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

2 (8:34 a.m.) 

3 CHAIRMAN WALLIS: The meeting will now 

4 come to order. This is a meeting of the ACRS 

5 Subcommittee on Thermal-Hydraulic Phenomena.  

6 I am Graham Wallis, Chairman of the 

7 Subcommittee. The other ACRS members in attendance 

8 are Peter Ford, Tom Kress, and Victor Ransom. ACRS 

9 consultants in attendance are Sanjoy Banerjee and Fred 

10 Moody.  

11 For today' s meeting, the Subcommittee will 

12 review the work performed by NRC's Office of Nuclear 

13 Regulatory Research pertaining to the use of the 

14 RELAP5 code for calculation of the thermal hydraulic 

15 parameters used in the Oak Ridge National Laboratories 

16 FAVOR code pursuant to the PTS rule reevaluation 

17 effort.  

18 Tomorrow we will discuss the status of the 

19 Office of Nuclear Regulatory Research TRAC-M code, 

20 consolidation, and documentation project. The entire 

21 meeting will be open to the public.  

22 Mr. Paul Boehnert is the cognizant ACRS 

23 staff engineer for this meeting, the last one that I 

24 believe he's going to be our cognizant staff engineer 

25 for. And, we'll sadly miss him. We're very happy 
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1 with the work he's been doing over the years.  

2 MR. BOEHNERT: Thank you, Mr. Chairman.  

3 CHAIRMAN WALLIS: The rules for 

4 participation in today's meeting have been announced 

5 as part of the notice of this meeting previously 

6 published in the Federal Register on December 2, 2002.  

7 A transcript of this meeting is being 

8 kept, and the transcript will be made available as 

9 stated in the Federal Register Notice. It is 

10 requested that speakers first identify themselves and 

11 speak with sufficient clarity and volume so that they 

12 can be readily heard.  

13 We have received no written comments or 

14 requests for time to make oral statements from members 

15 of the public.  

16 We will now proceed with the meeting. And 

17 I call upon Dave Bessette from the NRC's Office of 

18 Nuclear Regulatory Research to begin.  

19 MR. BESSETTE: I'm David Bessette from the 

20 Office of Research, the Thermal Hydraulic Group. I 

21 thought I'd give like an overview of this, the thermal 

22 hydraulic aspects of this PTS program, and give you 

23 some general information.  

24 We will have two main presentations: one 

25 by Professor Reyes who works out of Oregon State 
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1 University, and the other by ISL, Incorporated, where 

2 the body of the RELAP analysis has been done.  

3 The purpose, like I say, is giving an 

4 introduction and background. We'll talk about APEX-CE 

5 experimental program results, the RELAP5 assessment 

6 carried out in support of the RELAP5 PTS analysis.  

7 We want to show that the important 

8 phenomena in PTS events, important to hydraulic 

9 phenomena in PTS events, are identified and the RELAP 

10 assessment is adequate. Certain phenomena that's not 

11 able to be treated by RELAP had been treated 

12 separately for experiments and analysis.  

13 And what we won't cover is specific 

14 results of the RELAP5 PTS analyses or results of 

15 thermal hydraulic uncertainty studies done by the 

16 University of Maryland. We do plan to talk about 

17 these at the next overall PTS meeting on February 5 th.  

18 CHAIRMAN WALLIS: So you're not going to 

19 cover that at all? 

20 MR. BESSETTE: Either subject? 

21 CHAIRMAN WALLIS: I just wondered if you 

22 could summarize something for us on uncertainty when 

23 you get to the -

24 MR. BESSETTE: I'll try.  

25 CHAIRMAN WALLIS: Yes, please.  
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1 MEMBER FORD: So we will not hearing today 

2 anything at all on metal temperatures and time 

3 transients? We won't be hearing that on the data and 

4 predictions? 

5 MR. BESSETTE: Not really. In fact, we 

6 don't really have what I think you mean. We don't 

7 have comparisons let's say of wall temperatures, you 

8 know, thermocouples in a wall compared to RELAP 

9 predictions of that.  

10 MEMBER FORD: Who's responsible for that 

11 because it's a critical input to the whole PTS study? 

12 So does this fall between the cracks between 

13 metallurgical and the thermal hydraulic? 

14 MR. BESSETTE: Well, you see, we don't 

15 have experiments typically that measure wall 

16 temperatures.  

17 MEMBER FORD: So wall temperatures have 

18 not been measured in any of the -

19 MR. BESSETTE: The RELAP calculation 

20 includes models of the wall and it has a conduction 

21 solution. The RELAP does give you a wall temperature 

22 profile.  

23 MEMBER FORD: A predicted profile? 

24 MR. BESSETTE: A predicted, yes.  

25 MEMBER FORD: Yes.  
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1 MR. BESSETTE: When we pass information to 

2 the Oak Ridge people, we don't give them our RELAP 

3 wall temperatures. We give them fluid temperature and 

4 heat transfer coefficients, and they solve the 

5 conduction equation themselves.  

6 MEMBER FORD: That should be very simple 

7 to solve. If you get a heat transfer coefficient and 

8 a temperature, then it's trivial -

9 MR. BESSETTE: -- to solve the conduction 

10 equation.  

11 MEMBER FORD: To calculate the metal 

12 temperature.  

13 MR. BESSETTE: So since they have that 

14 built into their code, they don't use our metal 

15 temperatures.  

16 MEMBER FORD: How do you know the heat 

17 transfer coefficient if you don't measure a wall 

18 temperature? 

19 MR. BESSETTE: Well, in RELAP, of course, 

20 we do know the wall temperature.  

21 MEMBER FORD: You do? 

22 MR. BESSETTE: Well, in RELAP we do.  

23 MEMBER FORD: Well, RELAP thinks it knows 

24 the wall temperature.  

25 MR. BESSETTE: Thinks it knows the wall 
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1 temperature from the heat transfer coefficient.  

2 MEMBER RANSOM: Well, it's an interval 

3 calculation. The real question is don't you measure 

4 any heater temperatures in APEX facility that you than 

5 can compare with both analyses? 

6 MR. BOEHNERT: Yes.  

7 MR. BESSETTE: Well, you're speaking of 

8 core heater temperatures, which are measured -

9 CHAIRMAN WALLIS: Maybe we should ask Jose 

10 what he's got on the wall.  

11 MEMBER RANSOM: The whole idea is to 

12 compare the code with the APEX experiments, and from 

13 that derive something about uncertainty.  

14 CHAIRMAN WALLIS: Let's ask Jose.  

15 PROFESSOR REYES: This is Jose Reyes from 

16 Oregon State University.  

17 We did measure some wall temperatures.  

18 Originally, we had some heat flux smears. And we do 

19 have heat flux smears on the outside surfaces of our 

20 wall. And I'll show today some of the inverse 

21 conduction calculations we did using STAR-CD, CFD 

22 code, and what we used for boundary conditions.  

23 Now our wall, of course, is a thin wall.  

24 It's only a half-inch thick. So, it's not really 

25 representative of what you'd see in the actually 
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1 plant.  

2 MR. BOEHNERT: I just remember, I thought 

3 you had thermocouple rates along that wall, didn't 

4 you? 

5 PROFESSOR REYES: We don't have anything 

6 embedded in the wall because of the requirements of 

7 the -- it's too thin. So in terms of pressure vessel 

8 code, we weren't allowed to do that.  

9 MR. BOEHNERT: I see.  

10 PROFESSOR REYES: We'd have exterior 

11 measures.  

12 MR. BOEHNERT: Okay, okay.  

13 MEMBER RANSOM: Well, do you analyze your 

14 results using RELAP5 so that you have some basis for 

15 establishing the uncertainty in the code calculations? 

16 PROFESSOR REYES: I believe what you'll 

17 see are some RELAP5 analyses that have performed. And 

18 we also use STAR-CD. We were interested in the plume 

19 region, where we have these cold plumes coming in to 

20 the downcomer. We were particularly curious about the 

21 temperatures and the heat transfer coefficients in 

22 that region. And so, I'll present some results on 

23 that a little bit later on.  

24 CHAIRMAN WALLIS: In one of these 

25 presentations, I forget which, we actually saw 
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1 predicted profile temperatures in the wall. And once 

2 you get above a certain heat transfer coefficient, it 

3 doesn't seem to make much difference.  

4 MR. BESSETTE: Yes, that's right.  

5 CHAIRMAN WALLIS: So I think that it may 

6 be that, maybe you can show that it doesn't matter.  

7 That would reassure a lot of people.  

8 MEMBER KRESS: Isn't that why it gets 

9 below a certain heat transfer coefficient? 

10 MR. BESSETTE: So the problem, like Jose 

11 says, is that experimental facilities don't typically 

12 have wall temperatures. They try to measure some in 

13 APEX, but I don't think they -

14 PROFESSOR REYES: I can show you what I 

15 have.  

16 MEMBER FORD: I guess the question arose, 

17 your comment that certain things will not be covered.  

18 What I'm understanding from the conversation so far, 

19 there will be some coverage of wall temperatures 

20 measured in predicted -- I mean, it may not be in your 

21 presentation.  

22 PROFESSOR REYES: Right. There will be a 

23 small amount.  

24 MEMBER FORD: Good.  

25 DR. BANERJEE: Where is this PTS meeting 
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1 on February 5th? Is it going to be here or where? 

2 MR. BESSETTE: Yes. It's a combined 

3 fracture mechanics, thermal hydraulics, and 

4 probabilistic risk assessment.  

5 MEMBER KRESS: That's a new meeting we 

6 just set? 

7 MR. BOEHNERT: Yes, just as of last week.  

8 MEMBER FORD: The main reason was the 

9 question about the source terms. That's the main new 

10 thing that came up, so we wanted to hear about how the 

11 whole program was progressing.  

12 DR. BANERJEE: Source terms for what? 

13 MEMBER KRESS: You have to induct in the 

14 PTS thing, a prompt fatality. And, you have to have 

15 a source fission product for that. And there's some 

16 questions about what to use in that particular 

17 accident sequence.  

18 CHAIRMAN WALLIS: That's going to be a big 

19 topic, a big meeting. We're going to go through 

20 everything from the beginning to the end of the PTS 

21 event.  

22 MR. BESSETTE: Yes. Well, we hope to 

23 present the results from the three plants that are -

24 CHAIRMAN WALLIS: That's going to take all 

25 day.  
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1 MR. BESSETTE: I presume.  

2 CHAIRMAN WALLIS: It'll probably be 

3 chaired by the Metallurgy Subcommittee.  

4 MEMBER FORD: There's always a question 

5 whether I'm chairing it or whether Tom is chairing it.  

6 MEMBER KRESS: We'll co-chair.  

7 MEMBER FORD: Exactly.  

8 MR. BOEHNERT: You could tri-chair 

9 CHAIRMAN WALLIS: A troika. Let's move 

10 on.  

11 MR. BESSETTE: A ruling triumvirate.  

12 This is a brief synopsis of how this is 

13 organized. There are three main plots of PRA events: 

14 sequence analysis, thermal hydraulics, and 

15 probabilistic fracture mechanics.  

16 Primarily, we find sequence that then gets 

17 analyzed. From here, we generate a pressure or 

18 temperature verses time, feed that to the Oak Ridge 

19 FAVOR code, and they use these boundary conditions and 

20 they generate a conditional probability of vessel 

21 failure. And, they also get the sequence frequency, 

22 the probability the sequence will occur, and get a 

23 yearly vessel through-wall crack frequency.  

24 DR. BANERJEE: Dave, for those of us who 

25 have been out of the loop for a while, can you state 
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1 the problem? What is the problem? 

2 MR. BESSETTE: The problem is that the 

3 vessel gets embrittled primarily by neutron, fast 

4 neutron, but also some gamma. It gets embrittled 

5 because of the radiation damage to the lattice 

6 structure. And, there's a function of fluence.  

7 If you then cooled the vessel fairly 

8 rapidly, from some thermal hydraulic transient, you'd 

9 go from a warm ductile condition down to a cold 

10 brittle condition. And the combination of thermal 

11 stress and pressure stress can be sufficient to 

12 generate a preexisting flaw. I mean to get a 

13 preexisting flaw to pop.  

14 DR. BANERJEE: And what sort of 

15 transients, thermal transients are you talking about? 

16 MR. BESSETTE: I'll get into that.  

17 DR. BANERJEE: You're going to describe 

18 that? 

19 MR. BESSETTE: Yes.  

20 DR. BANERJEE: I don't see it in your 

21 slide. It looks like -

22 MR. BESSETTE: No, it's in some subsequent 

23 slide. But, not to keep you in suspense, it's 

24 primarily LOCAs. Although, we've investigated all 

25 transients we can think of.  

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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



15 

1 CHAIRMAN WALLIS: It's pouring cold water 

2 down the wall after a LOCA is what you're -- a hot 

3 vessel and you're pouring this cold water? 

4 MR. BESSETTE: Basically, it's the ECCS 

5 water that comes in, pours in to the downcomer.  

6 MEMBER KRESS: It's generally a small 

7 break LOCA because you need to keep the pressure up 

8 also.  

9 MR. BESSETTE: Well, that's what we 

10 thought for some 20 years or so.  

11 MEMBER KRESS: Yes, that's what I -

12 MR. BESSETTE: But the current reanalysis 

13 has shifted the emphasis toward larger breaks.  

14 MEMBER KRESS: I see.  

15 CHAIRMAN WALLIS: So it's just the thermal 

16 stress that does the damage then? 

17 MR. BESSETTE: It's primarily the thermal 

18 stress. It's the main contributor.  

19 DR. BANERJEE: It's not cycling or -

20 MR. BESSETTE: It's not a fatigue thing.  

21 DR. BANERJEE: Because there are, I have 

22 been told situations in the upper head region, where 

23 the temperature cycles. That's what the French think.  

24 And that's a completely different issue.  

25 MR. BESSETTE: Yes, completely different.  
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1 MEMBER KRESS: That area never hits, 

2 generally not embrittled very much because it's out -

3 DR. BANERJEE: But instead you have the 

4 VHPs cracking.  

5 MEMBER KRESS: I mean that's the stress.  

6 CHAIRMAN WALLIS: It's an experiment you 

7 can do at home. You put a jam jar in the oven and 

8 then take it out and pour cold water into it.  

9 MR. BESSETTE: I've even had it taking a 

10 glass out of the dishwasher and filled it up with 

11 water and had it crack in my hand.  

12 DR. BANERJEE: But is there some 

13 assessment going on in the upper head regions, the 

14 cycling effects? 

15 MR. BESSETTE: I wouldn't doubt it. There 

16 are thermal fatigue problems that occur in other 

17 positive systems, but it has nothing to do with what 

18 we're -

19 CHAIRMAN WALLIS: This is vessel 

20 embrittlement. It's tied in with vessel embrittlement 

21 from fluids.  

22 DR. BANERJEE: So you've defined the 

23 problem to be one which is LOCA related? 

24 MR. BESSETTE: Well, so, this particular 

25 problem has it's boundaries of being a thermal shock 
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1 problem. We looked at all transients and found out 

2 that LOCAs dominate.  

3 But the problem here is: Will the vessel 

4 fail or not? And failing is a fairly large crack 

5 developing.  

6 CHAIRMAN WALLIS: You've already failed a 

7 pipe, so you don't care about failing another pipe 

8 really. But, if you fail a vessel -

9 MR. BESSETTE: Fail a vessel, you've got 

10 another problem on your hands.  

11 MEMBER RANSOM: Actually, any transient 

12 that leads to overcooling at pressure causes this 

13 problem, doesn't it? 

14 MR. BESSETTE: That's right.  

15 MEMBER RANSOM: And Rancho Seco was a 

16 classic one. And I don't remember exactly what led to 

17 that overcooling transient.  

18 MR. BESSETTE: Well, Rancho Seco basically 

19 got the whole PTS started back around 1979, '78. And 

20 there was that light bulb transient.  

21 DR. BANERJEE: Why has this taken on a new 

22 lease for life? What have we learned recently that 

23 has put us into this situation that you're visiting? 

24 I thought it had been looked at. I remember 

25 Theophanos did some work and various people.  
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1 MR. BESSETTE: Yes, so we did a lot of 

2 work back in the '82, '85 timeframe, and experiments 

3 that Theo ran and all of that as part of that initial 

4 look at it. And then it go set aside. We wrote a PTS 

5 rule, 10 CFR 50.61.  

6 And so basically it was let's say 

7 resolved. We did the analysis, we wrote the rule, and 

8 we had screening criteria that the licensees had to 

9 follow. You know, if your vessel embrittlement got to 

10 such and such a level, you had to come in with 

11 specific analysis on your plant.  

12 And then we had, Yankee Rowe came along 

13 and it was at the screening limit. And so they 

14 started doing plant-specific analysis, and we started 

15 doing some analysis ourselves.  

16 The upshot was this side of it would be 

17 too difficult to try to show the safety casings, so 

18 they shut the plant down. So after that, the 

19 Commission told us they have to take another look at 

20 the overall guidance, the reg guide and all that.  

21 The other thing is that, you know, the 

22 fracture people have continued to work on the fracture 

23 modeling. It was felt that there was probably too 

24 much conservatism in their assumptions on the flaw 

25 size and flaw distribution for orientation. But, they 
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1 continued to work on these things and they developed 

2 improved databases that allowed them to improve 

3 modeling.  

4 So we thought that there was substantial 

5 conservatism in our previous analysis, '83 to '85 

6 analysis. And substantial was we estimated about two 

7 orders of magnitude of conservatism in the risk 

8 numbers. So, we thought the time was right to go back 

9 and reexamine the whole issue on an integrated fashion 

10 from a hydraulics risk assessment and fracture 

11 mechanics. And that's the basis of the current 

12 effort.  

13 CHAIRMAN WALLIS: Isn't there another 

14 reason for this, that these plants are being re

15 licensed, and they're going to run longer, and the 

16 vessels will get more brittle? 

17 And so the question is: When are they 

18 going to come up against some PTS limit? 

19 MR. BESSETTE: That's the other part. In 

20 the subsequent 15 years, it became clear that plants 

21 wanted to increase their life from 40 years to 60 

22 years. And some plants would need a more, best 

23 estimate analysis of the PTS risks in order to justify 

24 operation for another 20 years. So, there was a 

25 strong economic incentive to take a look at the 
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1 problem.  

2 DR. BANERJEE: Now you said two orders of 

3 magnitude was some sort of a change in the risk. What 

4 was the main determinant there? Was it the fracture 

5 mechanics or the thermal hydraulics? 

6 MR. BESSETTE: Well, I would say the major 

7 contribution -

8 DR. BANERJEE: Well, you said two orders.  

9 I'm not holding you to it -

10 MR. BESSETTE: It is.  

11 DR. BANERJEE: Where did you get that two 

12 orders? 

13 MR. BESSETTE: We believe that would come 

14 primarily from the fracture mechanics, but also by a 

15 more detailed examination of the thermal hydraulic 

16 sequences.  

17 When we did the first study, because of 

18 the difficulty at that time in running a substantial 

19 number of calculations, we only looked at about 12 

20 transients. And so, in the PRA terminology, we had 

21 these very course bins. So we had let's say one 

22 transient, and we calculated with RELAP. That was 

23 representative of the whole range of possible PRA 

24 sequences.  

25 And in many cases this one transient was 
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1 at the worst-case edge of that bin. So, you'd combine 

2 a worst-case thermal hydraulic transient with a rather 

3 broad probability so it gave you a conservative 

4 result.  

5 DR. BANERJEE: Can you be concrete on 

6 that? Like, give me a real example.  

7 MR. BESSETTE: If you analyze a steam-line 

8 break and you used that thermal hydraulic transient to 

9 represent any overcooling that you get from steam leak 

10 on a secondary-side, you get an answer that's totally 

11 conservative because a steam leak can encompass, or 

12 more often will encompass some sort of stuck open 

13 turbine bypass valve or safety valve, something like 

14 that.  

15 There's a much higher frequency for 

16 occurrence than a steam-line break. So, you associate 

17 a high frequency of occurrence with a worst-case 

18 scenario.  

19 DR. BANERJEE: So you're just sharpening 

20 your pencil on that? 

21 MR. BESSETTE: That's right.  

22 DR. BANERJEE: Is there any new thermal 

23 hydraulics involved or is it sort of just redoing some 

24 old stuff? 

25 MR. BESSETTE: Per se, I would say there's 
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1 nothing dramatically new in a thermal hydraulics 

2 setting.  

3 CHAIRMAN WALLIS: I think what's 

4 dramatically new is the mixing in the downcomer. If 

5 you assume that the ECC can mix a plume, and you've 

6 got this really cold water coming down all the way, 

7 that tills the wall much more effectively. And then 

8 it comes in and it mixes and it reaches some warmer 

9 temperature before it flows down the wall. So, the 

10 mixing phenomena is pretty key to estimating the 

11 thermal shock.  

12 MR. BESSETTE: I would agree. That would 

13 seem to be the primary thermal hydraulic issue that we 

14 need to take another look at in this current effort.  

15 So, you'll hear about that.  

16 CHAIRMAN WALLIS: Send Sanjoy that figure, 

17 which has seven orders of magnitude in the fracture 

18 mechanics with data points all over the place. Send 

19 him that just to let him know that there's something 

20 far more scattered than thermal hydraulics.  

21 (Laughter.) 

22 DR. BANERJEE: Which is fracture 

23 mechanics.  

24 MR. BESSETTE: Yes.  

25 DR. BANERJEE: Now, before we move on, 
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1 just to get an overview because I'm -- Mr. Chairman, 

2 if you'll allow me because I haven't been up to speed 

3 on this.  

4 CHAIRMAN WALLIS: I think it's helping 

5 everybody.  

6 DR. BANERJEE: Right. So -

7 CHAIRMAN WALLIS: It's also helping to 

8 find out how much he knows.  

9 (Laughter.) 

10 MEMBER KRESS: Which is pretty impressive 

11 so far.  

12 DR. BANERJEE: You're doing very well, 

13 Dave.  

14 Now, why do you do this analysis with 

15 RELAP? I mean these are strictly 3-D effects you're 

16 talking about, right? 

17 MR. BESSETTE: You mean CFD? 

18 DR. BANERJEE: Yes.  

19 MR. BESSETTE: Well, we have done CFD 

20 analysis as well to supplement the RELAP analysis.  

21 But the CFD can't give you the total system response, 

22 which you need. You need to know the whole mass and 

23 energy. You have to know what the whole primary 

24 system is in the mass and energy perspective.  

25 DR. BANERJEE: Sure. But I mean that's 
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1 fine in setting the boundary in some way -

2 MR. BESSETTE: But we did supplement that 

3 with the CFD analysis to take a look at the problems 

4 of mixing in plumes, mixing and stratification in the 

5 cold-leg and the plume as it entered the downcomer and 

6 dissipates.  

7 DR. BANERJEE: Someone will talk about 

8 those CFD results then? 

9 MR. BESSETTE: Yes, Jose is going to show 

10 you those results.  

11 CHAIRMAN WALLIS: What you should tell 

12 Sanjoy, I think is the question of stagnation. I 

13 don't think you've mentioned that. You don't need 

14 RELAP to tell what the flow rates are. If the flow 

15 rates are big, then everything gets mixed up and it's 

16 fine. But if the flow is pretty stagnant and then you 

17 put this cold water in, then all you're getting is 

18 cold water into the downcomer and there's no other 

19 flow involved. I think that's one other cause of the 

20 worst case, isn't it? 

21 MR. BESSETTE: That's right, and I'll 

22 mention that too. There's always a difficulty in 

23 trying to have your whole presentation in your third 

24 slide.  

25 MEMBER RANSOM: I thought it would be nice 
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1 to see a diagram to overcome this mixing problem that 

2 generally looked at the cold-leg temperature. You 

3 know, so it was -- the coldest temperature actually 

4 that was coming in was at the cold-leg nozzle where 

5 there was thought that the risk of thermal shock was 

6 perhaps the most severe.  

7 I had one other question that related to 

8 power uprates that we'd been listening to because 

9 they're increasing the fluence to the wall, these 

10 power uprates. And at that time, we were told I 

11 thought that the fluence issue was no longer an issue 

12 in terms of risk of fracture of the vessel wall, that 

13 this problem had been resolved. But, it seems like 

14 that's the other factor here, is how much damage has 

15 there been done due to neutron flux to the wall.  

16 CHAIRMAN WALLIS: What they did was they 

17 sharpened their pencil on the fluence calculation and 

18 showed that with the new calculation. Though they 

19 increased the power, the fluence didn't go up.  

20 MEMBER RANSOM: Oh, really.  

21 MR. BESSETTE: And then again, what many 

22 people did after the early 1980s study was they 

23 changed their fuel loading schemes. They used to aim 

24 for as flat a profile as they could, and they went to 

25 a more center-peak profile. And now this allows them 
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revenge.

DR. MOODY: Yes.  

(Laughter.) 

DR. BANERJEE: And he exercises it often.  

CHAIRMAN WALLIS: It's a very good 

discipline for you folks to write a technical paper.  

Perhaps you really get your ideas straight -

DR. BANERJEE: Which is peer-reviewed.  

MR. BESSETTE: When is the next 

conference? 

(Laughter.) 

CHAIRMAN WALLIS: It's even tougher coming 

before the ACRS group.  

DR. BANERJEE: There is NUREG-10 coming

up.
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to go back to a flatter profile, which anyways is 

preferable.  

CHAIRMAN WALLIS: We should let you go on 

I think.  

DR. MOODY: With one side note, Dave, you 

rascal, if you had been able to write that paper you 

were going to send to the Pressure Vessel and Piping 

Committee a year ago, you could deflect all these 

questions right at the front.  

MR. BESSETTE: This is your chance for

WWW nealrgross corn(202) 234-4433
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1 MR. BESSETTE: All right. I'll put it in 

2 there.  

3 DR. BANERJEE: You have to do it in the 

4 next few days.  

5 MR. BESSETTE: That's no problem.  

6 (Laughter.) 

7 So, the interesting thing about the 

8 pressurized thermal shock is that most problems you 

9 work on, it's a fairly confined problem so it's 

10 limited to a very specific specialty or whatever.  

11 As I indicated, this PTS problem involved 

12 three various divisions: the Division of Engineering 

13 Technology, and the developer of their code is Oak 

14 Ridge; the Division of Risk Analysis and Applications, 

15 and they rely on Sandia, Science Applications and 

16 University of Maryland in this project; and this is 

17 where I am, the Division of Systems Analysis and 

18 Regulatory Effectiveness.  

19 We have four main subtasks that we worked 

20 on. This was the basic production runs of RELAPS 

21 analysis, where we take the transients supplied by the 

22 risk people and we calculate them and feed the results 

23 to the Division of Engineering. We have the RELAP 

24 assessment, which you'll hear about today. We have 

25 the T-H, thermal hydraulic uncertainties, which we'll 
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talk about in the future. And, we have the thermal 

hydraulic experiments and phenomena done at Oak Ridge 

-- I mean at Oregon State University. And you'll hear 

about that today from Professor Reyes.  

CHAIRMAN WALLIS: Do you run some codes 

in-house too? 

MR. BESSETTE: We did a little bit of work 

in-house. We did some, the Calvert Cliffs analysis, 

and we did run a few TRAC calculations.  

CHAIRMAN WALLIS: You have the facilities 

to do that and you have plenty of computers and so on.  

So, it would always seem a good idea to run some 

confirmatory stuff in-house.  

MR. BESSETTE: Yes. In fact, right now 

Norm Lauben is doing some calculations.  

DR. BANERJEE: What does the ORNL work 

focus on? 

MR. BESSETTE: Oak Ridge work is focused 

on the fracture. They have a probabilistic fracture 

analysis called FAVOR.  

DR. BANERJEE: FAVOR? 

MR. BESSETTE: FAVOR, F-A-V-O-R.  

DR. BANERJEE: And so you take inputs from 

the thermal hydraulics calculations of temperatures 

and feed it into this code? 
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1 MR. BESSETTE: Yes.  

2 DR. BANERJEE: And you'll get back some 

3 results? 

4 MR. BESSETTE: Yes.  

5 CHAIRMAN WALLIS: Oak Ridge busts some big 

6 vessels, don't they? 

7 MR. BESSETTE: Yes. Oak Ridge had a 

8 program that they ran for some five or ten years, 

9 where they did thermal shock experiments in vessels 

10 about four feet tall and three feet in diameter. So, 

11 they ran about a dozen or so of these vessel tests.  

12 MEMBER KRESS: They did a lot of the 

13 database on the radiation embrittlement also.  

14 MR. BESSETTE: Yes, that's another main 

15 area they've worked on.  

16 DR. MOODY: Do you remember how thick the 

17 walls were on those off-hand, just approximate? 

18 MR. BESSETTE: They I think were about 

19 three inches thick.  

20 MEMBER KRESS: They were three to four 

21 inches, depending on the diameter. But, they tried to 

22 simulate the thermal shock conditions. That's hard to 

23 do with a small vessel.  

24 MR. BESSETTE: But anyway, they would take 

25 these three-inch or so vessels, and I think they would 
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1 dip it in liquid nitrogen or -

2 MEMBER KRESS: Yes. To shock them from 

3 the outside in.  

4 MR. BESSETTE: Yes.  

5 DR. BANERJEE: Some of these tests, if I 

6 recall, were also done with other things than 

7 temperature, right? The concentration fields? 

8 MR. BESSETTE: I'm not aware of any tests 

9 like that.  

10 MEMBER FORD: There were quite a few 

11 tests, not just on pressure vessels, but on spinning 

12 disks. So there's a whole variety of structural 

13 geometries that were tested back in the '80s. There's 

14 a big database for probabilistic factors.  

15 MEMBER KRESS: The big uncertainty is the 

16 flaw density and size that you start with in the first 

17 place.  

18 MR. BESSETTE: Yes. So there was 

19 basically an absence of data, which led them to make 

20 conservative assumptions. And I think they did a 

21 considerable amount of work since then. They got the 

22 vessel off of one of these cancelled plants. They 

23 required a vessel and they -

24 MEMBER KRESS: It was a vessel that had 

25 never been used. And they went in and did a complete 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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



31 

1 characterization of the flaw distribution, which is a 

2 pretty good database.  

3 MR. BESSETTE: And one of the things about 

4 these flaws is that they're there from the time the 

5 vessel is manufactured. They're not flaws that 

6 develop in service.  

7 CHAIRMAN WALLIS: Now with all these 

8 different things going on, somebody is in charge? 

9 (No response.) 

10 CHAIRMAN WALLIS: Who's in charge? 

11 MR. BESSETTE: Who's in charge of this 

12 whole effort? 

13 CHAIRMAN WALLIS: Yes.  

14 MR. BESSETTE: Well, the nominal manager 

15 in charge is Mike Mayfield.  

16 CHAIRMAN WALLIS: The nominal manager? 

17 MR. BESSETTE: Yes. But in terms of the 

18 day-to-day activities, it's mostly myself, Mark Turk 

19 from the Engineering Group, and Roy Woods from the 

20 Risk Assessment Group.  

21 CHAIRMAN WALLIS: So you're fully aware of 

22 all the work being done everywhere? 

23 MR. BESSETTE: I wouldn't say fully, but 

24 I certainly follow it as much as I can.  

25 MEMBER FORD: You said earlier -- and I'm 
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1 completely throwing you off your stride. I apologize 

2 for that. But you did say something interesting, 

3 which is at odds with what we had heard before.  

4 You said the small-break LOCA is the focus 

5 because maintaining the pressure and that was the 

6 reason why we went on to forget the secondary-side 

7 breaks and focus on, for instance, the safety relief 

8 valve failures. You then went on to say that you no 

9 longer believe pressurization stress was the prime 

10 driver. Thermal stress is far more important.  

11 Therefore, presumably, medium-break and large-break 

12 LOCAs are far more important.  

13 Now, this is new from what I remember the 

14 previous presentation saying. Does that not therefore 

15 completely negate some of the main conclusions that 

16 were made back in the beginning of this year? 

17 MR. BESSETTE: No. I think we said -

18 MEMBER FORD: For instance, the whole area 

19 of human performance issues, a lot was made of that.  

20 MR. BESSETTE: Well, I think we have a 

21 more complete picture now. But I think when we did 

22 present it to you back in January of this year, I 

23 think we did say that the LOCAs were dominating the 

24 risk. And I think the concern was, well, how do you, 

25 how do we negate the secondary side transients on the 
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1 basis of operator actions in terms of a probabilistic 

2 sense. I think that was the concern.  

3 MEMBER FORD: I was thinking, are you not 

4 introducing new phenomena? For instance, if you 

5 depressurize to any great degree, that doesn't matter 

6 as far as the thermal stress. But it does matter, for 

7 instance, if you have boiling. That affects your heat 

8 transfer coefficient presumably.  

9 Have these aspects come into the 

10 arguments? 

11 MR. BESSETTE: Well, with -

12 MEMBER FORD: Is this going to be 

13 discussed later on? 

14 MR. BESSETTE: Well, I probably should 

15 answer that question now because we won't get back 

16 into that.  

17 MEMBER FORD: Okay.  

18 MR. BESSETTE: During the 1983, '85 study, 

19 at that time thereafter, it was felt that the dominant 

20 transients were small-break LOCA. And, the break is 

21 small enough so the pressure stayed up to a 1,000 psi.  

22 Or even in an event small-break LOCA gets isolated, so 

23 you go back up to 2,500 psi. Those seem to be the 

24 dominant events.  

25 But in some cases, contributions from 
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1 steam-line break. For those two events, steam-line 

2 break and small-break LOCA dominated the risk. And 

3 that was the picture we started with two years ago 

4 when we started the reanalysis.  

5 What we found was we kept having to go to 

6 larger and larger break sizes because we saw the risk 

7 numbers continuing to climb until we went all the way 

8 up to large-break LOCA. And we started worrying, are 

9 we doing something wrong? But as of today, we're 

10 still dominating the risk as our large LOCAs: LOCAs 

11 four inches, twenty inches in size, very large, fast 

12 acting transients.  

13 Now, the question of new phenomena. Well, 

14 from an analysis perspective, there's nothing new to 

15 us about large-break LOCAs. We've been analyzing them 

16 for a long time. But from a thermal hydraulic sense, 

17 there's nothing new. But from a perspective of PTS, 

18 it is new.  

19 MEMBER FORD: You say it's nothing new 

20 from a thermal hydraulics, the fluid side of the 

21 equation, nothing new? 

22 MR. BESSETTE: That's right.  

23 MEMBER FORD: But does it not introduce 

24 something new from the material side of the equation, 

25 i.e., the heat transfer coefficients, and therefore 
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1 the metal temperature? Does that not introduce 

2 something new from a phenomenological point of view? 

3 MR. BESSETTE: Well, not from the 

4 perspective of the vessel I would say because, like I 

5 say, they generate a stress by the temperature 

6 distribution in the vessel and the pressure. That 

7 gives them the stress and that gives them, the 

8 temperature also gives them, that's the ductility 

9 distribution or toughness distribution.  

10 So, that's how they do their analysis.  

11 They don't really care about what the fluid is doing 

12 other than, you know, give them a fluid temperature 

13 and a conductive heat transfer coefficient.  

14 CHAIRMAN WALLIS: Isn't there something 

15 very different? In the small-break LOCA the vessel 

16 stays fill. In large-break LOCA, it empties. And 

17 then you're pouring water down the wall of the 

18 downcomer or whatever. It's not full anymore. So, 

19 all this mixing and CFD doesn't apply anymore to 

20 what's going on in the downcomer.  

21 MR. BESSETTE: Well, it's that too. Well, 

22 actually the vessel doesn't empty. Well, it can empty 

23 in extreme cases.  

24 CHAIRMAN WALLIS: Yes, in the large-break 

25 LOCA, it essentially empties.  
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1 MR. BESSETTE: Yes. And in the 

2 intermediate cases, the vessel may stay full of water.  

3 CHAIRMAN WALLIS: Do you have an idea of 

4 what happens in that downcomer when it's essentially 

5 empty and you're pouring water into it? 

6 MR. BESSETTE: Well, certainly we've 

7 analyzed up to 22-inch breaks. And in that case, the 

8 downcomer -- it's a large-break LOCA -- the downcomer 

9 empties and then refills.  

10 CHAIRMAN WALLIS: Doesn't the liquid 

11 squirt across to the other wall and splatter around? 

12 MR. BESSETTE: A lot of drastic things 

13 happen. There's a lot of condensation that occurs.  

14 One of the things that keeps -- in a large-break LOCA, 

15 you may not end up with as cold a temperature as you 

16 might expect because there's so much condensation that 

17 occurs around the injection locations in the cold-legs 

18 that the water can get near saturation before it gets 

19 substantially into the downcomer.  

20 CHAIRMAN WALLIS: There's a question of 

21 scaling of that.  

22 MR. BESSETTE: Yes, that's why we do UPTF 

23 and all that.  

24 CHAIRMAN WALLIS: Well, it's interesting 

25 that large-break LOCA is turning out to be so 
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1 important when there's discussion underway to sort of 

2 do away with it as an accident that needs to be 

3 considered.  

4 MR. BESSETTE: So not only do you have a 

5 large-break LOCA, then your vessel fails on top of it.  

6 MEMBER RANSOM: Dave, could you take -

7 where does the cold water come from in this accident, 

8 like in small break LOCAs? Is it ECC water that -

9 MR. BESSETTE: It's ECC water. So it's 

10 coming from the refueling water storage tank, which 

11 sits outside.  

12 DR. BANERJEE: So in the small break LOCA, 

13 you have to have countercurrent flow, right? Hot 

14 water moving in one direction and -

15 MR. BESSETTE: You tend to get that, yes.  

16 DR. BANERJEE: Moving at the bottom of the 

17 pipe? 

18 MR. BESSETTE: Yes.  

19 DR. BANERJEE: But how do you calculate 

20 that as RELAP? 

21 MR. BESSETTE: We don't. That's where we 

22 did some additional looking at that with CFD.  

23 DR. BANERJEE: So you feel assured that 

24 your calculations for SB LOCA, which is sort of moving 

25 the high risk of large-break LOCA, is correct in its 
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1 calculations? 

2 MR. BESSETTE: I believe so. You know, 

3 the effects of -- the fact that we can't measure, you 

4 know, two fluid temperatures in a one-dimensional 

5 code, we miss that local effect.  

6 But, you know, based on what I've seen in 

7 the past though, RELAP tends to predict the average 

8 behavior of these two fluids pretty well. So, if the 

9 fact that locally there are two fluid temperatures and 

10 a cold-leg, once you get to a more global perspective 

11 of the downcomer, it's washed out again.  

12 DR. BANERJEE: So they mix sufficiently? 

13 By the time they come to the downcomer, it's one 

14 temperature or what? 

15 MR. BESSETTE: Not exactly.  

16 DR. BANERJEE: You can't see that because 

17 it must be sort of cold water spilling and hot water 

18 being sucked into the line.  

19 MEMBER RANSOM: Are these being simulated 

20 in the Oregon State experiments? 

21 MR. BESSETTE: We looked at that at Oregon 

22 State. And so I think I'd rather defer that to Jose, 

23 who's going to cover it.  

24 DR. BANERJEE: So you're sense here though 

25 is that your SB LOCA calculations are sufficiently 
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1 good that you can believe them and say LB LOCA is the 

2 problem? 

3 MR. BESSETTE: The issue you mention is 

4 certainly one that I was concerned with at the start.  

5 You know, what effect does this have? We can't 

6 capture this phenomenon. But I feel more comfortable 

7 now that it doesn't really matter.  

8 DR. BANERJEE: Will you tell us why? 

9 MR. BESSETTE: I'll let Jose talk about 

10 that I think.  

11 CHAIRMAN WALLIS: I noticed -- I went 

12 through all your slides here. They're all words. You 

13 don't have any figures or anything.  

14 MR. BESSETTE: Yes. So it's better for 

15 this kind of thing to look at something more exciting 

16 than -

17 CHAIRMAN WALLIS: I think we ought to 

18 sometime, to see some figures.  

19 MEMBER FORD: Were we not going to get the 

20 final report from Oregon State on the APEX? 

21 MR. BESSETTE: Yes, it's in the mail.  

22 MR. BOEHNERT: Like a check, huh? 

23 MR. BESSETTE: It's in the mail some 

24 place. Federal Express has their hands on it right 

25 now. It's somewhere between Oregon and -
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1 MR. BOEHNERT: So we'll have it by 10:30, 

2 is that it? 

3 MR. BESSETTE: Possibly. They guarantee 

4 it.  

5 CHAIRMAN WALLIS: Is there any electronic 

6 version that you have already? 

7 PROFESSOR REYES: There actually is. We 

8 did express mail two copies. One 10 days ago, and 

9 then one again yesterday.  

10 CHAIRMAN WALLIS: Why didn't you carry it? 

11 PROFESSOR REYES: I thought it would've 

12 been here by now. I was quite surprised when I found 

13 out that -

14 MR. BESSETTE: It's over 400 pages or 

15 something like that.  

16 DR. BANERJEE: You can send a PDF file or 

17 something.  

18 PROFESSOR REYES: We can make a call today 

19 and see if can.  

20 CHAIRMAN WALLIS: Okay. This is the CSAU 

21 process here? 

22 MR. BESSETTE: This is basically like a 

23 modification of the CSAU process. So, this is 

24 basically -- one of the key aspects of the 

25 reevaluation was to try to account for uncertainties.  
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1 And we couldn't because it's such a different problem 

2 when a typical CSAU. We have to try to come up with 

3 let's say modifications to the CSAU process.  

4 So, these first three boxes are the same 

5 as CSAU. They specify the plant, the frozen code, and 

6 input model, identify important plant characteristics.  

7 And then this is where we have to go through a 

8 screening because we're dealing with -- the PRA people 

9 started off with about, something in the order of 

10 100,000 different event sequences.  

11 And, of course, we can't run RELAP 100,000 

12 times. So, we have to bin these event sequences. So 

13 we now are running RELAP on the order of 100 

14 calculations for a given plant. So say 100,000 event 

15 sequences get binned into let's say 100 bins. And, of 

16 course, we can't do uncertainties on 100 different 

17 sequences.  

18 CHAIRMAN WALLIS: It still seems 

19 remarkable that you need 100. I would think that 10 

20 of them would probably dominate the risk.  

21 MR. BESSETTE: Yes, but if we knew the 

22 answer ahead of time -

23 CHAIRMAN WALLIS: You have to find out.  

24 MR. BESSETTE: We have to find out.  

25 CHAIRMAN WALLIS: That's right.  
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1 MR. BESSETTE: But we had to run 100 to 

2 find the 10. In fact, that is the case, that 10 

3 dominate risk or four even.  

4 CHAIRMAN WALLIS: Four or five, yes.  

5 DR. BANERJEE: But that screening is done 

6 on the basis of RELAP? 

7 MR. BESSETTE: This binning? 

8 DR. BANERJEE: The binning is done on the 

9 basis of your intelligence.  

10 MR. BESSETTE: Yes. So, the binning, you 

11 come in with binning on the basis of -- initially, 

12 your initial review is on the basis of let's say 

13 judgment. And then as your run more and more RELAP 

14 sequences and look at the pressure and temperatures -

15 but for a screening, it was we're not going to worry 

16 about any transient that doesn't get below 400 F 

17 because below 400 F has no PTS significance. So, you 

18 throw out all those. And so we set the discard bins 

19 or whatnot on that basis.  

20 DR. BANERJEE: It's hard for me to get 

21 this from words. But, 400 F I presume is the average 

22 temperature you're talking about? 

23 MR. BESSETTE: Four hundred F let's say 

24 has a downcomer fluid temperature.  

25 DR. BANERJEE: Average? 
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1 MR. BESSETTE: Average.  

2 DR. BANERJEE: But it's not the average 

3 that matters here. It's the localized, right? 

4 MR. BESSETTE: Yes. So what we're going 

5 to show is that the average -- the downcomer is very 

6 well mixed, so the average is very close to local.  

7 CHAIRMAN WALLIS: If it's full.  

8 DR. BANERJEE: And that's on the basis of 

9 what scale experiments you're going to show that? 

10 MR. BESSETTE: The only thing that'll talk 

11 about that is the APEX facility. And they also looked 

12 at the, I think Creare data and some finished mixing 

13 experiments and whatnot.  

14 DR. BANERJEE: So now you've got cold 

15 water coming out of this pipe, the cold-leg or 

16 something -

17 MR. BESSETTE: Yes.  

18 DR. BANERJEE: -- and it's sort of falling 

19 into the downcomer. And you've got hot water getting 

20 sucked back in? 

21 MR. BESSETTE: Yes.  

22 DR. BANERJEE: And you're saying that the 

23 cold water falling is going to mix well with this hot 

24 water? 

25 MR. BESSETTE: Yes, that's what we're 
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1 going to try to convince you.  

2 DR. BANERJEE: And you're going to show us 

3 some data and analysis? 

4 MR. BESSETTE: Yes.  

5 DR. BANERJEE: It seems not that easy to 

6 me to show that.  

7 MEMBER RANSOM: Dave, in the PRA analysis, 

8 how do you identify the sequences that are going to 

9 lead to this? Do you have some criterion based on 

10 when ECC water is injected? 

11 I mean you talk about 100,000 sequences.  

12 Those are not RELAP5 calculations. Those are based on 

13 event three type analysis.  

14 MR. BESSETTE: That's right.  

15 MEMBER RANSOM: Then you only choose a few 

16 of those I guess that you try to analyze.  

17 DR. BANERJEE: Representative ones.  

18 MEMBER RANSOM: But what is the criterion 

19 there? 

20 MR. BESSETTE: Well, the PRA people start 

21 to, like I say, the PRA people had some meetings early 

22 on where we discussed, you know, together how, what 

23 you have to do to get down to low temperature. If you 

24 fail one valve, is that going to do anything? If you 

25 fail two valves? How much cold feedwater do you have 
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1 to add to the generator? 

2 So, we went through those kinds of 

3 discussions early on. And then we kept revisiting 

4 that issue as we generated more and more analysis, and 

5 we got more and more RELAP calculations. You can 

6 start to screen out.  

7 So, for Oconee, it took two years to do 

8 Oconee. The second plant, it took 15 months. So 

9 there was a learning curve to go through that 

10 screening process.  

11 MEMBER RANSOM: Where is that at? Is that 

12 PTS screening in the six, box six? 

13 MR. BESSETTE: Yes, it's in these boxes 

14 here. You know, at some point we started to feed 

15 results to Oak Ridge and get numbers back from the 

16 FAVOR code.  

17 CHAIRMAN WALLIS: It's interesting. You 

18 didn't do the probabilistic analysis where all you had 

19 to do was run 59 runs.  

20 MR. BESSETTE: No. We didn't do that 59 

21 runs, no.  

22 CHAIRMAN WALLIS: Vary everything 

23 statistically and do 59 runs.  

24 MR. BESSETTE: That's right. We didn't 

25 follow that path.  
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1 But, basically, this is just to give you 

2 an indication. We used a modified CSAU method that 

3 had this iterative screening in it, but tried to 

4 decide what to focus on for the thermal-hydraulic 

5 uncertainty analysis. And that led us eventually to 

6 like a mid-sized LOCA to focus our uncertainties.  

7 That's from a combination of guessing and analysis.  

8 It's greater if the risk ended up being focused.  

9 But the idea is you can't do a TH 

10 uncertainty analysis on 100 different things or 10,000 

11 different things. You have to focus a small enough 

12 group. And to do that, you have to go through a 

13 screening process.  

14 DR. BANERJEE: Why didn't you use the 59 

15 methodology, which people seem to be using for other 

16 things? 

17 MR. BESSETTE: Well -

18 DR. BANERJEE: Did you have anything 

19 against it? 

20 MR. BESSETTE: I've always been a little 

21 dubious about it myself.  

22 DR. BANERJEE: It seems sleight of hand.  

23 MR. BESSETTE: It seems too much of a 

24 sleight of hand to me.  

25 DR. BANERJEE: Yes, but Graham seems to 
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1 believe it. Why didn't you do it, I mean other than 

2 gut-feel? Is there any other reason? 

3 MR. BESSETTE: I guess I should have the 

4 University of Maryland people here too to answer that 

5 question. But from my own perspective, it was more 

6 satisfying, rather than to do this 59 analysis, try to 

7 decide what the important, what the dominating 

8 parameters are, dominating phenomena and do 

9 sensitivity studies on those to generate your view of 

10 the thermal hydraulic uncertainties under the CSAU 

11 approach.  

12 DR. BANERJEE: Is there sort of a number 

13 like these 59 go on PCT or percent hydrogen or 

14 something? Do you have a number for PTS like thermal 

15 shock of that many degrees or something like that? 

16 MR. BESSETTE: Well, we have this key 

17 parameter approach because we're feeding pressure, 

18 temperature, and heat transfer coefficients. And of 

19 these three, what we find is temperature is most 

20 important, pressure is of intermediate importance, and 

21 heat transfer coefficient is of no importance.  

22 CHAIRMAN WALLIS: Because it's so big? 

23 MR. BESSETTE: Yes.  

24 DR. BANERJEE: So do you have some number 

25 like thermal stress or something, which if it exceeds 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

1323 RHODE ISLAND AVE., NW.  
(202) 234-4433 WASHINGTON, D C 20005-3701 www nealrgross com



48 

1 this amount then you're in trouble; and if it's not, 

2 then it's okay? I mean is there an equivalent to a 

3 PCT in this problem? 

4 MR. BESSETTE: Kind of. So when you get 

5 into the fracture analysis, they speak in terms of a 

6 K-I and K-I-C. K-I is the stress the metals are 

7 experiencing. K-i-C is like a critical threshold for 

8 cracking, for crack propagation.  

9 So when K-I and K-I-C are -

10 MEMBER KRESS: Yes. Their key figure of 

II merit though is a through-wall crack.  

12 DR. BANERJEE: I see.  

13 CHAIRMAN WALLIS: I guess the rule of 

14 thumb is the difference between the surface 

15 temperature and the average temperature because of the 

16 stress. Is that the same thing as K-I -

17 MR. BESSETTE: Well, see, they interplay 

18 because K-I-C is changing with temperature and so on.  

19 CHAIRMAN WALLIS: With temperature, the 

20 susceptibility of the material changes too? 

21 MR. BESSETTE: Yes.  

22 CHAIRMAN WALLIS: Okay.  

23 MR. BESSETTE: And, you know, you can get 

24 these temperature distributions across the wall, which 

25 are constantly changing thermal stress.  
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1 CHAIRMAN WALLIS: K-I-C is not a non

2 dimensional either? It's got square roots of things 

3 and strange things -

4 DR. BANERJEE: But if had a number like K

5 I-C minus K-I over K-i-C, that would be a figure of 

6 merit, right? 

7 MR. BESSETTE: Yes. I guess so, yes.  

8 DR. BANERJEE: How close are you to 

9 critical crack or something? 

I0 CHAIRMAN WALLIS: Maybe you should come to 

II the February 5 th meeting.  

12 MR. BESSETTE: It wouldn't be a bad idea.  

13 CHAIRMAN WALLIS: And get the whole 

14 historic -

15 MR. BESSETTE: So what plants that I'll be 

16 analyzing -- back in this original study, we had three 

17 plants, one from each of the PWR vendors. And these 

18 plants were Oconee, which is B&W; Calvert Cliff, which 

19 is combustion; H.P. Robinson, which is a three-loop 

20 Westinghouse plant.  

21 So, in the current study, we were going to 

22 start with these. But instead we substituted another 

23 Westinghouse three-loop plant, which is Beaver Valley 

24 for Robinson, partly because of utility. The Beaver 

25 Valley people were more interested in participating in 
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1 the event than the Robinson people were because Beaver 

2 Valley is more embrittled than Robinson. Robinson 

3 basically doesn't have a PTS issue, and Beaver Valley 

4 does in the sense of life extension.  

5 And additionally, we added a second plant, 

6 which is Palisades, for the same reason.  

7 CHAIRMAN WALLIS: Do you think you're half 

8 way through now? 

9 MR. BESSETTE: I think so.  

10 CHAIRMAN WALLIS: It's probably about 

11 right because we've asked all the questions. Maybe 

12 the questions will slow down.  

13 MR. BESSETTE: Yes.  

14 CHAIRMAN WALLIS: I think we're going to 

15 be interested in the key tenable questions rather than 

16 a lot of words.  

17 MR. BESSETTE: Yes, well, I don't want to 

18 take up too much time.  

19 But how we approached this from a thermal 

20 hydraulics perspective, you know, we started by 

21 classifying events into three broad categories: an 

22 increase in heat removal like steam-line breaks, 

23 increase in feedwater flow, and then on the primary 

24 side, loss of cooling accidents where either the break 

25 becomes isolated at some point in time or it doesn't.  
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1 So, to guide the overall effort, we tried 

2 to use the PIRT perspective. We had some preexisting 

3 PIRTS, which I'll show you later on in my presentation 

4 that were done for PTS, where we identified the 

5 thermal hydraulic phenomena had the most impact on the 

6 figures of merit. For PTS, like I said, pressure, 

7 temperature, and heat transfer.  

8 It was just to guide the rationale for 

9 experiments conducted at APEX for RELAP5 assessment 

10 and for the uncertainty evaluation done at University 

11 of Maryland.  

12 DR. BANERJEE: What do you mean by scaling 

13 studies? 

14 MR. BESSETTE: Jose will get into that.  

15 He has already written a scaling report. To relate 

16 this facility, he modified the APEX facility to look 

17 like Palisades. But he did a scaling study comparing 

18 APEX with Palisades on the basis of the most important 

19 phenomena of the PTS.  

20 MEMBER FORD: We will be hearing about 

21 that this morning? 

22 MR. BESSETTE: Yes.  

23 DR. BANERJEE: With some equations? 

24 MR. BESSETTE: Undoubtedly. It won't be 

25 all words. The presentations get more exciting after 
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1 mine.  

2 CHAIRMAN WALLIS: When did you last solve 

3 an equation? 

4 MR. BESSETTE: Me? 

5 DR. BANERJEE: Five years ago.  

6 MR. BESSETTE: Not today, anyway. It 

7 might've been yesterday.  

8 CHAIRMAN WALLIS: But fairly recently? 

9 MR. BESSETTE: Yes.  

10 CHAIRMAN WALLIS: Okay.  

11 MR. BESSETTE: I'm not a total paper

12 pusher. Although, if you look at my office, you will 

13 see a lot of paper there.  

14 CHAIRMAN WALLIS: And you' 11 see equations 

15 on those papers? 

16 MR. BESSETTE: Let's say I definitely 

17 don't solve them as often as Jose does.  

18 These were the main thermal hydraulic 

19 issues we were worried about: a single and two-phase 

20 loop natural circulation, interruption of loop flow, 

21 and flow stagnation. We had some interest in knowing 

22 the number of cold-legs, which must be flowing into 

23 this intermediate zone between circulation and 

24 stagnation -- the number of cold-legs, which must be 

25 flowing to assure mixing the downcomer. And like we 
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1 were talking earlier, the local fluid mixing, thermal 

2 stratifications of the cold-leg, plume mixing in the 

3 downcomer.  

4 CHAIRMAN WALLIS: Now that number three, 

5 does it matter? I mean suppose you had a cold-leg 

6 break, then is that break different from let's say a 

7 hot-leg break in terms of the way the mixing occurs? 

8 MR. BESSETTE: I'd say it's something 

9 we're interested in because when we started, we didn't 

10 know -- I mean we knew if we had full natural 

11 circulation, we didn't have to worry about 

12 stratification in the cold-leg and so on, or plumes.  

13 But, we wondered about these intermediate situations 

14 because all loops don't stop flowing at the same time.  

15 One loop will always stop first. If you have a four

16 loop plant, they stop in sequence.  

17 CHAIRMAN WALLIS: Is this a loop seal 

18 question or what? 

19 MR. BESSETTE: Well, it's mainly due to, 

20 because the secondary-side pressures are generally not 

21 equal in all four generators. That's how it starts.  

22 So the thermal behavior to four-loop is not identical.  

23 So, we had some interest in knowing about that 

24 intermediate stage between, you know, full circulation 

25 and no circulation.  
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1 So to look at these issues we wanted some 

2 experiments. So, we decided to run the program in 

3 APEX. We modified the APEX to resemble Palisades 

4 plants.  

5 We wanted to generate integral system data 

6 focused on what we expected for the most important PTS 

7 transients and provide some data to address these 

8 specific thermal hydraulic issues. We came up with a 

9 test matrix and we bottled the test matrix as we 

10 generated analysis as to which transients to be risk 

11 dominant.  

12 As I said, Professor Reyes performed a 

13 scaling study to relate his APEX experimental results 

14 to the plant, similar to what he did for AP600. So, 

15 it was modified. We added a lot of thermocouples in 

16 the downcomer and -

17 CHAIRMAN WALLIS: It's in the fluid? 

18 MR. BESSETTE: Yes, in the fluid.  

19 MEMBER RANSOM: You mentioned the mixing 

20 being fairly complete by the beltline. Is there a 

21 position along the vessel wall that's critical or more 

22 critical than others? 

23 MR. BESSETTE: Basically, of course, the 

24 peak would be around the middle.  

25 MEMBER RANSOM: Is that because of the 
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1 fluence, you mean, to the vessel wall? 

2 MR. BESSETTE: Yes. But I'd say you're 

3 basically worried about anywhere adjacent from the 

4 bottom of the core to the top of the core. So that's 

5 about a 12-foot region.  

6 MEMBER RANSOM: You said before that it 

7 was dominated by the thermal stress and not by 

8 pressure stress? 

9 MR. BESSETTE: Yes.  

10 MEMBER RANSOM: But I guess the fluence is 

11 an important factor in that, the weakening of the 

12 wall? 

13 MR. BESSETTE: That's right. So, you are 

14 concerned about the fluence. And the fluence has like 

15 a three-dimensional distribution on the wall. You 

16 have some kind of a flattened cosine, axial 

17 distribution. You also have, the fluence tapers off 

18 through the wall, and you have kind of like a 

19 sinusoidal circumferential distribution. So, they 

20 generate a 3-D fluence -

21 MEMBER RANSOM: Well, for example, is this 

22 a non-issue in a new plant that doesn't have any 

23 weakening of the wall? 

24 MR. BESSETTE: Well, see, the new plants, 

25 they use improved chemistry. The main issue is with 
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1 the older plants.  

2 MEMBER RANSOM: Sure.  

3 MR. BESSETTE: A new plant today, I don't 

4 know if you'll ever have a PTS problem.  

5 MEMBER RANSOM: I'm just curious about 

6 what role the weakening of the wall plays relative to 

7 the actual application of the thermal stress.  

8 MR. BESSETTE: Well, certainly if PTS is 

9 not at issue with an unembrittled vessel.  

10 DR. BANERJEE: Well, is there things that 

11 we don't know here? I mean it's not just fluence.  

12 You just said chemistry was involved. Is there stress 

13 corrosion? 

14 MR. BESSETTE: No. This is -

15 DR. BANERJEE: What is the chemistry 

16 effect? 

17 MR. BESSETTE: This is the material 

18 chemistry.  

19 DR. BANERJEE: Oh, the material chemistry.  

20 Not the coolant chemistry? 

21 MR. BESSETTE: That's right. So these 

22 trace elements, copper, phosphorus -

23 DR. BANERJEE: Sure. And do you have any 

24 welds around there? 

25 MR. BESSETTE: Well, welds are definitely 
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1 an issue because the weld chemistry is different than 

2 the base metal. So, there are welds, circumferential 

3 and vertical.  

4 DR. BANERJEE: Around the beltline, right? 

5 MR. BESSETTE: Yes.  

6 DR. BANERJEE: Are these more at risk than 

7 the vessel wall, or what is most at risk? 

8 MR. BESSETTE: For most plants, the focus 

9 is the weld material.  

10 DR. BANERJEE: Which is what? 

11 MR. BESSETTE: Well, you know, it's all 

12 carbon steel. So I guess there's some sort of a -

13 So, the welding rods, you'd have to ask one the 

14 fracture people for a detail. But, it's mostly carbon 

15 steel with some copper and whatnot.  

16 DR. BANERJEE: So there are residual 

17 stressors and all sorts of -

18 MR. BESSETTE: There are residual 

19 stressors too. And then you've got the cladding 

20 inside of the vessel and so on.  

21 MEMBER KRESS: I didn't think they counted 

22 residual stresses because of the annealing effect of 

23 the operation.  

24 MR. BESSETTE: Well, see, it's better to 

25 ask one of the materials people how important those 
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1 are.  

2 CHAIRMAN WALLIS: Anyway, I think what 

3 we're interested in is this RELAP validation part.  

4 MR. BESSETTE: Yes. So let me move on.  

5 CHAIRMAN WALLIS: Are you going to show us 

6 any curves? 

7 (No response.) 

8 CHAIRMAN WALLIS: Maybe you have some 

9 backup slides with data on them.  

10 MEMBER KRESS: We'll get data when Jose 

11 gets up.  

12 MR. BESSETTE: I'll hate to tell you this 

13 is only the awful appetizer. If you're going to get 

14 to the gourmet meal, you have to -

15 (Laughter.) 

16 MR. BESSETTE: Now being served bread and 

17 water before you get to the actual -

18 CHAIRMAN WALLIS: May we have wine with 

19 this meal too? 

20 (Laughter.) 

21 MR. BESSETTE: I knew these new guys were 

22 going to be here, so I wanted to bring them up to 

23 speed.  

24 DR. BANERJEE: Thanks.  

25 MR. BESSETTE: Like I said, dominant 
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1 scenarios are all primary system LOCAs. And in some 

2 of these, the break is closed -- the break being a 

3 stuck-open pressurizer valve -- at some time into the 

4 transient. And in some cases we get a small 

5 contribution still showing up from main steam-line 

6 break, small being a few percent of the total risk.  

7 MEMBER FORD: Now that's at odds with your 

8 beginning statement. At very beginning, you said 

9 large-break LOCAs, medium-break LOCAs may be of more 

10 concern.  

11 Am I correct on that? 

12 MR. BESSETTE: Well -

13 MEMBER FORD: Those results, conclusions 

14 are exactly those that you had in January? 

15 MR. BESSETTE: That's right. I think this 

16 is exactly what we said in January.  

17 MEMBER FORD: That's correct. And you 

18 started off the conversation today saying that you 

19 believe that there was a significant risk contribution 

20 now from large-break LOCAs.  

21 Is that at odds with that? 

22 MR. BESSETTE: I don't have small LOCAs 

23 here. I mean LOCAs of substantial size.  

24 MEMBER FORD: Okay.  

25 DR. BANERJEE: Are we going to hear about 
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1 these uncertainty studies from somebody? 

2 MR. BESSETTE: We will tell you about 

3 that. But were not far enough along yet to give you 

4 a good story. We will be by February. I mean we can 

5 tell you something today, but I don't -

6 CHAIRMAN WALLIS: Well, that sort of 

7 statement bothers me. This work has been going on for 

8 some time. And it's somehow going to come together in 

9 February, but isn't together now? 

10 MR. BESSETTE: We have -

11 CHAIRMAN WALLIS: What's going to happen 

12 between now and February to make it come together? 

13 MR. BESSETTE: We have uncertainty results 

14 for the three plants now, but I didn't feel we'd be 

15 able to answer questions you'd have about them.  

16 CHAIRMAN WALLIS: Okay. So the answers 

17 would be better than the last answers we got? 

18 MR. BESSETTE: We will have, in another 

19 month or so, we will have a better understanding of 

20 why we're getting answers that we're getting.  

21 DR. BANERJEE: Are they strange? 

22 MR. BESSETTE: No, but there's things you 

23 have to check to make sure that they're correct.  

24 There's things that seem like they could be strange.  

25 Or, the things that seem strange when you look at 
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1 them, you have to say is it right or not? 

2 CHAIRMAN WALLIS: That's a good attitude 

3 to have. We have some presenters who don't care at 

4 all.  

5 MR. BESSETTE: We spend a lot of time 

6 looking at stuff to see if it looks strange or not.  

7 CHAIRMAN WALLIS: Well, I like this first 

8 line of page 12. You crossed over page 12.  

9 MR. BESSETTE: Did I pass that? 

10 CHAIRMAN WALLIS: Yes.  

11 MR. BESSETTE: Oh, okay. Yes, I should 

12 talk about that. What's happened between 1983 and 

13 today in thermal hydraulics base, we've had these 

14 orders of magnitudes and improvements in computing.  

15 Remember, I said the first study was really 

16 constrained by how much we could actually calculate 

17 things. We've greatly improved input and output 

18 processing. RELAP5 is now much more robust and faster 

19 running.  

20 CHAIRMAN WALLIS: Is it more accurate or 

21 anything like that? 

22 MR. BESSETTE: It's hard to say.  

23 (Laughter.) 

24 CHAIRMAN WALLIS: Well, if it produces 

25 nonsense faster, it's not any better.  
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1 (Laugher.) 

2 MR. BESSETTE: I think one thing that I 

3 can say is that the fact that it's more robust and 

4 faster running means it's more accurate because 

5 anytime you have these instabilities you get some 

6 unphysical behavior.  

7 CHAIRMAN WALLIS: So you have removed some 

8 of the causes of uncertainty then? 

9 MR. BESSETTE: Yes.  

10 So, for the first time, we have I would 

11 say an adequate range of transient scenarios that we 

12 calculated. This is really, to me, the first time 

13 we've ever seen this. It's been a revolutionary 

14 change in transient analysis over whatever I've ever 

15 been involved with in the past. We were always really 

16 constrained by the number of calculations we could do.  

17 DR. BANERJEE: With the AP600, it was a 

18 different reason. It was the low-pressure instability 

19 calculations. Have those gone away now? 

20 MR. BESSETTE: Well, that's part of this 

21 bullet here. We did a lot of work -

22 DR. BANERJEE: What did you do to make 

23 them go away? 

24 MR. BESSETTE: Well, I -

25 DR. BANERJEE: The reason they occurred 
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BANERJEE: But 

life.  

BESSETTE: Well, 

fluctuations on 

as the RELAP at

that's real. It

it's not clear that 

a nodal basis can 

the fill it's been

DR. BANERJEE: But you're going to tell us 

made it go away, right? Somebody is? 

MR. BESSETTE: I can't tell you exactly 

done, but Joe Kelly can.  

DR. BANERJEE: It wasn't just a smoothing 

MR. BESSETTE: I don't think it was quite 

Le as some sort of a smoothing.  

DR. BANERJEE: Killing the partitioning 
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was there's a large change in the amount of vapor 

generated for a small change in heat input.  

MR. BESSETTE: That's right.  

DR. BANERJEE: And so this is a real life 

situation here.  

MR. BESSETTE: Yes. So the small pressure 

fluctuations would cause -

DR. BANERJEE: Large void fractions.  

MR. BESSETTE: Yes, large void fraction 

changes.
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1 between vapor and liquid, the heat fluxes, just to 

2 make it stable.  

3 CHAIRMAN WALLIS: So someday someone's 

4 going to have a slide, which says TRAC-5, TRAC-M is 

5 robust and fast running, and for the first time, we've 

6 done 1,000 runs or something? 

7 MR. BESSETTE: That's right. You'll have 

8 to see that same bullet reappear.  

9 CHAIRMAN WALLIS: We hope to see that 

10 before we're all retired from this committee.  

11 MR. BESSETTE: I'd say what hasn't changed 

12 is the code still requires you to look at the results 

13 and see if they look strange or not, and it still 

14 takes a long time to put together an input deck.  

15 CHAIRMAN WALLIS: Well, to see that they 

16 look strange is an interesting way of looking at it.  

17 When it looks strange, you mean that probably RELAP is 

18 calculating something wrong or it's predicting too 

19 rapid a rate of condensation or something, and then 

20 you go back and see why is it strange and how do you 

21 fix it in some way? Is that what happens? 

22 MR. BESSETTE: It means you've got to look 

23 at a lot of plots and see if they seem consistent, and 

24 flows seem higher than they should be or lower and so 

25 on, and pressures are doing something unusual.  
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1 CHAIRMAN WALLIS: And then you go back and 

2 change the code? 

3 MR. BESSETTE: Well -

4 CHAIRMAN WALLIS: Or is it a frozen code? 

5 MR. BESSETTE: No. But in some sense, you 

6 try to see if this is a problem in the input model or 

7 in some modeling feature of the code that's not 

8 behaving properly.  

9 MEMBER RANSOM: Well, is that how you 

10 found the six input problems that you corrected? 

11 MR. BESSETTE: These were things that 

12 looked strange, yes.  

13 MEMBER RANSOM: So often times it's simply 

14 input.  

15 CHAIRMAN WALLIS: Someone made a mistake 

16 in the input.  

17 MEMBER RANSOM: Right.  

18 MR. BESSETTE: Probably nine out of ten 

19 times it's an input problem.  

20 DR. BANERJEE: That's a new spelling for 

21 Barclay's name.  

22 MR. BESSETTE: What was that again? 

23 DR. BANERJEE: There's no "KII. He doesn't 

24 bark.  

25 MR. BESSETTE: Oh. No, that's one guy 
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1 that doesn't bark at you.  

2 We did an H.P. Robinson and PIRT on PTS 

3 about 10 years ago, and these were the panel members.  

4 We started off by thinking in terms of four transients 

5 for H.P. Robinson: steam-line break, steam generator 

6 overfeed, cold-leg break, and a small hot-leg break.  

7 CHAIRMAN WALLIS: So these guys didn't 

8 think of the large-break LOCA? 

9 MR. BESSETTE: At that time, our 

10 perspective was that cold-leg dominated the risk.  

11 CHAIRMAN WALLIS: That's the problem with 

12 asking people that are supposedly experts, who haven't 

13 done all the runs that you have data to do. You have 

14 to recycle and say, knowing what you know today you 

15 change the PIRT.  

16 MR. BESSETTE: That's right. PIRT is not 

17 a -- I think we saw that in AP600. PIRT is not a one

18 time thing.  

19 CHAIRMAN WALLIS: It's a useful starting 

20 point, and then you have to go back and reevaluate it.  

21 MR. BESSETTE: That's right.  

22 MEMBER FORD: That's a good point. Are 

23 you planning on reevaluating it on the basis of what 

24 you know now? 

25 MR. BESSETTE: Yes, we have decided to do 
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1 that.  

2 So amongst these four transients at that 

3 time, small hot-leg break was the most limiting. And 

4 that was no news still. The other transients didn't 

5 even pose a PTS concern. Therefore, we did the small 

6 hot-leg break.  

7 I'll go through this in detail. These are 

8 the phenomena that we came up with. And one of the 

9 things to note is that the so-called phenomena are 

10 about equally divided between things that are actually 

11 boundary conditions to the problem and something the 

12 code actually calculates as a phenomenon.  

13 DR. BANERJEE: This was all sort of 

14 accumulator-based and HPI based injection because it 

15 was small break? 

16 MR. BESSETTE: Yes, that's right. But 

17 this was a starting point. This is basically -- we 

18 didn't use these rankings. Basically, we considered 

19 all these phenomena regardless of their rankings.  

20 MEMBER RANSOM: What was the significance 

21 of the bold? 

22 MR. BESSETTE: Oh. I should've mentioned 

23 that. What I have in bold is things that RELAP cannot 

24 calculate.  

25 MEMBER RANSOM: Okay. Good.  
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1 CHAIRMAN WALLIS: So if it's not 

2 calculated by RELAP and yet you have to put it into 

3 RELAP somehow, how do you do it? 

4 MR. BESSETTE: Well, this is where I said 

5 -- so, we had to think of some way to address this.  

6 And this was one of the objectives of the APEX 

7 testing, was to take a look at the data and to do some 

8 CFD analysis.  

9 CHAIRMAN WALLIS: So what you do is you 

10 run a RELAP without modeling these things, and then 

11 you take what you calculated from RELAP and use it as 

12 conditions that you then use later on to evaluate 

13 these details in some other way? 

14 MR. BESSETTE: We had to decide, since 

15 these are things that are not modeling RELAP, what we 

16 were going to do. And so, the first step is how 

17 important are they. So if you look at them more 

18 closely, let's say outside -- you can't look at these 

19 in the context of RELAP. So, let's go back and look 

20 at them in terms of the experiments, the experimental 

21 data and 3-D modeling, and see if we can decide how 

22 important they are.  

23 CHAIRMAN WALLIS: Well, it's funny that 

24 number 11, flow stagnation, is way down the list.  

25 Isn't that something that really needs to happen 
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1 before you worry about a lot of these other things 

2 that are above it? 

3 MR. BESSETTE: See, that's the thing with 

4 the PIRT panel. PIRTs are not perfect. Let's say the 

5 constraints you have and what you're looking at, in 

6 this case people are focused on a two-inch hot-leg 

7 break because that was believed to be the risk 

8 dominant sequence at the time it was done. At the 

9 time, everything we knew at the time, it was done, was 

10 a two-inch hot-leg break was the dominant sequence.  

11 But, that was the focus of the PIRT. So 

12 at that kind of a break size you probably still have 

13 some natural circulation occurring. So then flow 

14 stagnation doesn't -- you're on the borderline of flow 

15 stagnation, so that's why it doesn't get ranked so 

16 highly. I mean I think that's why we're planning to 

17 go back and revise this PIRT in light of what we know 

18 today.  

19 CHAIRMAN WALLIS: Well, it might be better 

20 to have Dave Bessette make up a PIRT because he knows 

21 what's going on, rather than invite seven experts who 

22 really don't know the details of what's going on or 

23 anything like as well as you do.  

24 MR. BESSETTE: Well, in fact, that's the 

25 intention.  
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1 DR. BANERJEE: Yes. The problem with 

2 these sort of processes is that you said they'll come 

3 up to speed. You know, it takes them a long time.  

4 MR. BESSETTE: That's right. When you 

5 start off, you don't know everything you'll know when 

6 you're finished.  

7 CHAIRMAN WALLIS: That's the value of 

8 research.  

9 MR. BESSETTE: Yes, that's right.  

10 Otherwise, there'd be no point in doing the research.  

11 Final slide is we approach this problem 

12 with an integrated experimental scaling and code 

13 assessment similar to what we tried to do with AP600, 

14 or what we did in the end with AP600.  

15 We see at the risk dominant PTS sequences 

16 for the three plants analyzed so far are LOCAs. And, 

17 they're LOCAs of substantial size, four inches and 

18 above.  

19 And sort of in terms of the general 

20 feeling of whether we know what we're doing with RELAP 

21 on these is we have a considerable experience with 

22 these kinds of events, so we don't, we're not breaking 

23 new ground in terms of uncovering new phenomena and 

24 whatnot.  

25 CHAIRMAN WALLIS: Now risk, risk dominant, 
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1 risk involves frequency as well as consequence? 

2 MR. BESSETTE: Yes.  

3 CHAIRMAN WALLIS: And you're saying risk 

4 dominant sequences are LOCAs of substantial size.  

5 Now, that means that you're putting in some estimate 

6 of the frequency of LOCAs of various sizes? 

7 MR. BESSETTE: That's right.  

8 CHAIRMAN WALLIS: So how do you do that? 

9 There's been arguments recently that the large-break 

10 LOCA is so unlikely that you don't really need to 

11 worry so much about it.  

12 MR. BESSETTE: Well, in fact, there's been 

13 an exercise recently to revisit the question of large

14 break LOCA probability. In fact, if I understand -

15 I wasn't involved in it, but I think the probability 

16 actually went up by a factor of two or so.  

17 CHAIRMAN WALLIS: So what do you do? Do 

18 you have some sort of a curve of LOCA probability 

19 verses size or something that you use? 

20 MR. BESSETTE: Roy, do you want to talk? 

21 Basically, we've divided LOCAs into three categories: 

22 small, intermediate, and large. And I think I'd like 

23 to have Roy -

24 CHAIRMAN WALLIS: Just three bins, that's 

25 all it is? 
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1 MR. BESSETTE: Yes.  

2 MR. WOODS: I'm Roy Woods. I'm with the 

3 branch that's doing this stuff for this project, PRA 

4 Branch in Research.  

5 Today the purpose here was to talk about 

6 thermal hydraulic calculations. So there really are 

7 three branches as Dave started out pointing out.  

8 There's the PRA branch that looks sequences, and the 

9 frequencies of the sequences. And that is indeed 

10 where the frequency comes from. Dave then just does 

11 the thermal hydraulic calculations.  

12 And the focus of this meeting was to be 

13 whether or not the RELAP code or whatever he's using 

14 makes sense. And so he's not really prepared to talk 

15 about frequencies. The presentation we're going to 

16 give you on February 5th will start out and go 

17 logically through the whole process.  

18 CHAIRMAN WALLIS: Well, I'm asking him 

19 because this is one of his conclusions, risk dominant 

20 sequences is so and so. Then he must include some of 

21 this -

22 MR. WOODS: The thing that's missing here, 

23 or I think it's missing, is this is a very iterative 

24 process. You go around and around the loop. You 

25 start out with sort of a guess as to what the dominant 
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1 sequences are. You do some thermal hydraulic 

2 calculations. You might even do some scoping runs 

3 with the FAVOR code, the fracture mechanics code. And 

4 then, you see if your starting out assumption was 

5 correct, and you live through it again.  

6 And yes, indeed, that process very 

7 thoroughly takes into account to all we know about the 

8 frequencies of the various size LOCAs. It's just not 

9 coming through in this talk, which is focused on the 

10 

11 CHAIRMAN WALLIS: Okay. Let's focus on 

12 what this talk is about. I thought this talk was to 

13 convince us that RELAP was giving you useful 

14 information, that you had a good handle on the 

15 uncertainties, and so on. And I haven't really seen 

16 that.  

17 I mean you haven't shown us how that runs.  

18 You haven't given us a measure of uncertainty and so 

19 on, and you haven't told us how that measure is 

20 related to the actual features of the code. I was 

21 hoping I'd see more of that.  

22 Do you have some backup slides? 

23 MR. BESSETTE: Well, the day's not over 

24 yet. We've got the two main presentations coming.  

25 MR. WOODS: In the dry run, we spent hours 
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1 and hours looking at over 100 graphs with exactly what 

2 you're asking about I believe. And you're going to 

3 see that this afternoon.  

4 CHAIRMAN WALLIS: We're going to see that? 

5 So Jose is going to talk about RELAP runs this 

6 afternoon, or who is going to talk about that? 

7 MR. BESSETTE: No, it's ISL.  

8 CHAIRMAN WALLIS: Oh, it's ISL that's 

9 going to talk. Okay.  

10 So, that's what I'm doing. I'm asking you 

11 the questions I should be asking ISL.  

12 MR. BESSETTE: We'll spend the whole 

13 afternoon on it.  

14 CHAIRMAN WALLIS: Okay. Okay, that's 

15 right. You've got two and a half hours, two hours, 

16 two and a half hours this afternoon. Okay, that's 

17 right.  

18 But you are managing the program, aren't 

19 you? 

20 MR. BESSETTE: Yes.  

21 CHAIRMAN WALLIS: So do you have anything 

22 to say about the way RELAP is performing or any of the 

23 specific things that you're concerned about that you 

24 have somehow resolved or not resolved? 

25 MR. BESSETTE: Well, I think there's 
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1 always a concern anytime you run the code as to how 

2 much you can believe the results. And that's where 

3 this, looking at the results a bit suspiciously comes 

4 in.  

5 I think the code is always a mixed

6 performance bag. Sometimes some things it will do 

7 remarkably well. And some things you wonder how it 

8 can be so far off.  

9 DR. BANERJEE: What things? Give us a few 

10 examples please.  

11 MR. BESSETTE: I don't know if I can think 

12 of a good one off the top of my head.  

13 Let's take cold-leg flows for example. It 

14 can be doing strange, they can see some strange 

15 oscillations in cold-leg flows. And you wonder why 

16 that's occurring and how to get rid of it.  

17 CHAIRMAN WALLIS: Maybe it's real.  

18 MR. BESSETTE: Well, it can be real. You 

19 have to decide is this plausible or not.  

20 But I think what saves you a lot of times 

21 is the things you're really concerned with. The key 

22 things you're concerned with are typically things like 

23 core temperature or a primary system inventory, how 

24 much mass you have left in the primary system, you 

25 know, how close you are to core uncovery. In this 
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1 case, what the downcomer temperature looks like.  

2 When you look at it from that perspective, 

3 generally the code looks not bad. At least it's 

4 something you can live with.  

5 CHAIRMAN WALLIS: Well, unless you're 

6 talking about marriage or something here, the 

7 definition of "not bad" and "something you can live 

8 with" needs to be more specific I think.  

9 MR. BESSETTE: But I think once you look 

10 at all the results you'll see this afternoon, it'll 

11 give you a better feeling for that.  

12 MEMBER FORD: Now you've got me really 

13 worried. We came into this meeting based on what we 

14 had heard in January. Things are going great, the 

15 results look good, promising, and we're just going to 

16 do the other three plants and we're all set for 

17 revising the 10 CFR PTS rule.  

18 And, the main thing we were concerned 

19 about was the acceptance criteria, which was going to 

20 be the main topic for the meeting on the 5 th. Now I'm 

21 hearing you say this huge -- there are some 

22 uncertainties.  

23 Let me ask the question: Do those 

24 uncertainties impact greatly on the predicted 

25 temperature stress transients, strain-rate transients 
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1 of the metal? Is this academic concern that you have, 

2 or is it a real concern when it comes down to 

3 predicting the material stress strain-rates 

4 temperature? 

5 MR. BESSETTE: Well, see, that's exactly 

6 the question that I was concerned with answering 

7 myself before I showed you that these are the 

8 uncertainty results and we can believe them.  

9 And the fact is the uncertainty numbers 

10 we're getting out of FAVOR, the latest results have 

11 only just come in the past month, within the past 

12 month. We haven't had time to look at everything and 

13 make sure we understand it. And until we can 

14 understand it ourselves, we can't explain it to 

15 somebody else. We have to go through that process, 

16 and we're not done with that yet.  

17 But what we did is, this is the same set 

18 of, these are the uncertainties that we studied in our 

19 uncertainty evaluation. This is the same list I 

20 showed your phenomena, just categorized, you know, 

21 point of boundary condition; the same list of PIRT 

22 phenomena.  

23 So, one question could be, well, have we 

24 left anything off of this list. The only thing I 

25 might add at this time would be condensation because 
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1 we're dealing with large breaks, and the cold-leg and 

2 downcomer you'd think is an important phenomenon that 

3 doesn't appear here. So the question, what's been 

4 left off, is condensation.  

5 DR. BANERJEE: The HPI and the accumulator 

6 may not be that important in large breaks? 

7 MR. BESSETTE: It still shows up. The way 

8 it shows up is, you know, you're drawing off a tank 

9 that's outside. So in some cases you're drawing 40

10 degree water, and in some cases you're drawing 80,90

11 degree water. So that 50-degree difference gets 

12 translated almost directly into -- you know, it gets 

13 mixed in all that. But, you end up with substantially 

14 different temperatures whether summer or wintertime.  

15 CHAIRMAN WALLIS: How does RELAP calculate 

16 condensation? You pour this very cold water into what 

17 could be a steam environment, and you can predict sort 

18 of mach 1 flows of steam towards the cold water to get 

19 at it and condense on it.  

20 Is that what RELAP predicts, or how does 

21 it model condensation of very cold water? 

22 MR. BESSETTE: Well, first it has to 

23 decide what flow regime it's in. You know, it does 

24 that by looking at void fractions, and vapor and 

25 liquid velocities.  
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1 CHAIRMAN WALLIS: It's very different.  

2 You know, condensation, the actual steam rushing in to 

3 condense can shadow the water, which means you get 

4 more. It's almost like an implosion. It's like a big 

5 collapse of the steam bubbles in the cold water of a 

6 torus in the BWR. You get very, very rapid 

7 condensation -

8 MR. BESSETTE: This is why -

9 DR. BANERJEE: And you get condensation 

10 shocks -

11 CHAIRMAN WALLIS: If you have mach 1 type 

12 flows.  

13 MR. BESSETTE: The type of thing you're 

14 talking about is why people have been -- one of the 

15 problems in the code since day one has been modeling 

16 condensation.  

17 DR. BANERJEE: But, you know, what Graham 

18 is saying is right. If you've ever taken a glass pipe 

19 and put cold water into it, it shatters the pipe.  

20 Boom. It's gone.  

21 MR. BESSETTE: Yes, in extreme heat you 

22 end up with a waterhammer.  

23 CHAIRMAN WALLIS: And also you can get 

24 incredibly rapid rates of condensation.  

25 MR. BESSETTE: That's right. Inverse 
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1 steam explosion.  

2 DR. BANERJEE: I did this experiment a 

3 number of times just for fun to show students what 

4 happens.  

5 CHAIRMAN WALLIS: You have to use a pipe 

6 or something different.  

7 MR. ROSENTHAL: I think we do want to hear 

8 from the other speakers, which will be answering your 

9 questions. But let me just make a summary statement.  

10 And that is that, what I had hoped to 

11 accomplish by the end of the day was to convince you 

12 that for the purpose of PTS, that is pressures and 

13 temperatures and the downcomer, that RELAP was good 

14 enough. And we'll define what we mean by "good 

15 enough". And, that in no way are we making some 

16 arguments about let's say predicting PCT after a 

17 large-break LOCA.  

18 For PTS, we're talking about events that 

19 go on for a couple of hours, where I think that the 

20 dominant phenomenology issue is just plain mass and 

21 energy balance as you go out a couple of hours. And 

22 we hope to show that RELAP does a sufficiently good 

23 enough job.  

24 We wanted to demonstrate by all afternoon 

25 that we had done enough benchmarking of the code 
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1 against PTS-like experiments to say that the code 

2 would have some veracity, without saying that the 

3 code's perfect. And, in fact, we're going to show you 

4 some bumps and warts in the code and how we overcame 

5 them. But, you know, let's keep our eye on the 

6 target.  

7 And then the last thing that actually this 

8 morning, and part of this comes out of the PIRT, is 

9 that we recognize that RELAP was not going to do 

10 things like 3-D plume behavior. And it would've been 

11 irresponsible for us to somehow nodalize and mach up 

12 something that we know RELAP couldn't handle. So, we 

13 went to an experimental program to try to address 

14 those issues.  

15 And, in fact, if the 3-D plume behavior, 

16 which is relatively benign, but if it had been a big 

17 effect, that might've been very much a showstopper 

18 because we wouldn't have had a way to proceed.  

19 So I think the biggest weaknesses in the 

20 code, or in trying to understand this, we took on with 

21 an experimental program and then we've just done an 

22 enormous amount of code assessment to show you that 

23 the code would be good enough. But with the eye on 

24 the ball, we're not pretending that the purpose is 

25 pressures and temperatures or fracture mechanics.  
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1 DR. MOODY: Let me just make -- I think 

2 all your comments have been very helpful. I just want 

3 to see if I've got this sorted out right in my mind.  

4 The whole problem of pressurized thermal 

5 shock involves thermal hydraulics, which gives you 

6 boundary conditions on a surface, metal surface. And, 

7 the thermal hydraulics are interactive with the heat 

8 transfer in the surface regardless of any fracture 

9 mechanics. That problem is decoupled then. The 

10 temperature distribution verses time in a surface is 

11 decoupled from the structural aspects. It uses a 

12 boundary condition in the structure is the next step 

13 in the process to determine the stresses and if 

14 there's likely to be a failure.  

15 So far so good? Does this sound right to 

16 you? 

17 MR. BESSETTE: That's right. I just want 

18 to make clear in terms of RELAP, RELAP takes into 

19 account the metal structure of heat in determining 

20 what the fluid temperature is. So that fluid 

21 structure, heat transfer -

22 DR. MOODY: Interactive, okay.  

23 And then the other thing is, is there any 

24 academic type problem put together for just 

25 understanding in a very simple way how you determine 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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



83

1 whether you have a problem or not? 

2 In other words, like in a graduate study 

3 problem, where you're going to calculate are you over 

4 the boundary on a PTS or not. Don't use the computer.  

5 This has all got to be straight analysis. Is there 

6 anything like that available to explain some of these 

7 limitations very simply where one could determine what 

8 is the worst possible condition that leads to maximum 

9 -- or being closest to failure in an academic sense? 

10 MR. BESSETTE: Well, I think some simple 

11 examples can be shown like taking a given fixed 

12 temperature, some step change in temperature at the 

13 wall, and show you the FAVOR calculation as to how the 

14 stress just with conduction solution changes, the K-I 

15 changes with time, and how K-I-C is changing with 

16 time. We have those simple illustrations available.  

17 DR. MOODY: Those are available? 

18 MR. BESSETTE: Yes. And so you see these 

19 curves crossing.  

20 DR. MOODY: That's good.  

21 MR. BESSETTE: I'll look in my office.  

22 DR. MOODY: Okay, thanks.  

23 CHAIRMAN WALLIS: Yes. I was -- somebody 

24 used the word "academic". You used it in I think a 

25 good sense here. I think somebody used it earlier in 
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1 sort of a pejorative sense that you did what you had 

2 to do, which is good enough, and anything else was 

3 academic or something.  

4 It seems to me that at least in 

5 engineering school what students should learn is how 

6 to do what's good enough. And that is the heart of 

7 the proper rigorous academic training, is you figure 

8 out what you need to do to get the job done. And, we 

9 should stop using the term in sort of the pejorative 

10 sense of going off and doing stuff which is on the 

11 fringes and irrelevant.  

12 MR. BESSETTE: What we're trying to do is 

13 we're trying to do as good a job as is possible, and 

14 deciding if "as good as possible" is good enough.  

15 CHAIRMAN WALLIS: Yes. Okay. That's the 

16 difficulty you sometimes have, and that's where I 

17 think you've got to have this discipline. You've got 

18 to actually lay out very clearly what is going to be 

19 your measure of "good enough". And then you've got to 

20 look at what you can do, and you've got to compare the 

21 two.  

22 And too often, this sort of academic, to 

23 term, is used as an excuse. We do what we know how to 

24 do, we think we can do, and we don't make a rigorous 

25 comparison about whether it's good enough. You simply 
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1 say, since that's all we can do, it must be good 

2 enough. And that really isn't the right way to do it.  

3 MR. BESSETTE: Yes. We're not looking at 

4 it from that point of view.  

5 CHAIRMAN WALLIS: That's good.  

6 Now I think you've helped us gain some 

7 time, maybe because we asked good questions earlier.  

8 And, so, I think what I propose to do is take a break 

9 now instead of -- I mean we were going to take a break 

10 at 10:30.  

11 And then, since Jose is here, then if Jose 

12 can start at 10:30 -

13 MR. BESSETTE: Yes.  

14 CHAIRMAN WALLIS: Okay, we'll do that.  

15 We'll take a break now for 15 minutes until 10:30.  

16 (Whereupon, the Subcommittee recessed for 

17 a break from 10:15 a.m. - 10:32 a.m.) 

18 CHAIRMAN WALLIS: Let's come back into 

19 session and hear a presentation by Professor Reyes 

20 from Oregon State University.  

21 And I was wrong earlier when I said we 

22 were ahead of schedule. I had two schedules here.  

23 And on one, we were ahead and we're behind. We're now 

24 just on the average track.  

25 MEMBER FORD: With an uncertainty 
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1 associated with it.  

2 MR. BOEHNERT: Right.  

3 MEMBER FORD: Jose, are you going to put 

4 it right now, are you going to give us data? 

5 PROFESSOR REYES: There we go.  

6 MEMBER FORD: Fantastic.  

7 CHAIRMAN WALLIS: That's right. Give us 

8 one of those really impressive academic presentations.  

9 MR. BOEHNERT: That's not in the 

10 pejorative sense.  

11 MEMBER KRESS: Are they the Ducks or the 

12 Beavers? 

13 MR. BOEHNERT: Beavers.  

14 PROFESSOR REYES: Okay. Well, thank you 

15 very much for inviting me to speak today. I'm excited 

16 about the results that we've obtained, and hope to 

17 present you with quite a bit of information. In fact, 

18 there's two fairly lengthy presentations that I'll be 

19 giving this morning. Hopefully, it'll be done this 

20 morning.  

21 Here's the outline. Really sections 1 

22 through 5 are essentially by way of introduction. So, 

23 I'll try to go through that relatively quickly. But 

24 feel free to stop me and ask questions.  

25 There was a question earlier today about 
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1 scaling. There was a scaling report, NUREG/CR-6731 I 

2 believe is the number, which was submitted in final 

3 form about a year ago. And I believe that is -

4 DR. BANERJEE: Sixty-seven what? 

5 PROFESSOR REYES: Thirty-one. Sixty

6 seven, thirty-one.  

7 That document describes the scaling 

8 approach that was taken with regard to the test 

9 facility. And I will be touching a little bit on the 

10 scaling, but not in great detail. So if you have 

11 questions on that, I certainly can review the report 

12 with you.  

13 CHAIRMAN WALLIS: Now your outline on the 

14 screen is utterly different from the one we have.  

15 PROFESSOR REYES: We're looking today at 

16 experiments first. There's two presentations. One is 

17 code comparison, and the first one is experiments.  

18 CHAIRMAN WALLIS: Okay. And this handout 

19 covers both? 

20 PROFESSOR REYES: There should be two 

21 handouts right there.  

22 CHAIRMAN WALLIS: Two handouts? 

23 PROFESSOR REYES: Right. There's two 

24 handouts.  

25 CHAIRMAN WALLIS: That's the problem. I 
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1 have a 30-page handout and it looks quite different 

2 from the one you have.  

3 PROFESSOR REYES: There's one labeled, 

4 similar title and in parenthesis "experiments". And 

5 so that's what we'll talk about first.  

6 CHAIRMAN WALLIS: We don't have it.  

7 You're going to give two presentations? 

8 PROFESSOR REYES: Yes.  

9 CHAIRMAN WALLIS: Each with 30 slides? 

10 PROFESSOR REYES: Oh, at least.  

11 CHAIRMAN WALLIS: Okay. Show us how it's 

12 done.  

13 PROFESSOR REYES: Okay.  

14 CHAIRMAN WALLIS: Okay, we have it now.  

15 Let's go on.  

16 PROFESSOR REYES: Okay. So the focus, the 

17 real focus of the experimental portion of the 

18 presentation deals with the key observations. And 

19 that's what I'd like to do is describe some of the 

20 things we've learned with regard to how thermal 

21 hydraulics affects the overall PTS issue.  

22 Next slide, please. Program objectives, 

23 these are our main goals for the program. We were 

24 looking at specifically at the Palisades geometry and 

25 operating conditions. We want to remove some of the 
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1 limitations of the previous PTS studies. I'll talk 

2 about that in a minute. We want to provide some 

3 information that would help revise the small-break 

4 LOCA and the main steam-line break PTS PIRTs, and also 

5 propose maybe some improved PTS thermal hydraulic 

6 assessment methodology.  

7 Some of the limitations in previous 

8 studies, one of the things that we didn't have 

9 available were integral system overcooling transient 

10 tests. They weren't available to benchmark the TRAC 

11 and RELAP 5 calculations. So, we've done some of 

12 those with this new program.  

13 We are onset of loop stagnation, 

14 asymmetric loop stagnation. We want to have some 

15 benchmarks for downcomer cooling rates, temperatures 

16 and systems pressures for a variety of overcooling 

17 transients.  

18 Next slide. The previous studies, the 

19 results of the separate effects assessment really 

20 couldn't be adequately integrated with the system 

21 behavior. We had very detailed thermal mixing 

22 behavior with a single injection point, a single cold

23 leg, and a section of the downcomer. Now the idea is, 

24 well, how does that integrate into the overall loop 

25 behavior.  

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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



90 

1 So, I've got some interesting results to 

2 present to you there on our new studies. So the 

3 effect of downcomer plume behavior in a co-flowing 

4 steam was not assessed for low HPSI flows in the 

5 previous study.  

6 The effect of loop seal cooling on primary 

7 loop stagnation wasn't assessed previously. The 

8 effect of downcomer driven loop natural circulation 

9 was not assessed in terms of the plume behavior, and 

10 the tests didn't include core decay heat.  

11 Next slide.  

12 CHAIRMAN WALLIS: Did you look at the case 

13 where the downcomer is dry when you squirt in cold 

14 water? 

15 PROFESSOR REYES: We looked at one test, 

16 our final test, the NRC-20 was a situation where we 

17 had steam-filled downcomer and we injected cold water 

18 into the cold-leg.  

19 The other limitation was that computer 

20 speeds were not adequate 15 years ago looking at the 

21 CFD codes. In fact, back then we were using SOLA-PTS, 

22 if you recall, at Los Alamos as one of the CFD codes.  

23 And, it was taking for about 10 seconds of transient 

24 about 10 hours to run, and that was with only 4,000 

25 nodes in the downcomer. So that was the state of 
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1 technology back then, and that was running on their 

2 Creare machines.  

3 Multi-dimensional aspects of cold-leg and 

4 downcomer mixing behavior were not modeled.  

5 CHAIRMAN WALLIS: That's even just single

6 phase flow? 

7 PROFESSOR REYES: That's just single-phase 

8 flow. Hard to believe, yes. It wasn't that long ago.  

9 Effect of multiple plume interactions on 

10 wall heat transfers and downcomer temperatures were 

11 not assessed. So, there are a lot of refinements that 

12 could be made to the previous methodology that we want 

13 to try to incorporate with our new study.  

14 Next slide, please. Now I'll talk about 

15 the overall plan. This is just a flow chart of our 

16 overall research plan for the experimentation. We 

17 start off with a review of the past PTS results. We 

18 looked at the small-break LOCA PIRT that Dave had 

19 mentioned and the main steam-line break PIRT. The 

20 main steam-line PIRT was done for Yankee Rowe I 

21 believe.  

22 But, we looked at both these PIRTs and 

23 performed a scaling analysis. As I mentioned, that 

24 was submitted quite a while ago and actually was 

25 presented at an ACRS meeting at OSU a year ago or more 
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1 than a year ago.  

2 PARTICIPANT: July. July 2001.  

3 PROFESSOR REYES: July 2001.  

4 The scaling analysis included loop natural 

5 circulation, a cold-leg and downcomer mixing, and 

6 primary and secondary-side blowdown scaling. We used 

7 the scaling analysis to guide our facility 

8 modifications. So we added loop seals, cold-leg 

9 injection, additional instrumentation, particularly 

10 temperature measurements in the downcomer, and we 

11 developed our as-built documentation.  

12 Next slide. So here are our facility 

13 modifications. We broke it up into two main braches 

14 of research. One was the integral system testing, and 

15 the other separate effects testing.  

16 In our integral system tests, we looked at 

17 main steam-line breaks, hot-legs breaks, stuck-open 

18 pressurizer safety relief valves, and stuck-open 

19 atmospheric dump valves on the secondary-side. What 

20 we did was obtain data for integral system behavior.  

21 In particular, we were looking at conditions for loop 

22 stagnation, the effect of having multiple steam 

23 generator tubes, effects on draining, effect of 

24 multiple cold-leg loop seals, and thermal mixing in 

25 the cold-legs.  
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1 CHAIRMAN WALLIS: You don't look at cold

2 leg breaks because if you did have one, you'd have so 

3 much flow in the downcomer it wouldn't matter, they 

4 wouldn't get a PTS? 

5 PROFESSOR REYES: Right, so we looked only 

6 at the hot-leg breaks.  

7 And for integral system tests, we used 

8 RELAP5 to do some modeling. So we did perform five or 

9 six calculations, RELAP calculations using, to 

10 benchmark the code against our data. And, ISL has 

11 performed many calculations and has the real expertise 

12 in this area.  

13 So, we modified our input deck. We had an 

14 APEX input deck. APEX-CE we're calling the new 

15 configuration.  

16 Thermal hydraulic processes. Again, we 

17 were looking at RELAP5 against data. Then on this 

18 slide, we did some separate effects tests. And, so, 

19 we did single and multiple HPSI mixing with our main 

20 loop, and also we had a small transparent loop. And, 

21 we obtained some separate effects data.  

22 We'll talk about the wall heat flux and 

23 some of the estimates we made there, plume 

24 temperature, and cold-leg thermal stratification also.  

25 Now for that we used two codes.  
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1 We used REMIX. REMIX was a code that was 

2 developed by Purdue and then was actually carried out 

3 at University of California, Santa Barbara, Theophanos 

4 and his group. And Norm Bach was working there at the 

5 time. So, this is very interesting. And I'll talk a 

6 little bit about why this was developed and how that 

7 worked a little.  

8 And then we also used a code called STAR

9 CD for CFD calculations. And the idea was trying to 

10 assess how well we can predict the temperature in the 

11 cold-legs and the plume behavior in the downcomer.  

12 So, the idea was to feed all this information to the 

13 NRC. And then part of it might be of value to Oak 

14 Ridge in their studies, with the overall desire to 

15 improve the PTS thermal hydraulic assessment 

16 methodologies.  

17 So we're trying to sharpen our pencils and 

18 come up with a better way of predicting the behavior 

19 in the downcomer.  

20 MEMBER RANSOM: What is the STAR-CD code? 

21 PROFESSOR REYES: It's very much like 

22 FLUENT or CFX.  

23 MEMBER RANSOM: Who produces it? 

24 PROFESSOR REYES: This is a company called 

25 Adapco, is the one who runs the code now. But if you 
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1 trace the lineage of that code, I think it goes back 

2 to -

3 DR. BANERJEE: It goes back to Gosman at 

4 Imperial College.  

5 PROFESSOR REYES: In England? 

6 DR. BANERJEE: Yes.  

7 CHAIRMAN WALLIS: Now these codes have 

8 difficulty with buoyancy driven flows, don't they? 

9 And the effect of buoyancy on turbulence? 

10 PROFESSOR REYES: Right. This is one of 

11 the areas we were very curious about how well it 

12 predicted -- well, I'll give a description of this.  

13 But, yes, that's true, especially in interfaces.  

14 CHAIRMAN WALLIS: Buoyancy tends to kill 

15 the turbulence in interfaces.  

16 PROFESSOR REYES: Yes.  

17 CHAIRMAN WALLIS: And to stratify, 

18 horizontally stratify interfaces.  

19 PROFESSOR REYES: That's right, and I'll 

20 show you some results.  

21 Next slide, please. Okay, I'll talk first 

22 about the test facilities we have. The APEX, we've 

23 been calling it APEX-CE configuration. What we did 

24 was we modified our facility. We added four cold-leg 

25 high-pressure safety injection lines, four cold-leg 
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1 loop seals. We added a weir wall in each cold-leg to 

2 simulate the lip of the Palisades primary coolant pump 

3 housing. That turned out to be very important.  

4 We found out that in the Palisades plant, 

5 they never really drained their cold-legs. There's a 

6 little dip on the pump at the outlet of the pump, the 

7 discharge portion of the pump, that always had a 

8 little level of water on it. And that had an effect 

9 on the results.  

10 We added approximately 50 additional 

11 downcomer temperatures and 12 loop seal thermocouples 

12 and four HPSI mass flow meters, using Coriolis flow 

13 meters.  

14 Next slide. Overall, we have about 450 

15 thermocouples, 50 differential pressure cells, about 

16 41 pressure transducers for local pressure 

17 measurements, 28 magnetic flow meters for the single

18 phase flow measurements, vortex flow meters, 17 for 

19 steam flow, load cells, three sets of load cells on 

20 our large tanks, and then again, these Coriolis flow 

21 meters on HPSI lines.  

22 This just gives you a little bit of an 

23 overview of our fluid thermocouples in the downcomer.  

24 It's just an unwrapped downcomer. Here you have a 

25 hot-leg, and of course, here's where it would wrap to 
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1 the other side. These are your four cold-legs, which 

2 shows you it's in the right orientation.  

3 And then these are the different 

4 elevations where we were measuring our temperatures.  

5 These are existing thermocouples, and we added these 

6 thermocouples directly below the cold-legs and they 

7 branched out. The most heavily instrumented cold-leg 

8 was cold-leg number four. We actually added some 

9 additional thermocouples in the intermediate regions 

10 there.  

11 So the way we mark these thermocouples are 

12 in terms cold-leg diameters. So, this first one is 

13 about 1.3 cold-leg diameters down from the center of 

14 the cold-legs. Two leg diameters, and then four, all 

15 the way down to eight over here where we focused 

16 primarily.  

17 CHAIRMAN WALLIS: These are stuck in the 

18 middle of the flow somehow? 

19 PROFESSOR REYES: They're actually close 

20 - they're in the flow, but they're closer to the 

21 vessel side.  

22 CHAIRMAN WALLIS: So they stick out on 

23 little needles or something? They stick out? 

24 PROFESSOR REYES: Yes. That's correct.  

25 And actually in the flow, they're about a quarter inch 
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1 away from the reactor vessel wall. So, we're trying 

2 to get some wall temperatures if possible.  

3 MEMBER FORD: And where are the wall, the 

4 metal temperature thermocouples? 

5 PROFESSOR REYES: The metal? Opposite, in 

6 particular in cold-leg four, opposite the 1.3 and --

7 I'll have to check, but I think it's the two cold-leg 

8 diameter thermocouples -- fluid thermocouples have a 

9 corresponding wall thermocouples and wall heat flux 

10 meters.  

11 So, these are thin film meters with a 

12 known film conductivity and a very detailed thermal 

13 pile inside to give you an estimate of the heat flux 

14 on the outside of the wall.  

15 MEMBER FORD: And you mentioned that you 

16 have load cells. What are they measuring specifically 

17 and where are they? 

18 PROFESSOR REYES: Yes. We use load cells 

19 for our large tanks. And in this experiment, it was 

20 particularly, it was only used really for the RWST, 

21 the refueling water storage tank. It's the large tank 

22 that's feeding the -

23 MEMBER FORD: Oh, it's just a method of 

24 measuring -

25 PROFESSOR REYES: It's just a measurement 
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1 of weight.  

2 MEMBER FORD: It's not a load cell 

3 material? 

4 PROFESSOR REYES: That's right, not in 

5 terms of materials. That's a good point.  

6 MEMBER FORD: Okay.  

7 PROFESSOR REYES: Yes, we didn't -- there 

8 were no stain gauges or anything on the surface to get 

9 a feel for -

10 MEMBER FORD: From a materials property 

11 perspective, it's really the stress and strain rate 

12 that you're really interested in. So those were not 

13 being measured? 

14 PROFESSOR REYES: Correct. That's 

15 correct.  

16 And our wall thickness, again, is not 

17 prototypic. We're a half-inch thick stainless steel 

18 wall. So our wall thickness is more along the lines 

19 of the cladding of the vessel, which could be up to a 

20 half-inch thick stainless steel.  

21 MEMBER FORD: So, in terms of 

22 equilibration during a transient, is the wall pretty 

23 well a uniform temperature? 

24 PROFESSOR REYES: Yes. And, in fact, in 

25 the final report -
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1 MEMBER RANSOM: What are the hatched, 

2 before we move from this slide, regions? 

3 PROFESSOR REYES: Pardon me? 

4 MEMBER RANSOM: What are the hatched 

5 regions? 

6 PROFESSOR REYES: These different 

7 elevations here? 

8 MEMBER RANSOM: Well, no. You've got a 

9 hatched -

10 PROFESSOR REYES: Oh, in the center. This 

11 is the location of our large flange. So, we have a 

12 flange located at this point over here. This is about 

13 eight cold-leg diameters down.  

14 For purposes of reference, for example, 

15 for the Palisades plant, the active core region is 

16 about 12.4 cold-leg diameters down, down to about six.  

17 And so the temperature profiles I'll be showing you go 

18 from two until about eight so you get a feel.  

19 CHAIRMAN WALLIS: The previous questions 

20 yes, it's pretty well a uniform temperature for the 

21 wall because it's so thin? 

22 PROFESSOR REYES: On a relative scale.  

23 But, I can show you the plots.  

24 CHAIRMAN WALLIS: You're going to show us? 

25 PROFESSOR REYES: Yes. And actually I can 
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1 

2 CHAIRMAN WALLIS: Well, you can show us 

3 when you get to it.  

4 PROFESSOR REYES: Right. Since the 

5 question was raised, let me take a moment.  

6 MEMBER RANSOM: These are experiments to 

7 run at scaled pressures, is that right? 

8 PROFESSOR REYES: That's correct.  

9 MEMBER RANSOM: They're not prototypic 

10 pressures, right? 

11 PROFESSOR REYES: That's correct.  

12 DR. MOODY: Jose, what's a typical 

13 dimension up there? 

14 PROFESSOR REYES: Okay. In terms of -- so 

15 a cold-leg diameter, for example, in our plant is only 

16 three and a half inches. Hot-leg diameter is five 

17 inches.  

18 DR. BANERJEE: And what's the gap? 

19 PROFESSOR REYES: The gap is two and a 

20 half inches. Actually, the gap in the length of the 

21 downcomer is about one-fourth. So, the L over D, the 

22 aspect ratio of the downcomer is actually one-to-one 

23 with Palisades.  

24 DR. BANERJEE: So let me get it. The gap 

25 is, you said, two -
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1 PROFESSOR REYES: Two and a half inches.  

2 DR. BANERJEE: Two and a half inches? 

3 PROFESSOR REYES: Right.  

4 DR. BANERJEE: And the height above that 

5 flange? 

6 PROFESSOR REYES: So this is about six 

7 cold-leg diameters down. So, about 20 inches or so.  

8 DR. BANERJEE: From the center of the 

9 cold-leg? 

10 PROFESSOR REYES: From the center of the 

11 cold-leg.  

12 Okay, next slide.  

13 DR. BANERJEE: And it's to scale roughly, 

14 right? 

15 PROFESSOR REYES: Right. Right. And what 

16 I found was, when I looked at the original APEX design 

17 and started looking at the Palisades plant, I found 

18 that there were only a few modifications that needed 

19 to be done in order to get a reasonably good 

20 simulation of the Palisades plant.  

21 In terms of what we changed, of course, we 

22 had to add the injection, safety injection lines. We 

23 had to add these loop seals. Now, we use our pumps.  

24 Normally, for the design we had before, they hung off 

25 of the steam generator. We had to put them below. So 
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1 this is a little bit different. And that's why we had 

2 to add this little lip on the cold-leg to simulate the 

3 exit of the pump.  

4 It's basically a two by four arrangement.  

5 You have two hot-legs, four cold-legs. We have 

6 inverted U-tube steam generators. This is our 

7 refueling water storage tank. This is our 

8 pressurizer. And, here's our safety line. And so 

9 this is really, the loop seal was an important 

10 addition. It actually turned out to be a very 

11 significant part of the stagnation phenomenon that we 

12 observed.  

13 Next slide. Again, looking at just a 

14 geometric similarity, we found that in terms of cross

15 sectional flow area, in term of volumes, that the 

16 scaling factors were relatively constant throughout 

17 the entire loop. So we were very encouraged by that.  

18 In fact, we were surprised at how similar the original 

19 APEX design was to the Palisades design. So this is 

20 the Palisades, looking at the plant view, and here's 

21 the APEX facility.  

22 Okay, next slide. Here's looking at a 

23 slide view. Again, here's the Palisades plant. Of 

24 course, we're one-fourth scale. This is enlarged just 

25 for -- we're not larger than real scale.  
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1 So, again, we tried to maintain similar 

2 geometries with regard to the loop seal in terms of 

3 scaling the volumes in these loop seals and the cross

4 sectional flow areas.  

5 MEMBER RANSOM: With the total change in 

6 that cold-leg geometry, is the vertical height the 

7 same or scaled to the plant? 

8 PROFESSOR REYES: Scaled to the plant.  

9 So, that's one-fourth height in terms of the loop.  

10 MEMBER RANSOM: Right. The pump appears 

11 to be in a different position.  

12 PROFESSOR REYES: That's exactly right.  

13 Again, at the outlet of the pump, we added 

14 a very small weir wall to simulate the pump outlet.  

15 CHAIRMAN WALLIS: I believe your loop seal 

16 looks bigger compared with the reactor vessel heads 

17 than in the real plant.  

18 PROFESSOR REYES: Is our loop seal bigger 

19 than the -

20 CHAIRMAN WALLIS: In terms elevation 

21 change in the loop seal.  

22 PROFESSOR REYES: No. It's actually 

23 scaled one-fourth. That might just be the image. I 

24 blew this up quite a bit so that you could see the 

25 details. But this is actually one-fourth elevation.  
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1 So, it would much smaller.  

2 CHAIRMAN WALLIS: Much smaller.  

3 MEMBER RANSOM: Where is weir that you 

4 talked about? 

5 PROFESSOR REYES: At the exit of the pumps 

6 actually going into the -- on the cold-leg going in.  

7 MEMBER RANSOM: Where's that in the plant? 

8 PROFESSOR REYES: Oh. In the plant what 

9 you see is your reactor coolant pump is fairly large 

10 and it actually sits on a loop seal, and it extends 

11 all the way to the top. So this section of pipe here 

12 would actually be the full section of pump. They'd be 

13 a motor and then the pump casing up on top. So, you 

14 have a discharge coming out the top into the cold-leg.  

15 MEMBER RANSOM: Well, is that what creates 

16 the weir in the plant? 

17 PROFESSOR REYES: Right, the discharge of 

18 the pump. That's correct. Yes, the geometry of that 

19 pump and the little discharge lip.  

20 And actually, it was the Palisades folks 

21 who informed me of that. When we were talking about 

22 the geometry of the plant, they mentioned that they 

23 never were really able to drain their cold-legs 

24 completely because there's that little lip on the pump 

25 that maintains a level at the bottom of the pump.  
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1 So we used the APEX-CE facility to do all 

2 of our integral system testing. We also built a small 

3 separate effects test just for visualization. So, 

4 it's a transparent cold-leg loop seal and HPSI line.  

5 And we did a little demonstration back in July of what 

6 we observed in terms of mixing behavior.  

7 So, it's clear PVC piping. It's just a 

8 single cold-leg representing the APEX-CE, HPSI nozzle 

9 with a check valve, the weir wall again in the cold

10 leg, 50-gallon salt water mixing. So we're using salt 

11 water to simulate the density of the cold HPSI fluid.  

12 And then we had our pumps.  

13 CHAIRMAN WALLIS: This is all single-phase 

14 mixing? 

15 PROFESSOR REYES: All single-phase.  

16 CHAIRMAN WALLIS: It's not condensation? 

17 PROFESSOR REYES: No condensation at all.  

18 DR. BANERJEE: But the diffusivity of salt 

19 is different from that of heat? 

20 PROFESSOR REYES: That's correct.  

21 DR. BANERJEE: So how are you able to use 

22 that to stimulate what's going on? 

23 PROFESSOR REYES: The density differences 

24 were preserved. And you're right. The diffusivity is 

25 different. So I think what we actually see -- we did 
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1 measure concentrations, so we had estimates of 

2 concentration in terms of these probes that we would 

3 drop into the flow to measure the densities of the 

4 freshwater verses the salt on the bottom of the pipe.  

5 What was particularly useful was, because 

6 of this effect of the weir wall and that pump lip, we 

7 had a stratification criteria, which we were using to 

8 try to predict when we would transition from a well

9 mixed condition to stratified, that transition point.  

10 What we found was that we couldn't get good 

11 predictions using that criteria with our APEX-CE data.  

12 And we were wondering, well, why would that be.  

13 And we've traced it back down to the fact 

14 that we've got this little lip, which actually in 

15 essence promotes stratification in a cold-leg. So, we 

16 wanted to see what that looked liked. So basically we 

17 used this data primarily just for visualization to see 

18 what it was doing. But, the temperature measurements, 

19 we used from the APEX.  

20 DR. BANERJEE: So this was not at a 

21 temperature? 

22 PROFESSOR REYES: No, no.  

23 DR. BANERJEE: Basically this was just 

24 cold water test? 

25 PROFESSOR REYES: Just a cold water test 
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1 for flow visualization. We wanted to see what was 

2 going on inside the pipe.  

3 Okay, next slide. So this is just, all we 

4 modeled was this loop seal. There are a couple 

5 phenomena in the top view here. We modeled -- there's 

6 a pump that comes to the loop seal. We modeled the 

7 injection geometry of the Palisades plant. It's 

8 actually a horizontal injection and it comes in at a 

9 45-degree angle.  

10 There's a check valve over here, just like 

11 in the plant. So, it does limit, restrict the flow 

12 going back into the loop. And again, those were 

13 primarily for just seeing what's going on.  

14 There were a simple phenomena we were 

15 particularly interested in. One was this spillover 

16 back into the loop seal, which became important. And, 

17 of course, the mixing at the injection location.  

18 MEMBER FORD: There were some remarks made 

19 earlier on about the slight differences in geometry in 

20 the fabrication of these PVC pipes and those which 

21 we've obviously done with metallic materials.  

22 PROFESSOR REYES: Right.  

23 MEMBER FORD: Are those major concerns to 

24 you or not? 

25 PROFESSOR REYES: I'll show an example of 
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1 where small differences in piping will give you 

2 asymmetric loop stagnation. And so I'll show you some 

3 slides of that.  

4 Not only that, but it's tied to this local 

5 behavior at the loop seal.  

6 MEMBER FORD: Okay. But I was talking 

7 mainly about, for instance, the way this is 

8 fabricated.  

9 PROFESSOR REYES: Oh, okay.  

10 MEMBER FORD: You'd have different 

11 geometries at the T-junctions for instance.  

12 PROFESSOR REYES: Right.  

13 MEMBER FORD: You'd have a sharp edge 

14 rather than a rounded edge that you have in a weld.  

15 PROFESSOR REYES: Right, right. You 

16 certainly do see differences in mixing behavior. And 

17 that's one of the conclusions I'm going to come to, is 

18 that these designs are geometry-specific.  

19 And so, when you apply criteria like 

20 stratification criteria, you find that the geometry 

21 can affect how you apply certain criteria, whether or 

22 not it's mixing or not.  

23 MEMBER FORD: Does that alter your 

24 conclusions? 

25 PROFESSOR REYES: No.  
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1 MEMBER FORD: Okay.  

2 PROFESSOR REYES: Next slide.  

3 Okay. I'll talk a little bit about our 

4 test procedure. This was a very useful meeting. Roy 

5 Woods had organized this meeting with the Palisades 

6 folks. It was very, very valuable in that it gave us 

7 an opportunity to interact with the Palisades 

8 operators. And that to me -- I don't know if we've 

9 done that in previous programs, but that was very, 

10 very useful for us.  

11 We were able to observe them perform 

12 small-break LOCA and main steam-line breaks on their 

13 simulator. And that gave us an idea of what are the 

14 typical responses to these events and how that might 

15 affect a PTS issue.  

16 So, we got to speak directly to the 

17 operators. We watched them do the simulations. And 

18 from that we developed our procedures for our tests.  

19 So we used the input from the operation to develop our 

20 procedures. They were very, very cooperative. It was 

21 very nice.  

22 Next slide. That was consumer's energy, 

23 consumer's power.  

24 They provided us with their emergency 

25 operating procedures. We reviewed these procedures 
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1 here, looking at standard post-trip actions, loss of 

2 coolant accident recovery, the main steam-line break 

3 or the excess steam demand events, their overall 

4 functional recovery procedures, and their supplements.  

5 Next slide. One of the things to me that 

6 was very interesting was that they, in all of their 

7 functional requirements and response to different 

8 scenarios, they included this curve here. And their 

9 emergency operating procedures require that they 

10 remain within these bands. And the reason is they're 

11 trying to avoid pressurized thermal shock.  

12 So I think one of the big, one of the very 

13 positive things I've seen as a result of the previous 

14 studies that have been done is that the plants have 

15 incorporated these types of plots within their 

16 emergency operating procedures. So this is part of 

17 the Palisades operating procedure.  

18 And when they performed their simulations 

19 of the small-break LOCA and main steam-line break, 

20 they would start at one point and they actually 

21 tracked the time-dependent pressures and temperatures.  

22 And, they showed where they, how the operators have 

23 kind of deliberately manually tried to keep it within 

24 those bands.  

25 So to me that was very encouraging because 
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1 it wasn't an automatic system that just -- they didn't 

2 just let things go. They actually had curves that 

3 they knew in advance that they'd have to stay between.  

4 So, that was encouraging.  

5 CHAIRMAN WALLIS: Also, in pressurized 

6 thermal shock, you're worried about the rate in which 

7 the temperature changes, not just the temperature 

8 itself.  

9 PROFESSOR REYES: Correct. Yes, that's 

10 right.  

11 CHAIRMAN WALLIS: That bottom curve is a 

12 boiling curve really, isn't it? 

13 PROFESSOR REYES: This one is a saturation 

14 curve. This is their subcooling curve. They trip 

15 their pumps on 25 degrees subcool.  

16 So, this gives you a feel that they've 

17 incorporated some procedures within the plant's 

18 operating procedures to address this issue.  

19 Next slide. So when we ran our 

20 experiments, however, we were looking for a more 

21 bounding type of an assessment. So, in terms of what 

22 we did relative to what the Palisades folks would 

23 actually do, we had some very important exceptions in 

24 our procedures.  

25 We didn't throttle our HPSI to keep within 
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1 those bands. We just turned our HPSI on and stepped 

2 back.  

3 CHAIRMAN WALLIS: It's conservative to do 

4 that? If you actually throttled it, you'd get less 

5 flow and therefore you'd get less thermal shock. Is 

6 that the assumption? 

7 PROFESSOR REYES: That was the assumption.  

8 CHAIRMAN WALLIS: Is that really backed up 

9 by some analysis? 

10 PROFESSOR REYES: I think this is really 

11 the source of cold water. So, throttling back 

12 certainly would reduce how much cold water is 

13 available.  

14 CHAIRMAN WALLIS: It would reduce flows 

15 and things, so it's not clear immediately that it's 

16 conservative.  

17 PROFESSOR REYES: Well, for this design, 

18 I feel very comfortable because it's a side injection.  

19 And I'll show you. It just kind of trickles it. It's 

20 not a very high flow.  

21 MR. BESSETTE: We also have analysis that 

22 shows that full HPI is worse.  

23 CHAIRMAN WALLIS: So you have an analysis 

24 to back up this? 

25 MR. BESSETTE: Yes, yes.  
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1 PROFESSOR REYES: In terms of isolation to 

2 a feedwater flow, we assumed it would take the 

3 operator about 10 minutes to isolate. Observations 

4 were that they responded very quickly.  

5 During the simulation, they were able to 

6 identify very quickly which was the broken steam 

7 generator and which one's the isolate. But, we 

8 assumed 10 minutes. And there was no effort made to 

9 keep the plant within the pressure temperature bands 

10 that I showed you there on the scale basis. So, we 

11 just let the transient run its course.  

12 Okay, next slide. Okay, here's our test 

13 matrix.  

14 Next slide. We ran 20 experiments. This 

15 included a mixture of integral system tests and 

16 basically separate effects tests, where we were just 

17 focusing on the behavior of the downcomer looking at 

18 various HPSI flow rates. So this was our benchmark 

19 test to make sure we had our pressure valves modeled 

20 properly in our plant.  

21 We did a natural circulation stepped 

22 inventory test. This is very similar to the Semiscale 

23 test that had been performed in the past. And so 

24 these tests, the way it works is you set up 

25 essentially a small-break LOCA, you open up a valve, 
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1 you let it -- you lose certain fractions of inventory, 

2 you shut your valve, and you let it go into natural 

3 circulation. And then you take your measurements, and 

4 then you just step your way through. And that's just 

5 taking snapshots of the small-break LOCA.  

6 And, we were able to duplicate the same 

7 behavior that the Semiscale produced. And so we were 

8 looking at a very slow transition to loop stagnation 

9 or to really it was a reflux condensation mode. Well, 

10 there was some flow behavior instead the loops, but we 

11 couldn't measure it because it was so low. So, we did 

12 do that test first.  

13 We did a parametric study. These are 

14 eight different sets of conditions that we looked at 

15 how the natural circulation flow would affect our 

16 mixing in the downcomer for different HPSI flow rates.  

17 So we had essentially two different HPSI flow rates 

18 for one set of natural circulation flow conditions, 

19 and we had a specific core decay heat. I'll show you 

20 some results of core decay heat.  

21 And we wanted to see if we would see cold

22 leg thermal stratification for natural circulation 

23 flow and what was happening in the downcomer as a 

24 result of that. And this is where we got a few 

25 surprises.  
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1 Tests number four, five and six, these are 

2 stagnate loop fluid mixing tests. Back in the old 

3 days, we had Creare do some tests for us. And those 

4 were basically stagnant loops. Basically, you're 

5 injecting cold water into a stagnant volume. And 

6 these are very nice because they're easy to model in 

7 terms of hand calculations. You had asked about hand 

8 calculations. These you can actually do by hand.  

9 So, you can come up with nice well-mixed 

10 behavior. At least you could predict some of the 

11 temperatures very easily. So, I'll show you that.  

12 So we looked at the effect of just having 

13 one HPSI operating, what was the rate of cool down, 

14 four HPSIs operating at one flow rate and then another 

15 flow rate.  

16 Later on we repeated this series with some 

17 bypass flow to see what was the effect of having some 

18 warm water flowing through the upper head into the 

19 downcomer and to the cold-leg to see if that would, to 

20 see how that would influence the results.  

21 We did several of the small-break LOCAs, 

22 a 1.4-inch simulation of a hot-leg break from full 

23 power.  

24 CHAIRMAN WALLIS: When you say 1.4, that's 

25 1.4-inch in the full scale or is it -
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1 PROFESSOR REYES: Full scale. So, this 

2 would be 1.4 inch in the Palisades plant.  

3 CHAIRMAN WALLIS: So it's a fairly small 

4 

5 PROFESSOR REYES: Small-break, yes. So 

6 both, these are actually fairly small-breaks.  

7 Another one is from hot zero power. Hot 

8 zero power conditions were assumed at 100 hours after 

9 SCRAM. So this is the decay heat equivalent about 100 

10 hours after SCRAM. And, in fact, we found that the 

11 reactor coolant pumps provide a significant part of 

12 the power for this. So when you trip those pumps, 

13 then you really got power significant.  

14 We got two stuck-open pressurizers. PORZ 

15 up here. There's safety relief valves from full power 

16 and from hot zero power.  

17 Next slide. We ran a couple of main 

18 steam-line breaks. These were large, equivalent to 

19 about one square foot in the Palisades plant. And, 

20 this is with the failure to isolate feedwater. And 

21 then this is from hot zero power, and this is from 

22 full power. And I'm going to present the calculation 

23 run on this one a little bit later.  

24 This was a stuck-open primary safety 

25 relief valve with subsequent reclosure. That's one 
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1 that Dave I think had mentioned earlier.  

2 We did several more of these stagnant loop 

3 cases at different conditions, two adjacent HPSI. In 

4 these we were looking for the behavior of the plume in 

5 terms of plume merging, which we did see. And what 

6 happens is you get two opposite HPSIs. So, we had a 

7 whole range of HPSI injection behavior.  

8 And then we did some with the upper plenum 

9 downcomer bypass holes open. And, we repeated that 

10 with upper plenum downcomer bypass holes open with 

11 four HPSIs as one HPSI. And then we did a two-inch 

12 hot-leg break from full power with the upper plenum 

13 downcomer bypass holes open. So this introduced warm 

14 water from the upper head into the downcomer.  

15 CHAIRMAN WALLIS: So you didn't do a 

16 really large-break LOCA? 

17 PROFESSOR REYES: Right. The largest 

18 break we could perform in our facility is about I 

19 think four inches with our current separator off of a 

20 hot-leg. We can do somewhat larger breaks, but it 

21 requires a significant reconfiguration.  

22 MEMBER FORD: Now 20, test 20, the 

23 separate effects test? 

24 PROFESSOR REYES: Thank you. This was an 

25 initial test. In this test we started with a reduced 
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1 level in downcomer. We were at saturated conditions 

2 and we were just injecting cold HPI water into the 

3 cold-leg. So, we're pouring cold water into the cold

4 leg and into the core barrel.  

5 I saved it for last because I was really 

6 concerned about this test. My concern was 

7 waterhammer, condensation waterhammer. So, you were 

8 putting this cold water into a fairly long horizontal 

9 pipe and it's full of steam. So that was my concern.  

10 We approached it fairly gingerly. What we 

11 found in that test was that as we injected, we 

12 couldn't measure the temperature difference between 

13 the injected stream and the saturated conditions. So, 

14 I mean, obviously there's enough condensation 

15 occurring on that stream. So by the time it was in 

16 the downcomer, all of our thermocouples were reading 

17 saturated. So, it was a significant one.  

18 Now there's two things that affect that.  

19 One is that the HPSI flow rates for this design are 

20 very low compared to other designs. The CE plant has 

21 a very -- it's really, we would consider it for most 

22 plants a low-pressure safety injection. So, it comes 

23 on somewhere around 1200 psi is the starting pressure, 

24 and then it just increases from there.  

25 So, it's fairly low. In fact, the 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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



120 

1 accumulators are also very low head. Some are around 

2 200 psi as their injection pressure.  

3 So we did get significant warming and we 

4 didn't see much of an effect. But that's not to say 

5 that a different plant might -- that's a difficult 

6 task because it doesn't -- the likelihood of a 

7 waterhammer event is there.  

8 MEMBER FORD: The words "separate effects 

9 test" is puzzling me. Didn't you say that that test 

10 was done in plastic piping? 

11 PROFESSOR REYES: No, no. Thank you.  

12 Some of the tests that we performed in our APEX-CE 

13 facility we actually called separate effects. In 

14 fact, we're using the entire loop. We were focusing 

15 on a very specific phenomenon.  

16 So we didn't set up from initial 

17 conditions and then blowdown. We just started from a 

18 very specific set of initial conditions that would 

19 allow us to focus on one particular phenomenon.  

20 Okay. Now I'll present some of the key 

21 results of these tests. Next slide.  

22 So these are the key observations. And 

23 this is the area I'll try to focus on. In the area of 

24 integral system cooling transients, we were interested 

25 in whether or not the codes could predict or generate 
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1 some data to benchmark these codes.  

2 And we wanted to know in particular the 

3 primary side pressures and downcomer fluid 

4 temperatures, and in particular, between this region, 

5 2.4 cold-leg diameters to about 6.8 cold-leg 

6 diameters, where the reactor core region is located.  

7 What we found in general -- and I'm going 

8 to give you some very broad results since we're 

9 limited by time. In small-break LOCAs, transients 

10 resulted in the lower downcomer fluid temperatures, 

11 but they didn't repressurize generally. We had one 

12 case where we deliberately isolated, reclosed our 

13 pressurizer safety relief valve, and that one did 

14 repressurize. But about 10 minutes into the 

15 transient, we didn't really get the very low 

16 temperature. So I could see where that could be 

17 important if we had let it go much longer.  

18 The one-square foot main steam-line breaks 

19 from hot zero power, test number 11, that resulted in 

20 the lowest downcomer fluid temperature while at 

21 repressurized conditions. So we were just trying to 

22 see which gives us the lowest temperatures in 

23 repressurized conditions.  

24 Small-break LOCAs definitely gave us 

25 colder fluid temperatures. But the combination of 
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1 high-pressure or full-temperature and cold 

2 temperatures was the main steam-line breaks, what we 

3 observed.  

4 It was interesting to note that the 

5 original Calvert Cliffs TRAC studies in NUREG/CR 4109 

6 did a similar set of -- did calculations for a similar 

7 set of transients and came up with the same results, 

8 that the one-square foot main steam-line break at hot 

9 zero power gave you the lowest fluid temperature with 

10 the highest pressure.  

11 MEMBER FORD: Could you give us -- or are 

12 you going to come to it later on? When you say 

13 "lowest", how low? 

14 PROFESSOR REYES: Yes. Next slide.  

15 So these are our integral system tests.  

16 And this is the case that gave us the coldest 

17 temperature. So, here you can see that this gave us 

18 a minimum downcomer temperature of about 238 degrees 

19 F. And we went back to -- our full pressure was about 

20 364 psia.  

21 DR. BANERJEE: Why did you say that's the 

22 lowest compared to the -

23 PROFESSOR REYES: It's the combination.  

24 DR. BANERJEE: Sorry. Go ahead. Explain.  

25 PROFESSOR REYES: It gave us the lowest 
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1 temperature with repressurization.  

2 DR. BANERJEE: Oh, okay.  

3 PROFESSOR REYES: That was a combination.  

4 But in terms of overall the lowest 

5 temperature, it was the LOCAs, the small-break LOCAs.  

6 So, for example, here you have -- even with the 1.4

7 inch hot-leg break from hot zero power, we were down 

8 to about 177 degrees F.  

9 If these transients run out longer and 

10 your HPSI can keep up, you may repressurize those but 

11 it's very far out in the transient. So, there's a 

12 potential there.  

13 So, LOCAs gave us lower temperatures but 

14 they didn't go back to full pressure, although they 

15 did repressurize some.  

16 MEMBER FORD: Maybe you could give me a 

17 short tutorial as to whether my concern is a concern 

18 or not.  

19 PROFESSOR REYES: Okay.  

20 MEMBER FORD: When you're dropping the 

21 temperature from 600 or thereabouts down to 255, 

22 that's a big jump. Would you expect the metal surface 

23 temperature to change the same amount? 

24 PROFESSOR REYES: Well, this is where I 

25 think the -- for our facility, it did. But again, 
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1 we're very thin walls.  

2 MEMBER FORD: You have thin walls? 

3 PROFESSOR REYES: That's right.  

4 MEMBER FORD: So you've got huge heat mass 

5 in the -

6 PROFESSOR REYES: That's right. So, six 

7 inches. Maybe eight inches at some locations.  

8 So this, however, I think the computation 

9 methods that are available are certainly adequate to 

10 address that.  

11 MEMBER FORD: Well, you say you "think".  

12 I sure as heck don't know. Give me a feeling.  

13 PROFESSOR REYES: I'll show you some 

14 slides which show that the techniques that are 

15 available out there work very well in predicting 

16 temperature through the wall, external wall 

17 temperatures, and inside heat transfer coefficients.  

18 MEMBER FORD: Okay.  

19 PROFESSOR REYES: I'll present some of 

20 that.  

21 MEMBER FORD: Okay.  

22 MEMBER RANSOM: What were your original 

23 temperatures? 

24 PROFESSOR REYES: Another very good 

25 question. Four hundred and twenty degrees F. So, we 
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1 don't start at full temperature.  

2 In term of energy, if you just did kind of 

3 a global energy balance, you know, we're going from 

4 420 to an average of maybe 255 -

5 MEMBER FORD: So you're not simulating the 

6 full temperature nor are you simulating material 

7 geometries? 

8 PROFESSOR REYES: Right.  

9 MEMBER FORD: Do they give concern as to 

10 the accuracy, the realism of your final conclusions? 

11 PROFESSOR REYES: There are several ways 

12 of responding to that.  

13 In terms of energy scaling -- so this is 

14 scaled. This represents, in terms of that energy 

15 change overall if you did an integrated energy 

16 balance, it's about 270 of the energy of the actual 

17 plant. So, in terms of the transient, we can convert 

18 this back to what we would expect to see probably, 

19 expect to see in the Palisades plant.  

20 But, moreover, I think what I'm going to 

21 show you is that the phenomena that occur during this 

22 transient is important to how a code like RELAP, for 

23 example, might calculate this behavior. So 

24 benchmarking those codes against this data I think is 

25 probably the key thing. It's to show, not necessarily 
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1 that everything from this, not everything does scale 

2 - in the scaling report, I point that out -- but to 

3 show that the codes can actually predict the right 

4 phenomena. And there's some phenomena it just can't 

5 because it is three-dimensional.  

6 DR. BANERJEE: Are you going to show us 

7 sort of a schematics somewhere or what sort of the 

8 flow patterns and things were like? Are you coming to 

9 that? 

10 PROFESSOR REYES: Yes. I will show -

11 I'll give you some images and some measurements.  

12 DR. BANERJEE: Right. And how long does 

13 it stay at these temperatures? 

14 PROFESSOR REYES: That's just the minimum 

15 downcomer.  

16 DR. BANERJEE: Then it recovers? 

17 PROFESSOR REYES: Well, depending on the 

18 transient, some of them will stay kind of at a 

19 saturation condition and then they'll stay at that 

20 temperature for -

21 DR. BANERJEE: Is that saturation 

22 conditions or what in some of them? 

23 PROFESSOR REYES: For some of them, and 

24 some of them will be subcooled.  

25 DR. BANERJEE: So the black one is 
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1 obviously subcooled, right? 

2 PROFESSOR REYES: Correct.  

3 DR. BANERJEE: But let's say the 177 

4 Fahrenheit. Is that saturation? 

5 PROFESSOR REYES: That's still subcooled 

6 also.  

7 DR. BANERJEE: That's still subcooled.  

8 Right, of course. That's below the boiling point of 

9 water, right? 

10 PROFESSOR REYES: I've got analysis that 

11 shows what the, basically the worst case ones.  

12 DR. BANERJEE: Okay.  

13 PROFESSOR REYES:. Next slide.  

14 Okay. So as we performed this integral 

15 system tests, we observed several different phenomena 

16 that appear on the PIRT table that we thought were 

17 important to investigate. And one of the big ones is 

18 this primary loop stagnation during HPSI operation.  

19 The thought was, if you get to stagnation 

20 in the loop, now you're injecting this cold water into 

21 a stagnant system, that that would probably give us 

22 the worst-case conditions in terms of generating very 

23 strong plumes in the downcomer. And so we were 

24 curious as to how strong were these plumes and what 

25 were the mechanisms that caused loop stagnation for 
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1 the different cases we examined.  

2 So we had -- small-break LOCAs, main 

3 steam-line breaks were the two main categories we were 

4 looking at. What were the different stagnation 

5 mechanisms? Well, we narrowed it down to three: 

6 steam generator reverse heat transfer, and we saw that 

7 both in the small-break LOCAs and in the main steam

8 line breaks; steam generator tube draining, and we saw 

9 that in the small-break LOCAs above a certain size; 

10 and then cool liquid intrusion into the loop seal as 

11 a back flow. As a result of HPSI injection, it 

12 travels back along the bottom of the pipe and spills 

13 into the loop seals.  

14 Okay, next slide. And I'll describe each 

15 one of these here and provide you with some data.  

16 We'll start off with some tables and then eventually 

17 we'll get to some -

18 CHAIRMAN WALLIS: So you did get the 

19 stagnation in all these runs? 

20 PROFESSOR REYES: Every one except the -

21 CHAIRMAN WALLIS: That one.  

22 PROFESSOR REYES: Right. So, we did see 

23 stagnation.  

24 So our stepped inventory reduction, that 

25 was the goal of that test. So, we got all four legs 
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1 to stagnate. That was just due to the steam generator 

2 tube drain.  

3 The small-break LOCAs, we saw stagnation 

4 in two, three, and four cold-legs due to steam 

5 generator 1 and stem generator 2 reverse heat 

6 transfer. And then, negatively buoyant loop seals 

7 into the -- this cold water intrusion into loop seals.  

8 CHAIRMAN WALLIS: So you're running a 

9 complete transient. So, you get stagnation as some 

10 period in the transient? 

11 PROFESSOR REYES: That's right.  

12 CHAIRMAN WALLIS: You also get 

13 temperatures and so on. So you can then look back and 

14 say, was the shock to the wall the worst during the 

15 stagnation time or was it at some time before or 

16 after? How did stagnation relate to heat transfer 

17 going on in the downcomer and so on? You're going to 

18 give us that perspective? 

19 PROFESSOR REYES: Right, right. What I'll 

20 present is -- what we did was we looked at all the 

21 cases and looked at the downcomer temperatures, trying 

22 to determine when you have the steepest difference 

23 between plume temperature and ambient. And then also 

24 we looked at thermal stratification horizontally also 

25 in terms of the bottom of that active core region to 
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1 the top of the active core region.  

2 So, we did see stagnation. And we were 

3 able to identify stagnation in most of these tests 

4 with the idea that it was either due to one or a 

5 combination of these three mechanisms.  

6 Okay, next slide. And I'll try to show 

7 you some of the -- I'll describe each mechanism a 

8 little bit.  

9 Steam generator reverse heat transfer.  

10 During the main steam-line breaks, what happens is 

11 that the unaffected steam generator, the steam areas 

12 that's not broken remains liquid filled and isolated.  

13 So, it's a hot tank of water basically.  

14 And the cold-legs attached to that 

15 unaffected steam generator will eventually become 

16 stagnate. And the reason is you get, as the other 

17 broken steam generator blows down, we're moving a 

18 tremendous amount of energy from the primary side. We 

19 dropped the primary side temperature below the 

20 temperature on the shell side of the steam generator.  

21 So then that becomes the heat source and you stop the 

22 flow in those loops.  

23 For the stuck-open safety relief valve, in 

24 the 1.4-inch small-break LOCA tests, the steam 

25 generator also was a heat source. Stagnation occurred 
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1 because of this reverse heat transfer process before 

2 the tubes could actually drain. So that was really 

3 the primary mechanism for the stuck-open SRV. And, in 

4 fact, for some of these tests, the tubes never 

5 drained.  

6 Cold HPSI flow into the downcomer provided 

7 the positive driving head for natural circulation 

8 flow. So even when you had reversed heat transfer, it 

9 didn't happen when you see the temperature, when you 

10 first see the temperature of the primary drop below 

11 the temperature of the secondary. You'd think it 

12 would stop there, but it doesn't.  

13 What's happening is you're putting cold 

14 HPSI water into the downcomer. So, you're not driving 

15 it to keep the flow going. And so you have to have 

16 enough of a Delta-T to actually overcome the positive 

17 buoyancy created by this cold HPSI water being dumped 

18 at an elevation above the core into the downcomer.  

19 So the next slide shows a picture of that.  

20 Here, this was the Delta-T required to overcome the 

21 downcomer of buoyancy. So we're putting this cold 

22 water in, creating a -- so this is the test number 11, 

23 the main steam-line break at hot zero power. Here's 

24 the steam generator number 2 shell side temperature.  

25 And so you see it remains relatively flat. It's 
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1 isolated. It's just a hot tank of water.  

2 Here's the hot-leg temperature. You see 

3 that starts off above and then it comes down. But 

4 stagnation doesn't occur until about here, like 380 

5 seconds or so. So, that was a key. Steam generator 

6 reverse heat transfer was one of the major mechanisms 

7 for loop stagnation.  

8 Next slide. The other mechanism is steam 

9 generator tube draining. For the small-break LOCA 

10 tests greater than five centimeters, about two inches, 

11 stagnation was primarily determined or was caused by 

12 steam generator tube draining. And, we observed 

13 something interesting there also.  

14 We saw that the long tubes -- in our 

15 system, we have 133 U-tubes, we have a set of long 

16 tubes. Just like a real bundle, you have long tubes 

17 and then you have shorter tubes as you get to the 

18 interior of the bundle. The long tubes drained much 

19 earlier than the short tubes. So, primary loop 

20 natural circulation continued until the shortest tube 

21 is drained is what we observed.  

22 CHAIRMAN WALLIS: It's interesting if they 

23 were at zero length -

24 PROFESSOR REYES: Before you start.  

25 CHAIRMAN WALLIS: This is sort of 
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1 backwards from what you'd expect.  

2 MEMBER FORD: Is there a physical reason 

3 for that? 

4 PROFESSOR REYES: In terms of which drains 

5 -

6 CHAIRMAN WALLIS: The driving force is 

7 bigger for the longer tubes? 

8 PROFESSOR REYES: I guess I'm thinking 

9 about that you do have a longer tube -

10 DR. BANERJEE: I think if you break the 

11 natural circulation at the top -

12 PROFESSOR REYES: You break the natural 

13 circulation at the top, so you start seeing those 

14 tubes are bored first.  

15 In terms of resistance I guess on the 

16 outer tubes, they physically are longer tubes. So, 

17 you have a greater resistance in those so you expect 

18 a lower flow rate.  

19 CHAIRMAN WALLIS: So if they're drained to 

20 a certain height, they become short tubes? But 

21 apparently not because there's still that -- you 

22 haven't broken the seal in the top? 

23 PROFESSOR REYES: In the top, that's 

24 right. That's right. And we measured levels in our 

25 longest tubes and our shortest tubes, so I can show 
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1 you that.  

2 The thing that was interesting to me was 

3 that RELAP5 typically uses one tube to model the whole 

4 steam generator. And so in terms of when stagnation 

5 occurs, that can cause some difficulty because -- it 

6 works well on the average. But if stagnation doesn't 

7 really occur until the shortest tube is drained and 

8 you do see a ramp down in the flow rates, then that 

9 does give us a -- it sometimes tends to predict maybe 

10 a little too early. It's usually never too late.  

11 It's always early. So I guess in that sense it's a 

12 conservative effect.  

13 I know there was some look at some 

14 multiple tubes, like a 3-tube or more scenarios, which 

15 give somewhat better results I think.  

16 DR. BANERJEE: Did you get any ref lux 

17 condensation for any of these tests? Refluxing? 

18 PROFESSOR REYES: Yes. In this test 

19 number 2 we did. The problem was that those flows are 

20 so low and it's countercurrent in the hot-leg that we 

21 couldn't really measure. It's like a zero flow to us.  

22 CHAIRMAN WALLIS: Usually, the steam 

23 generators are a heat source? 

24 DR. BANERJEE: No. It's a heat sink 

25 usually. Here, sometimes it's usually a heat source.  
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1 CHAIRMAN WALLIS: It's a heat source quite 

2 a lot of the time? 

3 PROFESSOR REYES: That's right. That's 

4 right. So depending on how you treat your secondary

5 side, if you're not trying to stay within a certain 

6 band and you just isolate your steam generator, that's 

7 what'll happen. It eventually becomes a heat source.  

8 Okay, next slide. This shows a picture.  

9 Okay, this is a steam generator tube draining. Over 

10 here, this is our long tubes. They start at a higher, 

11 slightly higher elevation than our short tubes. These 

12 are actually looking at a -- we measure the DP on both 

13 sides of the tubes. So, we have a long tube. We're 

14 measuring the rising-side and the downside of the 

15 tubes. And, they actually mesh pretty well.  

16 So this shows they started draining about 

17 here, and eventually came down, and then the short 

18 tubes really didn't start to drain until about here.  

19 So you can see that they didn't empty until about 

20 here. So, it's about a 1,500 second difference.  

21 CHAIRMAN WALLIS: RELAP is somewhere in 

22 between with an average tube? 

23 PROFESSOR REYES: Right.  

24 CHAIRMAN WALLIS: Is RELAP there or not? 

25 PROFESSOR REYES: No, this doesn't show 
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1 any -

2 CHAIRMAN WALLIS: I know it doesn't, but 

3 do you remember where RELAP is? 

4 PROFESSOR REYES: I don't know for all the 

5 tests. And, so, I didn't run a calculation with the 

6 

7 MR. BESSETTE: So RELAP with single tube 

8 falls midway in between these two.  

9 CHAIRMAN WALLIS: It does? 

10 MR. BESSETTE: Yes. We looked, yes.  

11 PROFESSOR REYES: Okay, good.  

12 So certainly there might be some modeling 

13 improvements there in terms of a new methodology that 

14 could give us a more accurate prediction of when 

15 stagnation might occur.  

16 Okay. Next slide, please. The third 

17 stagnation mechanism was really quite a surprise to 

18 us. It was this cold liquid intrusion into the loop 

19 seals. This shows the transparent inversion of the 

20 loop seal. And what we use, we used saltwater and a 

21 fluorasine dye so that we could trace the fluid 

22 behavior.  

23 This is this little weir wall here. What 

24 we see is we maintain a certain level in our cold-leg 

25 as a result of this weir wall. You get a spillover.  
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1 For certain combinations of loop flow and injection 

2 flow, you get spillover back into the loop seal. And, 

3 eventually, you start filling this loop seal up with 

4 cold water.  

5 In our APEX-CE facility, the pressurized 

6 facility, we have thermocouples in our loop seals.  

7 So, we can tell when we're seeing a plume coming down 

8 and what the temperature is in the loop seal.  

9 What we found is when loop seal spillover 

10 begins, that we're producing basically a negatively 

11 buoyant section of pipe here. So, it's resisting the 

12 primary loop flow. What we saw was that when 

13 spillover occurred -- whatever loop seal the spillover 

14 occurs in first, we see that loop stagnate first.  

15 CHAIRMAN WALLIS: But RELAP wouldn't 

16 predict this at all? 

17 PROFESSOR REYES: RELAP couldn't predict 

18 this. No, because we've got the concurrent flow 

19 occurring in a single pipe. So, that's something that 

20 RELAP couldn't do.  

21 But this was actually the cause of 

22 asymmetric loop stagnation. So depending on which 

23 loop seal spilled over first would determine which 

24 cold-leg would become stagnant first. So in terms of 

25 the plant, depending on the discharge geometry of your 
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1 reactor coolant pumps, the height of that little lip 

2 will determine which cold-leg will become stagnant 

3 first.  

4 What we saw was that this only occurred in 

5 conjunction with another stagnation mechanism. So, 

6 essentially, you had to have either a reduced flow 

7 because of the steam generator reverse heat transfer 

8 or because your steam generator tubes were draining.  

9 And so, you'd see the cold-legs flow going down. So 

10 this only occurred when flows were low enough so that 

11 you can actually backflow.  

12 CHAIRMAN WALLIS: So this actually 

13 occurred in the heat transfer facility in APEX? 

14 PROFESSOR REYES: Absolutely, absolutely.  

15 So we observed the same phenomena in APEX.  

16 And all those tests, that table of tests, 

17 I identified a test where we saw this loop seal 

18 backflow. So, we have our temperature measurements.  

19 And you can see that in one loop seal the temperature 

20 stays relatively constant, and in the other loop seal 

21 you see this decay, just like a plume decay basically 

22 into a stagnant volume.  

23 And, it would only appear when the natural 

24 circulation flow was low enough to permit loop seal 

25 spillover. So there had to be some other mechanism to 
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1 drop that natural circulation flow low enough to allow 

2 you to spillback.  

3 DR. BANERJEE: So the cold water is coming 

4 from the injection? 

5 PROFESSOR REYES: Right.  

6 DR. BANERJEE: So you're saying it's 

7 stagnant because the net flow is zero or what? 

8 PROFESSOR REYES: No, there's actually 

9 flow this way.  

10 DR. BANERJEE: There's flow both ways, 

11 right? 

12 PROFESSOR REYES: That's right. So it's 

13 a countercurrent flow.  

14 DR. BANERJEE: Right. But when you say it 

15 stagnates, it stagnates with regard to cold flow or 

16 what? 

17 PROFESSOR REYES: Well, what I'm saying is 

18 that -

19 DR. BANERJEE: What do you mean by 

20 "stagnate"? 

21 PROFESSOR REYES: Oh, in terms of the 

22 loop. Okay. So once this loop -- that's a good 

23 question.  

24 Once this loop seal becomes cold, what we 

25 see is that the corresponding loop seal on the same 
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1 steam generator, you'll see a flow increase on that 

2 side. So, it's diverted. I'm told eventually the 

3 primary mechanism, which is either steam generator 

4 reverse heat transfer or steam generator tube 

5 draining, causes the other loop to stop flowing all 

6 together.  

7 So what we see here is that there's no -

8 at some point, this fills up with cold water and then 

9 there's no longer any positive flow through that loop 

10 to that cold-leg. But the adjacent cold-leg, attaches 

11 the same steam generator channel head, sees an 

12 increased flow until the main mechanism causes that 

13 loop to stagnate also.  

14 Okay. So this was interesting to me 

15 because this is an example of a local phenomenon 

16 affecting integral system behavior. And that's one 

17 that, when we ran the separate effects test without 

18 having the integral tests, we wouldn't really see, 

19 recognize very quickly, the fact that this has a 

20 potential for stagnating a loop. I thought that was 

21 a very interesting result.  

22 Okay. Next slide, please. Okay, another 

23 phenomenon, HPSI plume mixing behavior. We have a 

24 horizontal HPSI injection line in this design. What 

25 we saw for the flow rates that we were looking at, the 
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1 fluid number in this line always was less than one.  

2 And so we always had backflow. And there's a 

3 significant amount of warming of this fluid due to the 

4 backflow.  

5 CHAIRMAN WALLIS: I thought HPSI flow 

6 rates were much bigger than that, but apparently not.  

7 PROFESSOR REYES: I think it may just be 

8 primarily the CE designs. It's a design with a fairly 

9 low HPSI, injecting in through essentially a large 

10 diameter pipe, which would be like an accumulator 

11 line. And so you've got a small flow rate. The fluid 

12 numbers, again, were always maximum flow -

13 CHAIRMAN WALLIS: Some plants have HPSI 

14 coming in from above the pipe? 

15 PROFESSOR REYES: Yes, top injections.  

16 CHAIRMAN WALLIS: In which case you might 

17 get even more of this.  

18 PROFESSOR REYES: You get more mixing with 

19 the top injection I believe.  

20 DR. BANERJEE: So the check valve is 

21 somewhere back there? 

22 PROFESSOR REYES: Right, right. So it's 

23 coming in this way. Here's our cold-leg connection 

24 here, and we're seeing the backflow here.  

25 CHAIRMAN WALLIS: So these things are not 
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1 modeled in RELAP? 

2 PROFESSOR REYES: So this would be 

3 something else that couldn't be modeled in RELAP.  

4 MR. BESSETTE: In the plant, these flow 

5 velocities are one or two feet a second for 

6 Westinghouse and CE.  

7 CHAIRMAN WALLIS: How big is the pipe? 

8 MR. BESSETTE: It's about a six and half 

9 inch pipe in the plant. In B&W it's different. Flow 

10 velocity is about 20 feet a second.  

11 PROFESSOR REYES: Yes, so it's very 

12 geometry specific.  

13 In our transparent loop, what we did was 

14 we tried to determine how much of this backflow fluid 

15 would be entrained and mixed with the HPSI fluid. So, 

16 we were measuring density profiles in our cold-leg.  

17 And what we found was that we saw for a range of flow 

18 conditions here that covered the plant operation, we 

19 saw about one to three times of the HPSI was being 

20 entrained into this -

21 CHAIRMAN WALLIS: It's amazing.  

22 PROFESSOR REYES: It was a significant 

23 amount of mixing.  

24 CHAIRMAN WALLIS: So what's coming out is 

25 four times what goes in? 
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1 PROFESSOR REYES: So, in essence, that's 

2 right. You're mixing and entraining this fluid.  

3 DR. BANERJEE: It's a big vortex.  

4 PROFESSOR REYES: Yes. This goes way down 

5 to the end of the pipe. So, you're using all that 

6 surface area and you're just mixing all of that into 

7 it. So by the time your fluid gets to the bottom of 

8 the cold-leg, you've significantly warmed it up.  

9 CHAIRMAN WALLIS: Of course, this was 

10 foreseen by the CE designers.  

11 MEMBER RANSOM: There was a mention of a 

12 check valve. Is that a plant or your experiment? 

13 PROFESSOR REYES: Plant.  

14 MEMBER RANSOM: The plant actually has a 

15 check valve? 

16 PROFESSOR REYES: Right, located 

17 downstream of this pipe.  

18 MEMBER RANSOM: That's at the pump 

19 discharge? 

20 PROFESSOR REYES: No, no. It's actually 

21 in this injection line.  

22 MR. BESSETTE: Because in normal 

23 operation, plants in 2250 psi and max HPSI of 1600 

24 psi, you need a check valve there.  

25 MEMBER RANSOM: Did you mean a check valve 
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in the HPSI? 

MR. BESSETTE: Yes.  

MEMBER RANSOM: But this is the cold-leg.  

PROFESSOR REYES: No, this is the HPSI 

line.  

MEMBER RANSOM: Oh, that's the HPSI? 

PROFESSOR REYES: Yes. It's a little hard 

to see. The cold-leg is actually attached right here.  

MEMBER RANSOM: Oh.  

DR. BANERJEE: The cold-leg is bigger? 

PROFESSOR REYES: Yes.  

MEMBER RANSOM: Yes, all right.  

DR. BANERJEE: So it really depends on the 

level in the cold-leg too? I mean if the cold water 

goes up above then it doesn't work. So it has to be 

below this level, right? 

PROFESSOR REYES: That's right.  

DR. BANERJEE: So it's spilling out into 

the cold-leg? 

PROFESSOR REYES: That's a good point.  

Yes. And that's what we see in this design. It's 

pretty much like a waterfall coming in. It just 

spills to the bottom of the pipe, and then you have a 

head wave that goes out.  

Okay, next slide. So that was an 
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1 important behavior that, again, you really can't 

2 predict with a 1-B code.  

3 CHAIRMAN WALLIS: You'd better talk twice 

4 as fast in your second presentation.  

5 PROFESSOR REYES: Oh, man. Okay.  

6 Cold-leg fluid thermal stratification. We 

7 did observe thermal stratification in the cold-leg for 

8 all of our natural circulation flow rates. And we 

9 looked at core decay powers from one and half percent 

10 to about four percent decay.  

11 We have a core active that generates a 

12 natural circulation flow rate. Those are scaled to 

13 Palisades to about dne and a half to four percent.  

14 And our HPSI flow rate ranges from about 30 percent to 

15 100 percent of HPSI flow.  

16 We saw stratification in each of those.  

17 Now, the degree of stratification varied. As the 

18 natural circulation flow rate increased, the degree of 

19 stratification decreased. So, the more cold-leg flow, 

20 the less we saw in terms of stratification. But, 

21 there was always some present.  

22 The presence of that lip at the reactor 

23 coolant pump, discharge, enhanced thermal 

24 stratification in essence as a screen. So, you got 

25 kind of the flow above. So it allowed some 
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1 stratification to occur pretty much for all the cases.  

2 And the screening criteria we were using, 

3 which works pretty well for an unobstructed horizontal 

4 pipe -- and we have some good data comparing the 

5 criteria against the Creare data. So, it worked very 

6 well for that.  

7 And also, we have done some CFD 

8 calculations that show for an open horizontal pipe, 

9 that the screening criteria, as when do you go from 

10 well-mixed to stratified conditions, works pretty 

11 well. However, for this geometry, it didn't. It 

12 wouldn't predict a well-mixed condition because of the 

13 presence of this lip. We actually had stratification.  

14 So, this significantly affects the PTS 

15 assessment methodology that was used in the past. And 

16 we'll talk about that in my second, very fast 

17 presentation.  

18 DR. BANERJEE: If you didn't have the lip, 

19 does the screening criteria work? 

20 PROFESSOR REYES: It should work pretty 

21 well.  

22 DR. BANERJEE: It should or did you find 

23 it worked? 

24 PROFESSOR REYES: We didn't try this 

25 geometry. We didn't really do a test where we moved 
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1 the lip. But in previous tests that we performed or 

2 that were performed in the Creare tests and also even 

3 with some of the CFD calculations, we found that the 

4 screening criteria worked very well.  

5 DR. BANERJEE: But not in your facility? 

6 Did you do any tests in your own facility where it 

7 worked? 

8 PROFESSOR REYES: No. We always saw 

9 stratification.  

10 DR. BANERJEE: No. I mean you never took 

11 the lip out -

12 PROFESSOR REYES: No, we didn't.  

13 DR. BANERJEE: -- in any tests you've done 

14 ever in your whole life? 

15 PROFESSOR REYES: Oh, oh. Now for another 

16 plant that we did perform tests, that's right, there 

17 was no lip there. But then the geometry was a bit 

18 different also.  

19 DR. BANERJEE: But did the criterion work? 

20 PROFESSOR REYES: That's a good question.  

21 We haven't applied it to that I don't think.  

22 CHAIRMAN WALLIS: It's a two Froude number 

23 thing, is it? 

24 PROFESSOR REYES: Yes, that's right.  

25 Froude number cold-leg squared plus -
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1 DR. BANERJEE: Are there any other 

2 integral tests where the criterion has been tested? 

3 Integral tests, not separate effects.  

4 PROFESSOR REYES: I don't believe in 

5 integral tests, no. I think -- we did some testing in 

6 the AP600 geometry. For that one, we used -- we did 

7 apply it to that and it worked well. And we also 

8 applied CFD calculations to that configuration, and 

9 the CFD was predicting that transition from stratified 

10 to well-mixed conditions.  

11 DR. BANERJEE: Well, CFD has a lot of 

12 problems because turbulence is very strongly damped at 

13 that interface. So I don't think any CFD codes can 

14 cap that mixing properly.  

15 PROFESSOR REYES: We did see problems with 

16 that -

17 CHAIRMAN WALLIS: I think it's more of a 

18 criterion, which is not too sensitive to mixing, isn't 

19 it? It's sort of an ideal flow criterion, 

20 countercurrent flow Froude number instability, and 

21 it's not too dependent on turbulence.  

22 PROFESSOR REYES: That's true.  

23 DR. BANERJEE: If it's not turbulent 

24 mixing, it's just sort of Kelvin-Helmholtz.  

25 PROFESSOR REYES: Yes, it's like a lock 
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1 exchange problem.  

2 Okay. So that does affect the PTS 

3 assessment methodology that was used in the past 

4 because there may be some geometries where it doesn't 

5 work.  

6 Next slide, please. Okay, stratification.  

7 We have temperature rates inside of our cold-legs. So 

8 we're going from, this is the top of the cold-leg to 

9 the bottom of the cold-leg. So at the top of the 

10 cold-leg, we're seeing these temperatures up here.  

11 This would be the bottom of the cold-leg.  

12 What this shows is that for different core 

13 decay powers, which corresponds to a different natural 

14 circulation flow rate -

15 CHAIRMAN WALLIS: There are eight 

16 different runs here on the same figure? 

17 PROFESSOR REYES: Right. And then, we 

18 actually - and this is for cold-leg number four.  

19 There's another slide like this for cold-leg three, 

20 which I omitted, but similar trends.  

21 So what we did was we varied the HPSI 

22 injection, cold-leg three and four. So, there are 

23 actually 16.  

24 CHAIRMAN WALLIS: So you used 

25 stratification in every run essentially? 
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1 PROFESSOR REYES: That's right. So you 

2 can see even for the highest case, which was about 

3 four percent in decay power in the real plant, we had 

4 some stratification.  

5 Now, the temperature -- but there is some.  

6 DR. BANERJEE: The "LPM" means? 

7 PROFESSOR REYES: Liters per minute. This 

8 is what we were measuring in volumetric fluid.  

9 DR. BANERJEE: This is your injection 

10 rate? 

11 PROFESSOR REYES: Correct.  

12 And then the top number is our core power.  

13 That gave us the cold-leg flow rates.  

14 MEMBER RANSOM: Is the time scale okay 

15 here, or do all of these occur at different times? 

16 PROFESSOR REYES: Right. This test was 

17 done as a parametric study. So you can see that what 

18 we would do is we would set up an initial set of 

19 conditions, we'd let the test run, and then we would 

20 heat it up. I mean we would turn on our pumps, mix 

21 again and get to initial conditions, and then start 

22 with another set.  

23 So, we ran through these tests in one day 

24 basically, trying to get a feel for what the 

25 stratification might look like. And then you get this 
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1 kind of an exponential decay.  

2 DR. BANERJEE: This was actually real-time 

3 sort of? 

4 PROFESSOR REYES: That's correct.  

5 DR. BANERJEE: Turned it on, organized it, 

6 and then started it again? 

7 PROFESSOR REYES: That's right. And I'll 

8 show you some data how you collapse this data with 

9 very simple scaling. In fact, I've collapsed all 16, 

10 or all eight of these tests onto one line with a very 

11 simple scaling equation. So, it's a nice way to do 

12 it.  

13 MEMBER FORD: Is there a physical limit as 

14 to -- it seems from this data that the higher the flow 

15 rate, the greater the temperature drop. It seems to 

16 make sense.  

17 PROFESSOR REYES: Right.  

18 MEMBER FORD: Is there a physical limit as 

19 to how far down it can go? 

20 PROFESSOR REYES: This temperature -

21 MEMBER FORD: If you went up to five or 

22 six liters per minute, would it be down to 340 

23 degrees? 

24 PROFESSOR REYES: Well, what you'd see -

25 one of the things about having this core decay heat, 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

1323 RHODE ISLAND AVE., NW.  
(202) 234-4433 WASHINGTON, D C. 20005-3701 www.nealrgross com



152 

1 that may become more important. But, this will level 

2 out. If you increased the flow rate, you would see 

3 it. But at this point, some of these are already at 

4 100 percent flow. So, you wouldn't expect -- only if 

5 there was a changed in the plant I guess.  

6 MEMBER FORD: Now that's 100 percent flow 

7 for the pump. How does that relate to the real plot? 

8 PROFESSOR REYES: A hundred percent.  

9 MEMBER FORD: Okay.  

10 PROFESSOR REYES: So it's scaled.  

11 MEMBER FORD: It's scaled.  

12 PROFESSOR REYES: So if you take your 

13 numbers and multiply these numbers by 270, that would 

14 be the plant, the corresponding plant conditions.  

15 CHAIRMAN WALLIS: Would it be a different 

16 scaling law, not be able to get the minimum to go 

17 lower? 

18 PROFESSOR REYES: In terms of this? 

19 CHAIRMAN WALLIS: If you were suspicious 

20 about your scaling law, so you say let's run five 

21 liters per minute.  

22 PROFESSOR REYES: Right, right. I can 

23 show you -

24 CHAIRMAN WALLIS: You can't go lower -

25 PROFESSOR REYES: Yes, I'll show you the 
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1 slides. That's right. You can do that by hand. Good 

2 point.  

3 Okay, next slide. Okay, so that was the 

4 stratification in the cold-legs.  

5 Downcomer plume behavior. We looked at 

6 HPSI flow into stagnant cold-legs. We saw that they 

7 did produced plumes, but they were relatively weak.  

8 We could detect them eight cold-leg diameters down.  

9 But in terms of their strength, they were a lot less 

10 - by strength, I mean the temperature along the 

11 centerline of the plume verses the ambient 

12 temperature. That Delta-T was not very large.  

13 We ran a maximum test corresponding to 

14 about 150 percent of the Palisades HPSI flow into a 

15 single stagnant cold-leg, and that gave us a plume 

16 with about a four degree K temperature less than the 

17 surrounding ambient fluid.  

18 The maximum HPSI flow into two adjacent 

19 stagnant cold-legs resulted in plume merger. The two 

20 plumes actually merged, and the coldest point was not 

21 below a cold-leg, but between cold-legs. I thought 

22 that was important to note.  

23 CHAIRMAN WALLIS: These plumes are weak 

24 because of all the mixing in the HPSI line and the 

25 cold-leg? 
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1 PROFESSOR REYES: I think a big part of it 

2 is because of the mixing in the HPSI line and in the 

3 cold-leg.  

4 Then if we used three or four HPSI 

5 injection nozzles, what we saw was that the whole 

6 downcomer became well mixed. And, it was a fairly 

7 flat profile. So temperature went down, but it was a 

8 flat profile in the downcomer, very uniform around.  

9 So for two, you get that plume merging.  

10 And I think that probably gave us the largest -

11 DR. BANERJEE: This is with a horizontal 

12 line, right? 

13 PROFESSOR REYES: A horizontal injection 

14 into the cold-leg, and then horizontal injection 

15 connected to a downcomer. So that was for stagnant 

16 conditions. We also did it for flow conditions.  

17 CHAIRMAN WALLIS: Can we see the next 

18 figure? 

19 PROFESSOR REYES: Next slide, please.  

20 This show this one case, test number 14.  

21 We were looking at -- this is kind of, the ambient 

22 temperature around here is about 427 degrees K. And 

23 here is the minimum temperature, somewhere around 423.  

24 This is the region directly below cold-leg 

25 four. Here's is cold-leg two. We were injecting only 
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1 through cold-leg two and cold-leg four.  

2 CHAIRMAN WALLIS: The different codes are 

3 for different numbers of diameters down below the cold 

4 legs, is it? 

5 PROFESSOR REYES: That's correct.  

6 CHAIRMAN WALLIS: It hasn't attenuated 

7 much by the time it gets to -

8 PROFESSOR REYES: It doesn't attenuate 

9 much.  

10 CHAIRMAN WALLIS: So it hasn't mixed much.  

11 If it goes to 16 diameters, it's still recognizable 

12 presumably? 

13 PROFESSOR REYES: I don't we saw it at 16.  

14 DR. BANERJEE: Certainly at eight inches.  

15 PROFESSOR REYES: So we're here around 

16 eight. So, this is eight. It is a bit warmer here.  

17 DR. BANERJEE: So in fact the whole things 

18 turns very much on what temperature it's spilling out 

19 at because it essentially doesn't mix once it spills? 

20 It doesn't look like it mixes.  

21 CHAIRMAN WALLIS: I think you're going to 

22 show us later on that it does mix, aren't you? 

23 DR. BANERJEE: It doesn't mix very much.  

24 CHAIRMAN WALLIS: Nor in this figure.  

25 PROFESSOR REYES: This is the case where 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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



156 

1 you see plume merging. So now you've got two plumes 

2 joining and feeding one, which in the previous study 

3 we didn't look at that plume interaction.  

4 DR. BANERJEE: You mean they get sucked 

5 towards each other? 

6 PROFESSOR REYES: Yes.  

7 DR. BANERJEE: That's interesting.  

8 PROFESSOR REYES: Yes, yes.  

9 Okay, next slide. Now I'll talk a little 

10 more about that.  

11 CHAIRMAN WALLIS: Everything you've told 

12 us so far looks interesting and new compared with the 

13 way people were looking at this 10 years ago.  

14 PROFESSOR REYES: Right.  

15 For conditions of loop natural 

16 circulation, we were interested in this region, where 

17 if you have a plume in cold flow -- now the ambient 

18 fluid is moving close to the same velocity as the 

19 plume. The relative velocity between the plume and 

20 the ambient would be less. And so potentially, this 

21 would keep the plume intact longer. And so there's 

22 been some good work done on that.  

23 But in practice what we saw as we 

24 increased our flow rate by increasing core decay 

25 power, you're putting more flow through your cold-legs 
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1 and it just overwhelms the -- you can't observe the 

2 behavior because it overwhelms the mixing in the cold

3 leg.  

4 So, in practice, the cold flow in the 

5 downcomer is caused by a cold-leg flow. And by 

6 increasing the cold-leg flow, we have more mixing in 

7 the cold-leg. As a result, we can't detect the 

8 difference.  

9 DR. BANERJEE: But this is a very strong 

10 function of scale because the surface area of the cold 

11 flow to the hot flow will vary to the volume very 

12 enormously with the diameter of the pipe. Right? The 

13 volume goes up as the cube and the other goes as the 

14 square or whatever, something like that.  

15 PROFESSOR REYES: So how you define your 

16 geometry, your plume at the outlet is -

17 DR. BANERJEE: What I mean is if you've 

18 got a four-inch pipe, the surface area for mixing, 

19 let's say the diameter, okay, and underneath is pi(D) 

20 or something, or pi(D) squared actually. So, as you 

21 go up, your mixing area to the volume changes the 

22 ratio because it's one over D roughly. So, in fact, 

23 the scaling is very poor for large pipes.  

24 CHAIRMAN WALLIS: We've also scaled the 

25 flow rate by Froude number or something. So you 
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1 better look into the interaction between the different 

2 scalings.  

3 DR. BANERJEE: Yes. So as far as the 

4 mixing in the pipe is concerned, you may be getting 

5 completely wrong results.  

6 PROFESSOR REYES: In terms of what sense? 

7 DR. BANERJEE: In terms of mixing.  

8 PROFESSOR REYES: The transition we feel 

9 we've got.  

10 CHAIRMAN WALLIS: They won't be completely 

11 wrong. They might be not exactly scaled.  

12 DR. BANERJEE: Well, they won't be wrong.  

13 That size is fine.  

14 CHAIRMAN WALLIS: So you might want to run 

15 tests, which cover a bigger range than just a 

16 straightforward scaling range.  

17 PROFESSOR REYES: Right. And maybe some 

18 other conditions.  

19 MEMBER FORD: Jose, could you go back to 

20 the previous slide please.  

21 If you had only one nozzle operating, say 

22 CL-4, presumably the plume would be symmetrical around 

23 that one nozzle? 

24 PROFESSOR REYES: Yes, and it'll kind of 

25 meander about that location.  
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1 MEMBER FORD: Right. Now the minimum 

2 temperature presumably is going to get higher than the 

3 one that you show there, where the two plumes merge.  

4 Is that correct? 

5 PROFESSOR REYES: Right. That is correct.  

6 MEMBER FORD: Does the RELAP code predict 

7 that? 

8 PROFESSOR REYES: What I've seen is that 

9 RELAP does a good job predicting the well-mixed 

10 temperature in the downcomer.  

11 CHAIRMAN WALLIS: RELAP says nothing about 

12 plumes at all.  

13 PROFESSOR REYES: You're right, it 

14 doesn't.  

15 CHAIRMAN WALLIS: It's one-dimensional.  

16 DR. BANERJEE: Is your length scaled down 

17 as well? 

18 PROFESSOR REYES: Right.  

19 DR. BANERJEE: So the length is one

20 quarter, and your diameter is what? 

21 PROFESSOR REYES: About one-eighth in this 

22 design.  

23 DR. BANERJEE: The diameter is one-eighth, 

24 length is one-quarter? 

25 PROFESSOR REYES: I think that's about 
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1 right, yes.  

2 CHAIRMAN WALLIS: You have to look at all 

3 this having relationships.  

4 PROFESSOR REYES: It actually started up 

5 with a top down looking at the integral behavior, and 

6 then trying to match our HPSI injection diameter 

7 Froude numbers and then our cold-leg Froude numbers, 

8 getting those to match.  

9 DR. BANERJEE: And your HPSI line is also 

10 one-quarter length from the check valve? 

11 PROFESSOR REYES: Correct.  

12 DR. BANERJEE: To the actual plant? 

13 PROFESSOR REYES: Right. That's right.  

14 DR. BANERJEE: The diameter is one-eighth? 

15 PROFESSOR REYES: I'd have to check the 

16 diameter. I don't recall.  

17 We scaled that diameter to match the HPI 

18 Froude number so that we would see if backflow was 

19 occurring.  

20 Okay, next slide.  

21 CHAIRMAN WALLIS: So it's a full-scale 

22 plant, but some of the diameters have a different 

23 scale because of Froude numbers? 

24 PROFESSOR REYES: Right, because of Froude 

25 numbers.  
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1 Okay. This is a picture from the IVO test 

2 in Finland. And they did some very high injection 

3 flow rates with co-flow. And we were interested to 

4 determine, at least from the Palisades plant, if we 

5 would see thermal stratification horizontally.  

6 So, as you fill up, you basically get this 

7 thermally stratified region, which increases. Now 

8 from the dye you really can't tell the strength of the 

9 plume.  

10 CHAIRMAN WALLIS: They seem to have a 

11 column of dye, which doesn't mix at all.  

12 PROFESSOR REYES: Yes.  

13 So you don't see -- it's difficult to tell 

14 the strength from just the picture. And I don't think 

15 they've actually measured conductivities.  

16 CHAIRMAN WALLIS: I thought the message we 

17 got the last time we talked to you was that everything 

18 was mixed out after a few diameters. And now there 

19 seems to be a different message.  

20 PROFESSOR REYES: Well, I think the 

21 message, at least for the Palisades, is that what we 

22 see is the temperature difference between the plume 

23 and the ambient is not very great.  

24 DR. BANERJEE: But that's only because of 

25 mixing in your cold-leg. And I think that's happening 
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1 in the downcomer. The downcomer is not mixing at all.  

2 PROFESSOR REYES: I think the cold-leg 

3 dominates, yes. I mean actually that -

4 DR. BANERJEE: I mean provided that is 

5 correct, then whatever -

6 CHAIRMAN WALLIS: Let's get some later 

7 data and see if that's the case.  

8 PROFESSOR REYES: So we were curious about 

9 -- again, this is between 2.4 and 6.8, whether we see 

10 thermal stratification this way. So instead of 

11 looking at just the plume verses the ambient, we 

12 wanted to know if there was anything in temperature 

13 difference between the bottom and top of those 

14 regions.  

15 Next slide. So the maximum flow 

16 temperature differences we observed from the 2-D 

17 elevation all the way down to the 8-D elevation -- for 

18 this one we used the 50-second average. So this 

19 temperature condition essentially was there for 50 

20 seconds -- was about 13.6 degrees K. And that's for 

21 test number 9. And that was a stuck-open pressurizer 

22 safety relief valve case.  

23 The primary reason for this temperature 

24 difference was because you had a saturated layer at 

25 this location. The next slide shows that temperature 
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1 profile. So you mostly had saturated water up here, 

2 and then you can see it's fairly compressed down below 

3 here. So, this is eight diameters down, four 

4 diameters, three diameters, and then a big jump off to 

5 the 2-D.  

6 DR. BANERJEE: So there was an interface 

7 there? 

8 PROFESSOR REYES: Yes. So basically what 

9 this is showing is sort of a thermally stratified 

10 interface only going up the downcomer.  

11 DR. BANERJEE: But is that, the top, is 

12 that just saturated water or is there steam in there 

13 as well? 

14 PROFESSOR REYES: I believe this is 

15 saturated liquid.  

16 DR. BANERJEE: Just saturated liquid.  

17 There's not steam. So it formed a thermal climb? 

18 PROFESSOR REYES: That's right. And then 

19 you can see that the temperature grains are fairly 

20 flat around there. And I guess this is one of the -

21 a little bit of a dip there.  

22 So in terms of stratification, this was 

23 the worst case, about 13.6 degrees K from the 8-D up 

24 to the 2-D.  

25 DR. BANERJEE: Did this thermal climb sort 
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1 of move around or did it stay? 

2 PROFESSOR REYES: With time. Now, 

3 depending on the transient, with time you would see 

4 this change. It would either go up or -

5 DR. BANERJEE: How quickly did it move? 

6 PROFESSOR REYES: This was very slow, so 

7 I did an average. This was a 50-second average. I 

8 did the same average over 1,000 seconds and it looked 

9 very similar.  

10 DR. BANERJEE: Oh really? 

11 PROFESSOR REYES: Yes, it didn't really 

12 change.  

13 CHAIRMAN WALLIS: Is this fed by plumes 

14 that come down and then mix when they get down into 

15 that region? 

16 PROFESSOR REYES: Right. It's just cold 

17 water mixing. But again, this temperature difference 

18 is not very great.  

19 DR. BANERJEE: It's like the Finnish 

20 experiment you were showing us? 

21 PROFESSOR REYES: Right. Except -

22 CHAIRMAN WALLIS: You don't share the 

23 plumes in this? 

24 PROFESSOR REYES: We don't. That's right.  

25 It's hard to see.  
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volume?

PROFESSOR REYES: It's like a well-mixed 

volume, yes. And I wanted to see how well that 

compared to our parametric tests. So where this 

dimensionless mixed -

CHAIRMAN WALLIS: So a one-node model? 

PROFESSOR REYES: A one-node model 

basically.
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DR. BANERJEE: Well, it really depends on 

the relative -- how cold the plume is. If it's 30 

degrees below, then it'll be at 30 degrees. If it's 

50 degrees, it'll be 50 degrees, right? 

PROFESSOR REYES: Yes, it depends on the 

plume strength.  

Okay, next slide. So, thermal 

stratification, I mentioned in our scaling analysis 

report, there were some attempts to try to collapse 

some of the data or come up with some techniques. And 

so, we issued this before we ran the test.  

And a very simple equation is derived 

there in terms of the mixture temperature, the mean 

mixture temperature. This dimensional temperature can 

be related to a dimensionless time just by use of the 

negative feed.  

CHAIRMAN WALLIS: It's like a well-mixed

(202) 234-4433 www.nealrgross com
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1 CHAIRMAN WALLIS: That's a good place to 

2 start.  

3 PROFESSOR REYES: Yes, it's kind of 

4 amazing.  

5 These tests, they're a little bit 

6 different, is that this included the HPSI flows. So 

7 this Ti is kind of an ideal mixed temperature, which 

8 is average if we're using the volumetric flow of the 

9 HPSI. So Q-HPSI, T-HPSI plus Q-cold leg, T-cold leg 

10 kind of thing.  

11 And then this time constant here is 

12 essentially just the mixing volume divided by the HPSI 

13 flow rates.  

14 CHAIRMAN WALLIS: This is one of those 

15 academic studies? 

16 PROFESSOR REYES: This is one of those 

17 academic studies, yes.  

18 Next slide.  

19 CHAIRMAN WALLIS: And it works? 

20 PROFESSOR REYES: It worked.  

21 So the temperature that we're using for a 

22 mixed mean is the inlet temperature for the core. So 

23 it's basically gone through the whole downcomer, and 

24 you're coming out of the downcomer through a turn, 

25 where it mixes some more. And it's the inlet 
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1 temperature -

2 DR. BANERJEE: Go back to last slide.  

3 What is TL? 

4 PROFESSOR REYES: T would be the cold-leg 

5 fluid temperature.  

6 DR. BANERJEE: And T,? 

7 PROFESSOR REYES: T, is a volumetrically 

8 averaged temperature.  

9 DR. BANERJEE: It's the inlet temperature? 

10 PROFESSOR REYES: No. It's basically T

11 HPSI, Q-HPSI for Q being a volumetric flow rate plus 

12 T-cold leg, Q-cold leg.  

13 DR. BANERJEE: So TL into QL? 

14 (No response.) 

15 DR. BANERJEE: Is TL the cold-leg? 

16 PROFESSOR REYES: The cold-leg 

17 temperature.  

18 DR. BANERJEE: So Tr is equal to QL and to 

19 TL and to Q-HPSI and to T-HPSI? 

20 PROFESSOR REYES: Divided by -

21 DR. BANERJEE: But does the T-HPSI include 

22 the backflow or is it a theoretical -

23 PROFESSOR REYES: No, it's separate. It 

24 didn't include the backflow.  

25 DR. BANERJEE: It did not include? 
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1 PROFESSOR REYES: Right.  

2 DR. BANERJEE: But now coming -

3 PROFESSOR REYES: But when you're doing 

4 this calculation, you're assuming everything is well 

5 mixed by the time you get to the core inlet. So, 

6 that's why that's -

7 DR. BANERJEE: So you're just mixing the 

8 two streams, that's all you're doing? 

9 PROFESSOR REYES: Yes.  

10 DR. BANERJEE: So it's like a CSDR. It's 

11 just like a big chain reaction.  

12 PROFESSOR REYES: That's right.  

13 And so when you do have well-mixed 

14 conditions, you can expect to predict reasonably well 

15 the mixed mean temperature.  

16 And, in fact, when I talk about the REMIX 

17 model, it really was based on this idea that you could 

18 predict the well-mixed temperature very well. And 

19 then you have some additional correlations to -

20 deviations from the well-mixed.  

21 CHAIRMAN WALLIS: This Tau-m comes from 

22 the volume in the flow rate? 

23 PROFESSOR REYES: Correct.  

24 DR. BANERJEE: It's a space -

25 PROFESSOR REYES: Yes.  
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1 MEMBER RANSOM: It's the volume and the 

2 mass flow rate through the volume, the Tau-m? 

3 DR. BANERJEE: Yes, it's the transient 

4 time basically.  

5 MEMBER RANSOM: Well, it's -

6 CHAIRMAN WALLIS: It's volumetric flow 

7 rate.  

8 PROFESSOR REYES: Well, these tests were 

9 done with a constant HPSI flow.  

10 CHAIRMAN WALLIS: You didn't tune 

11 anything? You didn't assume? You didn't tune 

12 anything? 

13 PROFESSOR REYES: The tuning on this 

14 occurs -- in the scale report, I described this in 

15 terms of -

16 CHAIRMAN WALLIS: So you did tune it? 

17 PROFESSOR REYES: In terms of the volume, 

18 there's some tuning of course.  

19 CHAIRMAN WALLIS: So it's not just volume 

20 divided by flow rate? 

21 PROFESSOR REYES: That's kind of the ideal 

22 case. In the scaling report, I tried to include some 

23 of the effects of heat transfer from the wall. And 

24 that just falls out of the energy equations. And so 

25 in the end it winds up being volume over HPSI plus a 
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1 factor, which is a function of the biot number.  

2 CHAIRMAN WALLIS: Oh, so there is a -

3 PROFESSOR REYES: So that biot number -

4 I don't know how much of the wall is interacting, so 

5 there is a fudge factor.  

6 DR. BANERJEE: But nonetheless, what 

7 you're saying is that the combination of the cold-leg 

8 and the line leading up to the -- from the check valve 

9 to the injection point, if you take that volume as the 

10 well-mixed volume, at least the exit of it, then 

11 you're just homogenizing everything? 

12 PROFESSOR REYES: Yes. And this is even 

13 more extreme because I'm saying we're mixing in the 

14 downcomer, and now we're measuring the temperature 

15 that's at the inlet of the core. And I'm calling that 

16 the mixed temperature.  

17 DR. BANERJEE: The inlet of the core? 

18 PROFESSOR REYES: The inlet of the core.  

19 So, we've gone through the whole thing. I've got a 

20 physical temperature measurement. And now if I want 

21 to predict the inlet -- the temperature to that core, 

22 I can predict that with this technique.  

23 DR. BANERJEE: The TM.  

24 PROFESSOR REYES: The TM, the well-mixed 

25 mean.  
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DR. BANERJEE: I see. But your picture 

shows also some stratification and stuff, the last 

picture you showed us. Right? The previous one.  

Go back to the other one.  

PROFESSOR REYES: This is in the cold-leg.  

DR. BANERJEE: So why should the other one 

work? I mean this is separated, right? 

(No response.) 

DR. BANERJEE: Is this in the cold-leg? 

PROFESSOR REYES: I'm sorry. This is 

downcomer. But this is at eight diameters. So, I 

haven't shown you -- so we're still fairly high up.  

DR. BANERJEE: Right. But I mean, do you 

think it gets hotter underneath or what? 

PROFESSOR REYES: I think it just mixes.  

You don't see this -

CHAIRMAN WALLIS: I think the actual 

volume that's mixed is changing, but not enough to 

change this exponential -

PROFESSOR REYES: Exactly.  

CHAIRMAN WALLIS: The actual mixed volume 

is changing throughout this.  

PROFESSOR REYES: Throughout the
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1 enough to make a significant difference to your 

2 exponential.  

3 PROFESSOR REYES: And the reason it worked 

4 also is because, again, these were those eight 

5 parametric tests and they were very short transients.  

6 So, the volume does change.  

7 And so there are some things in terms of 

8 recommendations, CFD verses the simpler codes, I'd 

9 like to make when we get to that part of it.  

10 DR. BANERJEE: But what relevance does 

11 your, that curve have to what the thermal shock 

12 problem is here? 

13 PROFESSOR REYES: Oh, okay.  

14 DR. BANERJEE: From here you can see there 

15 is a change. And depending on how cold the water 

16 coming out of your cold-leg is, it will stratify.  

17 There's a region where you're going to get a very high 

18 change in temperature in this.  

19 PROFESSOR REYES: Right. So at least from 

20 the standpoint of coming up with a mixed mean 

21 temperature, what I'm trying to say is that you can 

22 scale some of the temperature behavior.  

23 So I could use the same approach with 

24 Palisades and say, okay, here's an exponential decay, 

25 which you can do by hand, and determine kind of what 
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1 you would expect the mixed behavior to be. And that's 

2 how some codes work. They deviate from that point.  

3 But we'll talk about STAR-CD and some of 

4 the other things. We'll talk about a better approach.  

5 MEMBER FORD: Jose? 

6 PROFESSOR REYES: Yes.  

7 MEMBER FORD: Presuming these data refer 

8 to 7,000 seconds after you start, the 6903? 

9 PROFESSOR REYES: Right. That's correct.  

10 MEMBER FORD: At a given location, eight 

11 diameters, what does the Delta-T verses time 

12 relationship look like? 

13 PROFESSOR REYES: So you -

14 MEMBER FORD: One particular thermocouple.  

15 PROFESSOR REYES: This is fairly flat.  

16 So, again, I did a 50-second and we started off with 

17 1,000 a second. It changes some, but not very much.  

18 MEMBER FORD: Okay. So what about -

19 PROFESSOR REYES: This is just averaging 

20 these thermocouples over a 50-second period.  

21 MEMBER FORD: So if it levels out at two 

22 seconds or five seconds, there's presumably not much 

23 difference because of the heat capacity of the 

24 material. Is that right? 

25 PROFESSOR REYES: So what we saw is -- I 
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1 picked the worst case.  

2 MEMBER FORD: Okay. Those are the maximum 

3 over time.  

4 PROFESSOR REYES: These are maximum for 

5 this test. That's right, yes.  

6 DR. BANERJEE: What is really means though 

7 from what you're showing is that Delta-T over Delta-X 

8 are very high because this is a very sharp interface 

9 and they're just sitting there. It moves a little bit 

10 up and down. But you've got, the change in 

11 temperature with space is very sharp because of 

12 thermal climb. So that means it's cold on top or hot 

13 on top and cold at the bottom. So, there's a sharp 

14 change in temperature at that point.  

15 CHAIRMAN WALLIS: So you've got sort of 

16 thermal stresses both radially and vertically set off 

17 by temperature grains both radically and vertically.  

18 MEMBER RANSOM: I guess the other message 

19 is the change in temperature is relatively small 

20 compared with the overall temperature.  

21 DR. BANERJEE: Isn't that the mixing model 

22 -- that his scaling of mixing is correct. I doubt if 

23 -- well, you could look at it in more detail, but when 

24 you've got a big pipe, that big -

25 MEMBER RANSOM: Well, this is not based on 
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1 his mixing model. This is based on his test results.  

2 DR. BANERJEE: No, no. It's based on the 

3 fact that he scaled the temperature of his -- I mean 

4 his diameter of his tube.  

5 MEMBER RANSOM: Downcomer and the tube.  

6 DR. BANERJEE: Yes.  

7 MEMBER RANSOM: So you're saying the 

8 scaling of the experiment is not -

9 DR. BANERJEE: May or may not. I don't 

10 know.  

11 MEMBER RANSOM: May or may not be 

12 reassuring.  

13 DR. BANERJEE: That's something that has 

14 to be examined very carefully.  

15 CHAIRMAN WALLIS: Jose, you've got a lot 

16 more in this presentation too? 

17 PROFESSOR REYES: That's very true.  

18 There's actually a lot of information to present.  

19 CHAIRMAN WALLIS: You actually should've 

20 asked for twice as much time as you have.  

21 PROFESSOR REYES: Maybe three times.  

22 CHAIRMAN WALLIS: Okay, three times.  

23 PROFESSOR REYES: Okay. Well, we're close 

24 to the very end of this first half.  

25 One of the things I wanted to do, as we 
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1 developed an understanding of all these different 

2 phenomena, how it might affect the ranking of the 

3 PIRTs. So the two, the main steam-line break and 

4 small-break LOCA PIRTs -

5 CHAIRMAN WALLIS: We can move on to the 

6 next page. We realize you might have to reassess some 

7 PIRTS.  

8 PROFESSOR REYES: Okay. These items still 

9 remain high. Of course, the reason for that is the 

10 degree of cold-leg thermal stratification and the 

11 downcomer plume strength. So, that appeared over and 

12 over with regard to these. So those phenomena remain 

13 high.  

14 The one thing that I've added is this 

15 number, HPSI flow rate and HPSI number. The number 

16 can affect the outcome. Because if they're two 

17 adjacent cold-legs, you can have plume merging and 

18 that might change your results.  

19 DR. BANERJEE: It seems to me HPSI 

20 orientation is another factor, right? 

21 PROFESSOR REYES: Right, the geometry. I 

22 don't know if I included that or not.  

23 CHAIRMAN WALLIS: And the flow rate -- the 

24 Froude number is very important.  

25 PROFESSOR REYES: The buoyant backf low is 
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1 affected by the HPSI line geometry and flow rate.  

2 CHAIRMAN WALLIS: This is a new PIRT 

3 really, isn't it? 

4 (No response.) 

5 CHAIRMAN WALLIS: You're making a new PIRT 

6 here, is that what it is? 

7 PROFESSOR REYES: Right, basically what I 

8 saw in terms of our experiments. And what I found was 

9 that all these were already considered highly ranked.  

10 CHAIRMAN WALLIS: Oh, they were? 

11 PROFESSOR REYES: Except HPSI number. And 

12 in terms of the backflow, it's described in a more 

13 general way in terms of -

14 CHAIRMAN WALLIS: The backflow was 

15 anticipated in the first PIRT? 

16 PROFESSOR REYES: No, not the back flow 

17 itself but the -- they actually list the HPSI line.  

18 CHAIRMAN WALLIS: But they didn't list the 

19 phenomena? 

20 PROFESSOR REYES: No, I don't believe the 

21 phenomena was listed in the first PIRT.  

22 DR. BANERJEE: The geometry must have been 

23 important because depending on how -

24 PROFESSOR REYES: Yes, horizontal or -

25 so, I know the geometry was listed. So I'm saying 
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1 that these are two that I've identified that would be 

2 of change. But the source water temperature, where 

3 cold-leg stratification occurs in that, that was 

4 already on there.  

5 Next slide. The wall conduction heat 

6 transfer was on there. This wasn't there before: 

7 downcomer plume merging and mixing. So that's 

8 something that's new. But, again, we didn't see very 

9 large temperature differences in our tests. But it 

10 would be something that should be investigated I guess 

11 with the CFD codes is what I'm recommending.  

12 And then this, the primary loop 

13 circulation, flow rate, and stagnation was on the 

14 original PIRT. So a lot of the -

15 CHAIRMAN WALLIS: I think we're going to 

16 want to look into this business of the plumes merging 

17 and what affect this has on temperature distribution.  

18 Because as I understand it the thermal shock analysis 

19 is based on good mixing in the downcomer.  

20 PROFESSOR REYES: Right.  

21 CHAIRMAN WALLIS: A bet that was taken 

22 early on, that it was going to come out that way, 

23 therefore, that was the way they were going to analyze 

24 it.  

25 DR. BANERJEE: What you're replacing is 
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1 good mixing in the cold-leg.  

2 PROFESSOR REYES: So it depends on how you 

3 define what Delta-T is considered good mixing.  

4 CHAIRMAN WALLIS: I think they went 

5 through a stress analysis, which did not take account 

6 of peripheral circumferential variations in 

7 temperature. Isn't that true? 

8 MR. BESSETTE: That's right. I was 

9 expecting to see more of a plume effect than it turned 

10 out. So, I was surprised.  

11 CHAIRMAN WALLIS: We were too.  

12 PROFESSOR REYES: Okay, next slide.  

13 Main steam-line break. Again, the list 

14 that I presented actually was -- all of these items 

15 were on the original PIRT. Again, the only thing 

16 that's different would be the HPSI number and the 

17 backflow in terms of specific phenomena. But other 

18 things are the same.  

19 Next slide. Wall conduction and then the 

20 plume merging would be the other one that I would add 

21 to that.  

22 CHAIRMAN WALLIS: It's the same phenomena 

23 really as in the previous one? 

24 PROFESSOR REYES: Really pretty much the 

25 same list of phenomena.  
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1 Okay, next slide. So some of the 

2 phenomena that I thought maybe were not as important, 

3 the convection heat transfer coefficient. What we saw 

4 was that it was conduction-limited. And so above a 

5 certain H, whether you change it by 10 or 100, it 

6 really didn't change the outcome.  

7 CHAIRMAN WALLIS: As long as it's where 

8 there's high heat transfer coefficient? 

9 PROFESSOR REYES: That's right.  

10 The upper head downcomer flow. For this 

11 particular design, they didn't have like the B&W 

12 flapper valves. It was just the small bypass holes.  

13 And there was some warming of the downcomer fluid over 

14 time. It was pretty much over the length of the 

15 entire transient. It wasn't a very large effect for 

16 the size flow holes that would be typical of this 

17 plant.  

18 Same thing with downcomer-to-core inlet 

19 bypass flow. We tested the bypass flow, but we didn't 

20 see a very large difference in our temperature 

21 conditions in the downcomer. So those were not ranked 

22 as high as previously.  

23 Next slide. Timing of the reactor coolant 

24 pump trips was listed as one early on. For the small

25 break LOCA trips, the small break LOCAs, the reactor 
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1 coolant pumps will trip on low subcooling temperature, 

2 which occurs fairly early in the transient before 

3 you've really had much HPSI flow. So, I wouldn't rank 

4 that as high as before.  

5 For the main steam-line breaks inside 

6 containment, when you isolate your containment, you 

7 lose your component cooling water, which causes your 

8 pumps to trip. So, again, these were tripped early on 

9 in the transient before you have a lot of HPSI flow.  

10 But these two timing of the trips, if it's 

11 an automatic function, it may not be that important 

12 for these types of scenarios.  

13 A steam generator energy exchange, 

14 feedwater control, feedwater temperature, for the 

15 small-break LOCA tests with breaks greater than five 

16 centimeters, really what you see is a secondary-side 

17 temperature and pressure didn't affect the primary 

18 conditions until steam generator tubes -- or they did 

19 affect until the tubes are drained, which happens 

20 fairly early on.  

21 So if your tubes drain then this energy 

22 exchange is not a big, important phenomenon. If your 

23 tubes don't drain for the smaller breaks then it 

24 becomes an important phenomenon.  

25 Okay, next slide. That liquid steam 
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1 interface in the upper downcomer, for what we tested 

2 we found that you have this high up in the downcomer, 

3 you have an interface, a steam interface with liquid 

4 and it's saturated liquid. And so, that was 

5 decoupled.  

6 For one test that we performed, test 

7 number 20, we had such good mixing that we didn't even 

8 detect a temperature difference in that test because 

9 there was some much condensation on that liquid. So, 

10 we didn't rank this one very high. But it was, again, 

11 for this particular test.  

12 Okay, upper head heat transfer. It was 

13 important -

14 CHAIRMAN WALLIS: Now did the non

15 condensables in your experiment affect the 

16 condensation? 

17 PROFESSOR REYES: We didn't try a range of 

18 -

19 CHAIRMAN WALLIS: Of the non-condensables 

20 in some of these LOCAs that come from the accumulator? 

21 PROFESSOR REYES: This has a very low head 

22 accumulator, so we never got low enough in pressure -

23 DR. BANERJEE: Did you have nitrogen? 

24 PROFESSOR REYES: No.  

25 DR. BANERJEE: It didn't come into the 
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1 system? 

2 PROFESSOR REYES: We never got it low 

3 enough in pressure to get to accumulator injection.  

4 CHAIRMAN WALLIS: That can really change 

5 the condensation rate.  

6 PROFESSOR REYES: And we were focusing 

7 pretty much on the repressurization behavior.  

8 So in terms of the upper head heat 

9 transfer, the core energy and the break flow certainly 

10 overwhelmed this particular phenomenon. So I don't 

11 know if we ought to rank it high, but it does have an 

12 effect.  

13 Okay, next slide. Conclusions of Part I.  

14 CHAIRMAN WALLIS: That's the end? 

15 PROFESSOR REYES: That's the end. So this 

16 just kind of summarizes a little bit of what was said.  

17 CHAIRMAN WALLIS: Now, you have another 

18 presentation, which is about as long as this one? 

19 PROFESSOR REYES: It's pretty long.  

20 CHAIRMAN WALLIS: About as long as this 

21 one? 

22 PROFESSOR REYES: That's right. And I 

23 certainly just hit the highlights.  

24 CHAIRMAN WALLIS: Well, I think this stuff 

25 is important. And I'm not sure that we need to spend, 
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1 what is it, three, over three hours on RELAP this 

2 afternoon. If you have equal time with RELAP, that 

3 may be a better balance of things. I don't know what 

4 the RELAP people think.  

5 Do we really need to spend three hours on 

6 RELAP this afternoon? 

7 PROFESSOR REYES: A big part of this is 

8 one of our RELAP5 calculations of a main steam-line 

9 break, which we could omit. We can skip that.  

10 MR. BESSETTE: We can continue as long as 

11 you want today too.  

12 CHAIRMAN WALLIS: That's what I'm worried 

13 about.  

14 (Laughter.) 

15 CHAIRMAN WALLIS: I think that if we take 

16 a break now and come back at 1:00 with Reyes Part II, 

17 and he can speak even faster than he did this morning 

18 

19 PROFESSOR REYES: Pretty fast.  

20 CHAIRMAN WALLIS: Then we will do that.  

21 We'll have a second presentation. Then we'll get on 

22 to the RELAP5 presentation, which originally was 

23 allotted 3.25 hours. That seems rather long compared 

24 with the amount of time that you've had for your 

25 presentation. Maybe everything will work out and we 
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will leave here at a reasonable time today. Okay.  

We'll take a break now and we'll come back 

at 1:00 o'clock and Jose will be on again, having had 

a break 

(Whereupon, the Subcommittee recessed for 

lunch at 12:13 p.m.) 
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1 A-F-T-E-R-N-O-O-N S-E-S-S-I-O-N 

2 (1:03 p.m.) 

3 CHAIRMAN WALLIS: Let's come back into 

4 session. We will hear Reyes, Part II.  

5 PROFESSOR REYES: Okay, Part II.  

6 CHAIRMAN WALLIS: Even faster than Part 

7 One.  

8 PROFESSOR REYES: Okay. In this portion 

9 of the presentation, I was going to provide you with 

10 a few comparisons of RELAP5.2 testing. That's where 

11 we have one test that we were going to present, but 

12 the majority of the work has been done by ISL in terms 

13 of calculation.  

14 Some STAR-CD calculations, just very 

15 briefly what we've touched on. They won't include all 

16 the details, and then a comparison of REMIX, RELAP5 

17 and STAR-CD for some very simple cases. Then just 

18 talk a little bit about our revised PTS methodology 

19 and what might be a better approach as opposed to 

20 what's been done in the past, and then just wrap it 

21 up.  

22 So our objective was to assess only 

23 certain aspects of the codes that we thought were 

24 important to the PTS therm hydraulic assessment 

25 methodology. So this methodology is what provides the 
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1 detailed information for the fracture mechanics 

2 assessment for a wide range of overcooling transients.  

3 In the earlier studies back in the 

4 eighties, there were over 200 calculations that were 

5 done for the different plants, for Robinson and for 

6 Oconee, for Calvert Cliffs, that provided downcomer 

7 fluid temperature profiles, convective heat transfer 

8 coefficients on the inside of the RPV, and system 

9 pressures.  

10 So this is what the original -- This is 

11 what the PTS thermal-hydraulics assessment methodology 

12 looked like back in the eighties. The way we were 

13 doing it is we had an integral system code, a systems 

14 code, RELAP5 or TRAC. We would use that code to 

15 provide the boundary conditions for some other model.  

16 So we had cold leg flow, HPSI flow rates, 

17 cold leg and HPSI fluid temperatures, and primary 

18 system pressure would be obtained from a systems code.  

19 Then we had a stratification criterion that would take 

20 these boundary conditions to determine whether or not 

21 the cold leg was stratified thermally.  

22 So that used the cold leg and HPSI flows 

23 to determine whether or not we had the cold leg 

24 stratification. If it was well mixed, then we would 

25 - the RELAP5 with the TRAC calculations could be used 
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1 to predict the downcomer fluid temperature and heat 

2 transfer coefficients.  

3 If it was stratified, then at that time we 

4 used REMIX or another code called NEWMIX, depending on 

5 the HPSI geometry, to predict downcomer fluid 

6 temperature and heat transfer coefficients.  

7 So what we've done is, for our test, we 

8 have taken a look at REMIX, and done some estimates 

9 and compared it to RELAP calculations and to STAR-CD 

10 CFD code, and then that would all -- this information 

11 would all go to the fracture mechanics folks.  

12 So in terms of a cope for RELAP5, we 

13 wanted to see its ability to predict the downcomer 

14 fluid temperatures and the onset of loop stagnation.  

15 Those were two of our key goals.  

16 For STAR-CD, the CFD code, we wanted to 

17 determine the ability to predict the downcomer fluid 

18 temperatures, the cold leg fluid temperature 

19 gradients, the HPSI backf low behavior, downcomer plume 

20 temperatures, and the motion and the interaction of 

21 the plumes.  

22 Then REMIX is a regional mixing model.  

23 Again, we were looking to predict the downcomer fluid 

24 temperatures with REMIX.  

25 DR. BANERJEE: Now STAR-CD and REMIX are 
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1 single phase codes.  

2 PROFESSOR REYES: Correct.  

3 DR. BANERJEE: So that presumes that you 

4 are in a situation there was no voiding in these legs.  

5 PROFESSOR REYES: That is correct. That's 

6 correct.  

7 So these are the tests that we analyzed 

8 using the codes. So we have one -- There's a RELAP5 

9 calculation for our stepped inventory test. We used 

10 STAR-CD for that parametric test. We looked at some 

11 of the mixing behavior of a certain number of these 

12 parametric tests.  

13 We used STAR-CD and REMIX for the stagnant 

14 loop test in numbers 4 and 5, and then we used STAR

15 CD, REMIX and RELAP for this test number 6. So I am 

16 going to show you that comparison. Actually, we did 

17 it for 5 also. So we have RELAP5 also for test number 

18 5.  

19 RELAP5 for the one-inch hot leg break from 

20 hot zero power, stuck-open core, and then the two main 

21 steamline breaks we also did some RELAP5 calculations.  

22 We were using RELAP5 3.2 gamma version, 

23 which is the NRC version, and I'm just going to show 

24 you very briefly -- I'm not sure if there is anything 

25 beyond gamma.  
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1 DR. BANERJEE: Delta.  

2 PROFESSOR REYES: In terms of the Greek.  

3 That was the version we used.  

4 So I'm just going to show you the results 

5 for the one square foot main steamline break.  

6 Overall, for the main steamline break again, we have 

7 a large break on the secondary side. So we get a 

8 cooldown on the primary, but we don't really produce 

9 any voiding in the primary. So it is all single

10 phase.  

11 So we have successfully performed the 

12 experiment in May of 2001. It was a hot zero case.  

13 So we simulated the K power about 100 hours after 

14 shutdown. It was inside containment break, is the 

15 assumption. So we lost our reactor coolant pumps 

16 early on.  

17 The HPSIs were allowed to actuate just on 

18 -- when they reached the low primary pressure 

19 setpoint, and off speed was isolated after ten 

20 minutes.  

21 This was the nodalization diagram. The 

22 model that was used was the model that was provided by 

23 ISL. So our group that was running the model based on 

24 an original -- it was the original AP600 model that we 

25 modified to simulate. So HPSI lines were added, and 
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1 the loop seals, for example, were also added -- those 

2 lines.  

3 DR. BANERJEE: So the downcomer was just 

4 l-D? 

5 PROFESSOR REYES: Right. Let's go back.  

6 There you go. Well, we show this region for the 

7 downcomer. So we had three sections, but it is 1-D.  

8 MEMBER RANSOM: It's a very crude steam 

9 generator nodalization. Is that accurate? 

10 PROFESSOR REYES: The one tube? 

11 MEMBER RANSOM: Well, it is one -- or 

12 three volumes.  

13 PROFESSOR REYES: Right, yes.  

14 MEMBER RANSOM: That is the way it was 

15 done? The secondary side is just one volume? 

16 PROFESSOR REYES: Yes. I'm not sure what 

17 the ISL had on there, but we can ask them. Different.  

18 DR. BANERJEE: And the hot leg was one 

19 volume only? Hot leg was also one volume? 

20 PROFESSOR REYES: Yes, one volume.  

21 DR. BANERJEE: Where is the break? 

22 PROFESSOR REYES: So in this one, this is 

23 an ADS -- excuse me, ADV, atmospheric dump valve 

24 opening off of the steam generator on the shell side.  

25 These are just initial conditions. They 
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1 match very well in terms -- This is here English units 

2 and then the metric units, just conversions here. But 

3 in general, it matched very well with our model.  

4 CHAIRMAN WALLIS: Except for the steam 

5 generator number 2 LOCA level, an extra 4 in there, 

6 461? 

7 PROFESSOR REYES: Yes. That wouldn't 

8 match very well, would it? This is a typo here. I 

9 want to mark that. It should be 61.46. Thank you.  

10 That was a spillover.  

12 CHAIRMAN WALLIS: If it's a big error, you 

12 can detect it.  

13 PROFESSOR REYES: That's right. If it's 

14 a big one, you can -- oh, that's a mistake. Thanks.  

15 Then in terms of sequence of events, for 

16 the main steamline break it compared very well. This 

17 is just -- This shows the time in APEX and then the 

18 time predicted by RELAP. It does -- We performed the 

19 trip manually. So it was about four seconds after the 

20 opening of the ADV valve.  

21 The RELAP tripped the pumps immediately.  

22 This was impressive. HPSI flow began at 91. It 

23 predicted 92 seconds. Steam generator 2 became a heat 

24 source. That's when the shell side temperature became 

25 greater than the primary side temperature. It was 
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1 dead on.  

2 Cold leg number 2 stagnated about 383 

3 seconds. It predicted about 600 seconds, and really 

4 - and I'll show you. It was an oscillatory type of a 

5 flow behavior. So it crossed that threshold and kind 

6 of oscillated around zero from this point on.  

7 Same thing with cold leg. Both of them 

8 stagnated because of the steam generator becoming a 

9 heat source.  

10 CHAIRMAN WALLIS: It did not oscillate in 

11 the experiment? 

12 PROFESSOR REYES: Correct. Right. Did 

13 not oscillate.  

14 CHAIRMAN WALLIS: So maybe it's a 

15 numerical oscillation of some sort? 

16 PROFESSOR REYES: That could be. At these 

17 very low pressures, it just seemed to -- excuse me, at 

18 these low flow rates, it gave us oscillatory behavior.  

19 We secured our feedwater at about 19 

20 seconds late at 619 seconds. RELAP was ten minutes.  

21 HPSI flow automatically stopped on the pressure set 

22 point at about the same time, 1616 versus 1641. Then 

23 we concluded our tests at about 4,000 seconds.  

24 MEMBER KRESS: Did you vary the noding any 

25 to see if you got different answers? 
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1 PROFESSOR REYES: For this, we have not.  

2 Have not. I think, in terms of the results, we got 

3 some very good comparisons.  

4 So the blue line here is APEX-CE data and 

5 the RELAP5. This is basically our full pressure 

6 condition. So once you get past this point, the 

7 control system maintains a constant pressure in the 

8 test.  

9 DR. BANERJEE: When you say APEX-CE, 

10 that's your model.  

11 PROFESSOR REYES: Right.  

12 MEMBER KRESS: His experiment.  

13 PROFESSOR REYES: Experiment. So now I'm 

14 comparing RELAP5 calculation to the blue is the data, 

15 experimental data.  

16 MEMBER KRESS: What causes that? 

17 PROFESSOR REYES: That pressure drops a 

18 bit low. I think part of that may be due to the way 

19 in which the heat transfer surface on the steam 

20 generator tubes interacts. We are still trying to 

21 track that down.  

22 There's another part of it that you will 

23 see later on, same kind of thing. I think it 

24 potentially could be the way we modeled the surface 

25 air in RELAP.  
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Was the pressurizer

modeled?
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PROFESSOR REYES: Yes.  

MEMBER RANSOM: Is it emptied or -

PROFESSOR REYES: No. Pressurizer -

MEMBER RANSOM: So this would be the 

response then, I would guess.  

PROFESSOR REYES: So that could be the 

controller. So we have our levels 

the heaters are on.  

MEMBER KRESS: That's the sort of thing it

looks like.  

PROFESSOR REYES: We were high, and maybe 

we didn't model enough.  

CHAIRMAN WALLIS: That's essentially the 

loop pressure, though. It's not just pressurizer.  

PROFESSOR REYES: That's correct.  

DR. BANERJEE: But it's almost the same.  

DR. KRESs: It is.  

PROFESSOR REYES: Well, and our 

measurement was the pressurizer pressure. That's a 

good point.  

Pressurizer collapsed liquid level -- so 

we had about the right levels here. Here's RELAP, and 

here is APEX. We were a little bit low, but again not 
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1 by very much. I was surprised by the trends. They 

2 really matched very well.  

3 This is at the 8-D location in downcomer 

4 for this test for the main steamline break. Here is 

5 the data, and here is RELAP. So it predicted a very 

6 small difference toward the end of the test.  

7 MEMBER KRESS:Let's see. 8-D, is that 

8 where the beltline was? 

9 PROFESSOR REYES: That's just below -

10 That is actually below the active co-region. So we 

11 are now past it. So it's closer to a better mixed 

12 region.  

13 DR. BANERJEE: So this is not at 

14 saturation then? 

15 PROFESSOR REYES: No. No, this is 

16 subcooled conditions.  

17 This is below cold leg number 2. Again, 

18 here is the RELAP calculation, and here is the 

19 measured data. The HPSI flow rate -- Of course, the 

20 HPSI -- The way we modeled our HPSI was we had a 

21 pressure curve. So the flow rate is dependent on the 

22 system pressure. There is a feedback.  

23 So we what we see is, as pressure drops, 

24 the flow increases, hits a maximum, and then as 

25 pressure starts climbing back up, the HPSI flow comes 
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1 down. So RELAP predicts this curve here. It got the 

2 start-up and the shut-down pretty close, and the 

3 overall trend -- I mean, the shape is similar.  

4 DR. BANERJEE: I guess that's due to the 

5 pressure being wrong. Right? 

6 PROFESSOR REYES: So -- Yes, that's right.  

7 So RELAP dropped down to a lower pressure, which would 

8 give you a higher flow. That's right. So that's that 

9 little knee in the first curve.  

10 MEMBER KRESS: Yes, that reflects it.  

12 MEMBER FORD: What physically happens to 

12 around about 1700 seconds? What gives rise to both 

13 the drop observed and the change in scope predicted, 

14 typically? 

15 PROFESSOR REYES: Okay. On this turn here 

16 where the HPSI is coming down, the system pressure is 

17 increasing, and part of is what we are doing is we are 

18 injecting -- we are continually injecting our HPSI 

19 water, which is filling up that system and can 

20 actually serve to pressurize the system. So HPSI 

21 could take you back to full system pressure.  

22 Well, that is what is occurring here. We 

23 have put enough volume of water here to where we have 

24 repressurized it. In addition, we do have decay heat.  

25 So we are heating up the water that we are putting in.  
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1 So over here we have basically hit our full system 

2 pressure.  

3 DR. BANERJEE: What is the HPSI pressure? 

4 PROFESSOR REYES: For our facility, the 

5 shutoff heads about 385 psia. In the Palisades plan, 

6 it's about 1200 psia.  

7 This is looking at the break flow rate 

8 comparisons. Here is our measured -- This is the 

9 steam flow rate data. We used a vortex flow meter.  

10 The cutoff flow rate for the vortex flow meter is 

11 about 50 liters per second here. So beyond this, you 

12 just basically have a straight drop.  

13 What I did was we used the liquid level in 

14 the steam generator to kind of extend this out. So we 

15 were -- This basically would be our expected steam 

16 flow rate out after the low flow cutoff. So just 

17 using a max balance on the steam generator 1 shell 

18 side allows us to extend our data a little bit 

19 further.  

20 What we see is a pretty good comparison up 

21 here. There is a bit of a discrepancy here. Now this 

22 sudden change -- and, hopefully, some of the ISL folks 

23 might be able to see it. I suspect maybe it was a 

24 transition from choke to non-choke conditions, but we 

25 get a sudden drop and then -
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1 CHAIRMAN WALLIS: Why does it suddenly go 

2 to zero? 

3 PROFESSOR REYES: That was my -- I don't 

4 know why it goes to zero and comes back up.  

5 CHAIRMAN WALLIS: There's still a break on 

6 the pressure.  

7 PROFESSOR REYES: So that's something that 

8 we are still trying to figure out what's going on with 

9 that.  

10 CHAIRMAN WALLIS: Something is weird.  

11 PROFESSOR REYES: But it was tracking 

12 pretty well, and then it just dropped straight. So 

13 we'll look into our models -

14 DR. BANERJEE: Do you mean zero or a 

15 little bit above zero? 

16 PROFESSOR REYES: For this one? I think 

17 it was right -- It might have been right to zero. So 

18 I don't know if it is the models that we are using.  

19 There might be something that we did incorrectly in 

20 how we modeled it.  

21 MEMBER RANSOM: This is a steamline break.  

22 Is that right? 

23 PROFESSOR REYES: Yes. And so this is the 

24 steam flow coming out of the steam generator. So I'm 

25 not sure why it would suddenly drop, but it looked to 
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me like it might have been a change in the choke flow 

to non-choke.  

CHAIRMAN WALLIS: Well, that should still 

be continuous.
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MEMBER KRESS: What was the pressure 

difference at that point? 

PROFESSOR REYES: I don't -- Well, let's 

see, it's about 1,000 seconds.  

DR. BANERJEE: It should be continuous, 

but it may not be in the code.  

MEMBER KRESS: It may not be in the code, 

because they got to switch from some sort of a 

f lowdown model and choke to some sort of a delta P 

model through a resistance. So it could very well be 

discontinuous.  

PROFESSOR REYES: Well, we are the first 

to admit that we are -- in terms of our team, we are 

novices. We don't claim to be the really code 

developers or modelers. So when we identify something 

like this, we try to -

MEMBER KRESS: That may show a glitch in 

the code.  

PROFESSOR REYES: Or it might just be our 

version, too. I don't know if you've seen anything 

like that in ISL.
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