of the Reynolds number. If you have 4 

high Reynolds numbers it decays quickly because there 5 

is enough mixing in the -- 6 

  CONSULTANT WALLIS: If I take this value 7 

for B and put it in this equation I get one equals 8 

one. 9 

  CHAIR BANERJEE: Yes it's just a solution 10 

for B.  11 

  CONSULTANT WALLIS: But B is something you 12 

want to know in order to predict Nussolt number, isn't 13 

it? 14 

  CHAIR BANERJEE: No, but he is saying that 15 

some sort of -- 16 

  CONSULTANT WALLIS: It's a circular thing 17 

and well go on. Go on.  18 

  CHAIR BANERJEE: One is the solution of the 19 

other. 20 

  CONSULTANT WALLIS: One equals one. I agree 21 

with that. 22 

  MR. BAJOREK: I don't know that x/D really 23 

belongs there. 24 

  CHAIR BANERJEE: All right. Let's go.  25 
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  MR. BAJOREK: But the correlation that they 1 

are coming up with is trying to take both of those 2 

aspects into account. They are getting a better fit to 3 

the RBHT, mixing vane grid data and preserving how 4 

well it's done with the egg-crate type data. 5 

  CONSULTANT WALLIS: This is advanced. This 6 

is more than we have seen before.  7 

  CHAIR BANERJEE: All right. Let's see the 8 

lab test now. 9 

  MEMBER CORRADINI: I think Steve just the 10 

one point, I mean I have been listening to Graham, 11 

something is wrong with the equation that we were 12 

presented but that's something you will correct later. 13 

  MR. BAJOREK: We will correct that. 14 

  CHAIR BANERJEE: Nothing wrong if you take 15 

the log of that equation you will get B which is a -- 16 

  MEMBER CORRADINI: Yes if B is 1/x/D then B 17 

times x/D is the log and then epsilon of the log is 18 

essentially that thing. 19 

  CONSULTANT WALLIS: It ends up with one 20 

equals one. 21 

  CHAIR BANERJEE: B has to be defined. 22 

  MR. BAJOREK: I cut and pasted this out of 23 

another presentation I looked at primarily its 24 

agreement with Reynolds number. 25 
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  CONSULTANT WALLIS: If it just proves that 1 

one equals one it doesn't tell you anything. 2 

  CHAIR BANERJEE: If that is the required 3 

statement. 4 

  MEMBER ABDEL-KHALIK: You have to define B 5 

independently. 6 

  MEMBER REMPE: That's right. 7 

  CHAIR BANERJEE: At the moment it is simply 8 

the solution of the equation. 9 

  MR. BAJOREK: This was my -- in hopes of 10 

shortening the presentation rather than going Reynolds 11 

number by Reynolds number and show the agreement 12 

downstream. 13 

  CHAIR BANERJEE: All right. Let's go on. 14 

  MEMBER ABDEL-KHALIK: Now how does this 15 

correlation differ from the Yao-Hochreiter 16 

correlation? 17 

  MR. BAJOREK: It has the Reynolds number 18 

dependence.  19 

  CONSULTANT WALLIS: And it goes down with 20 

Reynolds number? The heat transfer goes down with 21 

Reynolds number? 22 

  MR. BAJOREK: It gets faster with higher 23 

Reynolds. 24 

  CONSULTANT WALLIS: Again there's far too 25 
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much that we can discuss today. I mean if we are 1 

really going to dig into this we need another day. 2 

  MR. BAJOREK: I mean if we want to make a 3 

two-hour presentation on this we can.  4 

  CONSULTANT WALLIS: But why do you always 5 

do these things where we have this very superficial 6 

thing and we have no time to dig into anything? 7 

  CHAIR BANERJEE: Let's move on. 8 

  MR. STAUDENMEIER: I would like to make a 9 

quick comment. The leading term goes up with Reynolds 10 

number. That Nussolt infinity. That is going at like 11 

Reynolds to the point eight if it's falter so that is 12 

going up. It is just how fast it decays downstream of 13 

the grid that goes -- it decays faster downstream of 14 

the grid with the Reynolds number. 15 

  CONSULTANT WALLIS: Okay thank you. 16 

  MR. BAJOREK: This figure shows some data 17 

from one of the reflood tests. The figure on the left 18 

shows the heat transfer coefficient. Beware that the 19 

left-hand side is a logarithmic scale. What it 20 

basically shows is that when we run one of these tests 21 

and we look and what we are doing here is we are 22 

looking at a series of thermocouples downstream of the 23 

spacer grid. Now this is not steam only at this point 24 

but this is a test where if we look at the catch tanks 25 
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during this first -- 1 

  CONSULTANT WALLIS: And how do you know the 2 

heat transfer coefficient? You are measuring 3 

temperature and you are measuring -- 4 

  MR. BAJOREK: Measuring temperature and we 5 

are using an inverse conduction calculation to back 6 

out the heat flux. 7 

  CONSULTANT WALLIS: Heat flux, okay. 8 

  MR. BAJOREK: In fact we have done that a 9 

couple of different ways too juts to make sure that 10 

it's not the inverse routine that is strongly 11 

affecting this. 12 

  CONSULTANT WALLIS: So you just have one 13 

thermocouple but you are using some transient 14 

conduction model to work out what the heat -- 15 

  MR. BAJOREK: Yes. 16 

  CONSULTANT WALLIS: heat transfer 17 

coefficient had to be. 18 

   CHAIR BANERJEE: Can you walk us through 19 

this slide a little bit? 20 

  MR. BAJOREK: Yes. The slide on the left, 21 

this is for a reflood test. Roughly one inch per 22 

second. Early in time you see this reach an initial 23 

plateau. Let's call it between 100 and about 300 24 

seconds. During this period of time, if I look at the 25 
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temperatures for those locations, they are all quite 1 

high, above generally 1200 degrees Fahrenheit, 1500 2 

degrees Fahrenheit. 3 

  Eventually those start to cool off, the 4 

quench front approaches, we go through quench and that 5 

gives us the sharp increase and for the last three or 6 

400 seconds of the test it is likely a nucleate 7 

boiling. 8 

  CHAIR BANERJEE: So these are -- I can't 9 

tell which elevations are which but say the most left-10 

hand side one is the lowest elevation. 11 

  MR. BAJOREK: Right. If -- what we did and 12 

this just shows the variation of them through the 13 

entire test. 14 

  CONSULTANT WALLIS: No, this is steam 15 

cooling versus water cooling. 16 

  MR. BAJOREK: No, there's no steam cooling 17 

here. 18 

  CONSULTANT WALLIS: What?  19 

  MR. BAJOREK: This is dispersed flow film 20 

boiling. If I take a look at times between 100 and 200 21 

seconds I am seeing water go out of the bundle into 22 

the catch tank. There are droplets leaving the quench 23 

front which is quite low at that point, going all the 24 

way up through the bundle. 25 
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  CONSULTANT WALLIS: Okay. Okay. 1 

  MR. BAJOREK: Now that little cloud of 2 

traces in there, if you can tell the difference 3 

downstream, you passed your eye test. What we do is we 4 

will take that one to 200 seconds and we will expand 5 

that and you can see a distinct difference between the 6 

behavior in the heat transfer coefficients downstream 7 

of the grids. That is shown in the figure on the 8 

right.  9 

  We picked in this case grid number five. 10 

That's up there closer to that peak power location. 11 

What you see is -- 12 

  CONSULTANT WALLIS: I don't understand. 13 

  MR. BAJOREK: You see relatively high heat 14 

transfer coefficient immediately downstream of the 15 

spacer grid. They progressively decrease. This is for 16 

one spacer grid. I don't have it on this one. 17 

  CONSULTANT WALLIS: This is at the early 18 

part of the transient. 19 

  MR. BAJOREK: This is between one and 100 20 

and 150 seconds. It's down in here. You see it has 21 

reached a quasi-steady state. The axial change in the 22 

heat transfer shows that it decreases immediately 23 

downstream --  24 

  CONSULTANT WALLIS: This is what is fitted 25 
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with that exponential? 1 

  MR. BAJOREK: That was steam cooling. This 2 

is not fitted yet. Because there are several things 3 

going on now. Now we have droplets mixed in with the 4 

flow. We have the convective enhancement. We are going 5 

to have change due to the droplets and it may be 6 

impacted because that grid just downstream has 7 

probably wet and we are getting droplets in training 8 

off-of it. 9 

  If I take a look at the next grid, grid 10 

number six, or if I had gone from four to five to six, 11 

I see the heat transfer increase, gradually decrease, 12 

increase again, decrease and then do it again at the 13 

next grid. Now it's not changing the same way as we 14 

saw in the steam cooling tests because now it has been 15 

complicated by a different droplet breakup mechanism 16 

and the fact that we have droplets within the flow. 17 

But we are seeing a very similar two-phase enhancement 18 

downstream of the grid. 19 

  MEMBER CORRADINI: And the enhancement is 20 

about on the order of about 50 percent. 21 

  MR. BAJOREK: That's about right, yes. And 22 

we look at these data now and we can't see that in any 23 

of the previous -- 24 

  CONSULTANT WALLIS: If that was just 25 
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followed the steam and did the same thing as the 1 

steam. That would explain it. It's just heavy with 2 

steam, right? 3 

  CHAIR BANERJEE: So you -- let's finish 4 

your thought. You didn't see it in other data in the 5 

past?  6 

  MR. BAJOREK: This is the first facility we 7 

believe is instrumented well enough in order to try to 8 

see this type of an effect.  9 

  CONSULTANT WALLIS: What is the relaxation 10 

distance for these droplets in the steam flow? I mean 11 

if they are start with a certain velocity what is the 12 

rate at which they come to equilibrium with the steam? 13 

  It seems I would think that for one 14 

millimeter droplets it's a fairly long distance. 15 

  MR. BAJOREK: Maybe. 16 

  CONSULTANT WALLIS: Well you need to do 17 

some calculations, get some feel for what is 18 

happening, how long does it take the droplet if it 19 

falls off the grid to accelerate to the steam 20 

velocity? That sort of thing is useful. 21 

  MR. BAJOREK: One of the things that we 22 

also get out of the visualizations are the droplet 23 

velocities. Missing at this point is the steam 24 

velocity. We would like to try to get both 25 
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simultaneously in the same -- 1 

  CONSULTANT WALLIS: The average steam 2 

velocity. 3 

  MR. BAJOREK: The average steam velocity. 4 

  MEMBER ABDEL-KHALIK: Presumably if you 5 

plot temperature, it would be sort of the mirror image 6 

of the heat transfer coefficient plot. 7 

  MR. BAJOREK: Right, we are going to see 8 

that, that same higher temperature upstream of the 9 

grid and downstream. 10 

  MEMBER ABDEL-KHALIK: And then the quench 11 

front right there where the temperature drops very 12 

quickly. How much variation or spread in the 13 

temperature do you have upstream of the quench front?  14 

  MR. BAJOREK: I would have to look at that. 15 

  MEMBER ABDEL-KHALIK: I am trying to find 16 

out whether this makes any difference because that is 17 

what you are after, isn't it? 18 

  MR. BAJOREK: Right, you are looking at 19 

that upstream temperature versus the downstream 20 

temperature? 21 

   MEMBER ABDEL-KHALIK: Now, I'm looking at 22 

the spread in the upstream temperature depending on 23 

where you are relative to the spacer grid.  24 

  CONSULTANT WALLIS: That's the raw data. 25 
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  MEMBER ABDEL-KHALIK: And it's all upstream 1 

of the quench front where you are still very hot. 2 

Because that is where this comes in. 3 

  MR. BAJOREK: Right. 4 

  MEMBER ABDEL-KHALIK: So how much of a 5 

spread in temperature is there?  6 

  MR. BAJOREK: It's going to depend on the 7 

grid spacer span. You will see much larger variations 8 

but it lower temperature, low in the bundle -- 9 

  MEMBER ABDEL-KHALIK: But if you certainly 10 

convince us that this is important, wouldn't it be 11 

sort of a better way to show the effect on temperature 12 

and that you have a large spread in temperature 13 

depending on where you are relative to the spacer 14 

grid? 15 

  CONSULTANT WALLIS: That's the raw data, 16 

isn't it? 17 

  MR. BAJOREK: That is the raw data. I guess 18 

our point is you are not going to predict that 19 

temperature unless you can predict those heat transfer 20 

coefficients. 21 

  CHAIR BANERJEE: Show us both. 22 

  MR. BAJOREK: And how they vary actually 23 

due to changes in power shape okay? And due to that 24 

grid effect.  25 
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  CHAIR BANERJEE: But the effect is almost 1 

dead in 40 centimeters. Right? 2 

  MR. BAJOREK: -- ou will likely overpredict 3 

that peak cladding temperature. 4 

  CHAIR BANERJEE: What's the grid spacer, 5 

spacing? How far up --? 6 

  MR. BAJOREK: About 550 millimeters. 7 

  MEMBER ABDEL-KHALIK: It is 50 centimeters 8 

roughly, 52 centimeters.  9 

  CHAIR BANERJEE: But the effect is pretty 10 

low before you get to the next grid, right? 11 

  MEMBER ABDEL-KHALIK: Right. 12 

  CHAIR BANERJEE: In 40 centimeters you are 13 

probably down to -- 14 

  CONSULTANT WALLIS: So you have shown that 15 

the grid increases the heat transfer coefficient by a 16 

factor of two or something like that. 17 

  CHAIR BANERJEE: Locally. 18 

  MEMBER ABDEL-KHALIK: So at this stage it 19 

is unlikely that the peak clad temperature will happen 20 

at a location immediately downstream of the spacer 21 

grid. It may be most likely upstream of a spacer grid. 22 

  MR. BAJOREK: That is correct. 23 

  CHAIR BANERJEE: It will be upstream.  24 

  MR. BAJOREK: So if you are planning to do 25 
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this in a plant calculation, that location of the grid 1 

is going to be a function of where your spacer grids 2 

are and what your powershape is. If my peak power 3 

location is at the right spot near a spacer grid then 4 

you have moved that PCT to somewhere else in the core. 5 

  CHAIR BANERJEE: Yes, you might have a fuel 6 

management scheme which takes care of some of this. 7 

But what is not clear right now is, without playing 8 

with fuel management and stuff, what effect does it 9 

really have on peak clad temperature because you are 10 

going to get -- is there going to be much effect just 11 

in front a spacer grid because that's where your 12 

maximum. 13 

  MR. BAJOREK: Well you start to get more 14 

fully developed information. But remember I said 15 

there's two periods where you have to be concerned 16 

about. This is looking at reflood, flow is going up so 17 

things downstream of the spacer grid benefit. Yes we 18 

talked about that. In blowdown it's going in the 19 

opposite direction so you are removing energy early in 20 

time.  That's in a downflow. And now that location 21 

that was going to be your worst in reflood is actually 22 

your best -- 23 

  CONSULTANT WALLIS: I think you ought to 24 

answer his question some time. Maybe you could send us 25 
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the thing. Does the temperature vary sort of, is it 1 

2200 degrees here and 1500 degrees there and then 2200 2 

depending on where you are relative to the spacer? 3 

Does it vary that much or not? 4 

  MEMBER ABDEL-KHALIK: That's why I'm 5 

asking.  6 

  CONSULTANT WALLIS: Right. That's what we 7 

are -- 8 

  CHAIR BANERJEE: Well it's a factor of two 9 

almost. 10 

  CONSULTANT WALLIS: Should be because the 11 

heat transfer coefficient varies so much. It must vary 12 

a lot. 13 

  MR. BAJOREK: We saw this one earlier in 14 

Joe Staudenmeier's. 15 

  CHAIR BANERJEE: Right, right. 16 

  MR. BAJOREK: And as we look at the data, 17 

it tells me at grid, and I think this is number five, 18 

the temperature decrease was from a little over 1500 19 

degrees Fahrenheit to 1000 degrees Fahrenheit, 400 20 

degrees.  21 

  CHAIR BANERJEE: Right, near the grid. 22 

  MR. BAJOREK: That's near the grid. 23 

  CHAIR BANERJEE: But as you go away what 24 

happens? It just recovers back or what? 25 
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  MR. BAJOREK: No it doesn't recover all 1 

back because I -- 2 

  CHAIR BANERJEE: Well that's -- 3 

  MR. BAJOREK: have broken up droplets and 4 

I've dropped steam temperature. 5 

  CHAIR BANERJEE: Right. So that's the issue 6 

really. 7 

  MR. BAJOREK: So as you go further 8 

downstream the recovery was 200 degrees so the net 9 

effect of that grid was 200 degrees. I'd say that is a 10 

pretty significant effect if it is true.  11 

  (Simultaneous speaking.) 12 

  CONSULTANT WALLIS:   Looks like more than 13 

-- 14 

  MEMBER REMPE: What slide is that, 32? 15 

  MR. BAJOREK: Which question now? 16 

  MR. STAUDENMEIER: Yes that was -- 17 

  MR. BAJOREK: Slide 32, and I was looking 18 

at the grid at about 8 -- close to the nine-foot 19 

elevation. Okay?  20 

  That is very typical of where you are 21 

going to see a power shape and a licensing 22 

calculation. You are looking at those top-skewed power 23 

shapes as I think Len Ward talked about today for 24 

small break especially and I think it's also true for 25 
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large break, your worst power shape that you are 1 

concerned about is something skewed closer to the -- 2 

  CONSULTANT WALLIS:   An Appendix K 3 

calculation doesn't take account of this at all.  4 

  CONSULTANT KRESS: No. 5 

  CONSULTANT WALLIS:   So what you are 6 

telling us is -- first time today that there is 7 

something that really matters for a nuclear safety 8 

because you could be a few hundred degrees off in your 9 

peak clad temperature depending on how you model the 10 

spacer. 11 

  MR. BAJOREK: That's right. 12 

  CONSULTANT WALLIS: So that's the most 13 

significant thing I've learned today, except that 14 

other things are interesting. 15 

  MR. STAUDENMEIER: Appendix K doesn't take 16 

it or most models don't look at that but there are 17 

realistic local models that do have grid spacer 18 

models.  19 

  CHAIR BANERJEE: Does COBRA TRAC take it 20 

into account? 21 

  MR. BAJOREK: Yes it does.  22 

  CHAIR BANERJEE: And COBRA TRAC takes it 23 

into account to the extent you are talking about or -- 24 

  This is quite a large effect, almost a 25 
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factor of two in heat transfer. 1 

  CONSULTANT WALLIS: Is this the Yao 2 

Hochreiter thing, that it uses that? 3 

  MEMBER ABDEL-KHALIK: I am not sure how 4 

proprietary that information is. 5 

   MR. STAUDENMEIER: That proprietary. 6 

  CHAIR BANERJEE: Well you don't have to 7 

tell us the extent but does COBRA TRAC have access to 8 

similar information about the effect of grid spacers 9 

in developing their relationship? 10 

  MEMBER ABDEL-KHALIK: They probably use the 11 

Yao Hochreiter correlation. 12 

  MR. STAUDENMEIER: The models they 13 

developed were based on experiments that doesn't have 14 

as detailed measurements as what we have access to 15 

now. 16 

  CHAIR BANERJEE: So have you found a larger 17 

effect do you think than they have? 18 

  MR. BAJOREK: I think we have.  19 

  CHAIR BANERJEE: Because of the mixing 20 

vanes? 21 

  MR. BAJOREK: I think the mixing -- I think 22 

what we see in this, the larger dips in the data 23 

relative to the dips that come from the Yao 24 

correlation, are due to those mixing vanes and the 25 



 

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

 440 

added enhancement. 1 

  CHAIR BANERJEE: So as the fuel designs 2 

have advanced, they have given you some additional 3 

margin probably. 4 

  MR. BAJOREK: Well I would expect as we 5 

start to take a look at fuel designs, where the number 6 

of spacer grids have increased from six, seven, eight, 7 

to 10, 11, 12.  We're going to have that effect more 8 

and more up and down the assembly. 9 

  CONSULTANT KRESS: Have you had a chance to 10 

extract the heat transfer coefficient to the droplets? 11 

You could from this data. You know what the steam is 12 

and then get the total from that and my experience is 13 

it's hd over k equal two which is like a droplet 14 

falling into a quiescent. 15 

  MR. BAJOREK: Yes. 16 

  CONSULTANT KRESS: And I think, you know, I 17 

always wondered if my experience is validated by this. 18 

  CHAIR BANERJEE: Well I think we have -- do 19 

you have any more to say Steve other than -- I think 20 

we have got the picture. 21 

  MR. BAJOREK: No I think this is my last 22 

slide and the point I want to make is we are now 23 

trying to make use of the RBHT data. We have gone 24 

through the period where we shook down the facility, 25 
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got the raw a data, tried to understand what was good 1 

about the tests, what was maybe not doing as well in 2 

the tests, improve the facility, and now we are 3 

developing correlations from the low-hanging fruit as 4 

you will, taking the steam cooling data and getting 5 

that conductive enhancement. We are convinced that the 6 

trends we see in the tests are consistent, the data is 7 

high quality and then when we base a model or a 8 

conclusion off-of it we are going in the right 9 

direction.  10 

  The effects that we see that are new out 11 

of this is we are seeing very early spacer grid re-12 

wetting which we are convinced is going to affect the 13 

downstream flow development and the steam temperatures 14 

downstream as the droplets break up or re-entrain off 15 

the spacer grids. We are seeing two-phase convective 16 

enhancement, based on our preliminary look at the 17 

data. There's a lot more work to do and there's a lot 18 

more we can gain out of it. 19 

  CHAIR BANERJEE: Are the temperatures you 20 

are measuring in the steam, are there droplet effects 21 

on that or are you actually measuring steam 22 

temperature? 23 

  MR. BAJOREK: We are measuring steam 24 

temperatures. 25 
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  CHAIR BANERJEE: You can -=- there's no 1 

dispersed droplets hitting them and bringing the 2 

temperatures down? 3 

  MR. BAJOREK: If you look at the steam 4 

probes in -- and there's a lot of question about 5 

whether you should have those aspirated or bare and 6 

Larry decided it was better at the time to go with the 7 

bare thermocouples and I think it was a good decision 8 

because when you look at the reflood tests, down at 9 

one inch per second, the lower reflood, they stay dry 10 

until that quench front is -- 11 

  CONSULTANT WALLIS: How come they stay dry 12 

if the spacers don't stay dry? 13 

  CHAIR BANERJEE: That was the question. 14 

  CONSULTANT WALLIS: Very difficult for me 15 

to believe that the spacers quench and the 16 

thermocouples don't. 17 

  CHAIR BANERJEE: That's why I was asking 18 

whether they are reliable or not. 19 

  MR. STAUDENMEIER: I was going to say one 20 

thing. Steam temperature measurements are much noisier 21 

than the water temperatures measurements.  22 

  MR. BAJOREK: Essentially when the quench 23 

front gets too close, it definitely wets.  24 

  CHAIR BANERJEE: I mean, when you are 25 
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seeing re-wetting of your grids you might expect to 1 

see some re-wetting of your thermocouples. 2 

  MR. BAJOREK:  Well you do, if you take a 3 

look at the thermocouple and you really plot out the 4 

data, you will see a temperature disappears and gets 5 

very very -- 6 

  CHAIR BANERJEE: How big are these 7 

thermocouples? 8 

  MR. BAJOREK: They are again -- they are 9 

much like Professor Ishii's conductivity probe. You 10 

need to have a very good eye to see it. 11 

  CONSULTANT WALLIS: They just stick out in 12 

the flow? 13 

  MR. BAJOREK: Yes. 14 

  CONSULTANT WALLIS: So the droplets can hit 15 

them? 16 

  MR. BAJOREK: Yes. And the droplets do hit 17 

them. They re-wet but they dry out very quickly. 18 

  CONSULTANT WALLIS: So you measure the 19 

temperature when they -- after they have dried out. 20 

You look at an oscillating thing. 21 

  MR. BAJOREK: Yes. 22 

  CONSULTANT WALLIS: Okay. 23 

  MR. BAJOREK: And you play game of connect 24 

the dots, you can see that steam temperature, until it 25 
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gets too close and then it never dries out. 1 

  CONSULTANT WALLIS: Are these experiments 2 

still going on? 3 

  MR. BAJOREK: Yes. The latest series that 4 

we are doing is looking at oscillatory reflux. 5 

  CONSULTANT WALLIS: Yes that's what you 6 

said. I remember that.  Thanks. 7 

  MR. BAJOREK: We have seen -- well, we have 8 

seen some applications where the peak cladding 9 

temperature is when you get a big oscillation that 10 

turns everything around. 11 

  MEMBER ABDEL-KHALIK: How much variability 12 

do you expect from one spacer grid design to another? 13 

  CONSULTANT WALLIS: That is what we asked 14 

at the beginning. Do you have to test every one that 15 

comes along? 16 

  MR. BAJOREK: You see we think based on 17 

looking at the enhancement from an egg-crate grid to a 18 

mixing vane grind, you think that blockage and the 19 

presence of mixing vane, that's a first order impact 20 

on the spacer grid effects. 21 

  CONSULTANT WALLIS: You put in anything of 22 

any old shape, as long as it's got the same blockage 23 

it's going to behave the same way? 24 

  MR. BAJOREK: I would doubt it. 25 



 

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

 445 

  CONSULTANT WALLIS: I'd doubt it too. 1 

  MR. BAJOREK: But we -- one of the things 2 

that we are looking into in a later series of tests is 3 

to put together a smaller bundle but unlike the RBHT 4 

facility, use a smaller length, maybe only one or two 5 

grid spans okay. And make it so that we can take it 6 

apart easily, put a type of mixing -- spacer grid in 7 

there, run some tests, change the spacer grid. You 8 

just can't do that on RBHT. You can't lift all those 9 

rods out of the high -- 10 

  CONSULTANT KRESS: The heat -- the total 11 

power from RBHT, is that model some level of decay 12 

heat that corresponds to when reflood takes place? 13 

  MR. BAJOREK: It is scaled to that value. 14 

  CONSULTANT KRESS: It's full length. 15 

  MR. BAJOREK: It's full length. 16 

  CONSULTANT KRESS: One bundle so one bundle 17 

is worth a decay heat for right after when reflood 18 

takes place. 19 

  MR. BAJOREK: Right yes. Yes. It is scaled 20 

to that I think it's -- 21 

  CONSULTANT WALLIS: This business of what 22 

droplets do when they hit a spacer could be done with 23 

a separate effects test couldn't it? 24 

  CHAIR BANERJEE: Well I think we are 25 
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reaching 6:30 Steve so you don't have to answer 1 

anymore.  2 

  CONSULTANT WALLIS: You said he had 12 3 

minutes but he has had an hour.  4 

  CHAIR BANERJEE: Well I gave him from 20 5 

minutes to an hour. 6 

  MR. BAJOREK: No Graham that's actually one 7 

of the things we would like to be able to do. 8 

  CHAIR BANERJEE: So -- 9 

  MR. BAJOREK: But we have to do that with a 10 

smaller facility, separate effects. The question that 11 

we kind of have and maybe this is a help, is if those 12 

grids do re-wet very quickly, maybe I don't know need 13 

to go to real high power and maybe what I'm really 14 

looking at is a low temperature spacer grid and I can 15 

change the design and use the camera systems up and 16 

downstream to get that breakup of the ligature. 17 

  CHAIR BANERJEE: Let's stop the discussion. 18 

We know that there is a question about the effect of 19 

different types of grid. Clearly that has to be 20 

addressed at some point. We know that it has a very 21 

big effect on certain phenomena like in GSI 191 which 22 

we see. I mean you make a small change in the grid you 23 

get a big change in your results. 24 

  So let's table that question right now and 25 
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leave you with that. Is there any more questions for 1 

Steve or can we let him go and have a brief 2 

discussion? 3 

  CONSULTANT WALLIS: I just want to say that 4 

I'm very glad that after 12 years or something you are 5 

actually using the data from this facility and in a 6 

useful way. It seems we keep saying when are we going 7 

to use all this heat transfer data and -- 8 

  MR. BAJOREK: Part of it has been a 9 

resource issue. Development and long-term development 10 

is always second place compared to fire drills. If you 11 

need models or a plant deck running to look at ESBWR 12 

or to address some other issue that gets all of the 13 

attention and this type of development tends to lag.  14 

  CHAIR BANERJEE: Okay. Thank you very much 15 

and what I am going to do is just take some comments 16 

from each of the members of the committee here and 17 

then before doing that by the way I would like to 18 

thank everybody here. I see we have lost Professor 19 

Ishii and his colleague Dr. Kim but they made 20 

excellent presentations so please convey that to them 21 

and I think all of you did. So with that I would like 22 

to thank you for taking the time to come here. It was 23 

very illuminating and now I'll ask, we will start with 24 

Tom, if you have some thoughts, briefly, we will just 25 
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go around the table. 1 

  There are two issues that we should 2 

address. First whether we want to bring this in front 3 

of the full committee, in some sort of point of view, 4 

and secondly if you feel that we should write a 5 

letter.  6 

  Okay those are the two issues I think. So 7 

the rest of it is detail and we can always get that in 8 

reports. So give me your views. 9 

  CONSULTANT KRESS: Personally I see no 10 

reason to bring it before the full committee. And I 11 

see no reason for a letter. Because all we are going 12 

to say is, wow, we have finally some good work out of 13 

this and it looks like they are on the right 14 

direction, their plan looks like it's loose now, but 15 

it's in the right direction. 16 

  So I really don't think that makes the 17 

basis for a good committee, letter or any need to get 18 

the -- what are you going to present to the committee 19 

anyway? I mean we should have had two more days on 20 

this. 21 

  To summarize -- 22 

  CHAIR BANERJEE: Well we do what we can at 23 

some point. 24 

  CONSULTANT KRESS: The one question I had, 25 
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had to do with the x-ray measurement of void fraction 1 

where you shining the x-rays right through the 2 

pressure vessel and you are going to get to the actual 3 

varied effect on the x-ray by subtracting that part of 4 

it out from the -- you get two measures. What the 5 

attenuation is due to all the rods and the wall and 6 

that's a classical example of one of your uncertainty 7 

in the measurement makes it kind of useless because 8 

you are getting two big numbers subtracted and you get 9 

a small one but the data looked all right so that was 10 

-- 11 

  CHAIR BANERJEE: So you have detailed 12 

technical things which can -- 13 

  CONSULTANT KRESS: There are some that I 14 

can put together in a report to you but no, I thought 15 

it was excellent presentations. Very illuminating and 16 

very impressive. 17 

  CHAIR BANERJEE: Graham? 18 

  CONSULTANT WALLIS: Well I feel informed at 19 

some level. Not informed well enough to evaluate, 20 

particularly the interfacial area. Tom said it is 21 

going in the right direction but I don't know where it 22 

is going and when it is going to get there. That is 23 

the question I have had all along with the interfacial 24 

area. It's very interesting and it should probably be 25 
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supported by NSF or something but is it going to make 1 

any difference to nuclear safety? I haven't the 2 

slightest idea.  3 

  So whether it is going in the right 4 

direction or not -- 5 

  CHAIR BANERJEE: So what is your answer to 6 

the question as to whether we should bring it to the 7 

full committee? 8 

  CONSULTANT WALLIS: Don't do it. There's 9 

nothing to say. You just say we have had a -- you have 10 

to make a report on a subcommittee meeting orally. You 11 

can say we have had this meeting. We've been informed 12 

about interesting progress in several areas. I think 13 

this business of the re-wetting does have potential to 14 

influence nuclear safety because it can have an effect 15 

on this peak clad temperature which might actually 16 

make a difference of a few hundred degrees and could 17 

change the power level at which plants can operate. I 18 

mean this can have a real significant effect. 19 

  CHAIR BANERJEE: It depends whether their 20 

DNB-limited or LOCA-limited. 21 

  CONSULTANT WALLIS: This is an incentive to 22 

do it for that reason. The incentive for the 23 

interfacial area has always been a little fuzzy. What 24 

is the actual gain that is expected by doing this? 25 
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  CHAIR BANERJEE: Okay. I think we have got 1 

your views. 2 

  CONSULTANT WALLIS: I can see the original 3 

gain was it is going to predict flow regime change. 4 

Well I can see it can predict developing regimes. 5 

Wobbly flow to slug flow. But I'm not sure it can 6 

predict flow regime changes like slug to annular or 7 

annular to t and so on. That's different mechanisms 8 

which are not in here. And I can see that this has 9 

worked with some bubbly flow with low velocity type 10 

flows. I don't see any application yet to annular and 11 

the mist flow which are very important regimes for 12 

many purposes.  13 

  CHAIR BANERJEE: Okay. 14 

  CONSULTANT WALLIS: And it's -- I'm going 15 

to write you some stuff. But in order to critique it, 16 

I would need to see much more than I saw today because 17 

this is at best a sort of overview. 18 

  CHAIR BANERJEE: I think you can have 19 

access to the reports. Ishii said that he --= 20 

  CONSULTANT WALLIS: Is it worth doing? I 21 

mean is it worth digging into all that? 22 

  CHAIR BANERJEE: Well we need to think 23 

about that. Mike do you have comments? 24 

  CONSULTANT WALLIS: I am going to work on 25 
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GSI-191.  1 

  CHAIR BANERJEE: Well that's an insoluble 2 

problem which bedevils me every night. Mike, are you 3 

there? 4 

  MEMBER CORRADINI: Yes Sanjoy I am here. 5 

  CHAIR BANERJEE: Give me your wisdom, of 6 

your wisdom. 7 

  MEMBER CORRADINI: You want me to talk now? 8 

  CHAIR BANERJEE: Tell us what you think. 9 

  MEMBER CORRADINI: Well I guess I would 10 

agree with Tom that I don't think this should 11 

necessarily be reported with a letter to the full 12 

committee. I do think though that I mean again I was 13 

looking at the view graphs I missed in the morning 14 

with the TRACE work so I won't comment on that, I'll 15 

comment strictly on the afternoon. 16 

  I do think that Professor Ishii and 17 

Professor Kim's work is very fundamental and very 18 

interesting. I can't tell you -- I was very interested 19 

in all the details of it. I guess I don't necessarily 20 

think that it is the investigator's responsibility to 21 

say how it would e applied. I would turn to the staff 22 

and say okay, let us say we now have some fundamental 23 

understanding of the boundary flow regime or the slug 24 

flow regime and the chance to dynamically look at 25 
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developing flow patterns. Now what is this important 1 

to? And maybe Professor Ishii and Kim can assist staff 2 

in that but I do think staff has got to come up with 3 

an idea of where would this be applied and how this 4 

would be some sort of move forward because I do think 5 

there's a lot of very interesting fundamental 6 

information there that could be utilized in some 7 

fashion. I am just not familiar enough with how 8 

TRACE's development process is going, where it would 9 

be utilized and what the impact of it is.  10 

  On the final thing, which is more applied, 11 

which is the RBHT work, I guess I would agree with 12 

Graham that this does look very interesting. I do 13 

think, though again, I am struggling with the Raphson 14 

data in this case and how to kind of unravel it and I 15 

was looking back. Professor Kim had a view graph that 16 

this has been going on with Professor Hochreiter now 17 

he is taking over the reins of it now we are going on 18 

13 years. And I think at some point here we have got 19 

to find a way, although it is at some level of effort 20 

which has been many years but not a high level of 21 

effort, try to understand how to use it effectively 22 

because I do think there is something there that is 23 

quite, from an engineering standpoint, quite 24 

applicable and useful. 25 
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  But I don't think you need to take it to 1 

the full committee. I do think it would be useful to 2 

have when folks come back maybe staff alone, or some 3 

selected sub-part of this and talk through how it is 4 

to be applied so we better understand how it helps 5 

safety. 6 

  CHAIR BANERJEE: Do you think we should ask 7 

for that in front of the subcommittee only? 8 

  MEMBER CORRADINI: I am not sure what you 9 

mean. You mean I think when we get to P&P or the full 10 

committee, I think that is where you can ask, you can 11 

maybe have this sort of discussion and we can actually 12 

ask for another meeting to go through it with the 13 

staff, but I -- 14 

  CHAIR BANERJEE: But not in front of the 15 

full subcommittee? 16 

  MEMBER CORRADINI: -- there's stuff here 17 

that ought to be looked at and try to see how we can 18 

have an impact on -- 19 

  CHAIR BANERJEE: The question Mike is 20 

should we yes certainly, I will bring this up to the 21 

full committee and give them a summary of what is 22 

going on and we can bring it up at the P&P as well, 23 

but do you feel that the staff only maybe needs to 24 

come in front of the full committee on an 25 
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informational basis? 1 

  MEMBER CORRADINI: I guess I'm looking for 2 

the staff to decide but I do think some of the 3 

questions Graham was asking and Said was asking and I 4 

was asking, I would first turn to the staff, they are 5 

-- the contractors are perfectly willing and able to 6 

offer their opinion but I think in some sense it's the 7 

staff's responsibility to say how this has an impact 8 

and how they use it. 9 

  CHAIR BANERJEE: In what forum would the 10 

staff answer this. To the subcommittee? An informal 11 

discussion? 12 

  MEMBER CORRADINI: If you wanted to have an 13 

informational -- I mean the only other thing that 14 

comes up and I'll leave it to our chair to decide 15 

given how unbusy or busy we are, but Said may want to 16 

see if there's a way to fit it into a full committee 17 

briefing. 18 

  CHAIR BANERJEE: Well we barely have time 19 

to breathe. 20 

  MEMBER CORRADINI: But I mean you don't 21 

have to pick all these topics. You could pick one for 22 

example. You could pick the one that has been going on 23 

for 13 years, the RBHT and brief that one only to the 24 

full committee so they get an inkling of some of the 25 
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interesting stuff that research is doing that may have 1 

implications to safety. So pick one of these topics. 2 

  CHAIR BANERJEE: Okay. That's a 3 

possibility. 4 

  MEMBER CORRADINI: Because there aren't 5 

really, as you said, any one of these we could go on 6 

for hours and hours. 7 

  MEMBER REMPE: But before it goes to the 8 

full committee isn't it worth vetting it with the 9 

subcommittee a bit more to answer a lot of the 10 

questions that were raised with the staff? 11 

  MEMBER CORRADINI: Well I answered Sanjoy's 12 

question. I would prefer to have another subcommittee 13 

meeting. 14 

  CHAIR BANERJEE: All right Joy what is your 15 

thoughts on it? 16 

  MEMBER REMPE: Well that's kind of what, I 17 

jumped the gun. I think that it's not time -- again, 18 

I'm  new, but I don't think it `s time to take it to 19 

the full committee. I think there are a lot of 20 

questions that need to be answered and perhaps with 21 

more focus on what the presentation would be and I 22 

don't know the process on -- if you provide them a 23 

detailed list, if we would like more information on 24 

this particular aspect. There's some details one could 25 
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get into. 1 

   I am -- when you get into the fine 2 

details, is there any possibility that the 3 

thermocouples that are tack-welded to the spacer 4 

grids, are they creating an anomaly? So there's a lot 5 

of devils in the details questions that I wish we had 6 

more time to discuss before you go to the full 7 

committee. 8 

  MEMBER CORRADINI: If I may now that Joy 9 

interrupted me I get to interrupt her just as quick, 10 

is that I think that is a way of framing it but I 11 

guess to lead the staff in that direction, I don't -- 12 

I mean you guys had like four, maybe five topics 13 

today. Pick one of them that is intriguing to the 14 

committee and delve into it a bit more to satisfy I 15 

think some of the questions that Joy might have. I 16 

mean she picked one but we could pick a few, right? 17 

 MEMBER REMPE: The other question I am wondering 18 

about is, is there a formal process before you decide 19 

that there is something new with a correlation that 20 

significantly impacts safety that should be put into a 21 

production version of TRACE? I mean we saw like three 22 

different versions of Professor Kim's code and what is 23 

the process before you decide you really know that 24 

something is real and we are going to put it in the -- 25 
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  CHAIR BANERJEE: I think the staff can 1 

easily answer that correct? There is.  2 

  MR. STAUDENMEIER: Yes we would go through 3 

a big assessment of the code before we would put in 4 

something like that, that we had recommended for a 5 

production use. 6 

  MEMBER REMPE: And it's a staff only 7 

decision. 8 

  MS. UHLE: Well actually, this is Jennifer 9 

Uhle from the staff, I mean if we found something 10 

through our research that we thought was a safety 11 

issue, then we would get it up in front of our 12 

management all the way up to the commission if 13 

necessary to get attention put on it. From what we are 14 

seeing here, we are not seeing that at that point but 15 

we have if anything, what we are seeing is that maybe 16 

there is room for power uprates but really that's not 17 

our goal. 18 

  So we do want to have a reflood model -- 19 

  MEMBER CORRADINI: I guess Joy wasn't 20 

thinking positive or negative just that what is the 21 

process you would -- how do you go about that so that 22 

what will you guys decide, that at some point with 23 

some sort of code assessment, whether it's a positive 24 

effect or a negative effect, you then take the next 25 
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step I think is what she was asking. 1 

  MS. UHLE: Well I wouldn't say that there's 2 

a formal process. As we get research data, and I can 3 

give you an example of high burnup fuel research-data, 4 

or in the materials arena when we were doing the 5 

similar amount of butt-weld work, whenever there is a 6 

finding that the staff is aware of, and based on our 7 

constant interaction with our contractors, we are 8 

aware of what is going on, at a very up to date 9 

understanding, then we are always asking the question, 10 

what is the impact on current plant safety and it is a 11 

consensus opinion that gets developed according to the 12 

experts on our staff.  13 

  As we obviously are always assessing the 14 

code as we are about to do a new release we would have 15 

a suite of test cases that we run through but I 16 

wouldn't say that happening maybe once every year is a 17 

frequency where we take a step back and say geez is 18 

there something that is making us nervous about the 19 

current plant safety that is done on a daily basis. 20 

  MEMBER REMPE: I am not talking about an 21 

urgent need. I am just wondering about how often and 22 

process and that's gone through. 23 

  MS. UHLE: I mean we are meeting regularly 24 

I would say monthly with our counterparts in NRR and 25 
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NRO and are updating them on our work. 1 

  So if we feel that something is an impact, 2 

any review that is going on, then we get it to their 3 

attention but there is no concurrence change process, 4 

or anything like that. 5 

  CHAIR BANERJEE: Has that answered your 6 

question Joy? 7 

  MEMBER REMPE: I think so.  8 

  CHAIR BANERJEE: Because Said is -- thank 9 

you Jennifer.  10 

  MEMBER ABDEL-KHALIK: I think there are two 11 

things here that the spacer grid data obviously has 12 

the potential to have a significant impact but it 13 

would be a good idea to quantify that impact and at 14 

that point, then it may be a good idea to present that 15 

to the full committee. 16 

  The interfacial area transport model I 17 

must admit I have some difficulty with that, because 18 

number one, I don't see the end-point and that is not 19 

a change that can be implemented piecemeal. In other 20 

words of Professor Ishii develops this model for 21 

bubbly flow, that is not going to help us. It has to 22 

be developed for all flow regimes before you can 23 

implement it in the code. And if he doesn't know how 24 

to do it for bubbly flow or for the transition to 25 
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droplet annular flow, then I think you know what is 1 

the end-point and how are we going to benefit from 2 

this? That's my concern. 3 

   MS. UHLE: Can I answer? 4 

  MEMBER ABDEL-KHALIK: Yes of course. 5 

  MS. UHLE: Chairman? 6 

  CHAIR BANERJEE: Yes please. Briefly 7 

Jennifer. 8 

  MS. UHLE: Okay, I'll be quick.  9 

  CHAIR BANERJEE: I'm getting the -- 10 

  MS. UHLE: We do feel that it can be done 11 

in piecemeal to a degree because there are clear 12 

decisions that get made in the code regarding what 13 

flow regime you are in and how you are transitioning 14 

it. Now we do have to have for a flow regime, we have 15 

to have it in all the geometric conditions and I would 16 

say temperature pressures that would be necessary to 17 

cover the range of operations and that's why it's so 18 

important that we are working with our international 19 

counterparts as well as our domestic counterparts, but 20 

we are not -- the idea of why we are doing that, there 21 

are pointed safety issues that can be swept under -- 22 

not identified because of inaccurate flow regime 23 

transitions especially in passive reactors and I think 24 

at the beginning of this meeting we did highlight the 25 
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case of the AP1000 when going up into the CMT, the CMT 1 

drain, I don't know want to get into proprietary 2 

information, but where we saw that play a big role and 3 

we had to do some sensitivity studies to really 4 

understand the timing and it drastically affected PCT. 5 

  CONSULTANT WALLIS: Can I support him 6 

though -- 7 

  MEMBER ABDEL-KHALIK: Let me just follow up 8 

on this and then -- I challenge your idea that you can 9 

implement this piecemeal. 10 

  MS. UHLE: Okay. 11 

  MEMBER ABDEL-KHALIK: Because if you are 12 

adding another transport equation, and then how are 13 

going to tell the code when you are in this regime you 14 

are to solve this fourth transport equation and when 15 

you are out of it, don't worry about it? It doesn't 16 

make sense. 17 

  MS. UHLE: Well, numerically it can be 18 

done. 19 

  MR. STAUDENMEIER: I was going to say we 20 

already do things like that already. 21 

  CONSULTANT WALLIS: You do? A very 22 

different algorithm for solving the code when you have 23 

got it in a different narrow region? 24 

  MR. STAUDENMEIER: Well single phase and 25 
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two phase, I mean single phase you only solve mass and 1 

energy equations for the phase that -- 2 

  CONSULTANT WALLIS: And then when you get 3 

this a(subscript i) what are you going to do with it? 4 

You are going to have all these correlations based now 5 

on a (subscript i) instead of something else? 6 

  MS. UHLE: Well we currently do solve for 7 

a(subscript i) that was demonstrated here today and in 8 

fact that the reason why RELAP had a lot of problems 9 

in some cases was because it was Weber number based 10 

and it was so dependent on relative velocity. 11 

  CONSULTANT WALLIS: Well it calls it a 12 

droplet size or a bubble size or something. 13 

  MS. UHLE: Right, right. Now TRACE doesn't 14 

have as much of a variation in interfacial area terms 15 

because if it is based on the Laplace number which is 16 

primarily dependent on pressure so we do solve for 17 

a(subscript i) we do use a(subscript i) in the code 18 

right now when we multiply the interfacial heat 19 

transfer coefficient or the interfacial drag 20 

coefficient times that to get the driving force term 21 

so we do in the code use a(subscript i) and so even if 22 

we weren't to go to a fully interfacial area transport 23 

equation, the fact that we have better values for what 24 

a(subscript i) should look like is hugely important 25 



 

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

 464 

because right now at this point that's the biggest 1 

misunderstanding in the two-fluid model, is the 2 

a(subscript i) terms.  3 

  CHAIR BANERJEE: We get the picture. Okay. 4 

Can I summarize --  5 

  MEMBER ABDEL-KHALIK: Let me just say -- 6 

  CHAIR BANERJEE: Okay one last comment.  7 

  MEMBER ABDEL-KHALIK: Will replacing 8 

concerns with the need for empirical closure relations 9 

by introducing another formulation that requires a 10 

different set of empirical closure relations? 11 

  MS. UHLE: That's more physically based.  12 

  MR. STAUDENMEIER: And that has been the 13 

history of two-phase flow, I mean, started out with 14 

two fields, go to three fields with droplets because 15 

we know there are situations where films are falling 16 

and droplets are going up, they have different 17 

velocities so you need to solve them with different 18 

fields to get the mechanics of the flow right. These 19 

started out the blowdown codes with HEM models.  20 

  CHAIR BANERJEE: I think I am sorry but I 21 

really need my -- are we off the record or are we 22 

still on the record?  23 

  CONSULTANT WALLIS:   We are still on the 24 

record.  25 
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  CHAIR BANERJEE: Okay so I won't say what I 1 

really need right now. Okay. 2 

  MS. UHLE: I guess one more thing, but I 3 

100 percent agree with you that we need to come back 4 

in front of you and show what the motivation is in a 5 

more succinct way and for both rod bundle heat 6 

transfer and interfacial area and we would be happy to 7 

do that given you guys give us enough time. 8 

  MEMBER ABDEL-KHALIK: For the interfacial 9 

area transport, how are we going to get from here to 10 

there? 11 

  MS. UHLE: I agree, yes. We have it in our 12 

mind. We are not clearly communicating it.  13 

  CHAIR BANERJEE: So let's do it this way. 14 

To summarize what I think the situation is, we will 15 

report to the full committee, but we won't ask for a 16 

staff presentation at the moment, at least I will not 17 

recommend that at the moment. And if the full 18 

committee decides they want a staff presentation they 19 

will decide. They can do whatever they want. 20 

  I am just their servant. And when you are 21 

ready, I would say in the next few months, what would 22 

be good is to convene another subcommittee meeting and 23 

let's keep it rather focused on two topics then. One 24 

would be the matter of interfacial area. I think we 25 
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understand what is happening there. What we don't 1 

understand really, or some of us don't, see where it's 2 

going in terms of precise applications and how the 3 

whole thing is going to be put together. 4 

  If you have a sort of a roadmap where you 5 

say look, Bettis is doing this, we are doing that, 6 

somebody in France is doing this and we are going to 7 

put it all together. This is sort of the schedule. 8 

Maybe it's five years, I mean, these things don't 9 

happen in one day and this is the benefits we might 10 

get out of it, that should be sufficient. 11 

  I don't think we have to drag poor Mamoru 12 

and al these people here to do that, I think between 13 

the staff and us we can deal with that. And the second 14 

area where I think there is a lot of interest clearly 15 

is to understand the implications of this new data you 16 

are getting on the RBHT. And that's very interesting 17 

and how are we going to use it, what are the plans to 18 

use it and so on. 19 

  And that is also something which 20 

potentially is going to be of great interest to the 21 

full committee because we can see with 50.46(a) going 22 

through, potentially people will come to us with EPUs 23 

and then this might give them some room if they are 24 

not DNB-limited. 25 
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  We do know that all the bundles now are 1 

being optimized for DNB, the spacer spacings, and 2 

thinks like this so it's going to go this way.  3 

  MS. UHLE: But currently most PWRs are 4 

LOCA-limited still.  5 

  CHAIR BANERJEE: Yes. But you know they are 6 

also doing things like the new stuff, I've forgotten 7 

the name now, it's that Westinghouse 59 samples, 8 

ASTRUM -- 9 

  MS. UHLE: The ASTRUM best estimate 10 

methodology.  11 

  CHAIR BANERJEE: Yes so they are getting 12 

marginal that right now. This will give them more 13 

margin probably. Anyway, so with that I would like to 14 

thank -- do you have another point? 15 

  CONSULTANT KRESS: I found it very unusual 16 

that public comments are made to the subcommittee. 17 

Those usually go to the full committee. I don't know 18 

what your obligation is with respect to those. 19 

  CHAIR BANERJEE: I think to report it to 20 

the full committee and ask if -- 21 

  CONSULTANT KRESS: Just report it to the 22 

full committee. 23 

  CHAIR BANERJEE: ask if they wish it to be 24 

made to the full committee. I don't think that we can 25 
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act on it.  1 

  CONSULTANT KRESS: No. That was my point. 2 

It has to be acted by the full committee. 3 

  CONSULTANT WALLIS: But if you want a 4 

comment, it looked as if there could be a significant 5 

point here, I mean it's something that is not trivial 6 

to look at and see is there a question here and what's 7 

the evidence for -- 8 

  CHAIR BANERJEE: Has the comments been made 9 

to the staff or is it just to the subcommittee? 10 

  MR. BAJOREK: This is Steve Bajorek. 11 

Actually there are two petitions in play right now. 12 

The petition they talked about brings up the point 13 

that they Baker-Just is possibly not conservative. He 14 

has the same comment on Cathcart-Pawel. Asks to look 15 

at some of these other test data that he claims we 16 

have not looked at before. 17 

  He also submitted -- 18 

  CHAIR BANERJEE: Particularly bundle data. 19 

  MR. BAJOREK: Bundle, yes. The staff has 20 

put together a small group to start to evaluate these 21 

concerns. We started to take a look at it and another 22 

petition came in, this one on the behalf of 23 

Connecticut or Yankee, it's a plant that's been up for 24 

relicensing. There are -- 25 
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  CONSULTANT WALLIS: Vermont Yankee? 1 

  MR. BAJOREK: Vermont Yankee, that's right. 2 

Vermont Yankee is being relicensed. They have also put 3 

in a petition on their behalf where they cite many of 4 

the same concerns. Because these petitions are over 5 

lapping, the staff decided they were not going to look 6 

at them individually, they were going to put them 7 

together. We went through our OGC. They said that was 8 

an appropriate thing to do and now the window of time 9 

for evaluating those petitions and those concerns has 10 

been reopened and I think we have another -- I think 11 

we have a year to go through and reevaluate 12 

everything. So there's a group that is looking at 13 

that. 14 

  CHAIR BANERJEE: So I think we can report 15 

that to the full committee. 16 

  CONSULTANT WALLIS: But just report that. 17 

That's all we have to do. 18 

  MEMBER ABDEL-KHALIK: And I think from the 19 

committee's perspective, we await the staff's 20 

evaluation and we will review the staff's evaluation. 21 

  MR. BAJOREK: He did make the point that 22 

while there was a user need letter, point out and the 23 

research was supposed to have responded by I think the 24 

end of August. That was the original schedule. But 25 
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because they amended their own petition, and submitted 1 

another petition, OGC decided to lump it together and 2 

that window of time has moved out. 3 

  CHAIR BANERJEE: Okay. Well with that, I 4 

think I'd like to thank you all and adjourn the 5 

meeting. 6 

  (Whereupon the meeting was adjourned at 7 

6:55 p.m.) 8 

 9 

 10 

 11 
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 16 
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 18 
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Meeting Objectives

1. Present to the Subcommittee development plans related to the 
TRACE thermal-hydraulic code.
 TRACE:   Two-fluid, T/H systems code for LWRs. 
 PARCS:   Multidimensional reactor kinetics code.
 SNAP:      User interface for input/output. 

2. Describe the experimental support programs and relationship to 
long-term development & assessment of TRACE.
 Interfacial Area Transport Equation (IATE) 
 Rod Bundle Heat Transfer (RBHT)
 International Programs

3. Discuss the NRC anticipated needs for thermal-hydraulic analytical 
capability.

4. Obtain feedback from ACRS & suggestions for re-directing long-
term plans.    
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Anticipated Needs 
(RES Perspective)

1. TRACE and its associated codes (SNAP, PARCS, FRAPTRAN, 
FRAPCON, CONTAIN) are developed to support the needs as 
identified by the User Offices:  NRR, NRO, NMSS. 

2. Development is not intended to define the “State-Of-The-Art”, but 
provide the staff with an independent audit capability and assist in 
making regulatory decisions. 

• Audit calculations for plant uprate, Tech Spec changes
• New reactor design certification
• Rulemaking support
• Generic safety issue resolution
• Analysis of operating events

3. An objective of the development is to provide tools that produce  
“realistic” as opposed to overly conservative results.  
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Office of New Reactors
TRACE Code Needs

ACRS T/H Subcommittee
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October 18, 2010
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New Reactor Review Activities

• Design Certification Review Support
– EPR
– US-APWR
– ABWR STP COL and Renewal
– APR-1400



New Reactor Review Activities

• Use of legacy plant decks
• Improve code robustness
• Improve known problem areas

3
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NRR Anticipated Needs
Thermal Hydraulic Code Development Plan

Anthony Mendiola, Chief
Nuclear Performance & Code Review Branch
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TRACE and NRR

NRR desires to use TRACE for:
• Audit analyses of new or existing 

designs
• Regulatory requirements
• Operating events
• Anticipate problems of potential 

safety significant



3

TRACE and NRR

Capabilities and Improvements 
important to NRR:

• Accuracy
• Robustness 
• SBLOCA
• Dispersed Flow Film Boiling Model
• Code Outputs
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Future TRACE interaction

• Completion of EPU User Need

• Monthly Meeting with RES and NRO
– Prioritize improvements 
– Consistent approach 
– Address common goals
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TRACE Changes Since V5.0 
and Future Development Plan

ACRS T/H Subcommittee Meeting 10/18/10
Joseph Staudenmeier

RES/DSA/CDB



Outline of Presentation

• Significant improvements to TRACE since 
version 5.0.

• Sample of Future Development Plan Items, 
motivation for development, and expected 
impact.

2



Outline of Presentation

Recent TRACE History
• TRACE version 5.0 was released with assessment for Operating PWR 

and BWR LOCAs.
• Peer review of TRACE 5.0

– Conclusion: No major deficiency was evident in the physical models 
described in the Theory Manual, nor revealed by the cases reported 
in the Assessment Manual, that would preclude the use of TRACE 
for confirmatory thermal-hydraulic calculations of LBLOCAs and 
SBLOCAs of PWRs and BWRs. 

– Results presented to ACRS
– Code weaknesses and areas for improvement were identified

• Development of TRACE continues with priorities driven by
– Bugs and deficiencies identified in analyses
– New requirements and capabilities for new reactors
– Weaknesses identified in assessments
– Capabilities needed for events other than LOCAs
– Develop capability for uncertainty analysis

3



TRACE Improvements Since V5.0

• Tested and assessed containment component 
(CONTAN)

• Vessel to Vessel Junctions
• New Choked Flow Solver
• Upgrade to PARCS 3.0
• Improved fuel rod models

–Improved fuel thermal conductivity
–Improved gap conductivity
–Clad ballooning and rupture

4
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Vessel Noding Flexibility

• Single Junctions (including 
pumps and valves) can 
connect two different vessels. 
A one cell pipe was previously 
needed

• Single Junctions (including 
pumps and valves) can be 
used to connect two adjacent 
vessel cells

• Multiple flow paths between 
two vessel cells. (i.e. large 
diameter and small diameter 
flow paths)

• Multiple VESSEL components 
can be easily used to model 
different portions of the RPV

• Choking is now available at 
1D-vessel junction 
connections.
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1D Component Flow Paths

• Single Junctions can be used to 
connect two adjacent pipe cells

• Multiple flow paths between two pipe 
cells. (i.e. large diameter and small 
diameter flow paths)
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PWR Single Vessel

CORE

3-D vessel has 8-45º 

circumferential sections

Top View Side View
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PWR Model w/Two Vessels

Side View

CORE

16 Connecting 

Single Junctions

Top Views

Core 
and 
Upper 
Plenum

8 Connecting 

Single 

Junctions
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PWR Core Model with Cartesian Vessel

Cylindrical Core Cartesian Core
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Need for Containment Modeling

PWR
• Containment backpressure affects plant LOCA 

response
• Long term cooling ECCS comes from sump

BWR
• Containment backpressure affects plant LOCA 

response
• ECCS comes from suppression pool
• Suppression pool temperature is important for 

ATWS calculations
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Effect of Containment Pressure on 
Cladding Temperatures
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CONTAN Component

• CONTEMPT-like lumped 
parameter model (volume 
atmosphere and pool 
regions)

• Engineered safety features 
available (fan coolers , 
sprays, etc.)

• BREAK and FILL boundary 
coupling to reactor model

• Compartment spillover levels
• Proposed Applicability in 

TRACE
– BWR Mark I , II, III
– PWR Large Dry Containments
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CONTAN CVTR Assessment

Carolinas Virginia Tube Reactor (CVTR) test

• Decommissioned reactor containment building: 
reinforced concrete, right vertical cylindrical 
structure (17.68 m ID) with a flat base and 
hemispherical dome (~1/10th of atypical PWR 
large dry containment).

• Tests were conducted in the late 1960’s, 
replicating a design basis simulation of a 
postulated main steam-line break inside a large 
dry PWR containment.

• TRACE Assessment for Tests 3,4,5
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CONTAN CVTR Assessment
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CONTAN CVTR Test 3 Assessment

TRACE
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Example Calculation of PWR 
with CONTAN Component

• TRACE model with 2D 
VESSEL collapsed from 3D 
LBLOCA model 

• 2D VESSEL 
4(radial)x28(Axial)x1(theta)

• 4 loops modeled
• CONTAN component added
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PWR Example Calculation: 
Effect of Changes in Heat Removal



New Choked Flow Solver

• Old solver first bounds the 
velocity and then converges.

• New solver uses a Singular 
Value Decomposition (SVD) 
and a linear extrapolation to 
approximate the next velocity.

• SVD-based method converges 
more reliably and with fewer 
iterations.

• Small change in code runtime.

18



New Choked Flow Solver

19



Fuel Thermal Conductivity

• TRACE Fuel Thermal Conductivity did not account for
– Burnup
– Gadolinium

• Both reduce the thermal conductivity and increase
• Stored energy in the fuel.

20



Fuel Thermal Conductivity

21
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Double Ended Cold Leg LOCA
• Peak fuel cladding temperature follows the 

same trend in both models

• With the TRACE 5.0 model in place, the gap 
conductance heat transfer was the only 
burnup dependent effect being accounted 
for.

• With the Modified NFI model in place the 
accident is more severe in duration and 
temperature (50º F higher PCT and 40 
seconds longer for Core Reflood)
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Future TRACE Development Plan

• The plan was divided by time horizon
– Short Term 0-2 years
– Intermediate Term 2-4 years
– Long Term 4+ years

• Longer term can be because of lower priority, 
lack of models/data, or reliance on short term 
development

• A sample of some of the development plan 
items and their expected impacts on TRACE 
performance is shown in the slides that follow



24

Future TRACE Development Plan

Short Term (~ 0-2 years)
• Droplet Field

• Grid Spacer Models

• Improved Inverted Annular Film Boiling Models
• Improved Fuel Rod Models

• Improved Containment Models

• Make Interfacial Heat Transfer Regime Transition Consistent with 
Interfacial Drag

• Mechanistic Flashing Model

• Large Hydraulic Diameter Interfacial Drag

• Additional Code Assessment for Operating Reactors
• New Models to Support New Reactor Design Certification

• Support for Calculation of Uncertainties

• Improved Numerical Methods and Parallelization



25

Future TRACE Development Plan

Medium Term (~ 2-4 years)
• Conservative Formulation of Momentum Equation 
• Enthalpy-Based Energy Equation
• Containment Modeling Correlation Package
• Dissolved Gas Field
• Interfacial Condensation

Long Term (4+ years)
• Integration of TRACE with CFD Models
• Interfacial Area Transport
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Short Term Development

Post-CHF Heat Transfer
• Droplet and spacer grid models for dispersed 

flow film boiling
• Turbulent  film model for inverted annular film 

boiling
Other improvements
• Mechanistic Flashing
• Revised Annular Mist interpolation
• Implicit methods
• Parallel methods



Post-CHF Vertical Flow Map

Post-CHF Flow regimes:

• Dispersed Flow Film Boiling
– void fraction > 0.9

• Inverted Slug Film Boiling
– 0.6 < void fraction < 0.9
– No explicit model. Interpolation 

between inverted annular film boiling 
and dispersed flow film boiling

• Inverted Annular Film Boiling
– void fraction < 0.6
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Dispersed Flow Film Boiling

• Conceptual Model
– Primary wall heat transfer mode is convection 

to vapor. Subcooled liquid droplets de-
superheat vapor.

• Models Needed
– Wall-Vapor heat transfer
– Vapor-Interface heat transfer
– Liquid-Interface heat transfer
– Wall-Liquid radiation heat transfer
– Interfacial drag

• Grid spacer effects not currently modeled
– Interfacial area enhancement due to liquid 

droplet breakup.
– Turbulence effects in vicinity of grids.

28
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Droplet Field Development

Primary Motivation is better Post-CHF Heat Transfer
• Droplet and spacer grid models for dispersed flow film 

boiling (DFFB)
– Droplet breakup at grid spacers lowers vapor superheat and gives better wall 

heat transfer for DFFB flow regime

Other benefits
• Better Pre-CHF Annular-Mist and entrainment modeling in 

pipes and rod bundles
• Improved ECCS bypass modeling
• Improved Pressurizer modeling
Current Status
• Droplet field and associated interfacial area transport 

equations have been implemented in TRACE
• Debugging and testing of correlations is starting



TRACE gives good clad temperature predictions for reflood
tests at lower core elevations but over predicts temperatures at 
high elevations. (Example CCTF Run 62)

30

Need for Droplet and Grid Spacer 
Models



TRACE does not predict local heat transfer enhancement 
caused by grid spacers. (Example THTF Test 3.07.9B)

31

Need for Droplet and Grid Spacer 
Models

grid spacers



Grid Spacer Model from Michael Meholic, “The implementation of spacer 

grid thermal hydraulic models into the TRACE transient analysis code,” 

Penn State University, Master’s Thesis, 2008

32

Exploratory TRACE Spacer Gird 
Modeling



Inverted Annular Film Boiling

• Conceptual Model
– Primary wall heat transfer mode is 

convection to vapor film, ultimate heat sink 
is the subcooled liquid.

• Models Needed
– Wall-Vapor heat transfer
– Vapor-Interface heat transfer
– Liquid-Interface heat transfer
– Wall-Liquid radiation heat transfer
– Interfacial drag
– Criteria for regime transition (liquid core 

breakup)
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Current IAFB Model

• Current IAFB model assumes a laminar film with 
an enhancement factor that is a function of film 
thickness

• Underpredicts heat removal in LOFT L2-6 during 
blowdown
– Turbulent vapor film during large liquid insurge into 

core while in IAFB flow regime

• Good prediction of blowdown heat transfer for 
LOFT L2-5 
– does not have liquid insurge into core due to 

disconnecting pumps from flywheels early
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Effect of simple turbulent
film model

• Dittus-Boelter correlation for 
vapor film with same 
enhancement used in laminar 
film

• Large effect on blowdown
heat transfer during liquid 
insurge into core for L2-6

• Minor difference in blowdown
heat transfer for L2-5

• Predicted reflood quench 
temperature is too high with 
simple implementation for 
both L2-5 and L2-6
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Flashing Nucleation Delay

• The current TRACE flashing is nonmechanistic
and gives large heat-transfer coefficients to 
decrease liquid superheat.

• Nucleation delay requires a mechanistic model.
• A mechanistic model was developed for TRACE 

that accounted for void fraction but was never 
activated.

• Activation of the model shows a nucleation delay.
• The model will be activated in a future version of 

TRACE.
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Flashing Nucleation Delay
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Annular-Mist Drag Interpolation

• The current TRACE annular-mist interfacial drag 
assumes that the entrainment fraction is small 
when calculating the velocity difference between 
liquid and vapor for the film and droplet drag 
component.

• New interpolation performs a weighting by 
entrainment fraction which gives the correct value 
for the fully entrained limit.
– Significant impact for some problems

• Droplet field is long term solution.
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Annular-Mist Drag Interpolation

The revised annular-mist interfacial drag weighting 
changes the effective separator inertia and has a 
significant impact on core flow insurge and peak 
power for BWR turbine trips.
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Implicit Numerical Methods

• Implicit numerical methods improve consistency between solution 
quantities during timestep advances
– Avoid numerical instabilities
– Improve convergence behavior
– Improve run times for slow moving transients

• Numerical methods for implicit wall heat transfer, interfacial heat 
transfer, reactor kinetics, and interfacial drag have been explored.

• Implicit wall and interfacial heat transfer and reactor point kinetics 
will be made functional in short term.

• Implicit interfacial drag and 3D kinetics will take longer.
• IATE will probably require implicit numerical methods.

40



Implicit Numerical Methods

Avoid numerical instabilities and timestep size 
limitations with implicit coupling.
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Implicit Numerical Methods

Better convergence behavior with implicit coupling. 

Explicit Implicit
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Parallel Solution Methods

Motivation: multi-core CPUs are now standard in PCs
• Reduce run time in large models

– Reduce lumping and arbitrary mapping in plant models
• one to one chan component to bundle mapping in TRACE/PARCS 

BWR models
– 648 chan component full core mapping for Ringhals out-of-phase instability
– 148 chan components in 1/8 core mapping in ESWBR transient analysis
– 220 chan component ½ core mapping for Oskarschamn instability (next presentation)

• bundle level Cartesian cores in PWR models
• Implicit Numerical Methods

– Large matrices with implicit solution methods

43
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Out-of-Phase Power Response for
BWR Density Wave After Recirc Pump 

Trip with Full Core Mapping
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Current Range of Applications

Current Assessment
• PWR LBLOCA
• U-Tube PWR SBLOCA
• BWR LOCA

New Reactor Applicability Studies
• ESBWR, AP1000, EPR, APWR, ABWR
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Current and Future Application 
Assessment

NRC
• BWR Transients with PARCS including stability
• B&W SBLOCA
• PWR Transients
• NuScale and mPower Reactors
CAMP
• CAMP members are performing assessment for 

VVER, CANDU, gas and liquid metal reactors, 
water hammer
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Intermediate Term Development

• Conservative formulation of momentum 
equation

• Improved condensation models
• Enthalpy based energy equation
• Containment correlation package
• Dissolved gas field
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Conservative Momentum 
Equation

• Conservative formulation of momentum equation
– reduce oscillation problems caused by void fraction 

discontinuities (Kelly Memo oscillations)
– level tracking is another solution



TRACE VESSEL Momentum

• The TRACE VESSEL component does not preserve Bernoulli 
flow relation when turning around corners.

• Source of difference is caused by the  momentum flux term
• V   V = (V  V)/2 – V x ( x V)
• x V must be 0 for Bernoulli flow
• Coarse nodalization and difference scheme can increase 

losses
• Difference scheme modified between V5.0 and V5.0 patch 1 to 

reduce losses.
• Losses can be reduced further by using orifice model or 1D 

pipe connections at turns

49



50

Long Term Development

• Interfacial Area Transport
– one or more bubble fields will be used.
– additional data for model development  is needed

• Integration of TRACE with CFD
– Several organizations have coupled CFD with systems 

codes such as RELAP5 and TRACE
– NRC has run CFD and systems codes in a 

complementary but non-coupled manner
– Need for coupling will be evaluated in future
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Long Term Development

Interfacial Area Transport
• TRACE uses static flow regimes with 

interpolations between regimes
• IATE will allow flow regime transitions to evolve 

mechanistically over space and time
• Later presentation on current state of IATE 

TRACE implementation
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Conclusions

• Significant improvements have been made to 
TRACE since version 5.0

• Future TRACE development will improve plant 
accident modeling fidelity and safety analysis 
capabilities



PM:  Nathanael Hudson
RES/DSA/CDB
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University of Michigan, USA

October 18, 2010

PARCS Roadmap
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History and Status of PARCS
• Purdue Advanced Reactor Core Simulator (PARCS) is a 3-D 

reactor core analysis code that has been coupled to TRACE 
& RELAP5 to provide:
– core response to control/power maneuvers, AOO’s (turbine trips), 

reactivity insertion events & core oscillations (ATWS & BWR 
instability) 

– PARCS also has the capability to analyze core power & burnup over 
core operating cycles

– Variety of differencing methods (nodal diffusion, fine mesh, transport)

• RES support since the mid-1990’s

– To provide a replacement for the RAMONA  3D kinetics solver

• Need for coupled thermal hydraulics & reactor kinetics has 
increased due to reduced operating margins (MELLLA+ 
methodology)



Near-Term Development
• Along with TRACE, PARCS is also subject to continual 

needs for code development, maintenance, assessment, 
& analysis support  
– General PARCS assessment & testing for more coupled thermal-

hydraulic/neutronic problems
– Maintenance & support
– Software Quality Assurance (SQA) for GenPMAXS
– User training & best practices documentation for design basis 

transients
– Additional PARCS modularization & restructuring (to 

accommodate PARCS/AGREE (NGNP), PARCS/RELAP, & 
PARCS/TRACE

– Provide support for MELLLA+ reviews
– Further TRACE/PARCS assessment for BWR stability  



Medium-Term Development
• Sensitivity & Uncertainty Analysis (SU) for PARCS

– Uncertainties input into PARCS in form of bands on nuclide 
densities, ADFs (assembly discontinuity factors), diffusion 
coefficients, & nodal cross section data

– Estimate the upper/lower bounds of power shapes

Longer-Term Development
• Small, integral power reactors (NuScale & mPower), may 

present modest challenges to the PARCS core solver due 
to high neutron leakage from the core  

• Implicit coupling between PARCS & TRACE when there is 
strong feedback between the TH conditions & power 
shape



Code-Assessment, Testing, & Support
• PARCS is now in the TRACE version control system

– Future changes tested with OECD/NEA benchmarks Peach Bottom 
2 Turbine Trip (BWR) & Main Steam Line Break (PWR)   

• Further coupled assessment & testing planned to quantify 
the expected accuracy & uncertainty of coupled code 
predictions 
– Problems to be developed for code-to-code (regression, 

verification) testing & for code-to-data (assessment, validation) 
testing

– Additional regression problems may include nonproprietary 
versions of advanced LWR plant designs (to cover BWR ATWS), 
core flux solution symmetry exercises, & perturbations on input 
deck parameters 

– Appropriate code profiling studies to be performed  



Code-Assessment, Testing, & Support
• Additions being made to TRACE/PARCS assessment 

basis. 
– Peach Bottom Turbine Trip Tests (TT1, TT2, & TT3) for 

pressurization transients
– Peach Bottom Stability Tests PT1 – PT4
– Ringhals 1 (RH1) BWR Stability benchmark tests (Cycles 14, 15, 

16, & 17) for decay ratios based on small perturbations
– Oskarschamn for decay ratio > 1
– SPERT for PWR reactivity transients
– LOFT transient & ATWS
– TRACE/PARCS versions of PARCS standalone problems

• SQA for GenPMAXS   
– Upgrade coding to TRACE standards
– Further development & documentation of GenPMAXS test problem 

suite such that common test problems are shared between SCALE 
& PARCS & between SCALE & GenPMAXS



Ringhals 1 Cycle 14 Decay Ratios



PBTT 2 Power Spike



Oskarshamn-2 Feb 25, 1999 
Stability Event

10

1. Short loss of external power.
2. Closure of turbine control valves and opening of the 

dump valves.
3. Generator power reduced, but no pump run-down –

reactor remains at full power.
4. Loss of FW pre-heaters, FW flow remained constant.
5. Reduced FW temperature causes decrease in coolant 

temperature which causes power increase.
6. Recirc pump. run-down tripped on high power.
7. Continuing decrease of FW & coolant temperature 

causes power increase & trips recirc. pump run-down.
8. Continuing decrease of FW & coolant temperature 

causes power increase & trips recirc. pump run-down.
9. Operators trigger partial scram, recirc. pump run-down 

to minimum pump speed.
10. Continuing decrease of FW and coolant temperature 

pushes reactor into unstable conditions.
11. Reactor trips on high power signal.
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Oskarshamn-2:  Preliminary
Transient Results
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TRACE/PARCS Model Summary
• Core geometry & T/H parameters 

based on plant specs & existing 
SIMULATE model

• 222 core channels; 444 bundles; 
25 axial nodes

• Vessel, recirculation loop, & 
separator are explicitly modeled

• BOP is modeled through 
controllers & B.C.’s

• CASMO cross section libraries 
provided by Oskarshamn, 
converted by GenPMAXS to 
PMAXS

• Plant data for core inlet subcooling
not available

• Recirculation flow rate, feedwater 
flow rate, & feedwater temperature 
B.C.’s match plant data



Oskarshamn-2 Steady-State 
Results
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User Training & 
Best Practices Guidance

• Current documentation consists of Theory, Programmer, &  
User manuals & topical letter reports 

• Documentation to detail steps necessary for developing 
coupled TRACE/PARCS models, including…

– GenPMAXS Best Practices Document:  detailed step-by-step 
guidance and recommendations for cross section 
parameterizations (number of void & control blade histories to use 
for a BWR ATWS, for example)

– PARCS Best Practices Document:  concurrent axial and radial 
core noding and mapping fractions  

– PARCS Training:  to support current (MELLLA+) & longer term 
milestones, formal training sessions for NRC staff, to be 
coordinated with TRACE & SCALE training  



Uncertainty Analysis
• Implementing an uncertainty analysis methodology into 

GenPMAXS & PARCS 
• GRS has developed a software system for uncertainty & 

sensitivity analysis – SUSA methodology for thermal-
hydraulics & XSUSA for nuclear data 

• OECD Benchmark for Uncertainty Analysis Methods in 
Best Estimate Modeling (UAM)
• Exercise II-2: Neutron kinetics stand-alone performance (kinetics 

data, space-time dependence treatment, etc.)
• Exercise III-1: Coupled neutronics/thermal-hydraulics core 

performance 
• Exercise III-3: Coupled neutronics kinetics thermal-hydraulic 

core/thermal-hydraulic system performance
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Uncertainty Analysis
• Method 1:  Random values of cross sections to sample 

analytic solution for eigenvalue
– P random vectors generated to simulate perturbed values of 

Σ=Σμ+An & substituted into analytic eigenvalue formula

• Method 2:  “Sandwich” Formula & analytic sensitivities to 

calculate uncertainties in eigenvalue
– Var(k)=sqrt(S’CS)

– S=Sensitivity vector (analytical); C=Covariance matrix (given) 

• Method 3: Stochastic Sampling in PARCS
– Iterations -- XS data perturbed about mean for each assembly
– Run PARCS multiple times with perturbed XS’s & store output k 

& box powers into vector – statistical analysis of results

• Method 4:  Differencing to Obtain Sensitivity Matrix

15



Implicit Code Coupling
• Current method of performing coupled T-H/neutronics 

TRACE/PARCS calculations is to couple the fields 
explicitly

• PARCS is compiled within TRACE as a library, & TRACE 
calls PARCS with T-H variables as arguments, with the 
power map being returned to TRACE

• Implicit coupling is being studied
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Chester Gingrich
USNRC/RES

Code Development Branch
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October 18, 2010



Outline

• Overview
• User Interface Improvements
• New Functionality – SNAP 2.0

– Job Streams
– Engineering Templates

• Uncertainty Analysis Plug-in

2



Overview

• SNAP development continues to focus on simplifying and improving the user 
interface for TRACE

• SNAP current and planned development is providing a framework for uncertainty 
analysis

– SNAP uncertainty plug-in is designed not restrict the uncertainty methodology 
to any particular approach

• Uncertainty capabilities required updating job execution environment

• Job-Stream functionality addresses job submission to high performance 
computing resources (clusters, clouds, etc…)

• Engineering Template feature provides a SNAP model that can contain sub-models
– Especially useful in conjunction with the job-stream capabilities for creating and 

automating analysis-workflows where multiple analysis codes are chained 
together (that is, the output of one code is post-processed and used as input 
to another code) 
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2D Drawing Improvements

• Polygon Updates

– Bezier Curved Segments

– Pattern Fill

– Outline Segments (Show, Hide, 
Solid/Dashed/Dotted)

• Free-Form Nodalization Diagrams

– Associated Component Property

• Drawing Layers

4

“OLD” (default) 
drawing style

“NEW” drawing
capabilities



Function Semantics:
SetVariable( name, value ) 
GetVariable( name )
GetTable( name )

Table Functions:
GetColumnCount() 
GetRowCount() 
GetValueAt( row, col ) 
SetValueAt( row, col, value )

User-Defined Numerics

 Create Integer, Real (with Units), 
Boolean and Table variables.

 Variables can be entered is most 
editors in place of values.

 Built in Python Support

 MathCAD & MATLAB Integration

− Functions can refer to external 
MathCAD or MATLAB files in 
addition to internal Python 
functions.

− Functions can access and set 
values on Integer, Boolean, Real, 
and Table UDN Data.

 Conditional Logic

− Optional enabling Boolean can be 
supplied to functions.
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• ODF (Open Document Format) Based

– Open Directly in MS Word or 
OpenOffice.

• Model Summary Data

• Validation Report Results

• Hyperlinks Across Connections

• Embedded Attribute Level Documentation

– Model Notes converted to ODF

– Notes can include External Hyperlinks

• Generated Plots for Select Data

• Optional Ownership/Reviewer Data

• Optional Classification Markings

Electronic Model Notebook

6



New Animation components

7

• Easy to create and add new 
animation components to 
SNAP (separate JAR files)

• New animation components:

– Pipe & Elbow Segment

– Linear Dial

– Circle Pump

– Control Rod

– Command Button

– Check Valve

– H2 Deflagration

– Core Degradation 

– BWR Power Flow Map

– Plot Definitions

Power-Flow Map (shown below)

• Current position is Animated using a 
vanishing trail. 

• Customize for any BWR.



Job Streams

 Will be available in SNAP 2.0

 Replacement for existing Job Submission 
and SNAP Runtime.

 Graphically construct sequences of Job 
steps to be executed.

 A Model can contain one or more Job 
Stream Definitions. 

 Parametric Support through Numerics 
and File connections.

 Parametric Fan-Out and Fan-In.

8



Job Streams

• Job Steps can include:
– Input Pre-processing (IC retrieval, Renodalize, etc.)
– Analysis Code Execution (TRACE, MELCOR, etc...)
– Post-Processing (Plot generation, Data Extraction, etc...) 
– Notifications (E-mail)

• Conditional Logic
– Input Switches – Used to Select Input Files for a Step
– Client Side Branching – Build complex Job Streams and control what gets run 

using Boolean variables.
– Server Side Branching - based on the results of previous steps. 

• Job Streams can be submitted to:
– Local Calculation Server - Interactive Support
– Remote Calculation Server - Interactive Support
– HPC Clusters – Batch Processing for Large Number of Calcs.

• Completed Runs can be loaded into a Calculation Server for Animation.  

9



Job Streams

• The Job Stream framework is highly extensible:
– Steps can be added as JAR files, similar to plug-ins
– A single JAR can contain multiple Step implementations
– Step inputs and outputs are defined by meta-data: 
– Steps from independent implementations with matching descriptions can be 

connected together.
• Site Specific APIs: 

– Platform Definitions provide interface to HPC resources.
(Torque/Maui Linux Cluster Reference Implementation)

– File Selection and Access API 
(Document Management Systems)

10



Job Stream System Overview
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Engineering Templates

• Independent Plug-in used to create input templates to constrain modifications to 
one or more source models.

• Source Model is queried for available shared numerics. These variables are then 
available to create 2D views which serve as template forms.

• Construct complex Job Streams using multiple source models.

• Underlying Models are manipulated through User Defined Numerics.

• 'Global' engineering template variables can be mapped to UDNs of underlying 
models.
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Uncertainty Analysis

 Custom Stream Type built on the Job Stream API.

 Reference Implementation – Uses DAKOTA
− PDF Types: Normal, Log-normal, Uniform, Triangular, Beta.
− Monte-Carlo and Latin Hypercube Sampling
− Random variate can be applied as a factor or as an additive value (with 

engineering units).
− Currently Limited to Numerics.

 'Data Extract' Job Step retrieves scalar data from plot files via a partial AptPlot 
script. Used to obtain 
“response function” 
values required by 
DAKOTA.

 ODF Report Generated 
from Stream Output 
and DAKOTA Results

13



Server-side: 
Submitted Stream

Client-side: 
Generates the 
uncertainty parametric 
models

DAKOTA Reference 
Implementation Process Diagram
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Job Stream 
Model

DAKOTA
Stream DAKOTA

Input

DAKOTA
Random
Variates generates

converted to
parametric tasks

invoked in
“pre-run” mode

generates

Stream
Manager

Solver

Parametric
fan-out

AptPlot Extract

Post-Run 
Results Report

DAKOTA Step

Parametric
fan-in

DAKOTA Step Process

Step 1:
Generate post-run
results from
variable inputs

Step 2:
Execute DAKOTA
In “post-run” mode

Step 3:
Generate report
from results and
outputs

Modified inputs

AptPlot Extract

AptPlot ExtractSolver

Solver

DAKOTA
DAKOTA

Input



Uncertainty Analysis – Open Issues

• Develop API to allow Code Plug-ins to modify selected input data through a custom 
dialog.

– Current version requires variables to be assigned to each input.
• For TRACE, future versions will incorporate PIRT identified lists of high ranking 

phenomena “critical parameters” by plant and accident type. 
– The user will be presented with the default set, but will have the option of 

adding or deleting parameters
– There will be default ranges and distributions for the parameters; a SNAP 

editor will allow changes
• SNAP editors will be provided to allow the user to choose how the uncertainty 

analysis is done and what is to be reported to the user.
– User will be able to choose from various predefined  uncertainty methodologies  

and reports
• Support for filtering generated inputs that do not pass input model checking. 
• Add Support for filtering failed runs based on custom acceptance criteria.
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Division of Systems Analysis
Thermal-Hydraulic Development Plan

Experimental Support and Assessment Programs
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Division of Systems Analysis

Office of Nuclear Regulatory Research
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Presentation to the Advisor Committee on Reactor Safeguards, Thermal-Hydraulic Subcommittee
October 18,  2010
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Introduction

1. Improvement of TRACE, and increasing its range of applicability 
will be strong functions of experimental support and continued 
assessment.

2. Experimental support provided through:
1. Thermal-Hydraulics Institute
• Interfacial Area Transport Equation (IATE) 
• Void Distribution in Large Diameter Pipes
1. Rod Bundle Heat Transfer (RBHT)

3. Code Assessment Activities
1. Participation in international cooperative programs
2. CAMP    (Code Assessment and Maintenance Program)

3. Internal  
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Rod Bundle Heat Transfer 

1. Rod Bundle Heat Transfer (RBHT) project provides the NRC with 
unique data on reflood thermal-hydraulics, spacer grid effects, and 
low pressure void fraction distribution. 

• Reflood Tests
• Steam Cooling Tests
• Mixture Level Swell Tests
• Droplet Injection Tests
• Oscillating Reflood Tests (in progress) 

2. Next steps are to use the RBHT data to develop improved models 
for heat transfer enhancement at spacer grids, droplet breakup 
models, and refine models for DFFB.

3. Second camera recently installed to enable measurement of droplet 
size distribution before/after spacer grid.    
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Interfacial Area Transport Equation

1. Flow pattern modeling and flow pattern transition continues to be 
an issue for code development and some applications.
1. Use of “static” flow pattern maps.
2. Flow regime transitions complicate code stability.

2. Development of, and implementation of interfacial area transport 
equation(s) into TRACE is a long-term effort and is intended to 
provide a mechanistic replacement for flow pattern maps.
1. Theory and significant database developed. 
2. Implementation in TRACE demonstrated.
3. Additional efforts remain.



5

International Programs

1. Participation in international programs, primarily through 
OECD/NEA, provides the NRC with access to major test facilities 
outside the U.S., and opportunities for code assessment.

2. Cost effective way to obtain new data & obtain TRACE assessment 
by other organizations.

3. Current participation with application to TRACE includes:

1. ROSA-V (Phase 2)  
2. PKL
3. BFBT / PSBT Benchmark
4. ISP-50
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ROSA-V (Phase 2)

• PKL is a large full height, full pressure integral test facility, with  1:48 
power to volume scaling representing a 4-loop 3423 MWt PWR.   

• The NRC is performing blind calculations using TRACE.  
Experiments focus on “risk-informed” break sizes and transients 
useful to code assessment.    

1. Intermediate (17%) hot leg break   (complete)
2. Intermediate (17%) cold leg break (complete)
3. Intermediate (hot or cold) break  - - TBD
4. SGTR with recovery actions  (planned 2010)
5. SGTR with MSLB  (test recently performed)
6. TBD (late 2011)

• TRACE assessments completed for intermediate hot and cold leg 
breaks.   Assessment with other tests to be performed when data 
becomes available.
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PKL-2

• PKL is an integral test facility, full height with a 1:145 power to 
volume scaling representing a 4-loop 1300 MW PWR.   

• The NRC is participating in “PKL-2”, which will run several 
transients.  Some are useful to the for TRACE assessment:

1. G1:  Heat transfer in SG in presence of nitrogen, steam & water.
2. G2:  Cooldown procedures w/ isolated SG & empty secondary.
3. G3:  Main steam line break
4. G4:  SBLOCA with rapid cooldown by SG secondary
5. G5:  Boron precipitation following LBLOCA
6. G6/G7:  TBD

• TRACE assessment completed for Test G3.    Simulations for Tests 
G4 and possibly G5 expected pending receipt of data.  
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BFBT / PSBT Benchmarks
• The objective of the BWR Full-Size Fine-Mesh Bundle Tests (BFBT)

tests was to develop a database of high quality  sub-channel void
fraction and critical power data.   High resolution void fraction 

distribution data was acquired with X-ray & X-ray CT scanners.

• Tests performed for several types of rod
bundles.   Simulations performed with TRACE.
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ISP-50

• ATLAS is a new large-scale full-pressure thermal-hydraulic 
integral test facility for advanced PWRs.  The ATLAS facility was 
be used to simulate a DVI line break, which is important in several 
advanced PWRs (APR1400, APWR, AP600, AP1000, etc.).  
Participants perform blind and open calculations for the test using 
various safety analysis codes, e.g. MARS, RELAP5/MOD3, 
TRACE, CATHARE, ATHLET. 

• A 50% DVI line break was run in the facility, and boundary and 
initial conditions provided to participants.   TRACE “blind” 
calculations performed.   “Open” calculations are in progress.  
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Additional Assessment

1. “New” assessment cases are planned or are in progress 
in order to increase the range of applicability for TRACE
• MIST  (for B&W plants)       [In progress]
• CCTF UPI Tests (for 2-loop PWRs with UPI)

2. Existing assessment base will be increased to better 
examine some phenomena and SBLOCA transients
• Loop Seal Clearance
• CCFL at hot leg – SG elbow
• BETHSY
• Semiscale

3. Existing assessment base for BWR will be increased:
• FIST
• TLTA
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Summary

“Generic” 
LBLOCA & SBLOCA

Phenomena
AP1000

ESBWR

APWR

ABWR BWR Stability / ATWS

Additional 
Assessment

BETHSY
Semiscale
LS Clear.

EPR
Additional 
Assessment

ROSA
PKL

BFBT/PSBT

ISP-50

• New and continuing “generic” assessment is intended to
increase range of applicability of TRACE: 

•New and advanced plant assessment also underway,
with separate documentation. 
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Outline

• Introduction
• Development of Interfacial Area Transport Equation

– Transport Equations
– One-group Constitutive Relations
– Two-group Constitutive Relations
– Churn-Annular Transition
– Local Interfacial Area Measurement Method

• Experimental Project• Experimental Project
– Summary of Past Tests
– Highlight of Recent Experiments

Downward Flow
Task 1. Large Diameter Pipe
Task 2. 8x8 Rod Bundle
Task 3. Subcooled Boiling
Task 6. SP Void Distribution during Blowdown

• Summary and Future Efforts
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Two-Fluid Model Conservation Equations

• Continuity Equation

• Momentum Equation
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Closure Based on Flow Regime Map
(Traditional Approach)

• Interfacial Transfer ~ (Interfacial Area Con.) × (Driving Force)

• Flow Regime Identified by Flow Regime Map or Regime Transition 
Criteria (Bubbly, Slug, Churn, Annular, …)

• Regime Dependent Closure Relations
– Interfacial Area Concentration
– Interfacial Momentum Transfer– Interfacial Momentum Transfer
– Interfacial Heat Transfer

• Flow Regime
– Based on Global Phenomena
– Depend on the Size of Volume used to Define Flow Regime
– Effect of Geometrical Configuration and Size
– Mostly based on 1-D and Steady State Observations

-5-



Shortcomings of Modeling Based on Flow 
Regime Map

• Inconsistency with the Two-Fluid Model 
– Phase Interaction: Dynamic (through Field Equations)
– Interfacial Geometry Modeling: Static (Flow Regimes)

• Flow Regime Map is for Fully Developed Adiabatic Flow
– Difficulty of Modeling Effects of Entrance, Flow Development, and Phase Change

• Introduction of Bifurcation into Codes
– Through Flow Regime Transition Criteria (Switches)– Through Flow Regime Transition Criteria (Switches)
– Regime Dependent

• Interfacial area concentration correlations
• Interfacial transfer correlations

– May lead to Numerical Oscillations
• Two-step Modeling Approach for Phase Interaction: Combined Error
• Often Flow Regime Map Itself: Inaccurate or Not Applicable

-6-



Interfacial Area Transport Equation

• Dynamic Approach for Interfacial Structure Modeling, Consistent with 
the Two-Fluid Model

• Predict Evolution of Interfacial Structures Dynamically
• Enhance the Capability of Thermal-Hydraulic Analysis Codes
• Two-Group Modeling Approach

– Differences in Bubble Size, Interfacial Drag, and/or Motion– Differences in Bubble Size, Interfacial Drag, and/or Motion
– Differences in Interaction Mechanisms and Transport 

Phenomena
– Group 1 for Spherical/Distorted Bubbles
– Group 2 for Cap/Slug/Churn-turbulent Bubbles

-7-



Technical Approach for IATE

• Interfacial Area Transport Equation from Moment Integral of 
Boltzmann Transport Equation

• Basic Form of Source Terms from Simple Mechanistic Models
Collision: Bubble �� Bubble

Bubble �� Eddy
Wake Region Volume
Surface Instability Criteria
Nucleation

• Benchmark Experiments
Over Wide Ranges of  Parameters

Geometry

• Implementation into System Code
Benchmark within System Code Frame

-8-



Major Source and Sink Terms

• Phase Change Effect in Diabatic Flows
– Nucleation
– Condensation
– Bubble Volume Change (Phase Change or Expansion)

• Bubble Interaction Mechanisms
– Coalescence– Coalescence

• Random Collision (RC)
• Wake Entrainment (WE)

– Disintegration

• Turbulence Impact (TI)
• Shearing-Off (SO): large (cap/slug) bubbles
• Surface Instability (SI): large (cap/slug) bubbles

-10-



One-Group Interfacial Area Transport Eq.
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Images of Wake Entrainment
(500 Frames/s)

t=0 t=24ms

t=48ms t=76ms

-13-



Images of Turbulent Impact 
(500 Frames/s)

time

time
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Images of Small Bubble Shearing Off
(500 Frames/s)
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Large Bubble Breakup due to Instability
(500 Frames/s)

t=0ms t=80mst=0ms t=80ms

t=140ms t=158ms
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• Photographic Technique
– Very Limited to Certain Flow and Void Fraction
– Axisymmetry Assumption

• Chemical Absorption Technique
– Global Volumetric Averaged Value
– Effects of Chemical at Interface
– Mostly in 1960’s & 1970’s

Interfacial Area Measurement

– No Phase Change Condition Required

• Local Probe Technique
– Local Interfacial Area
– Axial Evolution
– Micro-sensor Probes
– Accurate & Extensive Benchmarking
– Developed at Purdue (Conductivity)

CENG (Optical)

-18-



• Multi-Sensor Local Probe (Conductivity or Optical)
– Only Local Method Available for Gas-Liquid Two-phase Flows 

– Can Obtain Important Local Time-averaged Two-phase Flow Parameters: α, vg, 

fb and Dsm

– Theoretical Base to Acquire the Local Interfacial Area Concentration, ai (Ishii, 
1975)

Local Interfacial Area Measurement
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Interfacial Area Measurement (Cont’d)

downstream sensor
(sensor 2)

impedance

sensor 1

Vi=∆∆∆∆S/∆∆∆∆t
t4
t3

t2
upstream sensor

(sensor 1)

time
∆∆∆∆t

∆∆∆∆S

sensor 2

Vb

t2
t1

t1 t2 t3 t4
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Benchmark against Optical Probe
Le Corre, et al. 2003

 Run 1 Run 2 Run 3 Run 4 

jg (m/s) 0.090 0.135 0.204 0.368 

jf (m/s) 0.163 0.847 0.277 1.231 
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Benchmark with Image Analysis
Kim et al. 2000
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Benchmark of Conductivity Probe Measurement
6” Upward Flow
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Experimental Study

• Summary of Past Tests Sponsored by NRC

Geometry Fluids 
Flow 

Direction 
Test 
Runs Measurement Location 

Pipe I.D. 12.7mm Air-Water Upward 9 z/Dh=17, 120,217 

Pipe  I.D. 48.3mm Air-Water Upward 26 z/Dh=5, 30, 55 

Pipe I.D. 101.6mm Air-Water Upward 19 z/Dh=5, 20, 30 

Pipe I.D. 152.4mm Air -Water Upward 12 z/Dh=4, 11, 18 
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Pipe I.D. 152.4mm Air -Water Upward 12 z/Dh=4, 11, 18 

Pipe I.D. 25.4mm Air-Water Downward 23 z/Dh=13, 68, 133 

Pipe I.D. 50.8mm Air-Water Downward 15 z/Dh=7, 34, 67 

Pipe I.D. 152.4mm Air-Water Upward 22 z/Dh= 11.7, 17.7. 33.9 

Pipe I.D. 203.2mm Air-Water Upward 18 z/Dh= 5.4, 9.8, 26.0 

8x8 Acrylic Bundle  
d 12.7mm, p 16.7mm 

Air-Water Upward 20 z/Dh=5, 77, 85, 137 

8x8 Stainless Steel Bundle  
d 10.3mm, p 16.7mm 

Air-Water Upward 37 z/Dh=5, 77, 85, 137 

Annulus I.D. 19.1mm 
O.D. 38.1mm 

Air-Water Upward 19 z/Dh=52, 149, 230 

Annulus I.D. 19.1mm 
O.D. 38.1mm 

Subcooled 
Boiling 

Upward 34 z/Dh=52, 108, 149,190, 230 

 



One-Group IATE Evaluation Results 
In Round Pipes: Vertical Upward
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Two-Group IATE Evaluation Results 
In Round Pipes: 50.8 mm I.D. Vertical Upward

Transition Condition: Prediction of Group 2 Creation
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Two-Group IATE Evaluation Results
Churn-Turbulent Flow in 10.16-cm ID Pipe
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Downward Two-Phase Flow
Experimental Facility and Flow Regime
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Downward Two-Phase Flow
Flow Visualization

Bubbly Flow
jg = 0.0035m/s
jf = 0.9 m/s
α = 0.3%

Cap Bubbly Flow
jg = 0.057m/s
jf = 1.245 m/s
α = 4.1%

Slug Flow
jg = 0.137m/s
jf = 1.245 m/s
α = 16.4%

Churn-Turbulent
jg = 0.37m/s
jf = 1.245 m/s
α = 24.7%

Annular Flow
jg = 1.22 m/s
jf = 1.245 m/s
α = 61%
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Downward Two-Phase Flow
Test Matrix

•Test Matrix (5.08cm ID test section) •Test Matrix (2.54cm ID test section)
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Downward Two-Phase Flow
Characteristic Results of Bubbly Flow 

• Run 8: jf = 4.0 m/s;  jg = 0.068 m/s (2.54cm ID test section)
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Downward Two-Phase Flow
Characteristic Results of Slug Flow

• Run 23 : jf = 2.12 m/s;  jg = 0.317 m/s (2.54cm ID test section)
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Downward Two-Phase Flow
IATE Benchmarking Result
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Two-Phase Flow in Large Diameter Pipes (Task 1) 
Experimental Facility
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Two-Phase Flow in Large Diameter Pipes (Task 1) 
Experimental Facility

z/DH = 26.0

z/D = 17.7

z/DH = 33.9
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DH = 0.152 m DH = 0.203 m

z/DH = 5.4

z/DH = 9.8z/DH = 
11.7

z/DH = 17.7

Cross-Section of pipe showing probe 
measurement locations.

Dotted lines indicate regions of 
influence for numerical area-
averaging process.



Two-Phase Flow in Large Diameter Pipes (Task 1)
Void Fraction Result
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• Flow regime maps developed 
using neural network 
techniques
– Need new transition for cap 

bubbly to churn transition in large 
pipes

– Mishima and Ishii developed 
bubbly-slug transition based on 

Two-Phase Flow in Large Diameter Pipes (Task 1) 
Flow Regime Transition
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] Port 5, z/D = 29.0
 Bubbly to Cap Bubbly Transition
 Cap Bubbly to Churn Transition
 Churn to Annular Transition
 Flow Regime 1
 Flow Regime 2
 Flow Regime 3

bubbly-slug transition based on 
maximum packing

– Extend idea to maximum packing 
of cap bubbles for transition to 
churn flow

– Transition occurs at void fraction 
of 0.51
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Two-Phase Flow in Large Diameter Pipes (Task 1) 
IAT Data
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Two-Phase Flow in Large Diameter Pipes (Task 1) 
IAT Data
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Two-Phase Flow in Large Diameter Pipes (Task 1) 
IATE based Two-Group Void and Interfacial Area Predi ction
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z/D = 17.7, D = 0.152 m
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Two-Phase Flow in Large Diameter Pipes (Task 1) 
IATE based Two-Group Void and Interfacial Area Predi ction
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z/D = 33.9, D = 0.152 m
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Two-Phase Flow in Large Diameter Pipes (Task 1) 
IATE based Two-Group Void and Interfacial Area Predi ction
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z/D = 26.0, D = 0.203 m
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• Flow map of IATE performance for 
large pipes
– Category 1 tests

• Void predictions within 10%
• IAC predictions within 10%

– Category 2 tests
• Void predictions at Port 2 not within 10%
• IAC predictions at Port 2 not within 10%

0.152 m I.D.

Two-Phase Flow in Large Diameter Pipes (Task 1) 
IATE Performance

• IAC predictions at Port 2 not within 10%

– Category 3 tests
• Void predictions at Port 3 not within 10%
• IAC predictions at Port 3 not within 10%

– Inaccuracies in some regions
• Churn-turbulent flow regime
• Low liquid flux recirculation regime

0.203m I.D.

-49-



• Shortcomings in prediction of void fraction in large pipes in TRACE
• Requires significant database to benchmark TRACE models
• Implementation of IATE to improve code accuracy
• Drift-flux models with best performance indicated

• Hibiki-Ishii (2003) for bubbly flow
• Kataoka-Ishii (1987) for cap-bubble and churn flow

• New flow regime transition criterion developed

Two-Phase Flow in Large Diameter Pipes (Task 1) 
Summary

• New flow regime transition criterion developed
• Interfacial area transport data collected and evaluated
• Benchmark of IATE 

• Existing model works relatively well for conditions included in 
the original benchmark set

• Additional data required for conditions outside this range to 
improve applicability of models (higher gas flow rate conditions)
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Two-Phase Flow in Rod Bundle (Task 2)
Motivation & objective

• Two-Phase Flow in a Rod Bundle
– Two-phase flow regime in rod bundle
– Global and local flow structure
– System pressure effect
– Area averaged void fraction database
– Flow over spacer grids 
– Local parameter database
– Interfacial area transport models
– Evaluate models in TRACE

Conductivity
Probe Port

– Evaluate models in TRACE

Impedance 
Meter

Spacer Grid

10.3 mm

Wire Mesh
(Electrode 1)

Rods
(Electrode 2)

Casing
(Electrode 2)
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Two-Phase Flow in Rod Bundle (Task 2)
Flow Regime in Acrylic Rod Bundle
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Two-Phase Flow in Rod Bundle (Task 2)
Global Flow Regime Map
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Test Section Schematics

Distance From Inlet 
[m]

z/DH
Impedance Meter 

No.
0.188 8.7 1
1.331 61.3 Nil
1.415 65.2 Nil
1.751 80.6 2
1.939 89.3 3
2.142 98.6 Nil
3.058 140.8 4

Two-Phase Flow in Rod Bundle (Task 2)
Test Section Schematics

3.058 140.8 4

Cross Section Value Units

Box Width 1.40E-01 [m]

Rod Dia 1.03E-02 [m[

Box Area 1.96E-02 [m^2]

Rod Area 8.31E-05 [m^2]

No. of Rods 64 [-]

Total Rod Area 5.32E-03 [m^2]

Flow Area 1.43E-02 [m^2]

Hydraulic Diameter 2.17E-02 [m]
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Two-Phase Flow in Rod Bundle (Task 2)
Drift Flux Plot 
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300 KPa, Port 7



Two-Phase Flow in Rod Bundle (Task 2)
Local Data at 3 MPa (j f = 0.2 m/s, jg = 0.02 m/s, z/D=137)
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Two-Phase Flow in Rod Bundle (Task 2)
Local Data at 3 MPa (j f = 0.2 m/s, jg = 0.02 m/s, z/D=137)
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Two-Phase Flow in Rod Bundle (Task 2)
Local Data at 3 MPa (j f = 0.2 m/s, jg = 0.02 m/s, z/D=137)
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IATE in an Annulus Boiling and Condensing Flow (Task 3) 
Research Motivation and Objectives

• TRACE developed by NRC to predict transient phenomena and 
accident scenarios in nuclear power plants

• Some of the key constitutive relations
– Nucleate Boiling and Condensation Effects
– Interfacial Area Concentration in Flow with Phase Change
– Two-phase Heat Transfer Coefficient
– Two-phase Pressure Drop

• Objectives• Objectives
• To establish extensive data base for important local parameters and 

boundary conditions for sub-cooled, saturated boiling flow and 
condensing flow

• To benchmark TRACE code with test results under phase cjange
• To develop Interfacial Area Transport Equation for flow with phase 

change
• To pin point code model shortcomings
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IATE in an Annulus Boiling and Condensing Flow (Task 3) 
Experimental Test Facility
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IATE in an Annulus Boiling and Condensing Flow (Task 3) 
Instrumentation

Conductivity Probe Traversing 
Mechanism

Openings for Inner Rod 
Guides

Opening for 
TC

Opening for 
Local Pressure
Measurement Bottom viewSide view Bottom viewSide view

Teflon Sleeve

Impedance Meter 
Electrode

Teflon Insulation 
Ring

Heater Rod
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IATE in an Annulus Boiling and Condensing Flow (Task 3) 
Instrumentation

U
n-heated Section

(1.7 m
)

-65-
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IATE in an Annulus Boiling and Condensing Flow (Task 3) 
Test Matrix
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IATE in an Annulus Boiling and Condensing Flow (Task 3) 
Local Measurements (Heated Section)
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IATE in an Annulus Boiling and Condensing Flow (Task 3) 
Local Measurements (Unheated Section)
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IATE in an Annulus Boiling and Condensing Flow (Task 3) 
TRACE Assessment

• FILL (210)
- Flow boundary condition

• PIPE (220,230,240,250,260)
- Basic 1D TRACE component (10 cells for 
each node)

• BREAK (270)
- Pressure or volume condition

Port 3

Port 4

Port 5

250

260

270

340

350

- Pressure or volume condition

• HTSTR   (280,300,320,340,350,360)
- 280, 300, 320, 340 and 350 powered or 
passive heat structures (10 cells for each 
node)
- 360 passive heat structure for pre-defined 
heat loss (50 cells)

• POWER (290,310,330)
- Supplies power to heat structures

Port 1

Port 2

210

220

230

240

280 (290)

300 (310)

320 (330)360
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IATE in an Annulus Boiling and Condensing Flow (Task 3) 
TRACE Assessment Case 1
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IATE in an Annulus Boiling and Condensing Flow (Task 3) 
TRACE Assessment Case 1
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Note:
• Condensation not predicted



IATE in an Annulus Boiling and Condensing Flow (Task 3) 
TRACE Assessment Case 1
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Note:
• Experimentally, end of heated section slightly sub-cooled
• TRACE prediction super-heated



IATE in an Annulus Boiling and Condensing Flow (Task 3) 
Summary

• Database
– Data for pressure range of 1 to 10 bar boiling and condensation flow
– Operation envelope and test matrix established
– Sample experimental result shown

• TRACE Assessment 
– Nodalization diagram presented
– Sample comparisons shown– Sample comparisons shown

� ONB not predicted accurately: Code prediction downstream of 
experimental ONB

� Heat flux partitioning seems problematic: Function of ONB
� Code missing bulk condensation phenomena: Too much energy released 

into liquid phase making it super-heated at the exit of heated section. 
Related to ONB and heat flux partitioning models

� Numerical error in vg at the PNVG: Spike in gas velocity at the junction of 
the cell where void is first initiated

� Overall pressure prediction reasonable
� Can not directly/indirectly obtain ai from the code for comparison
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IATE in an Annulus Boiling and Condensing Flow (Task 3) 
Future Research Needs

• Study of key models for TRACE sub-cooled boiling 
– Point of net vapor generation
– Wall nucleation
– Boiling heat transfer coefficient evaluation (heat flux partition)
– IATE evaluation

• Wall nucleation characteristics • Wall nucleation characteristics 
– Source term of IATE
– Active nucleation site density
– Bubble departure frequency
– Bubble departure diameter

-79-



SP Void Distribution During Blowdown (Task 6) 
Objectives & Technical Approaches

• Problem
– Void Ingress to ECCS Pump Suction During BWR LOCA
– Particularly for MARK I Containment

• Objectives
– Perform Scaled Tests Simulating BWR LOCA Blowdown into 

Suppression Pool

• Major Interest

-80-

• Major Interest
– Void Distribution and Penetration into Pool as Function of Time
– Special Focus at ECCS Strainer Location
– Parametric Observation over Wide Range of Blowdown Flow 

Conditions

• Two Types of Test
– Quasi-Steady Air Injection Test 
– Transient Air-Steam Injection Test



SP Void Distribution During Blowdown (Task 6) 
Test Facility for Steady-State Test

• Steady-State Test Configuration (PUMA)
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SP Void Distribution During Blowdown (Task 6) 
Instrumentation Cage

0.9

0.09

0 degree 90 degree0.37

0.050.1
B

A
0.1

0.02

Water Level

r
0.09

180 degree270 degree

0.68

1.05

0.050.1
C

D

E

F

H

0.1

0.1

0.1

0.1

0.1

Front view Top view
(90 deg from Front view)

Single senser conductivity probe
Double senser conductivity probe

Bottom Level

Unit: m

G

h

-83-



SP Void Distribution During Blowdown (Task 6) 
Flow Visualization

-Flow Visualization of Test No. A1

t= 1.084 s t= 1.108 s t= 1.164 s t= 1.420 s

t= 1.716 s t= 1.900 s t= 2.064 s t= 2.192 s -85-



SP Void Distribution During Blowdown (Task 6) 
Example of steady-state test result 
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SP Void Distribution During Blowdown (Task 6) 
Example of steady-state test result 

-Axial and Radial Void Penetration Based on the Cond uctivity Probe Data of Test No. A1

Data point by probe             
Smooth curve

Data point by probe             
Smooth curve

-Rough Estimate of Axial and Radial Void Penetration Based on High-Speed Camera  Observation of Test No. A1

Estimated Location From Movie    
Smooth curve

Estimated Location From Movie    
Smooth curve
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SP Void Distribution During Blowdown (Task 6) 
Example of steady-state test result 

-Bubble Velocity Data of Test No. A1
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-Bubble Chord Length Data of Test No. A1
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Summary of IATE Research
Present Status

• Theoretical Foundation of Interfacial Transport Equation Developed

• Mechanistic Model for Source and Sink Terms Developed

• Wide Ranges of Data for Void Fraction, Interfacial Area, Gas Velocity 
for G1 and G2 as Function of 

(D, jg, jf, L/D, R)

• Adiabatic Vertical Flow for Relatively Small Pipe: Benchmark • Adiabatic Vertical Flow for Relatively Small Pipe: Benchmark 
Completed

• Preliminary Evaluation Done for
Rod Bundle
Large Pipes (D ≥ 6”)
Boiling & Condensation Flow

• Preliminary Code Implementation Done for Group 1 Model (Purdue, 
NRC, Penn State)
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Summary of IATE Research 
Future Needs & Effort

1) Large Pipe Void and Interfacial Area at Higher Fluxes up to Annular 
Flow (starting shortly)

2) Rod Bundle Data at Higher Fluxes 
Spacer Effects on α & ai
Void Distribution Effects (Bundle & Subchannel)

3) Boiling and Condensing Flow
Point of Net Vapor Generation
Nucleation Characteristics (N, f, D )Nucleation Characteristics (N, f, Dd)
Flashing Гg
Condensation Гg

4) Churn � Annular Transition & Annular Flow IATE Modeling and 
Benchmark Exp.

5) Effects of Geometry Changes
Expansion & Contraction
Elbows (Direction Changes)
To be Treated as Source Term Similar to k factor in ∆p

6) Counter-Current Flow & Limitations
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• TRACE v5.0, Patch 2: Current version 

• TRACE v4.291: Experimental version     Implements 
third field for dispersed liquid drops 

• TRACE v4.291b: Experimental version     Revised 
droplet field eqns. in TRACE v4.291 for dispersed 
bubbles 

• TRACE-T: TRACE v4.291b with one-group interfacial 
area transport models (Transport models) 

• TRACE-NT: TRACE v4.291b with flow regime based 
correlations (Non-Transport models) 

4 
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• Source/Sink Mechanisms: 
Turbulence Impact Disintegration (TI): Source 
Random Collision (RC) Coalescence: Sink 
Wake Entrainment (WE) Coalescence: Sink 
Pressure Drop (PD): Source / Sink 
Bubble Velocity Gradient (VG): Source / Sink 

• Model Coefficients Employed for All Test Conditions 

Mechanisms Vertical Upward 

Five pipe sizes 

Vertical Co-current Downward 

Two pipe sizes 

TI (Source) 0.085 0.034 
RC (Sink) 
WE (Sink) 
WeC 

0.004 
0.002 

6.0 
7 
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Channel geometries 

Channel sizes [cm] 

Two-phase flow 

configurations 

Number of one-

group conditions 

Round pipes  
2.54 / 5.08 / 10.16 / 15.24 / 

20.32 

Vertical upward 12 / 6 / 4 / 2 / 4 

Round pipes 

2.54 / 4.83 

Vertical co-current 
downward 

13 / 6 

Total Number of Test Conditions  

Assessed for Model Benchmark 
47 

Databases Employed for Current Evaluation 
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Vertical Upward Two-Phase Flow in Round Pipes 

(28 Test Conditions) 
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Vertical Downward Co-current Two-Phase in Round Pipes   

(19 Test Conditions) 
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Error bars shown: ±20% 
0 

50 

100 

150 

200 

250 

300 

0 15 30 45 60 75 90 105 120 135 

<a
i>

 [1
/m

] 

L/D 

Experimental Data 

jg,loc,1=0.207 m/s, jf=3.490 m/s 

18 



Error bars shown: ±20% 
0 

50 

100 

150 

200 

250 

300 

0 15 30 45 60 75 90 105 120 135 

<a
i>

 [1
/m

] 

L/D 

TRACE-NT 
Experimental Data 

jg,loc,1=0.207 m/s, jf=3.490 m/s 

19 



Error bars shown: ±20% 
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Error bars shown: ±20% 
0 

100 

200 

300 

400 

500 

600 

0 50 100 150 

<
a

i>
 [1

/m
] 

L/D 

TRACE-T 
TRACE-NT 
Experimental Data 

jg,loc,1= 0.453 m/s, jf= 3.110 m/s 

32 



-100 

-50 

0 

50 

100 

150 

200 

0 20 40 60 80 100 120 140 

<
a

i>
 [1

/m
] 

L/D 

Data 
Model 
RC 
TI 
WE 
PD 
VG 

Error bars shown: ±20% 

jg,loc,1= 0.453 m/s, jf= 3.110 m/s 

33 



• Existing TRACE frameworks have been assessed. 

• TRACE v4.291b is found to be suitable for interfacial 
area transport model implementation. 

• Simple 1-D steady state one-group interfacial area 
transport equation is implemented     TRACE-T. 

• Results have been generated with TRACE-T and 
TRACE-NT for air-water vertical two-phase flow in 
pipes. 

34 



• TRACE-NT 

– Underestimate a
i 
data (Avg.    45%) 

– Display quasi-linear trend 
 always increasing a

i
 in vertical upward flow 

 always decreasing a
i
 in vertical downward flow 

– May not predict correct trend 

• TRACE-T 

– Predicts a
i 
 data better (Avg.    ±10 %) 

– Can predict non-linear changes in a
i

   

   bubble interactions 
35 



• Two-group implementation is being studied. 

• Subcooled boiling condition is being studied. 

• Existing database is being evaluated for sufficiency. 

• May need additional database in: 
Two-phase flow in large diameter pipes, 
Higher void fraction conditions, 
Two-phase flow with flow restrictions. 
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Authors (year) Channel geometries 
Channel sizes [cm] 

Two-phase flow 
configurations 

*Number of test conditions 

0 <     <0.3 0.3 <     <0.8 

Hibiki & Ishii (1999) 
Fu (2001) 
Smith (2002) 
Ishii et al. (2010) 
Ishii et al. (2010) 

Round pipes  

2.54 /  / 
[10.16 / 15.24] /  
15.24 / 20.32 

Vertical upward 
25 / 18 / 10 / 8 / 4 / 

8 
0 / 8 / 9 / 4 / 18 / 10

Kim (1999) 
Sun (2001) 

Rectangular 

1 x 20 
Vertical upward 9 / 9 0 / 4 

Ishii et al. (2004) Round pipes 

2.54 / 5.08 

Vertical co-current 
downward 

20 / 15 3 / 0 

Talley and Kim (2010) 
Kim et al. (2005) 

Round pipe 

5.08 

Horizontal with  
45° elbows  
90° elbows 

30 / 6 0 / 9 

Huang (1993) Round pipe / 5.08 Horizontal 8 0 

Total No. of Test Conditions Available for Model Benchmark 170 65 

Based on Published Database for IAT Model Development 
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• RBHT Program Established in 1997: 

- 1997-2008: L. Hochreiter (PI) 

- 2008-2010: S. Kim (PI) 

• To Perform Experiments for Rod Bundle Heat 
Transfer During the Reflood Phase in 
LBLOCA. 

• To Provide Data to NRC for TRACE Code 
Development. 

2 



• Seven by seven array rod bundle with four 
support rods at the corners 

• Full length: 3.5 m 

• Electrically heated rod with a diameter of 9.5 
mm and a pitch of 12.6 mm  

• Heater rods designed to operate up to 13.8 
bars (200 psia) and 1,204 ºC 

• Peak power @ 2.74 m 

3 



• Test Section Pressure: Up to 4.14 bars (or 60 
psia) 

• Square Flow Housing: 
- Fits a square rod bundle array 
-Minimize excess rod bundle flow area  

• Six Pairs of Quartz Windows 
- For droplet measurement 
- 50.8 mm x 292.1 mm  
- Covers upstream and downstream of grid 

4 



• Spacer Grids located at seven different axial 
locations 
- First grid located at 101.85 mm above the 

bottom of the heater length 
- 522 mm apart from each 

other 

5 
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Unit: inches 8 



S: Support Rods 

I: Instrumented Rods 

U: Uninstrumented Rods 

Nomenclature 
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Heater rods are designed and built by Stern Lab, Ontario, Canada 
10 



• Linear axial power profile 
• peak power at 2.74 m elevation 
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• Heater Rods: 

- 33 rods are 
instrumented 

- 8 thermocouples  
along axial direction 
per rod 

• Spacer Grid: 

- 50 spacer grid strap  

Unit: Inches 

12 



(3) .015”(.381mm) 

Thermocouples 

Steam Probe Rake to Measure Steam Temperatures in the Flow Subchannel 
and in the Rod-to Rod Gap 
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Flow Housing 

Wall 
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• 264 heater rod thermocouples 

• 50 spacer grid strap thermocouples 

• 39 steam probe rake thermocouples 

• 75  other miscellaneous thermocouples throughout 
system  

• 21 fine-span DP cells on the flow housing 

• 6 pairs of quartz window openings 

• Flow meters on inlet and exhaust lines 

• A Laser Illuminated Digital Camera (LIDC) System  

• 512 channel data acquisition system, 20Hz data rate 

15 



Summary of Tests Performed in RBHT Program: 
• Up to 2008 (Constant Reflood Rate) 

-Reflood Heat Transfer Experiments; 

-Two Phase Mixture Experiments; 

-Steam Cooling Experiments; 

-Steam with Droplet Experiments. 

• Since 2008 to July, 2010 (Oscillatory Reflood Rate) 

-Effects of Oscillation on Reflood Heat Transfer. 
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• Reports Submitted to NRC 
– Rod Bundle Heat Transfer Facility Test Plan and Design, NUREG/

CR-6975, September 2008  
– Rod Bundle Heat Transfer Test Facility Description, NUREG/

CR-6976, September 2008 
– RBHT Reflood Heat Transfer Experiments Data and Analysis 

Report, NUREG/CR-6980, November 2008 

– RBHT Two Phase Mixture Level Swell and Uncovery Experiments 
Data Report, PSU/MNE Draft Report, December 2008 

– Rod Bundle Heat Transfer Facility – Steady State Steam Cooling 
Experiments,, PSU/MNE Draft Report, December 2008 

– Rod Bundle Heat Transfer Facility – Steam Cooling with Droplet 
Injection Experiments Data Report, PSU/MNE Draft Report, 
December 2008 
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2

RBHT Experimental Data

• The next phase for RBHT with regards to TRACE 
improvement involves data evaluation, assessment & 
model development. 

• Data from RBHT is unique:
1. Prototypic mixing vane grids
2. Droplet size measurements above / below spacer grids
3. Rod T/C placement to record grid effects
4. Constant power - - tests of long duration
5. Oscillatory effects under controlled conditions

• Documentation:     RBHT Facility Description Report complete.   
Reflood Data Report nearing completion.   Others soon to follow.  

• Today - - preliminary results & findings:
• Basic parametric effects
• Spacer grid effects
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Parametric Effects



4

RBHT ; Sensitivity to Pressure
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RBHT ; Sensitivity to Subcooling
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Spacer Grid Effects
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Spacer Grid Effects

1. RBHT, as well as previous tests, have shown that spacer 
grids have a  very strong , if not dominant effect on rod 
bundle thermal-hydraulics. 

2. Comments & Observations:

1. Convective heat transfer is enhanced downstream of a grid
2. Droplet breakup occurs
3. Grids rewet ahead of quench front
4. New designs utilize more spacer grids

3. Existing models & correlations are based primarily on  
spacer grids without mixing vanes.  Modern fuel designs 
use higher numbers of MVG to enhance DNBR margin.
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Heat Transfer Coefficient vs. Elevation
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Heat Transfer Coefficient vs. Elevation
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Droplet Breakup – Dry Grids

 The conventional “theory” has been that 
the primary mechanism for droplet 
breakup (and resulting downstream 
increase in evaporation) is due to drops 
interacting with a dry grid.   Sharp 
obstructions shear the incoming droplet 
into two or more smaller droplets.  
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RBHT Test 1300 Results
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RBHT Test 945 Results
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RBHT Test 1383 Results
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Droplet Size vs. Time
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Droplet Formation Processes

Dry Grid Wet Grid

 May not persist 
except far from QF, 
or if VIN is small.

 Drop formation by 
breakup at sharp 
interfaces. 

 Drop sizes found to 
be small.

 For VIN > 1.0 in/s, 
most grids show quick 
rewet. 

 Drop formation may 
be due to entrainment 
from film on grid.

 Drop sizes increase 
as quench front  
approaches grid.
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RBHT Steam Cooling Tests
Single Phase Convective Enhancement Downstream of Spacer Grids
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Steam Cooling Test Results

• Existing correlations for convective enhancement 
downstream of a spacer grid are based primarily on 
“egg-crate” i.e. non-mixing vane grids.    Correlation by 
Yao, Hochreiter & Leech is typical:

• RBHT steam cooling test data has been used to develop 
a new correlation for convective enhancement 
downstream of a spacer grid (with mixing vanes). 

• Analysis of data showed the enhancement “decay” 
has a strong Reynolds number dependence

• Maximum enhancement depends on blockage ratio

( ) ( )[ ] 348.0 0.156                   55.51 13.02 ≤≤+= −
∞ εε Dx

Y eNuNu
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Steam Cooling Test Results
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• Analysis of RBHT steam cooling data (by D. Miller and 
F-B Cheung at Penn State) also found that the Dittus-
Boelter corelation significantly underpredicts fully 
developed heat transfer.    ( There is good agreement with the 
Weisman correlation.)

• RBHT steam cooling test data compares well with: 
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RBHT Reflood Tests
Two- Phase Convective Enhancement Downstream of Spacer Grids
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Reflood Test Results

• Preliminary analysis of RBHT reflood data also suggests 
a convective enhancement downstream of spacer grids 
when dispersed droplet flows are present in the bundle.  
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Summary

• RBHT data has been useful to the NRC in previous code 
assessment and new reactor design certification.  
(Mixture level swell data used in evaluation of AP1000 
potential for core uncovery during a DVI line break.) 

• Analysis of RBHT data is in progress.  Data appears to 
have parametric sensitivity similar to data from other 
reflood facilities. 

• Correlation for convective enhancement downstream of 
a spacer grid for single phase flow proposed.

• Preliminary analysis of RBHT reflood data also suggests 
a convective enhancement downstream of spacer grids 
when dispersed droplet flows are present in the bundle.  
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TRACE AND MODELING THERMAL RUNAWAY  
 
2200°F is nonconservative.    PRM-50-93 (ML093290250)     
 

This petition for rulemaking is submitted pursuant to 10 C.F.R. § 2.802 by Mark  
Edward Leyse. Petitioner requests that the United States Nuclear Regulatory 
Commission ("NRC") revise 10 C.F.R. § 50.46(b)(1) to require that the calculated 
maximum fuel element cladding temperature not exceed a limit based on data from 
multirod (assembly) severe fuel damage experiments.1 

 
1 Data from multi-rod (assembly) severe fuel damage experiments (the LOFT LP-FP-2 
experiment) indicates that the current 10 C.F.R. § 50.46(b)(1) PCT limit of 2200°F is 
nonconservative. 
 
A number of multirod (assembly) severe fuel damage experiments reveal that 
2200°F is nonconservative. 
 
LOFT LP-FP-2 experiment at INL    Runaway began at 2060°F – 2240°F  
CORA at Karlsruhe                          Runaway began at 1832°F - 2192°F 
PHEBUS B9R-2                               Runaway began at <2200°F 
QUENCH-04 at Karlsruhe                Runaway began at ~2350°F  
 
Investigations by P. Hofmann et al. at Forschungszentrum Karlsruhe reveal 
that the 2200°F limit is non-conservative for insuring that thermal runaway will not occur in 
a LOCA.   One of their reports is, Physico-Chemical Behavior of Zircaloy Fuel Rod 
Cladding Tubes During LWR Severe Accident Reflood, Part I: Experimental results of 
single rod quench experiments, FZKA 5846, http://bibliothek.fzk.de/zb/berichte/FZKA5846.pdf 

 
On page 5 of 177: A series of separate-effects tests is being carried out on Zircaloy PWR 
fuel rod cladding to study the enhanced oxidation which can occur on quenching. In these 
tests, performed in the QUENCH rig, single tube specimens are heated by induction to 
a high temperature and then quenched by water or rapidly cooled down by steam injection.  
  
On gage 12 of 177: No significant temperature excursion during quenching occurred 
such as had been observed for example in the quenched (flooded) CORA-bundle 
tests This absence of any temperature escalation is believed to be due to the high 
radiative heat losses in the QUENCH rig. 
 
Hofmann et al. further report in “CORA Experiments on the Materials Behavior of LWR 
Fuel Rod Bundles at High Temperatures,” NUREG/CP-0119, Vol. 2. (ML042230460): 
 
On page 98 of 493:  The critical temperature above which uncontrolled temperature 
escalation takes place due to the exothermic zirconium/steam reaction crucially depends 
on the heat loss from the bundle; i.e., on bundle insulation. With the good bundle insulation 
in the CORA test facility, temperature escalation starts between 1100 and 1200°C 
(2012 to 2192°F), giving rise to a maximum heating rate of 15 K/sec. 

http://bibliothek.fzk.de/zb/berichte/FZKA5846.pdf
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