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8 AND 
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10 . . . . .  

11 THURSDAY 

12 JANUARY 18, 2001 
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14 ROCKVILLE, MARYLAND 

15 . . . . .  

16 The Joint Subcommittee met at the Nuclear 

17 Regulatory Commission, Two White Flint North, Room 

18 T2BI, 11545 Rockville Pike, at 8:30 a.m., Dr. William 

19 J. Shack, Chairman of the Materials and Metallurgy 

20 Subcommittee, presiding.  
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1 P-R-O-C-E-E-D-I-N-G-S 

2 (8:33 a.m.) 

3 CHAIRMAN SHACK: The meeting will now come 

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

5 Subcommittees on Materials and Metallurgy and Thermal

6 Hydraulic Phenomena.  

7 I am Dr. William Shack, Chairman of the 

8 Materials and Metallurgy Subcommittee. Dr. Wallis is 

9 Chairman of the Thermal-Hydraulic Phenomena 

10 Subcommittee.  

11 Other ACRS members in attendance are 

12 Doctors George Apostolakis, Mario Bonaca and Thomas 

13 Kress. The ACRS consultant in attendance is Professor 

14 Virgil Schrock.  

15 The purpose for this meeting is for the 

16 Subcommittee to hold discussions with representatives 

17 of the NRC staff concerning the treatment of 

18 uncertainties in the FAVOR or Probabilistic Fracture 

19 Mechanics Code, including the treatment of 

20 uncertainties in the Thermal-Hydraulics Codes.  

21 The FAVOR code is used in the Pressurized 

22 Thermal Shock (PTS) technical basis re-evaluation 

23 project. The Subcommittee will gather information, 

24 analyze relevant issues and facts, and formulate 

25 proposed positions and actions as appropriate for 
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1 deliberation by the full Committee.  

2 Mr. Paul Boehnert is the cognizant ACRS 

3 staff engineer. The rules for participation in 

4 today's meeting have been announced as part of the 

5 notice of this meeting previously published in the 

6 Federal Register on December 28, 2000.  

7 A transcript of this meeting is being kept 

8 and will be made available, as stated in the Federal 

9 Register notice.  

10 It is requested that speakers first 

11 identify themselves and speak with sufficient clarity 

12 and volume so they can be readily heard.  

13 We have received no written comments or 

14 requests for time to make oral statements from the 

15 members of the public.  

16 One thing I would like to point out, 

17 Doctors Wallis and Schrock are going to be leaving at 

18 one o'clock today. So I am going to try to stay on 

19 schedule. We really want to get through the thermal

20 hydraulics uncertainties analysis before they leave.  

21 We will now proceed with the meeting, and 

22 I call upon Mr. Michael Mayfield of the NRC's Office 

23 of Nuclear Regulatory Research to begin.  

24 DR. MAYFIELD: Good morning, Dr. Shack.  

25 We appreciate the opportunity to come before the 
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1 Committee again.  

2 I am the Director of the Division of 

3 Engineering Technology, although this program is one 

4 that runs -- has aspects of it that address all three 

5 of the Divisions in the Office of Research. So you 

6 are going to hear presentations during the day from 

7 all three of those Divisions.  

8 This is one of a continuing series of 

9 meetings we have had with the Committee and this 

10 Subcommittee. These are snapshots of where we are.  

11 We had approached the Committee, as I am sure you will 

12 recall, early on asking for the opportunity to meet 

13 with you periodically during the course of the program 

14 and to solicit your input as we go along.  

15 In that sense, we are not looking for 

16 letters but rather for feedback and your observation.  

17 Key issues we are going to discuss today: 

18 The treatment of uncertainties; looking at a global 

19 picture of how the uncertainties are being treated; 

20 and then we will give you some specific snapshots of 

21 where we are and how the specific aspects of the 

22 uncertainty are being treated.  

23 We got into this project based on some 

24 encouraging developments in the materials area, 

25 looking at the improved NDE/DE flaw characterization 
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1 and destructive examinations to determine flaws, flaw 

2 distribution, revised embrittlement correlations, and 

3 improvement in the fracture toughness correlations.  

4 We saw some additional improvements in 

5 thermal-hydraulics and PRA that led us to believe the 

6 time had come to revisit the overall pressurized 

7 thermal shock analysis.  

8 DR. WALLIS: You used the past tense about 

9 the testing of APEX? 

10 DR. MAYFIELD: No, I didn't -- nothing 

11 implied. It was just a poor choice of words. Pardon 

12 me? 

13 DR. WALLIS: Has it got going? 

14 DR. MAYFIELD: I believe they have run -

15 David said -- Why don't you -

16 MR. BESSETTE: So far, in APEX we have got 

17 about three or four tests run, but not -- out of 14 we 

18 plan to run.  

19 DR. WALLIS: So you are on the way.  

20 MR. BESSETTE: We are on the way.  

21 DR. WALLIS: Part of the way through? 

22 MR. BESSETTE: Yes. We should be through 

23 all the testing by about March.  

24 DR. MAYFIELD: Okay. The overall activity 

25 was initiated in April of '99. it is a fully 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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



11

1 participatory activity with input from a broad range 

2 of stakeholders. We have had particularly active 

3 involvement from many of our colleagues in the 

4 industry, and I certainly want to make sure that 

5 everyone is aware of their significant contribution to 

6 this program. And we have benefitted from a number of 

7 ACRS reviews. They are listed here.  

8 We are looking at four PWR plants: 

9 Oconee, being a B&W; Calvert Cliffs, a CE; and then 

10 two Westinghouse designs -- I'm sorry, Palisades being 

11 the second CE; then Beaver Valley as a Westinghouse 

12 design which is replacing H.B. Robinson, Unit 2.  

13 The work is progressing fairly well. If 

14 we didn't have some schedule slippage along the way, 

15 we wouldn't think it was a real program. So we have 

16 had to adjust schedules a bit as we are going, and we 

17 still feel like we are in pretty good shape overall 

18 for an undertaking of this size.  

19 Finalization of the materials input and 

20 revision of the FAVOR fracture mechanics code: We 

21 hope to have completed in March of this year the 

22 thermal-hydraulic code validation in the APEX facility 

23 through testing at the APEX facility, also we hope to 

24 be done in March of this year. David thinks that is 

25 still more or less on track, and then the progress in 
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1 the PRA aspects includes the expert -- I'm sorry, 

2 struggling this morning -- the explicit consideration 

3 of uncertainties in key input variables.  

4 We have completed one Commission Paper, 

5 and we owe them a second one on looking at this 

6 program. The second paper will be primarily just a 

7 status report on where we are with the program.  

8 One of the main things that is different 

9 in this consideration of PTS and the original 

10 development of the rule is a consideration of LERF and 

11 containment integrity. Originally, it had just been 

12 implicitly assumed, if you fail the vessel, you would 

13 fail containment.  

14 That is something we are looking at in 

15 some detail this time. That is a major point of 

16 discussion. I wouldn't want to characterize it as we 

17 have any answers or that we have reached conclusions, 

18 but it is something that we are talking about in some 

19 detail.  

20 The near term probabalistic -

21 CHAIRMAN SHACK: Before, Mike, when you 

22 did vessel failure, did you really do a whole lot of 

23 consideration as to what the failure meant and how big 

24 the hole would be? 

25 DR. MAYFIELD: No.  
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1 CHAIRMAN SHACK: The crack went through.  

2 You called it dead.  

3 DR. MAYFIELD: We called it dead. The 

4 other thing: There had been a fair bit of discussion 

5 about, oh, gee, this would just be a tight leak, who 

6 would really care. So we had -- Pacific Northwest's 

7 Fred Seminen did some additional visa calculations and 

8 extended that code a bit and looked at how big the 

9 hole would get.  

10 The notion there was that the crack would 

11 extend the full beltline region. So you've got 12 

12 feet; it would open up significantly, and in some of 

13 his calculations it actually started ringing around at 

14 the circwells up at the nozzle, shell course, and at 

15 the lower head. So you would actually open up the 

16 flaps.  

17 Now physically inside a plant you are 

18 going to be restricted by the shield wall. So the 

19 vessel can only move so far, and the concrete is going 

20 to start picking up a lot of the energy that would go 

21 into developing these flaps. But if that analysis 

22 held up, the answer is you are going to open up a big 

23 hole in the side of the vessel. It's not going to be 

24 some -

25 CHAIRMAN SHACK: This is not a leaking 
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1 crack. It's a hole.  

2 DR. MAYFIELD: You could certainly conjure 

3 up a set of situations where you would have fairly 

4 tight leaking cracks for a crack that just popped 

5 through the vessel wall and not much happens.  

6 The other end of the spectrum and the one 

7 that is of more concern is, in fact, where the crack 

8 would literally run the full beltline region.  

9 CHAIRMAN SHACK: Does that depend on where 

10 the initiating flaw was? Is that what sort of governs 

11 whether you get the -

12 DR. MAYFIELD: Partially, it depends on 

13 where the initiating flaw is, the relative levels of 

14 embrittlement of the plates. If the crack started in 

15 an axial well, it depends on how much they have offset 

16 the wells.  

17 We have this PV-rough vessel that Oak 

18 Ridge had acquired. We find that the axial wells and 

19 the upper and lower shell courses are actually lined 

20 up. So something that the pipeliners learned fairly 

21 early on to facilitate -- One thing we were told is it 

22 was to facilitate in-service inspection so that they 

23 don't have to re-index the inspection mast. They can 

24 just scrub up as they go along the well.  

25 So things that the pipeliners learned to 
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1 offset wells a long time ago, we seem to have 

2 unlearned, at least in this one instance, and we 

3 believe it's done fairly -- had been done fairly 

4 regularly.  

5 So if you had a brittle well, same 

6 materials upper and lower shell course, you got a 

7 crack started in the well. There is no reason that it 

8 wouldn't stop, particularly for one of the higher 

9 pressure transients.  

10 So if you have a severe thermal shock, you 

11 get the metal nice and cold, there is nothing that 

12 would preclude the crack running the full beltline 

13 region. If you started in the plate and the other 

14 plate or another forging was less embrittled, it would 

15 probably stop. With a crack at the center girth well, 

16 then try and ring around, you start speculating pretty 

17 heavily then.  

18 So I'd say you can conjure up what I 

19 believe to be perfectly reasonable scenarios that will 

20 take you from a pretty benign situation to a very 

21 large hole in the side of the vessel.  

22 In the near term, probably the scoping 

23 study for Oconee should be done in January. Terry 

24 Dickson is sitting back there. That's still -- So 

25 Shaw didn't lie to me yesterday when he did this.  
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1 Okay. The full-scale application for the first PTS 

2 re-evaluation should be in April of this year.  

3 This project is the first major 

4 application of risk-informed methodology to revisit 

5 the technical basis for what is characterized as an 

6 adequate protection rule. Now we can debate and have 

7 a good time doing it all day what adequate protection 

8 really means, but in the regulatory world it had a 

9 defined meaning, and it had some specific impacts on 

10 promulgating the regulation. Mainly, you didn't do a 

11 backfit analysis.  

12 When we revised the PTS rule to upgrade 

13 the embrittlement correlations, it was again 

14 characterized and accepted as an adequate protection 

15 rule. So in that structure, this is the first time we 

16 have tried to use a risk-informed approach to look at 

17 a revision to an adequate protection rule.  

18 So far we feel like we have had pretty 

19 good progress in going down this path, but we probably 

20 haven't hit the hard spots yet in trying to actually 

21 bring about a rule change.  

22 The schedule has been revised, as I 

23 mentioned, to accommodate some newer developments in 

24 the fracture toughness modeling, the embrittlement 

25 correlations, and the flaw distributions, in 
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1 particular.  

2 We've got explicit consideration of the 

3 uncertainties, and that again is what we are here to 

4 talk about today.  

5 What we are hoping to get out of this 

6 today is to inform you and to obtain your comments, 

7 specifically on the uncertainty aspects of what we are 

8 doing, and to also prepare for the February full 

9 committee meeting to again solicit your input on what 

10 we should be presenting to the full committee; and we 

11 are certainly not seeking a letter from you at this 

12 time. If you, obviously, feel like you want to write 

13 one, I'm sure you will, but we are not here asking for 

14 a letter at this stage.  

15 With that, I guess it's to Nathan Siu to 

16 provide you an overview of what you are going to hear 

17 the rest of the day.  

18 DR. SIU: Thanks, Mike. I am Nathan Siu 

19 in the PRA Branch in the Office of Research. As Mike 

20 mentioned, I am going to be providing you with an 

21 overview, how we are treating uncertainties in the PTS 

22 analysis, and I will give you a flavor of the 

23 presentations to come, so to let you know why we have 

24 arranged things in a certain way.  

25 I wanted to point out first that one of 
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1 the objectives of the PTS analysis is to provide a 

2 consistent treatment of uncertainties. Of course, 

3 that is not the only reason we are doing this whole 

4 thing, but it is the reason we are here today, I 

5 think.  

6 Back in late '99, I think it was, we 

7 issued a white paper talking about how we were going 

8 to treat uncertainties in the PTS analysis, and 

9 specifically distinguishing between the aleatory and 

10 epistemic uncertainties, and the Committee has seen 

11 that paper.  

12 We briefed the Committee -- the 

13 Subcommittee in March 2000, talked about our overall 

14 approach for addressing uncertainties. I will be 

15 revisiting a little bit of that in a couple of 

16 minutes.  

17 Then we talked again about the PTS 

18 analysis in September. That is where we received a 

19 number of questions about how we were doing some of 

20 the details of this uncertainty analysis. Those were 

21 good questions. They made us think about in more 

22 depth some of the things we were doing.  

23 I guess what I would like to point out 

24 here is the bottom bullet. This is a work in 

25 progress. We don't have final answers to all the 
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1 questions you might raise, and so your input would be 

2 very helpful to us, I think.  

3 We are finding this to be a very difficult 

4 problem as we are trying to implement the philosophy 

5 that we laid out in the white paper, and you might 

6 find in some of the following presentations that we 

7 are not exactly in lock step on this stuff, but again 

8 we are working through it.  

9 Of course, we are also developing results 

10 along the way. As Mike mentioned, the scoping study 

11 is ongoing, and that will include some of the 

12 considerations of uncertainty in the calculations and, 

13 hopefully, toward the end of this month we will see 

14 some of those results.  

15 As we mentioned before, our approach: We 

16 are trying to identify the key sources of uncertainty 

17 in the analysis. So we have -- For example, in the 

18 white paper we looked at the probabilistic fracture 

19 mechanics issues and associated parameters, and made 

20 a stab at assigning the uncertainties in those 

21 parameters to aleatory or epistemic bins, and we are, 

22 obviously, trying to do the same thing in thermal

23 hydraulics. In PRA we are following pretty much a 

24 standard approach.  

25 So we have laid out a philosophy in the 
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1 white paper, and I guess I will draw your attention to 

2 the parenthetical statements here, because that was 

3 one of the points of the white paper, that there is a 

4 choice in allocating uncertainties between these two 

5 categories, aleatory and epistemic, and that depends 

6 very much on the model you are using and what's your 

7 model of the world, which in turn depends on the 

8 particular application. What's the question you are 

9 really asking? 

10 So this is something that we have to be 

11 very clear what we are doing. We have to be 

12 consistent with what we are doing, but it is not 

13 necessary that there is a right or wrong answer.  

14 In our case, we are treating the aleatory 

15 uncertainties through the frequencies of the thermal

16 hydraulic scenarios that are being input into the 

17 FAVOR code, and also we are looking at the conditional 

18 probability of vessel failure given a particular 

19 thermal-hydraulic scenario. You will hear a 

20 discussion about that today.  

21 Epistemic uncertainties, we are just using 

22 standard approaches for estimating the parameters and 

23 for propagating those uncertainties through the rest 

24 of the model.  

25 DR. WALLIS: Are there also epistemic 
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1 uncertainties with thermal-hydraulic? 

2 DR. SIU: There are, and Professor Almenas 

3 will talk a little to that. The approach we are using 

4 now, frankly, is concentrating, at least in the 

5 single-phase part, on the boundary conditions, which 

6 is more of a aleatory issue.  

7 CHAIRMAN SHACK: What is conventionally 

8 done with thermal-hydraulics in PRA? People always 

9 say they are doing the uncertainty analysis in PRA.  

10 Do you just forget the thermal-hydraulic part? 

11 DR. SIU: It's not treated formally. You 

12 might treat it through sensitivity studies.  

13 Typically, where the thermal-hydraulics will enter 

14 will be in two places. One is in your definition of 

15 success criteria.  

16 There, we typically don't assign 

17 probabilities, that this success criteria is correct 

18 versus this other one. Could; typically don't. Then 

19 at the end-state level -- and this is a major topic of 

20 discussion which Bill Galyean will talk about a little 

21 bit later -- what does a particular sequence mean in 

22 terms of the rest of the accident progression.  

23 There again, you might say there is 

24 uncertainty in assigning a particular sequence to an 

25 end-state. Again, we typically have not worried about 
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1 that. My understanding, with new Reg. 1150 and the 

2 Level I/Level II interface, it was argued that that 

3 was not important compared to some of the 

4 uncertainties in the phenomenology downstream.  

5 Whether that is appropriate for this 

6 analysis, I'm not quite sure. I think one of the 

7 themes that we would like to talk to today is I think 

8 we are making improvements in what has been done 

9 previously, but again there's a lot of room for 

10 development.  

11 DR. WALLIS: Do you have a feel for all 

12 this in magnitude? I mean, how big a contributor are 

13 these thermal-hydraulic uncertainties? 

14 DR. SIU: Honestly, at this point, no.  

15 Obviously, we are in the process of doing analysis.  

16 We are trying to accommodate some elements of those 

17 uncertainties in the analysis explicitly. There may 

18 be others that we won't be able to address, given the 

19 time and scope.  

20 You have seen this diagram before. Again, 

21 I just wanted to lay out the picture of how the 

22 overall analysis fits together.  

23 We've got a PRA event sequence analysis 

24 which identifies scenarios, some of which may be 

25 pressurized thermal shock challenges to the vessel.  

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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

v



23 

1 Those scenarios are binned in some manner to a limited 

2 set of thermal-hydraulic analyses which are then fed 

3 into a probabilistic fracture mechanics analysis; and, 

4 of course, there are certain frequencies associated 

5 with these scenarios, and there are, of course, 

6 uncertainties in those frequencies, and that the 

7 uncertainty is a lot of what we will be talking about 

8 today.  

9 Of course, there are feedback loops where 

10 we have been trying to work with each other to learn 

11 where we should be concentrating more in our analysis 

12 and where there still remain questions.  

13 The end product right now we are showing 

14 through wall crack frequency. As Mike mentioned, LERF 

15 is also something that we need to put into this now.  

16 Just to provide just a tiny bit more 

17 detail on the sub-analyses, if you will, those three 

18 parts of the overall analysis: Again, our frequencies 

19 in the PRAs: As stated in the white paper, we view 

20 these as modeling the aleatory issue of whether or not 

21 an event occurs and when does it occur, and we are 

22 treating uncertainties in the hardware parameters 

23 conventionally. That means using basing estimation, 

24 engineering judgment to develop distributions for the 

25 frequencies, and then propagating those through the 
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1 model.  

2 We are working on the treatment of HRA 

3 uncertainties. As we dug into this issue, again with 

4 the white paper as a frame -- providing some 

5 framework, we realized that probably we haven't 

6 thought about uncertainties in HRA as well or as 

7 deeply as we should have, and that's a general 

8 statement. It is not just for PTS. So we are 

9 spending some time in the Athena project. I'm sorry, 

10 Human Reliability Analysis. So we are spending some 

11 considerable amount of time thinking about that issue.  

12 Thermal-hydraulic analysis: Again, our 

13 approach is to address the uncertainties through the 

14 uncertainties in the frequencies of the thermal

15 hydraulic scenarios. So we are not as an end product 

16 of this work developing the bands of uncertainty, if 

17 you will, about a particular thermal-hydraulic phrase.  

18 Some indication of those bands will be 

19 used in developing the uncertainty by the frequencies.  

20 This is not perhaps the most natural format that you 

21 might choose for the analysis, but it is one that we 

22 are employing now, and we think we can make it work.  

23 So that is something, again, that will be talked to 

24 later today.  

25 Our understandings of the boundary 
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1 condition uncertainties dominate for the single-phase 

2 scenarios, and those are important scenarios in the 

3 PTS analysis. We still have to worry about binning of 

4 scenarios and the two-phase model uncertainties.  

5 Again, I think we will hear some discussion on that.  

6 In probabilistic fracture mechanics 

7 analysis, there are aleatory uncertainties right now 

8 in the way we are approaching it in the area of crack 

9 initiation. We have identified parameters which have 

10 epistemic uncertainties and have developed 

11 distributions for some of these. So work is ongoing 

12 in that area, and FAVOR is undergoing development.  

13 I have two more slides, but I am going to 

14 end with this slide right now, because quite possibly 

15 the last slide will be modified following our 

16 discussions later this morning.  

17 Right now we are planning on talking about 

18 the event sequence analysis, and again the idea is how 

19 we are treating uncertainties in this. This is a 

20 fairly conventional approach, and given the schedule 

21 of the Committee members, we will try to get through 

22 that fairly quickly so that you can get to the 

23 thermal-hydraulics discussion.  

24 There will be an extensive discussion on 

25 thermal-hydraulic uncertainties by Professor Almenas 
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1 and Mosleh from University of Maryland. We will get 

2 back to Bill Galyean from Idaho National Engineering 

3 Laboratory to talk about the binning process.  

4 The reason we have it in this order is 

5 because we think that this discussion on the thermal

6 hydraulic uncertainties will provide a basis for 

7 talking about the binning scheme that we are using.  

8 Again, that is something that is probably worth 

9 discussing.  

10 Then we will talk about the uncertainties 

11 in the probabilistic fracture mechanics analysis. So 

12 we will have an overview provided by the staff, and 

13 then we will have a more detailed discussion on the 

14 particular aspect of that PF analysis, and that's the 

15 fracture toughness discussion.  

16 At the end of the day we have me down for 

17 closing remarks, and we will see how that goes. So 

18 that is where we are heading. I will ask Bill to come 

19 forward.  

20 DR. GALYEAN: I'm Bill Galyean of the 

21 Idaho National Engineering and Environmental 

22 Laboratory. We are the contractor for the -- to NRC 

23 Research in the area of the PRA support.  

24 First, I will be talking briefly about the 

25 overall approach in the PRA analysis portion 
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1 supporting the PTS project, talk briefly about the 

2 types of PRA parameters that we are using and are 

3 commonly used in PRAs, speak a little bit to the 

4 treatment of uncertainties -- as Nathan mentioned, 

5 it's a fairly traditional or standard approach -- a 

6 little bit about the quantification process, the 

7 actual turning of the crank, so to speak, on producing 

8 results, and then the status schedule, where we are.  

9 The basic approach that we are taking is 

10 to start with the original IPTS analysis as a starting 

11 point. Event trees: Basically using event trees to 

12 model the sequence of events that we believe are 

13 relevant to PTS. Those are, again, following the IPTS 

14 model.  

15 We are going to update those with new 

16 event frequencies, update them to reflect current 

17 plant design and operating practices, and then also 

18 update them to reflect our current understanding of 

19 the relevant phenomena involved in PTS and the 

20 progression of PTS.  

21 The structure of the sequence modeling, 

22 the event trees: Again, it starts with looking at the 

23 integrity of the primary cooling system, looking at 

24 the status of the relief valves, the primary relief 

25 valves, PORVs, whether or not there is a LOCA in 
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1 progress.  

2 Then to look at the status of the 

3 secondary side, if there's a steam line break or a 

4 stuck open steam relief valve or a turbine bypass 

5 valve, and then look at the status of feed to the 

6 steam generators, whether it's main feed water, 

7 emergency feed water, whether it's controlled or an 

8 overfeed is in progress.  

9 Then look at the flow in the primary 

10 system, whether or not you have high pressure 

11 injection, whether or not the RC pool pumps are 

12 running or not.  

13 The event tree serves us as the basic 

14 structure on analyzing the sequence of events, and 

15 then input into the event tree are things like the 

16 initiating event frequencies, basic hardware 

17 reliability, human error reliability, and also common 

18 cause. Again, this is just standard PRA techniques 

19 and approaches.  

20 DR. APOSTOLAKIS: Excuse me. What's 

21 happening here? This is a lecture on elementary -

22 DR. GALYEAN: Okay, just bear with me.  

23 I'm just about finished. I just wanted to make sure 

24 everybody was sort of on the same track here. I know 

25 you have seen this before. This is the last slide.  
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1 It's just to orient everybody, make sure 

2 people understand the basic models that we are using, 

3 event probabilities, binomial poisson, and event 

4 frequencies.  

5 The uncertainty that we are modeling, the 

6 epistemic uncertainty, has to do with the frequency -

7 the probability of frequency structure, the estimates 

8 on the phis and lambdas that go into the basic system 

9 models.  

10 Again, the occurrence binomial or poisson: 

11 Should they treat the aleatory uncertainties; the 

12 occurrence rates and event frequencies, soon to be 

13 time independent, and those are where we treat the 

14 epistemic uncertainties.  

15 Consistent with the framework document 

16 and, again, the traditional characterization of 

17 uncertainty, we are using lognormal, gamma 

18 distributions to characterize failure rates, and those 

19 probability distributions are generated sometimes 

20 using engineering judgment, sometimes using Bayesian 

21 methods, and again they are interpreted as degrees of 

22 belief.  

23 In quantifying the value of a particular 

24 input parameter, we use a variety of sources. Some 

25 are Oconee specific operating experience that we 
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1 collected when we were at the plant and also obtained 

2 subsequently from the Oconee staff.  

3 When that is not available, sometimes we 

4 will use industry-wide operating experience. We also 

5 have available the Oconee PRA that we are using for 

6 some of the basic model parameters, and then as a last 

7 resort, we are using the engineering judgment.  

8 DR. WALLIS: Engineering judgment, meaning 

9 that you guess something or what? 

10 DR. GALYEAN: Yes. I mean, it's basically 

11 -- We don't have a specific dataset that we can base 

12 an estimate on, a probability distribution. So 

13 sometimes we use generic data to develop a probability 

14 distribution that we then use to model a particular 

15 input parameter. So the engineering judgment is sort 

16 of synonymous with generic data.  

17 Here is a brief rundown on the actual 

18 quantification process that we are employing to 

19 develop the input to the probabilistic fracture 

20 mechanics analysis.  

21 As I mentioned, we are using the event 

22 trees to represent the potential sequence of events, 

23 potential PTS accident scenarios. Each of those are 

24 quantified using some sort of model, event trees or 

25 rather fault trees, sometimes analytical models. Each 
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1 of those top events are quantified with a probability 

2 distribution.  

3 Those probability distributions are then 

4 incorporated into the sequences that are generated by 

5 the event tree, just to give kind of order of 

6 magnitude to the size of the model.  

7 The event trees produce about 14,500 

8 potential PTS accident sequences, which each of those 

9 are quantified with uncertainty. Each of those have 

10 an associated probability distribution.  

11 Those end states are then assigned or 

12 binned into what we are calling sequence identifiers, 

13 PTS-SIDs. Stands for sequence identifiers. I will 

14 talk about the details of this binning process later 

15 on in the talk that is scheduled for one o'clock.  

16 Those SIDs then are then quantified with 

17 uncertainty. Those SIDs then are then binned a second 

18 time or a second stage of binning takes place where we 

19 map those SIDs into thermal-hydraulic bins.  

20 There is a thermal-hydraulic bin 

21 associated with each of the thermal-hydraulic runs 

22 that were performed using RELAP. Typically, we use 

23 Monte Carlo sampling with 2,000 samples, and then the 

24 final output on the thermal-hydraulic bin probability 

25 density functions is a histogram associated with 19 
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1 bins.  

2 It is this last part, the probability 

3 densities on the 31 thermal-hydraulic bins, that has 

4 actually been transmitted to Terry as the FAVOR input, 

5 the frequency of the thermal-hydraulic sequence.  

6 DR. APOSTOLAKIS: So are you going to 

7 discuss this in detail, give us an example? 

8 DR. GALYEAN: The binning process, yes.  

9 Again, that is the topic of the second talk after the 

10 thermal-hydraulic analysis uncertainty.  

11 DR. APOSTOLAKIS: But you don't have an 

12 example of the whole thing? 

13 DR. GALYEAN: An example of the whole 

14 thing? 

15 DR. APOSTOLAKIS: An event tree? 

16 DR. GALYEAN: No. The event trees are 

17 very large, like 15 top events, 15-20 top events. So 

18 they are kind of large to represent on a single page.  

19 So I don't have the details. That just goes back to 

20 this previous slide that I glossed over.  

21 DR. WALLIS: Are you going to show us some 

22 results in some way, so we can get a perspective on 

23 what is coming out of this process? 

24 DR. APOSTOLAKIS: Yes. I mean, the 

25 sequence of the systems, the initiating events, the 
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1 thermal-hydraulic bins, and the uncertainty. Are we 

2 going to see any of this? 

3 DR. GALYEAN: I wasn't prepared to talk 

4 about results. We are still somewhat preliminary, and 

5 it's difficult to put them in context. As I 

6 mentioned, we have the 31 -- We are assigning a 

7 frequency to each of the thermal-hydraulic runs, but 

8 at this point we don't have the conditional through 

9 wall crack probabilities on those thermal-hydraulic 

10 runs.  

11 So I can tell you that bin Number 5 has 

12 this frequency, and bin Number 20 has this frequency, 

13 but I can't tell you which is more important, because 

14 I don't know what the conditional through wall crack 

15 probabilities are.  

16 So, you know, the results are kind of not 

17 very informative at this point.  

18 DR. SIU: The other thing -- and let me 

19 interject. This is Nathan Siu again. We are going to 

20 visit the Oconee folks next week, actually, to present 

21 them with a first cut results of Bill's work, and we 

22 really wanted to let them see it first and comment on 

23 it before we started putting them out as results to 

24 talk about; because there may be some places where 

25 they say, well, you haven't really interpreted the way 
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1 our operators perform this action correctly or so 

2 forth.  

3 So we felt we needed to go through that 

4 review process before we went out with the results.  

5 So we have asked Bill not to emphasize the numerical 

6 aspects.  

7 Now as far as the model itself goes, there 

8 is -- As Bill said, we have event trees, and we can 

9 certainly provide the Committee with copies of those, 

10 as well as the summary report that we are providing to 

11 Oconee to say what are these kinds -- what we are 

12 developing, what does the model look like at this 

13 point, at least the PRA part of it.  

14 DR. WALLIS: It's a little frustrating, 

15 because it's like going to dinner and they give you 

16 the recipe. All you do is read the recipe. You don't 

17 get anything to taste.  

18 DR. APOSTOLAKIS: If we go to the Vu-graph 

19 before last, number 4 in your presentation, the 

20 framework, are we going to see an example of a PRA 

21 event sequence analysis, how the thermal-hydraulic 

22 analysis is formulated from that, and then the PFM 

23 analysis? Are we going to see any of that? 

24 DR. GALYEAN: I wasn't prepared to go 

25 through that right now. The focus of this was to look 
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1 at uncertainties, but we can -

2 MR. MOSLEH: This is Ali Mosleh, 

3 University of Maryland. The short answer is, yes, we 

4 could have at least a presentation as the structure of 

5 the process through which two specific examples of how 

6 the whole thing is -

7 DR. APOSTOLAKIS: The event tree? 

8 MR. MOSLEH: Event tree, yes, starting 

9 with the event tree, thermal-hydraulic classification, 

10 categorization, binning, and the uncertainty 

11 propagation through that process. That's part of 

12 Kazys' presentation.  

13 CHAIRMAN SHACK: Let me get a question 

14 here to make sure in my perspective here between my 

15 framework on Vu-graph 4 from Nathan's talk and this 

16 one.  

17 The 31 bins are what I am using for the 

18 thermal-hydraulic analysis. I'm going to bin 

19 everything into 31 kinds of thermal-hydraulic 

20 analysis. Right? 

21 DR. GALYEAN: That's right.  

22 CHAIRMAN SHACK: The output -- The 19 

23 bins, those are the lambda prime frequencies then that 

24 I am going to calculate conditional possibilities 

25 with? 
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1 DR. GALYEAN: No. No. The 19 bin 

2 histogram is the probability or the uncertainty 

3 distribution on each -- There is one of those for each 

4 of the 31 thermal-hydraulic bins. It's effectively 

5 the PDF.  

6 DR. APOSTOLAKIS: Your example, Ali? 

7 MR. MOSLEH: We'll show you specifically 

8 how we do it.  

9 DR. GALYEAN: At this point for each of 

10 these frequencies going into the PFM analysis, there 

11 is a PDF associated with it, and that PDF is 

12 represented using a 19-bin histogram.  

13 DR. APOSTOLAKIS: So bin is used in two -

14 DR. GALYEAN: Two different -- Yes, 

15 unfortunately.  

16 DR. APOSTOLAKIS: Now why are you using 

17 Monte Carlo with 2,000 samples? 

18 DR. GALYEAN; Well, this is still -- I 

19 mean, we are still in the scoping study or the 

20 preliminary analysis part. We didn't give a lot of 

21 thought about whether to use Monte Carlo or Latin 

22 Hypercube, whether you use 2,000 samples or 10,000 

23 samples.  

24 Right at this point, we are just producing 

25 draft results to make sure the process works, that we 
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1 can, as I said, turn the crank and generate results 

2 that then can be provided to Terry in a format that he 

3 can work with.  

4 DR. APOSTOLAKIS: One of the novelties 

5 here is that you are dealing with aleatory and 

6 epistemic uncertainty at the same time, and this slide 

7 on uncertainty propagated stepwise doesn't really say 

8 anything about aleatory, does it? 

9 DR. GALYEAN: It's only represented 

10 through the -- in the basic input parameter models, 

11 whether or not we are using a binomial or a poisson -

12 DR. APOSTOLAKIS: But this is PRA there.  

13 I thought this project had something new. That's why 

14 questions were raised last time. How does one do 

15 both? So here there isn't any aleatory except, you 

16 know, underlying event is the frequency of the -

17 DR. GALYEAN: That's right. That's right.  

18 DR. APOSTOLAKIS: But I thought there were 

19 aleatory uncertainties in later parts, the 

20 calculations.  

21 DR. SIU: That's correct, and you are 

22 going to hear about that.  

23 DR. APOSTOLAKIS: How does that fit here? 

24 That's what I am trying to understand, conception I 

25 understand this. This is what we are doing in 
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1 standard PRA, but you told us there is some aleatory 

2 uncertainty later, and your Monte Carlo simulation 

3 accounts for both, I understand. Is that correct? 

4 MR. MOSLEH: Yes.  

5 DR. APOSTOLAKIS: Well, that's where you 

6 lose me. I can't follow that. So who is going to 

7 enlighten us on this? How does it fit in the big 

8 picture? 

9 MR. MOSLEH: I guess -- I think some of 

10 these questions are better addressed in the next 

11 presentation by professor Almenas.  

12 DR. WALLIS: So you have a structure, but 

13 we don't have any indication yet how well it works? 

14 DR. GALYEAN: Well, no, it works, and we 

15 are producing results. They are still just draft 

16 results, and again it's a little difficult for me -

17 for us doing the PRA analysis, because we still don't 

18 have a very good understanding for the consequence 

19 part of the analysis.  

20 I mean, again, we are quantifying these 

21 various thermal-hydraulic runs, and there's some -

22 and again, I'll get into that on the second talk, the 

23 one on binning, later this afternoon. But we are 

24 doing this mapping, this binning, of the PRA sequences 

25 into the thermal-hydraulic runs, and we are doing it 
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1 somewhat -- I won't say in a vacuum, but there is some 

2 judgment involved, and we don't have the information 

3 available to calibrate ourselves as to which way the 

4 conservatism is.  

5 DR. WALLIS: Are we going to be told later 

6 how these bins are defined? 

7 DR. GALYEAN: Yes. Yes.  

8 DR. SIU: In fact, I think, if we can 

9 accelerate -- and we are way ahead of schedule now -

10 we should be able to get to that talk before you guys 

11 have to leave.  

12 DR. WALLIS: We'll be out of here by 

13 eleven.  

14 DR. SIU: You will hear a lot more.  

15 George has characterized this properly. This is a 

16 conventional treatment of uncertainty in the PRA part.  

17 We thought it would be useful to have a short 

18 discussion of that, but we are not planning to spend 

19 a lot of time on that. We do have a much more 

20 extensive discussion on the thermal-hydraulics and on 

21 fracture mechanics.  

22 CHAIRMAN SHACK: But coming back to 

23 George's question, the difference is that you are 

24 going to treat the fracture mechanics part now in an 

25 aleatory and epistemic -- That's what is new, George.  
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1 DR. APOSTOLAKIS: And I don't see how that 

2 fits into the big picture.  

3 DR. SIU: That is in the framework diagram 

4 -- As far as fracture mechanics goes, in the framework 

5 diagram there is a phi associated with the stress 

6 strength model. So that is where the aleatory part of 

7 the fracture mechanics gets fed into, that conditional 

8 probability of the vessel failure, given the 

9 transient.  

10 DR. APOSTOLAKIS: And that goes back to 

11 the event tree, to you? 

12 DR. GALYEAN: Right. Basically, all we 

13 are doing in Idaho and all I have been talking about 

14 so far is first we generate these lambda 1, lambda 2, 

15 lambda 3, lambda 4 . The thermal-hydraulic analyses are 

16 being done by another group. Then it comes back to us 

17 in the PRA area to do the additional mapping into the 

18 thermal-hydraulic runs. Okay? 

19 So we are kind of -

20 DR. APOSTOLAKIS: So far it's all 

21 epistemic.  

22 DR. GALYEAN: We are kind of up here, and 

23 then jump forward and then just handle this mapping.  

24 DR. APOSTOLAKIS: Does the PFM analysis 

25 introduce an extra node in the event tree? 
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1 DR. GALYEAN; No.  

2 DR. SIU: No. In the calculation of 

3 procedure, what is actually being done -- As we 

4 mentioned, all these results are being put together 

5 through FAVOR. So FAVOR is going to calculate that 

6 conditional probability of vessel failure, given the 

7 thermal-hydraulic scenario.  

8 It's not literally getting fed back into 

9 an event tree to -- I mean, you can visualize it that 

10 way, if you want, but the result of FAVOR is going to 

11 be the integrated through wall crack frequency with 

12 the epistemic uncertainty. So it's taking the lambda 

13 primes. That's part of its input. It's calculating 

14 the phi, and it's generating, summing over all the 

15 sequences to get the through wall crack frequency.  

16 So what we are trying to talk about today 

17 is how do you generate the phi. What are some of the 

18 issues associated? 

19 DR. APOSTOLAKIS: I understand that, but 

20 ultimately in terms of criteria, that lambda prime/phi 

21 has to go back to some frequency, because your 

22 criterion for CDF -

23 DR. SIU: That's right. That's the 

24 through wall crack -

25 DR. APOSTOLAKIS: So it goes back into the 
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1 event tree then.  

2 DR. SIU: Well, conceptually, you could 

3 say that. Again, as a mechanical calculation.  

4 DR. APOSTOLAKIS: Lambda prime is all -

5 includes what? Includes the sequence frequencies of 

6 that hydraulic stuff? 

7 DR. SIU: Yes. Right.  

8 DR. APOSTOLAKIS: So this is the whole -

9 But it's actually a number of sequences, isn't it? 

10 DR. GALYEAN: That's right.  

11 DR. APOSTOLAKIS; So lambda prime phi is 

12 really the frequency of having a BDS.  

13 DR. GALYEAN: That's right. And that's -

14 DR. APOSTOLAKIS: That way, in this mode.  

15 DR. GALYEAN: That's right. This 

16 calculation -- or the combination, the combining of 

17 the frequencies, the lambdas, and the conditional 

18 probabilities of through wall crack are being done in 

19 FAVOR.  

20 DR. APOSTOLAKIS: So in essence, we are 

21 adding an extra node at the end of the sequence.  

22 DR. GALYEAN: That's right.  

23 CHAIRMAN SHACK: And the through wall 

24 crack frequency is the aleatory part, and there is an 

25 epistemic uncertainty on that through wall crack 
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1 frequency.  

2 DR. APOSTOLAKIS: So phi itself will be 

3 uncertain.  

4 DR. SIU: That is correct. Now let me 

5 make one minor modification to what Bill said. The 

6 primes -- The difference between the lambdas and the 

7 lambda primes, it's an allowance for injection of 

8 aleatory uncertainty in the thermal-hydraulics 

9 analysis.  

10 For example, if you have uncertainty in 

11 boundary conditions associated with a particular event 

12 sequence, you can start fractionating those sequences 

13 or re-binning them, if you will, and that is some of 

14 what Ali and Kazys are going to talk about later on.  

15 I don't -- Well, okay. That's all I 

16 wanted to say about that.  

17 DR. GALYEAN: Just to finish up, talk 

18 about the status of the schedule: We did generate the 

19 initial results in early December, and again at that 

20 time they were then transmitted to Oak Ridge for input 

21 into the PFM calculations.  

22 As Nathan mentioned, we are going down to 

23 Charlotte next week to meet with the Duke Power folks.  

24 They have had a chance to look over the results that 

25 we've produced so far. We put together an informal 
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1 review package and sent that down to them, and they 

2 have had that in their hands for a few weeks, and we 

3 will talk to them about any concerns they might have.  

4 The output might be to go back and make 

5 some changes to the models and the event trees and the 

6 PRA analysis.  

7 We are looking at external events 

8 analysis. Right now the schedule has us completing 

9 that in early March, and then we will do a final model 

10 revision and requantification in late March. Then the 

11 status of Beaver Valley, the initial PRA results will 

12 be done next week.  

13 We are waiting on the thermal-hydraulic 

14 runs or the results -- or a list of the thermal

15 hydraulic runs that are going to be done so that we 

16 can do that second phase binning where we take the PRA 

17 output and put those into -- or assign those to one of 

18 the thermal-hydraulic runs.  

19 Similarly, the external events analysis 

20 and model requantification are carried out into May.  

21 CHAIRMAN SHACK: Now is this conceptually 

22 different than what was done in the initial PTS 

23 studies? In those, did you just have the lambda 

24 primes and no epistemic uncertainties on the lambda 

25 primes or they are still basically the same? 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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



45

1 DR. GALYEAN; The mechanics are somewhat 

2 different. We are trying to develop a rule based 

3 process. Again, I will get into that when I talk 

4 about the binning process.  

5 A lot of the details in the original 

6 analysis were not documented, and so we can't really 

7 understand the thinking that went into the mechanics 

8 of their binning. We do have the results.  

9 It seemed to be a very labor intensive 

10 process that they went through, and in fact, it seemed 

11 like they put out two different versions. It appeared 

12 that the PRA analysis developed one binning process, 

13 and then the thermal-hydraulics analysts developed a 

14 second binning process, and exactly how they 

15 overlapped or meshed is difficult to understand.  

16 DR. SIU: I think it's also fair to say 

17 that we have more detail in our models, that they had 

18 a smaller number of bins that they put the results 

19 into.  

20 DR. GALYEAN: That is true. And their 

21 criteria, if you will, of how they characterized a PTS 

22 accident sequence was at a grosser level of detail.  

23 CHAIRMAN SHACK: But, I mean, they did 

24 come up then with a lambda prime frequency and a 

25 epistemic uncertainty on lambda prime? 
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1 DR. GALYEAN; No. They didn't really do 

2 much in the way of uncertainty.  

3 CHAIRMAN SHACK: Okay. So they just ended 

4 up with a set of lambda prime? 

5 DR. GALYEAN: That's right, point 

6 estimates, effectively.  

7 MR. MAYFIELD: Then they subsequently did 

8 some sensitivity analysis -

9 DR. GALYEAN; They did some sensitivity 

10 analysis.  

11 MR. MAYFIELD: -- to try and come up with 

12 a response for the scheme we are coming up with an 

13 uncertainty on the through wall crack frequency, and 

14 then took the median value of that. That's what was 

15 done in the IPTS studies, which were really the basis 

16 for the regulatory guide on how to do PTS analysis.  

17 The technical basis for the rule itself 

18 was much less rigorous and tended to be some 

19 combination of some probabilistic fracture mechanics 

20 analysis that was married to some deterministic 

21 characterization of a set of transients, and there was 

22 no real uncertainty analysis -- There was no 

23 uncertainty analysis done on that, other than what 

24 would be a natural consequence of putting some 

25 distributions on parameters in the probabilistic 
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1 fracture.  

2 So that the rule itself, the screening 

3 criterion derives strongly from deterministic analysis 

4 with some comparison to some probabilistic fracture 

5 mechanics work, but nothing like what we are doing 

6 today. The point of comparison is probably more fair 

7 for what was done in the IPTS study.  

8 DR. WALLIS: Well, I'm wondering. Now you 

9 have presented some framework here, and you have 

10 talked about what you're doing. It sounds 

11 straightforward.  

12 To go back to my analogy, it's a bit like 

13 you're giving us a recipe, and we haven't got anything 

14 to taste yet. I know that lots of things can go wrong 

15 in the kitchen. I have no feel at all for what those 

16 things might be, where you might find things are 

17 incompatible or something doesn't work and you don't 

18 know why, or something just doesn't seem right because 

19 of something or other. I haven't got any feel for any 

20 of those things.  

21 DR. GALYEAN: Well, I'm hoping that, 

22 again, some of your concerns will be alleviated when 

23 we talk about the binning process. Again, we have 

24 worked through the calculations, and we have produced 

25 results, but at this point the results don't have much 
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1 meaning to them, because we don't know how bad or what 

2 likelihood of -

3 DR. SIU: Let me -- Yes, if I could phrase 

4 it a little differently: We certainly are planning on 

5 iterating, once we learn where the important sequences 

6 are and make sure that we've got it right, the 

7 modeling right for those sequences.  

8 The other point I will say is that one of 

9 the hard spots, if you will -- I mean, what Bill 

10 presented, of course -- Again, it's very conventional 

11 and straightforward. The one place where it may not 

12 be so straightforward is on the HRA side and, really, 

13 we're not ready to talk about that. But that is one 

14 place.  

15 DR. ALMENAS: Shall we go on? My name is 

16 Kazys Almenas. I am from the University of Maryland 

17 with the group, Dr. Mosleh, Dr. Modarres, Dr. Chang.  

18 They are all in here. So any questions arising, they 

19 can back me up.  

20 Now the task -- The difficulty of the task 

21 in a sense has been illustrated by the previous 

22 speaker. I mean, there are 14,000 events that he has 

23 on the board, and they all have associated with 

24 uncertainties, etcetera.  

25 I am a thermal-hydraulicist.  
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1 DR. WALLIS: Excuse me. There are also 

2 200 coefficients in the thermal-hydraulics analyses.  

3 DR. ALMENAS: Yes, absolutely. Well, I am 

4 approaching this issue from another point of view.  

5 First -

6 DR. APOSTOLAKIS: Can you tell us a few 

7 words about yourself? What is it that qualifies you 

8 to stand up there and address this Committee on this? 

9 It sounds harsh, but it is a running thing of the 

10 Committee.  

11 DR. ALMENAS: No, it's a very valid 

12 question.  

13 DR. APOSTOLAKIS: Can you give us a little 

14 bit about yourself? 

15 DR. ALMENAS: It's a very valid question.  

16 I have been a professor in nuclear engineering, 

17 starting in nutronics, but in the past 20 years 

18 practically, working in thermal-hydraulics, 

19 experimental and analytical, and fairly knowledgeable 

20 in RELAP. Well, basically, that's the reason.  

21 DR. APOSTOLAKIS: Thank you.  

22 DR. ALMENAS: Yes. I'm not a PRA type 

23 man. I'm a thermal-hydraulicist. So I approached 

24 this subject first from what PRA people call the top 

25 down framework, look at it in terms of heat capacities 
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1 and thermal and other type of time constants.  

2 So the first task in my presentation will 

3 be to try to put that -- not move the discussion from 

4 the event framework to a thermal-hydraulic, heat 

5 capacity, relative time constant-like framework, and 

6 categorize first, of course, the transients itself and 

7 then the uncertainties that are associated with them.  

8 Second, we will develop a methodology.  

9 Once we have categorized the uncertainties, we will 

10 develop a methodology which will determine which 

11 uncertainties are important, which are not, which 

12 uncertainties impinge upon the PTS relevant variables 

13 and how they do it.  

14 Then finally, we will present a method 

15 which will start with the probability density 

16 functions of the uncertainties up front and use the 

17 thermal-hydraulic analysis method to see how these 

18 uncertainties propagate through the PTS relevant 

19 parameters, and well, that's the end of it.  

20 DR. WALLIS: Can you explain something to 

21 me? You have already something like RELAP as a model 

22 for the performance of the system. Yet you are going 

23 off and looking at time constants and building your 

24 own model for parts of the system as well.  

25 Why do you have to do that, if you've 
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1 already got a code that models the whole thing? 

2 DR. ALMENAS: Well, for one reason is that 

3 RELAP -- A decent model of the NPP system will have 

4 over 200 nodes, as you know, and in order to -- Well, 

5 one just has to simplify before one starts an 

6 analysis. That's the answer.  

7 DR. WALLIS: Well, if you have a computer 

8 that runs RELAP quickly, it doesn't really matter how 

9 complicated it is, does it? 

10 DR. ALMENAS: Well, yes, it definitely 

11 does from several points of view. First, you cannot 

12 run 14,000 runs. Second, even if you could have these 

13 computers which could run it, you don't have the 

14 people who could interpret it. You need to simplify.  

15 DR. WALLIS: You have a deluge of 

16 information.  

17 DR. ALMENAS: It's a deluge of 

18 information. There is no way around it.  

19 DR. KRESS: And I understand RELAP can't 

20 carry you to the end point of distribution on the area 

21 of interest, because it doesn't handle the plume and 

22 the injection.  

23 DR. ALMENAS: Not only that. I mean, the 

24 RELAP is a one-dimensional, volume average code. We 

25 know it's -
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1 DR. KRESS: It's basically a two

2 dimensional problem.  

3 DR. ALMENAS: It's a rather approximate 

4 representation of reality, of a rather complex 

5 reality. So we have to analyze just a degree of that 

6 approximation. This is what I am attempting to do.  

7 DR. WALLIS: You're going to make it even 

8 simpler, though, aren't you? 

9 DR. ALMENAS: Well, let's go on with the 

10 simplification.  

11 DR. WALLIS: You've sort of implied that 

12 RELAP was too simple. Now you are going to make this 

13 even simpler.  

14 DR. ALMENAS: Yes. Now we will make it 

15 even simpler, but we will justify the simplification.  

16 In some cases -- When you are dealing with 14,000 

17 events associated with uncertainty, the first question 

18 that you should ask -

19 DR. APOSTOLAKIS: Excuse me. What are 

20 these 14,000? Are these sequences? 

21 DR. ALMENAS: The 14,000? I just 

22 mentioned, repeating what Bill Galyean -

23 The first task that you should ask 

24 yourself: What is it that I know, and what is 

25 uncertain? This is one of the -- Well, it's really 
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1 the starting point of our thermal-hydraulic analysis.  

2 DR. WALLIS: There are 14,000 different 

3 events, thermal-hydraulic events, that you are 

4 concerned with? 

5 DR. ALMENAS: I'm sorry that I mentioned 

6 this. I mean, we are getting off the track. This was 

7 just a metaphor.  

8 DR. WALLIS: No, I'm really curious.  

9 DR. ALMENAS: The point is there are, 

10 obviously, very many potential events.  

11 DR. WALLIS: I'm very curious, because 

12 yesterday we head about a code that is verified, 

13 really, on the basis of comparison with two tests.  

14 Now we're going to have it used for 14,000 events? 

15 DR. ALMENAS: No, no, no. I used it as a 

16 metaphor.  

17 DR. WALLIS: Oh, a metaphor.  

18 DR. ALMENAS: Yes. The metaphor just 

19 meant to say that there are many events. The 

20 situation is complicated.  

21 CHAIRMAN SHACK: Before we beat the 14,000 

22 to death, let me take one more crack at it. When 

23 Galyean binned all those into 31 thermal-hydraulic 

24 bins, wasn't he doing roughly the same kind of 

25 argument you're doing here, that somehow he has looked 
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1 at those and said those 31 -- those 14,000 really come 

2 down to 31 different cases, and so at least 

3 conceptually he's gone through some sort of argument 

4 like this to do that binning? 

5 DR. SIU: Yes. And as we mentioned at the 

6 initial presentation, there is a method to the 

7 madness, if you will. There's a reason why Bill has 

8 a particular binning scheme, and we are trying to 

9 provide some rationale for that. It's not just 

10 somebody saying, well, gee, one pump looks like 

11 another, I'll put these two together.  

12 If you will, this is kind of a pinch point 

13 issue. Many, many different ways at arriving at maybe 

14 a smaller number of thermal-hydraulic boundary 

15 conditions to work through. Again, we are trying to 

16 provide the framework for talking about that.  

17 CHAIRMAN SHACK: But does he have his 

18 rules, and this is a different set of rules, or they 

19 are really connected? 

20 DR. ALMENAS: The rules are definitely 

21 connected, and we will show them, how they are 

22 connected in the presentation.  

23 CHAIRMAN SHACK: Okay.  

24 DR. ALMENAS: All right. Forget the 

25 14,000. A nuclear power plant is a thermal-hydraulic 
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1 system which has energy inputs, energy outputs. How 

2 the thermal-hydraulic system behaves depends upon the 

3 nature of the boundary conditions that impinge upon 

4 this system, the energy inputs, mass, and under 

5 accident conditions, also mass energy outputs.  

6 This is a rather simplified, very 

7 simplified, representation of the NPP which is blocked 

8 in such a way that it is amenable to the analysis for 

9 PTS purposes; because if you have a thermal-hydraulic 

10 system and the interest is -- the question is how does 

11 its temperature and pressure change, obviously, this 

12 depends upon the heat capacity of that system and the 

13 relative energy sources and things which impinge upon 

14 it.  

15 All right. So in this case, the entire 

16 nuclear power plant system here is simplified into 

17 three blocks. And incidentally, the sizes of these 

18 square are roughly proportional to the relative heat 

19 capacity of the blocks.  

20 So here we have the blocks, the cold leg 

21 discharge, and the reactor vessel downcomer. Here is 

22 the reactor vessel minus the downcomer, and here is 

23 the hot leg and the steam generator and the cold leg 

24 suction.  

25 Of course, under normal operating 
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1 conditions -- and there is the pressurizer, of course; 

2 it's somewhat to the side. Under normal operating 

3 conditions, fluid circulates in this direction, and 

4 indicated are various locations at which energy and 

5 mass can enter and exit the system.  

6 The basic energy entrance, of course, is 

7 the dictate power. The basic energy exit is, of 

8 course, the steam generator, energy transferred to the 

9 steam generators. A non-minor energy input are the 

10 reactor cooling pumps, and then under accident 

11 conditions you can have various other energy inputs 

12 and outputs, HPI flow, break flow or steam generator 

13 tube rupture.  

14 Now how the temperature -- and this is 

15 what we are interested in, the temperature in this 

16 particular block. How that temperature responds will 

17 depend -- again, I'm repeating -- on the relative heat 

18 capacity, on the rate of circulation on these various 

19 boundary conditions.  

20 DR. SCHROCK: It's a little unclear to me 

21 how you are distributing thermal capacities between 

22 those two lower blocks.  

23 DR. ALMENAS: I will have a table there.  

24 It's just simply the water in there plus the metal, 

25 and just a true heat capacity.  
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1 DR. SCHROCK: Well, you've got reactor 

2 vessel in both places.  

3 DR. ALMENAS: Yes. Yes. Well, there is 

4 a certain amount of liquid in the downcomer. There is 

5 a certain -

6 DR. SCHROCK: Sometime you will tell us 

7 what yo do there? 

8 DR. APOSTOLAKIS: Later on? 

9 DR. ALMENAS: Well, there's nothing more 

10 to tell. I mean, this is a rather simple idea. The 

11 downcomer is a volume.  

12 DR. SCHROCK: Well, it's simple, but I 

13 don't visualize what is in your mind. You've got 

14 reactor vessel together with the core, which is a 

15 little bigger than cold leg discharge plus reactor 

16 vessel downcomer. What is the downcomer? What part 

17 of the metal goes in downcomer? What part of the 

18 metal goes in reactor vessel in the core? 

19 DR. ALMENAS: This is the metal that is -

20 I have a nice slide here somewhere.  

21 DR. WALLIS: So the lower plenum and upper 

22 plenum of the vessel, the top and bottom of the vessel 

23 would be vessel. Cylinder would be downcomer.  

24 DR. ALMENAS: Just a minute. I have a 

25 beautiful slide. I didn't realize such a question 
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1 would come up.  

2 So the issue that we are dealing with here 

3 -- The question that we have is what is the 

4 temperature in this region, how does it change, and 

5 what is the pressure in the system? That is our 

6 question.  

7 So in order to -- To go back to that 

8 particular block, I have lumped this volume here in 

9 one block, this volume in another. Mathematically, 

10 you can do that. Right? 

11 DR. SCHROCK: That was the simple 

12 question, the simple answer.  

13 DR. ALMENAS: Yes, the simple answer.  

14 Well, this is a relevant question, and it's a relevant 

15 point, because it allows you then to go to the next 

16 step and say how does the temperature in this 

17 particular region change, and what will make it 

18 change, and how fast can it change? 

19 DR. WALLIS: So you have essentially a 

20 sort of five-node model or something of the system, 

21 instead of a 200-node, and that's essentially what you 

22 are doing? 

23 DR. ALMENAS: This model -- This is a 

24 conceptual approach. I mean, we use the RELAP code.  

25 We used 250 nodes.  
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1 DR. WALLIS: This is a model with fewer 

2 nodes.  

3 DR. ALMENAS: But as you will see, the 

4 RELAP code gives answers which are congruent with this 

5 simple model.  

6 DR. WALLIS: I think we have always 

7 suspected that simple models could be useful to 

8 represent many transients.  

9 DR. ALMENAS: Right. Well, okay. I think 

10 we are on the right track. I mean, you are asking 

11 very relevant questions, because they focus on the 

12 right issue. And the issue is now -- One is fairly 

13 simple, the heat capacity of these blocks, and I will 

14 have tables in your handout. You have tables that 

15 give a quantitative estimate of this heat capacity.  

16 The other very important issue is the time 

17 constant, thermal time constants, circulatory time 

18 constants. It is those that will determine what you 

19 have to pay attention to.  

20 Let's go to the next subject. I have my 

21 slides arranged here. You have confused me.  

22 DR. APOSTOLAKIS: So are you using RELAP 

23 or are you not? 

24 DR. ALMENAS: Yes, we are using RELAP. We 

25 are using RELAP. Let's consider this as a simplified 
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1 way of looking at RELAP.  

2 Okay. Let's back up now. So this is the 

3 NPP. Let's focus now again on the question: What do 

4 we expect thermal-hydraulic analysis to provide, and 

5 what uncertainties thermal-hydraulic analysis can 

6 impose upon that particular answer? 

7 We expect it to provide information which 

8 then will be used by the pressurized fracture 

9 mechanics people to evaluate the stresses within that 

10 reactor pressure wall. The reactor pressure wall is 

11 21 centimeters, about, a rather thick wall.  

12 So from thermal-hydraulic analysis, we 

13 want to know the average temperature within that wall, 

14 of course time dependent.  

15 DR. WALLIS: You are assuming it's sort of 

16 a relatively uniform temperature. It doesn't have 

17 cold spots and stratification and -

18 DR. ALMENAS: The wall? Well, initially, 

19 of course, if we start somewhere, again -

20 DR. WALLIS: Is it good enough just to 

21 have an average is the question? I mean, there are 

22 cold parts and warm parts and fluid temperatures and 

23 uniform and so on. Is an average good enough, good 

24 enough for PTS? 

25 DR. APOSTOLAKIS: Is it a spatial average? 
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1 DR. ALMENAS: I'm not certain I understand 

2 the question.  

3 DR. WALLIS: You've got cold water at the 

4 top and warm water at the bottom. So there's going to 

5 be temperature differences down that wall.  

6 DR. ALMENAS: This is a slide way towards 

7 the back. It depicts a very special situation where 

8 we are two-phased, where we have steam on top -- I 

9 mean under 99.99 conditions, of course, there's water 

10 cruising here at a very fast rate, and everything is 

11 at basically the same temperature.  

12 DR. WALLIS: So your model is based on 

13 some thermal-hydraulic analysis which says that for 

14 PTS we're dealing with a situation where the wall 

15 temperature is pretty uniform? 

16 DR. ALMENAS: That is not my model. That 

17 is the -

18 DR. APOSTOLAKIS: Yes, but when you say 

19 average, is average over what? 

20 DR. ALMENAS: Oh, it was in that wall.  

21 DR. APOSTOLAKIS: The wall? 

22 DR. ALMENAS: Yes. The wall. The wall.  

23 Okay, coming back, these are the three basic end use 

24 parameters which thermal-hydraulic analysis has to 

25 provide to the pressurized fracture mechanic analysis.  
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1 DR. APOSTOLAKIS: Is that time dependent? 

2 DR. ALMENAS: Yes, these are time 

3 dependent.  

4 DR. APOSTOLAKIS: Times are important 

5 here? 

6 DR. ALMENAS: Time is of importance, 

7 right.  

8 DR. WALLIS: Well, temperature -- There's 

9 a temperature profile of some sort in the wall? 

10 DR. ALMENAS: Absolutely. We need the 

11 temperature gradient in the reactor pressure wall. We 

12 need a temperature -- Well, the two, of course, are 

13 related, but because you can't have a temperature 

14 gradient unless you have calculated the temperature.  

15 But these are the basic end results.  

16 DR. SCHROCK: Well, there's an azimuthal 

17 variation both in the fluid and in the metal. Is that 

18 of no consequence to the stress analysis? I would 

19 think surely it is.  

20 DR. ALMENAS: This is why the experiments 

21 are being carried out at Jose's -- at OSU. Right? To 

22 measure the azimuthal distribution of the temperature 

23 distribution. At the present time, this is being 

24 carried out -- the analysis, the stresses in the wall 

25 are being carried out in a one-dimensional manner.  
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1 The question whether this is valid is a 

2 very valid one, but at this presentation we will just 

3 accept that as a starting. Okay? 

4 DR. SCHROCK; No. I wouldn't say okay.  

5 I would have no confidence in the end result if you 

6 tell me that that's the starting point, and the end 

7 result will depend upon that starting point.  

8 DR. ALMENAS: Okay. Let me put it in 

9 another way. When I came to this issue about a year 

10 ago, this was one of the very first questions that 

11 arose in my mind. I was assured that presently this 

12 is the consensus of expert opinion, that basically the 

13 azimuthal distribution of the temperature, which, of 

14 course, can exist if you have, for example, HPI in one 

15 cold leg and not in the others, you will definitely 

16 have an azimuthal temperature distribution, that the 

17 effect of this is going to be secondary and, in any 

18 case, presently we are not prepared to analyze it in 

19 two dimensions.  

20 So you, thermal-hydraulic guy, you do it 

21 as if we are dealing with an average downcomer.  

22 MR. ELTAWIOA: Professor Schrock, because 

23 the FAVOR code is one -- This is Farouk Eltawioa from 

24 the staff. The FAVOR code is one dimensional code.  

25 We did not want to invest the effort right now in a 3
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1 D thermal-hydraulic calculation in the downcomer.  

2 So we are basing everything on an average 

3 temperature. At the same time we are running the 

4 experiment at OSU, and we won't see this temperature 

5 variation. There is a large temperature variation 

6 that can have an effect on the fracture mechanics, and 

7 I am going to speak here for Mike Mayfield. We might 

8 have to go back and rethink our way, and we might have 

9 to develop a 2-D or 3-D fracture mechanic model. But 

10 at this point we are waiting for the results of the 

11 experiments and see the calculation to see the effect 

12 of this temperature variation.  

13 DR. SCHROCK: So you are working with a 

14 tentative assumption rather than a final conclusion.  

15 MR. ELTAWIOA: That is correct.  

16 DR. SCHROCK: That's quite a different 

17 thing.  

18 CHAIRMAN SHACK: But conceptually I find 

19 it fairly easy to believe that the gradient through 

20 the wall is so much steeper than any gradient around 

21 that this is effectively a one-dimensional problem.  

22 DR. MAYFIELD: This is something that 

23 Richard Bass and the folks at Oak Ridge have thought 

24 about somewhat extensively, because they thought about 

25 it before I started giving them a hard time, and they 
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1 by and large convinced me to at least sit down and 

2 shut up for a while. So why don't we let Richard 

3 explain some of their thinking.  

4 DR. BASS: My name is Richard Bass from 

5 Oak Ridge National Laboratory, Steel Technology 

6 Program.  

7 We are working with Jose Reyes and the 

8 group carrying out the APEX experiments at OSU to 

9 receive the data from those experiments and to do 

10 detailed 3-D analyses of the data to determine the 

11 appropriate stress distributions that one would expect 

12 to see in the vessel wall as a consequence of the data 

13 that is generated in those experiments.  

14 We are now in the mode of constructing our 

15 models. We are waiting for the experiments to be 

16 executed and for ORNL to be provided with the data, 

17 and later on this year we will be analyzing that data, 

18 analyzing our models, and then reporting back on what 

19 we see in the way of the appropriate approach to 

20 modeling stress distribution in the vessel and what we 

21 would recommend for FAVOR in the future.  

22 DR. WALLIS: So if FAVOR is one

23 dimensional and it gives certain answers and you do 

24 your work, you might be able to then tell us something 

25 about the uncertainty resulting from modeling three
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1 dimensional phenomena with a one-dimensional model? 

2 DR. BASS: Well, that's the idea.  

3 DR. WALLIS: To quantify that? 

4 DR. BASS: Yes, that's the idea, to 

5 quantify it, yes.  

6 DR. MAYFIELD: And I would say that the 

7 worst case scenario -- Professor Wallis, you had asked 

8 earlier about places where this could go south on us.  

9 This is one of the areas where, I guess, I am still 

10 somewhat uncomfortable, that at the end of the day if 

11 we decide, no, we really do need to do a two- or 

12 three-dimensional fracture mechanics analysis, we've 

13 got a major undertaking ahead of us.  

14 Right now, and based on some past work and 

15 some past thinking, I believe that what we are doing, 

16 the approach that Richard is taking, is going to get 

17 us to a credible answer. But there is a risk in this 

18 that we get through these experiments and the answer 

19 back is, no, it really does require the more complex 

20 analysis.  

21 DR. WALLIS: That is why we are anxiously 

22 waiting for the results of these experiments.  

23 DR. MAYFIELD: That's why Farouk and David 

24 see us fairly frequently, wanting to know that this 

25 really is on track.  

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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



67 

1 DR. ALMENAS: All right. So I was -

2 After also going through some of the questions that we 

3 have just gone through, I was convinced that, well, 

4 this is what the present situation is, and I am to 

5 calculate a one-dimensional temperature within the 

6 downcomer wall as a function of time.  

7 So to carry on here, in order to do that, 

8 we need the temperature of the fluid in this region, 

9 the heat transfer coefficient between the wall and the 

10 fluid and, of course, the pressure to produce the 

11 pressure gradient -- three time dependent variables.  

12 So the first question is now which of 

13 these time dependent variables are important, more 

14 important than others? What is the range of each of 

15 these time dependent variables? 

16 DR. SCHROCK: How much of the downcomer is 

17 included in your averaging process? It seems to me 

18 that that is rather critical, the extent to which the 

19 colder water coming in is spreading azimuthally.  

20 DR. ALMENAS: Yes.  

21 DR. SCHROCK: Again, that changes the 

22 problem you have.  

23 DR. ALMENAS: Yes, it changes the problem.  

24 DR. SCHROCK: The one-dimensional heat 

25 transfer and thermal stress problem is going to depend 
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1 upon your initial decision as to whether you include 

2 the whole thing in your averaging or whether you make 

3 a judgment about how much of it is in the zone of 

4 influence.  

5 DR. ALMENAS: The critical point, what we 

6 have not mentioned here, is nutronics and fluids, and 

7 the critical point from the fluids point of view is 

8 this particular region somewhat below the core top.  

9 So there is a fair distance here for the fluid to mix, 

10 and velocities can -

11 DR. SCHROCK: Well, there's a plume coming 

12 down, inverted plume, and it doesn't extend around the 

13 full periphery of the reactor. That's what I am 

14 talking about. I'm not talking about averaging 

15 vertically. I think you've got to do that in your 

16 model here.  

17 DR. ALMENAS: Yes, you are correct.  

18 DR. SCHROCK: But how much are you going 

19 to include? 

20 DR. ALMENAS: All I am trying to point out 

21 is that this assumption of azimuthal averaging will 

22 become better as we go down the downcomer.  

23 DR. WALLIS: The answer to Professor 

24 Schrock, you are taking the whole thing. You're 

25 taking an average around the whole -- this whole 
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1 cylindrical region below the downcomer, below the cold 

2 water.  

3 DR. ALMENAS: From the PFM point of view, 

4 this is -

5 DR. WALLIS: One node.  

6 DR. ALMENAS: This is the critical -

7 DR. WALLIS: It's one node. All the steel 

8 in the cylindrical region below the cold leg is one 

9 node.  

10 DR. ALMENAS; In RELAP, no, by no means.  

11 DR. WALLIS: In your model, it's one node.  

12 That answers his question.  

13 DR. ALMENAS: But my model does not really 

14 provide actually numerical answers. My model is a 

15 thinking model. It is an organizational model. It's 

16 a way to organize our data. The actual calculation is 

17 being carried out with RELAP.  

18 MR. BESSETTE: I think, if I could answer 

19 for Kazys -- This is David Bessette.  

20 His zone there is basically the same thing 

21 that Remix uses, is the lower -- It's the mixing 

22 region when you have flow stagnation. So it's the 

23 cold leg, the downcomer, and the lower plenum as a 

24 single mixing region. It's the part that will mix.  

25 DR. ALMENAS: To move on, the azimuthal 
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1 question is a real question. We are not going to 

2 answer it in this presentation here. Right now, let's 

3 remember that it is a real question, and go on with 

4 the assumption that we are going to deal with a one

5 dimensional PFM analysis.  

6 So to repeat, in order to do that I need 

7 the temperature of the fluid. I need the heat 

8 transfer coefficient. I need the pressure, three 

9 variables. They are all time dependent, and I have to 

10 analyze the uncertainty, the effect of the uncertainty 

11 of these three calculated variables.  

12 So first question is how important are 

13 they? What are the ranges? And starting with 

14 pressure, the pressure variable for many of the 

15 transients that are PTS relevant is a controlled 

16 variable.  

17 That is to say, the operators do not lose 

18 control of the pressure, and it becomes not really a 

19 thermal-hydraulic -- The question what the pressure is 

20 becomes really not really a thermal-hydraulic analysis 

21 question, but a operator, a human interaction type of 

22 a question.  

23 An exception is when you lose control of 

24 the HPI and the pressure goes to the PORV setting.  

25 But it is independent of the other variables. It is 
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1 just at the PORV setting.  

2 DR. APOSTOLAKIS: Since two of us don't 

3 understand it, can you explain again what does it mean 

4 that the pressure is not a thermal-hydraulic thing but 

5 it's a human reliability issue? I thought I was the 

6 one missing it, but -

7 DR. ALMENAS: Yes. No, no, no. No. I am 

8 sorry. Again, the way I would phrase it is as 

9 follows: If you have a transient where the operator 

10 - something has happened. There is a small break, and 

11 you have to cool down the reactor, operator procedures 

12 require that under best of conditions the pump remains 

13 running. You need a subcooling for that, and so the 

14 operator will try to maintain a certain degree of 

15 subcooling and keep the pumps running.  

16 As the temperature of the system 

17 decreases, he will also decrease the pressure by 

18 modulating, by modulating the pressurizer, by turning 

19 on sprays or turning on heaters as he deems 

20 appropriate.  

21 Under those conditions the pressure is 

22 indeed something that the operator produces.  

23 DR. BONACA: So isn't, for example, a 

24 steam line break a potential scenario that you have to 

25 look at? 
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1 DR. ALMENAS: No. A steam line break is 

2 a rather large one. In that case, this is one of the 

3 scenarios where he probably will not be able to 

4 modulate the pressure, but for many scenarios he will 

5 be able to modulate the pressure.  

6 DR. APOSTOLAKIS: And what does that do? 

7 DR. ALMENAS: Well, my question -- I have 

8 to provide answers for various scenarios. What is the 

9 pressure? What is the temperature of the fluid in the 

10 downcomer? What is the heat transfer coefficient? 

11 Right now, all I am saying is that, for a 

12 number of scenarios, the pressure will not be 

13 calculated by thermal-hydraulics but will follow 

14 operator procedures.  

15 DR. WALLIS: So your uncertainties will be 

16 determined by your uncertainties in the operator.  

17 DR. ALMENAS: That is precisely what I 

18 wanted to say. Now this is not true in all cases.  

19 When you have a two-phase situation when you cannot 

20 control the pressure and the pressure becomes tied not 

21 to the pressurized but to some fluid inside the 

22 primary system, the hottest fluid in the primary 

23 system, then it follows the saturation line down.  

24 Then the pressure in the downcomer will be -- The 

25 temperature in the downcomer is related to the 
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1 pressure. Then these two variables are not 

2 independent anymore.  

3 All this says here, under certain 

4 conditions pressure is independent; under certain 

5 conditions, it is not. That's all that little slide 

6 says.  

7 DR. WALLIS: So you are saying the RCP 

8 mixing overwhelms any kind of local temperature 

9 variation? The fact that the fluid is flowing around 

10 so rapidly with the RCPs overwhelms any -

11 DR. ALMENAS: Oh, yes, yes.  

12 DR. WALLIS: You are looking at time 

13 constants here? 

14 DR. ALMENAS: RCP -- The time 

15 circulation, time constant of the RCP is 14 seconds, 

16 nine seconds, nine to 14 seconds, the entire thing 

17 churns. It flows at five meters per second, a 

18 tremendous velocity.  

19 Okay. So we will leave this at the 

20 pressure variable, but right now this is its 

21 classification. Under certain conditions, it is 

22 controlled; under certain conditions, it is tied to 

23 the saturation temperature of the hottest liquid.  

24 Heat transfer coefficient: We could talk 

25 for a long time, and many reports have been written.  
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In the report that I have prepared, there is an 

appendix which sort of summarizes the whole situation.  

I hope we can dispense with the heat transfer 

coefficient with this little block of information. Of 

course, I can go deeper into it.  

The heat transfer coefficient inside that 

downcomer -- it can vary over a wide range. If we 

have flow stagnation, it will be an internal 

circulation, internal Raleigh number dependent heat 

transfer coefficient. This is definitely the low 

range, and it will -- The low range is around 500-1000 

Watts per meter squared degree K.  

If the reactor coolant pumps are 

operating, then we have very high velocities and a 

very high heat transfer coefficient of up to 30,000.  

DR. WALLIS: Isn't the stagnation the 

worst case? Can you have a boundary layer of cold 

fluid flowing down, can't you have natural circulation 

flowing in the other direction. It seems to me that 

the natural circulation opposes -

DR. ALMENAS: I cannot envision -

DR. WALLIS: -- the overall circulation 

opposes the boundary layer circulation.  

DR. ALMENAS: Okay. Theoretically, that's 

possible. I cannot envision that happening in the 
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in it?

DR. ALMENAS: In this case, I used 

thickness of the wall.  

DR. WALLIS: The total thickness of 

wall. So you are saying something about 

relaxation time of the whole wall.  

DR. ALMENAS: Right. It's an index.  
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reactor coolant. I just cannot.  

So stagnation is really the low limit.  

Now natural circulation, system-wide natural 

circulation is really, as far as the wall is 

concerned, is forced circulation as well. The 

velocities produced at the wall are not minor, and the 

heat transfer coefficient is not minor either.  

Now -- So as you see, the range of this 

variable is quite significant. The important part 

here is in these numbers, the Biot number or simply 

the ratio of the internal resistance within that wall 

to the external resistance.  

The important information here, that the 

Biot number for all cases is above one. The wall is 

really internally limit. Energy transfer into the 

wall will eventually be determined predominantly by 

the internal resistance, not the external resistance.  

DR. WALLIS: The Biot number has a length
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1 Here is a little RELAP calculation of the 

2 consequences of this Biot number range. Very simple 

3 calculation, just the temperature within the reactor 

4 pressure wall as it is cooled down by a step change of 

5 100 degrees, and we see a picture 400 seconds after 

6 the step change has occurred. I have just inputted 

7 the low limit and the high limit of the heat transfer 

8 coefficient.  

9 What this implies is that all of the 

10 uncertainty associated with this particular variable 

11 will impinge upon our answers somewhere between these 

12 two curves. So that here we have an example where we 

13 do have a rather large range of the independent 

14 variable, but in terms of the impingement upon the 

15 relevant answer, it is -

16 DR. WALLIS: Now what feature of this is 

17 important for thermal shock consideration? 

18 DR. ALMENAS: It is important.  

19 DR. WALLIS: What feature of the curves do 

20 you put into your box? 

21 DR. ALMENAS: Well, the average is 

22 important, and then the gradient. The gradient is 

23 what produces -

24 DR. WALLIS: Gradient where? 

25 DR. ALMENAS: Well, this gradient produces 
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1 the thermal stress.  

2 DR. WALLIS: The gradient varies. I mean, 

3 it's simply a mathematical formula for thermal shock.  

4 I'm just trying to figure out how it is related to 

5 this curve.  

6 DR. APOSTOLAKIS: When you say gradient, 

7 do you mean the difference between the inner and outer 

8 surface divided by -

9 DR. ALMENAS: Right. This produces the 

10 thermal stress within that wall.  

11 DR. APOSTOLAKIS: You need the actual 

12 gradient, which, of course, varies. He just takes the 

13 two points.  

14 DR. WALLIS: Yes, but I'm trying to say, 

15 you got a curve. I say, when you are calculating 

16 thermal shock, you use some features of this. So I'm 

17 trying to say what's the impact of these two shapes on 

18 your bottom line, which is -

19 DR. ALMENAS: Gee, I'm a poor thermal 

20 hydraulicist. Where is our PFM people here? 

21 DR. WALLIS: Well, you have to make the 

22 connection somehow.  

23 DR. KRESS: They use the whole 

24 distribution.  

25 CHAIRMAN SHACK: It's a little gradient 
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1 near the crack tip. It's a rather complicated 

2 question.  

3 DR. MAYFIELD: If I may, Mike Mayfield.  

4 They use that temperature distribution to calculate 

5 the through wall stress, the stress distribution 

6 through the wall. The temperature comes into it in 

7 another capacity in determining the level of fracture 

8 toughness at that particular location.  

9 So this temperature distribution figures 

10 into the analysis in two ways: One, in determining 

11 the through wall distribution of stress due to the 

12 transient -- that changes, of course, with time; but 

13 secondly, it comes in where we need the temperature 

14 per se in calculating the fracture toughness.  

15 CHAIRMAN SHACK: But, George, you have to 

16 look at the local gradients.  

17 DR. MAYFIELD: It's not just an average 

18 through the wall.  

19 DR. WALLIS: Yes, but roughly speaking, 

20 it's only to do with the gradient at the surface where 

21 it's the biggest. Right? 

22 DR. MAYFIELD: Yes.  

23 DR. WALLIS: But that's offset by 

24 something to do with what the average is.  

25 DR. MAYFIELD: The other simplification he 
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1 has in this particular analysis, he doesn't have the 

2 cladding figured in.  

3 DR. ALMENAS: No. The cladding is. It's 

4 there.  

5 DR. MAYFIELD: So that also is -- That 

6 piece of information also figures into these.  

7 DR. ALMENAS: Yes. You see, there is a 

8 discontinuity here, because of material.  

9 DR. WALLIS: But if would be useful if you 

10 could tell us from these sorts of curves, what's the 

11 difference in the calculated level of stress for these 

12 two curves? Not much, is it? 

13 DR. ALMENAS: Yes.  

14 DR. WALLIS: Because that gradient is 

15 twice at the edge there -- Although they look about 

16 the same, the stress is twice as much. I can't get a 

17 perspective on how important this is unless you tell 

18 me something more.  

19 DR. ALMENAS: Okay. I think you have a 

20 very excellent question and, frankly, I would have 

21 loved to produce that also, because really it is the 

22 stress that is the issue. Right? 

23 DR. APOSTOLAKIS: It's related again to 4, 

24 page 4, isn't it? What Dr. Wallis is asking is what's 

25 the connection -- You are working on the second box.  
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1 he wants to know the results that you produced -

2 DR. ALMENAS: In this box. Right. Right.  

3 DR. APOSTOLAKIS: Can we get an answer to 

4 that that is concise? 

5 DR. KRESS: It's calculated by FAVOR.  

6 DR. APOSTOLAKIS: Oh, it's calculated by 

7 FAVOR? 

8 DR. KRESS: Yes.  

9 DR. WALLIS: That's irrelevant. Was it a 

10 factor of two or one and a half or what? 

11 DR. KRESS: The fracture toughness, Kla 

12 and Klc.  

13 DR. ALMENAS: Depends on the temperature.  

14 DR. KRESS: And they depend on that and 

15 temperature itself, and the stress distribution 

16 depends on the gradient.  

17 DR. APOSTOLAKIS: The LOCA rate.  

18 DR. KRESS: Yes, the LOCA rate.  

19 DR. APOSTOLAKIS: On the whole 

20 distribution.  

21 DR. KRESS: Yes -- Well -

22 DR. WALLIS: But you're not telling me 

23 anything yet. I mean, I know that.  

24 DR. KRESS: Well, you input those things.  

25 You have a fracture mechanics model on how this crack 
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1 grows, and you input those into it, and it will 

2 calculate the growth of the crack and how far it will 

3 penetrate through the wall.  

4 DR. WALLIS: So what's the significance of 

5 these two curves? Do the cracks grow the same, 

6 significantly differently when you get those two 

7 curves? 

8 DR. KRESS: You would take these two 

9 numbers and then -

10 DR. WALLIS: Of course, I would.  

11 DR. KRESS: -- reproduce it on the thing, 

12 and put it in your model, and it would tell you.  

13 DR. MAYFIELD: Okay. This is Mike 

14 Mayfield. Can I try this? 

15 We haven't done the fracture mechanics 

16 analysis to work through and be able to quantify -

17 DR. WALLIS: Why not? 

18 DR. MAYFIELD: Let me finish, if I can.  

19 We have not done the calculation with these two curves 

20 to give you the answer. Based on my experience in 

21 doing these things, my guess is there's not a big 

22 difference in the calculated -- in the answer in the 

23 third box in his curves. But I don't have a 

24 quantified answer I can give you today.  

25 DR. WALLIS: I'm very surprised. They are 
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1 simple curves, and I think it's not too complicated, 

2 the formula for fracture mechanics, and someone with 

3 experience should be able to look at them and say it's 

4 so much.  

5 DR. MAYFIELD: Terry, you have to use the 

6 microphone, please.  

7 MR. DICKSON: All right. This is Terry 

8 Dickson from Oak Ridge.  

9 We don't use a closed form formula to 

10 calculate stress as a function of gradient. There may 

11 exist something in a Rourk Handbook or something of 

12 that nature. We use a finite element method, because 

13 it's a much more general methodology that handles 

14 discontinuities in the coolant temperature.  

15 So it's a purely numerical approach to 

16 calculating stresses. So we can't give you an exact 

17 answer, if you want a closed form formula -- or at 

18 least I don't have it on top of my head, but I will 

19 tell you, this particular case here, the temperatures 

20 are so high that it really wouldn't matter, because 

21 the fracture toughness would be on the upper shelf.  

22 So this is not a fracture situation here, 

23 in any case.  

24 CHAIRMAN SHACK: More information than you 

25 really want.  
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1 DR. WALLIS: Well, my neighbor says the 

2 difference is big in terms of the calculated thermal 

3 stress.  

4 DR. SCHROCK; In an uncracked vessel, the 

5 thermal stress difference between these two 

6 temperature profiles will be large.  

7 DR. WALLIS: How big is large? 

8 DR. SCHROCK: Well, it will be as large as 

9 the ratio of these delta Ts from surface to -

10 DR. WALLIS: The first estimate is the 

11 delta T. Right? And the delta T -- If you give a 

12 simple answer, the delta T between the surface and the 

13 middle -- So first order. And it's about twice as 

14 much for one of these curves as the other.  

15 That's all I'm looking at, is something 

16 like that as an explanation. And to say that if we 

17 knew how to do it or if we ran the final, we would get 

18 an answer -- that doesn't tell me anything at all.  

19 But I think we've got something now, which is it's a 

20 factor of about two difference in terms of the stress.  

21 MR. BESSETTE: I think the whole point we 

22 were trying to make here was that, when we give you a 

23 heat transfer coefficient, a convective heat transfer 

24 coefficient, the uncertainty on the number we give to 

25 the fracture analysis will be small in the scheme of 
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1 the whole uncertainty analysis.  

2 So the uncertainty in the heat transfer 

3 coefficient is minor, relatively speaking.  

4 DR. ALMENAS: Right. But this is the 

5 purpose of the slide. Incidentally, this is 300 

6 degrees. So this is not zero, and the -- To repeat, 

7 the entire range of -- The entire possible range of 

8 the heat transfer coefficient is encompassed within 

9 these two curves.  

10 DR. WALLIS: What I've got is there's a 

11 low-h and a high-h, and they are bounding what can 

12 happen. My neighbor tells me that the resulting 

13 thermal stress is a factor of two different. I'm not 

14 sure a factor of two is minor.  

15 MR. BESSETTE: Well, keep in mind that 

16 what you are seeing bounds the range of the pumps are 

17 operating or the pumps are not operating. So we know 

18 if the pumps are operating or not.  

19 The uncertainty -- When we showed you 

20 those two lines there, that's not the whole -- What 

21 we're showing is the whole range of flows from a few 

22 inches a second to five meters a second or ten meters 

23 a second. But the true uncertainty in what we give 

24 you for an individual transient is much less than 

25 that.  
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1 DR. ALMENAS: Good point.  

2 CHAIRMAN SHACK: Maybe this is a point to 

3 take a break, now that we have managed to work our way 

4 through that point. Be back at 10:25.  

5 (Whereupon, the foregoing matter went off 

6 the record at 10:15 a.m. and went back on the record 

7 at 10;31 a.m.) 

8 DR. ALMENAS: Okay. If we can continue, 

9 first let me try to say that what I am trying to do 

10 here at the beginning is more modest. I mean, I am 

11 not trying to provide some concrete answers. I am 

12 trying to provide a scheme for classifying the 

13 relevant questions.  

14 So in the next slide, which is somewhat 

15 detailed, we will have specific estimates of various 

16 heat capacities in terms of numbers and also what is 

17 very important, estimates of the time constants. So 

18 let's go on.  

19 DR. APOSTOLAKIS: Just a naive question.  

20 In the figure, what are the boundary conditions, the 

21 figure you just showed us, Figure A.5? 

22 DR. ALMENAS: There is just a single 

23 boundary condition on your right -- well, two boundary 

24 conditions, because it's one-dimensional. On your 

25 right you have perfect insulation, and on the left you 
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1 have a temperature of the fluid and the heat transfer 

2 coefficient, and the heat transfer coefficient in 

3 question -- that's the parameter that varies.  

4 It goes from the very lowest, stagnation, 

5 to the very highest, all pumps operating.  

6 DR. APOSTOLAKIS: So this 540 degrees, 

7 which seems to be the highest on the right -

8 DR. KRESS: Initial.  

9 DR. APOSTOLAKIS: That's the initial? 

10 DR. ALMENAS: Yes, that's the initial 

11 temperature, right.  

12 DR. SCHROCK: You just didn't tell us what 

13 that fluid temp was.  

14 DR. ALMENAS: Frankly, I didn't read too 

15 much importance into that figure. It was just 

16 supposed to be a sort of visual presentation that 

17 indeed this large slab is, by and large, conduction 

18 limited. The Biot number are above one. This was 

19 really the whole purpose.  

20 Anyway, let's go on then and go on with 

21 some additional numbers here. The first table here 

22 shows the actual heat capacities of the blocks and the 

23 total heat capacity. The point here to be gained is 

24 that heat capacities are large. Not very surprising, 

25 after all. So this is megajoules per K. So if you 
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1 want to raise the system temperature one degree K, you 

2 need to provide certain -- 1,360 megajoules, for 

3 example.  

4 Now what does this mean? It has to be 

5 relative to the potential sources and sinks. Here are 

6 then the main -- magnitude of the main sources and 

7 sinks. The main one, the decay -- this is for Oconee, 

8 of course.  

9 The decay sources -- of course, they 

10 decrease with time -- was the triple stars there, an 

11 indication that the reactor coolant pumps provide a 

12 non-minor energy source by especially when we are 

13 further into the decay process.  

14 A potential heat sink is the supply of the 

15 high pressure injection water, and the rate at which 

16 these pumps can pump water into the plant depends upon 

17 the back pressure. So it varies as well.  

18 Here is a range of back pressures and the 

19 resulting flows from the HPI pumps. Once you have the 

20 flows and you calculate the temperature of the system, 

21 you can calculate also the enthalpy loss due to a feed 

22 bleed process, and here it is, the point being that 

23 for most cases or for a range of cases the HPIs are 

24 able to cool the system except at the case where we 

25 are at PORV pressure. Then they are not.  
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1 This is just a simple indication of a time 

2 constant. I mean, this is a very artificial time 

3 constant. If the pumps were to displace the cold leg 

4 and downcomer water in sort of a plug flow, these are 

5 the times that would be required.  

6 Finally, this is an indication of the very 

7 large heat sink available from the steam generators.  

8 If the steam generators -- If there would be a 

9 temperature difference between the primary and 

10 secondary systems of 5.5 degrees K, then the energy 

11 removal by the steam generators is as follows: Large 

12 numbers; these are megawatts.  

13 The point is that they exceed the Qdecay 

14 almost a factor of three. We will have more to say 

15 about that.  

16 This particular table deals with some time 

17 constants under various circulation conditions. If 

18 the pumps are operating, the flow is very large, the 

19 circulation flow -- I mean, all of the system flow 

20 goes once around in 14 seconds. Velocities are in the 

21 cold leg 15 meters, in the downcomer 7 meters.  

22 However, maybe of more interest is that, even when we 

23 are operating under natural circulation, the 

24 velocities are not minor, and we have 30 centimeters 

25 per second in the cold leg, 15, 10 centimeters in the 
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1 downcomer.  

2 Only when we have flow stagnation do these 

3 velocities really go down, and this is then the lower 

4 limit of the heat transfer coefficient.  

5 DR. SCHROCK: For these comparisons, about 

6 what point in time are you taking the decay power? 

7 DR. ALMENAS: Well, the decay power is 

8 taken at the time after trip, 1,000, 2,000, 4,000, 

9 2000 seconds.  

10 DR. SCHROCK; I see. Yes.  

11 DR. ALMENAS: Now maybe this is not the 

12 right way of doing it, but first I will present -- So 

13 if you will have a little patience, you will see proof 

14 of what I am saying. I mean, I will have actual 

15 calculations which will illustrate using RELAP 

16 calculations of what I am claiming here in terms of 

17 the classification.  

18 The next few slides are the fruit of our 

19 labors, so to speak, of the first part, the 

20 classification of the parameters, the transients and 

21 their associated uncertainties.  

22 There are two basic slides here. The 

23 first is the classification of uncertainties according 

24 to their origin. Where do the uncertainties arise? 

25 This is really the bottom up approach, and Bill 
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1 Galyean basically will have much more detail to say 

2 about that in his classification scheme.  

3 Here I am just saying -- I'm just doing a 

4 simple listing and inventory of these uncertainties, 

5 and these are the aleatory, these are the epistemic 

6 DR. APOSTOLAKIS: Which ones are which? 

7 DR. ALMENAS: These are the aleatory 

8 uncertainties.  

9 DR. APOSTOLAKIS: One and two? 

10 DR. ALMENAS: Yes, one and two, caused by 

11 the boundary conditions. They could be classified 

12 under one group, but the steam generator, as you will 

13 see, is so important, I chose to put them in another 

14 group.  

15 Now as far as the model uncertainties, 

16 again we could go very deeply into this. Let's just 

17 say that we are aware it's a one-dimensional volume 

18 average code. It has empirical correlations. It has 

19 user imposed noding choices, etcetera.  

20 Supposing that this part, the user imposed 

21 noding choices, are carried out properly. Then the 

22 main uncertainties which will impinge upon the answer 

23 will be due to evaluation of outflow rates, especially 

24 for two-phased choke flows, the evaluation of internal 

25 circulation, and then uncertainties induced due to 
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1 potential numerical mixing, due to oscillations in 

2 parallel flow channels, but this is a very special 

3 case when we have flow stagnation.  

4 In general, subjects of this nature will 

5 be discussed more by other presenters. From my point 

6 of view, the real question was what do the 

7 uncertainties do to the PTS relevant parameters? How 

8 does the uncertainty, say, in the boundary conditions, 

9 in the analytical process -- how does it impinge upon 

10 the PTS relevant parameters? 

11 You can see that this slide is not 

12 prepared by a professor but by a post-doc, fellow, 

13 etcetera. This is maybe a somewhat new approach here.  

14 As I say, I will show you some concrete calculations 

15 to back up this contention that is shown in this 

16 particular slide.  

17 What it says here is as follows: That for 

18 a group of transients, an uncertainty, an inherent 

19 uncertainty, aleatory uncertainty in the boundary 

20 conditions can be transported in a roughly 

21 proportional manner.  

22 Not to get involved in semantics, by this 

23 I mean that the magnitude of the uncertainty up front 

24 is of the same order of magnitude as the uncertainty 

25 at the end.  
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1 There is a range of transients, and I will 

2 definitely prove that to you, in which case the 

3 uncertainty is damped, and damped strongly 

4 nonlinearly. You have a certain range of uncertainty 

5 up front. This uncertainty becomes damped, very 

6 significantly damped in many cases, in the PTS

7 relevant parameter.  

8 Finally, there is a very limited number of 

9 transients where the uncertainty of the boundary 

10 conditions can be augmented in the uncertainty of -

11 DR. APOSTOLAKIS: How do you measure these 

12 uncertainties? What does it mean that it is damped? 

13 DR. ALMENAS: As I said, I have examples, 

14 specific examples. So we will answer that in a very 

15 concrete way. Okay? 

16 DR. APOSTOLAKIS: Okay. And give me an 

17 example of a boundary condition so I have it in my 

18 mind.  

19 DR. ALMENAS: Well, an excellent boundary 

20 condition is, for example, in over-feed transients the 

21 flow rate of the main feedwater and the temperature of 

22 that feedwater. That's a boundary condition imposed 

23 on our system, or if you have a break, the size of the 

24 break, the location of the break.  

25 DR. WALLIS: The sizes of the break is a 
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1 big uncertainty.  

2 DR. ALMENAS: Excuse me? 

3 DR. WALLIS: The size of the break is a 

4 big uncertainty.  

5 DR. ALMENAS: Yes, certainly, certainly.  

6 The boundary condition uncertainties are, for the most 

7 part, the ones that drive the uncertainties of the 

8 result.  

9 DR. WALLIS: So what you really do is you 

10 look at -- There's a range of -- not just whether they 

11 are augmented or damped. It must depend on how big 

12 the range of the boundary condition uncertainty is, 

13 too; because you can have a big range which is damped, 

14 but it still has a big impact.  

15 DR. ALMENAS: Maybe I'll skip the next two 

16 slides and go on to the examples and then come back to 

17 the others.  

18 DR. APOSTOLAKIS: So the size of the break 

19 is an epistemic uncertainty? 

20 DR. ALMENAS: Yes. Yes, definitely, 

21 right.  

22 Here again, just two very qualitative 

23 pictures to illustrate the damped, the augmented 

24 effect, and the meaning of model uncertainty.  

25 Remember that our time constants, our 
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1 relative time constants, are as follows. The time 

2 constant for the RPV wall is quite long, on the order 

3 of 400 seconds. Anything that happens in between 

4 really doesn't matter. In other words, a temperature 

5 spike of ten seconds or even 30 seconds will not have 

6 an influence upon our PTS-relevant parameter.  

7 The time constant of the wall of the steam 

8 generator tubes is also just several seconds. The 

9 circulation time constant, if the reactor coolant 

10 pumps are operating, is 14 seconds. Even if we are 

11 natural circulation, it is several hundred seconds.  

12 This is an important conclusion, because 

13 - well, or observation, not conclusion -- because if 

14 you have an uncertainty, say, in an initial 

15 uncertainty due to boundary conditions in the 

16 parameter and you have a change in conditions here, 

17 and the system has to adjust to a new equilibrium, the 

18 question does your calculation impinge upon this or 

19 not, how do your correlations, your noding, etcetera, 

20 etcetera, affect the answer -- really ties upon the 

21 rates.  

22 I mean, if you are -- Before the system 

23 approaches equilibrium, if that's when you need the 

24 answer, which is the case, for example, if you are 

25 dealing with fuel heat-up, then, of course, the 
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1 uncertainties inherent in the calculation of the rates 

2 are very important. If, however, your time constants 

3 are long enough that you can look at it as the 

4 condition approaches roughly equilibrium, then these 

5 uncertainties in the rates basically dampen out, to a 

6 large extent.  

7 So this is what I mean by proportionality, 

8 from here to here. Now the exception is -- and we 

9 will revisit that -- if there is a bifurcation that 

10 occurs somewhere during this process. Then, of 

11 course, we can have a situation where the uncertainty 

12 is augmented.  

13 I think right now let's go and just show 

14 it. I mean just show some actual calculations where 

15 this concept of proportional damped and augmented 

16 transposition of uncertainty is illustrated.  

17 DR. APOSTOLAKIS: And you will tell us at 

18 some point why this is happening? 

19 DR. ALMENAS: Yes. Well, yes, I have the 

20 information why this is happening.  

21 Okay, let's illustrate the situation with 

22 a damped case. The example chosen is that the reactor 

23 is operating at infinite decay, but the reactor is 

24 operating and it trips, and then after that, for some 

25 reason, the HPIs are initiated and not controlled. So 
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1 we have a feed and bleed condition.  

2 This is relevant to our PTS situation, 

3 because cold HPI water is entering into the cold leg.  

4 It is being transported to the downcomer, and the 

5 pressure remains high, because we are at PORV 

6 pressure.  

7 So the question is how is the temperature 

8 in the downcomer affected by some of the other 

9 independent variables and their uncertainties? 

10 Certainly, one of the variables which is 

11 very important in this case, potentially very 

12 important, is the energy source. We are providing an 

13 energy sink. How are we going to cool down the system 

14 will depend upon the energy source. We are balancing 

15 source and sink.  

16 Now the energy source can vary over a 

17 large range potentially. This is about the whole 

18 range that I can conceive that the energy source could 

19 vary. The upper line here -- and, of course, it's a 

20 time dependent energy source -- The upper line is a 

21 situation where the source is maximum. That is to 

22 say, the reactor has been operating for an infinite 

23 time. The decay products are at equilibrium, and the 

24 reactor coolant pumps are operating. That's the upper 

25 line.  
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1 Now you shut the reactor coolant pumps 

2 off. You lose a significant part of the source, and 

3 that is this line here. In two hours, the difference 

4 is 50 percent. However, you could even have a worse 

5 situation. Suppose you have started up -- I mean you 

6 have this event happening before the decay products 

7 have a chance to build in properly.  

8 Incidentally, this is a sort of a -- The 

9 conservative question here gets flipped in this 

10 particular - - for this particular issue. Fuel heat

11 up, of course, this would be good. Right? In PTS we 

12 are diminishing the source. We are not heating up the 

13 water as much. So this is, quote/unquote, "bad." So 

14 here we are flipping the conservative concepts.  

15 If we do have -- If we have this accident 

16 ten hours, say, after a refueling, then the source is 

17 like this with reactor coolant pumps operating; and if 

18 the reactor coolant pumps are off, it is over here.  

19 A factor of four here at the -- in about 

20 two hours, and a very valid question: What impact 

21 does that have on the temperature of the downcomer? 

22 Now RELAP, whatever you might say -- what 

23 you might say about the code -- does the energy and 

24 mass balance correctly? This is especially when the 

25 reactor coolant pumps are operating. This is an 
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1 energy and mass balance question, because the coolant 

2 is churning at 14 seconds all the way around the 

3 system, and here we have the temperature in the 

4 downcomer as calculated by RELAP.  

5 This is a very expanded temperature graph.  

6 As you see, though the sources differ by a factor of 

7 two, you can hardly distinguish the difference in -

8 DR. WALLIS: This is the secondary side 

9 that is governing? 

10 DR. ALMENAS: The secondary side does it.  

11 DR. WALLIS: Right.  

12 DR. ALMENAS: Well, all right. You know 

13 the answer. So why am I presenting it? 

14 Well, yes, there is no mystery in this, of 

15 course. But the point is here to show it 

16 quantitatively. Right? And to show it quantitatively 

17 and to illustrate this concept of damped. Right? 

18 So here, for example, now we have a factor 

19 of four. That is to say, natural circulation, no 

20 coolant pumps operating. Then the oscillations have 

21 a different character, a larger time scale, but 

22 nevertheless, the temperature is basically the same.  

23 So this is just end of illustration for 

24 what I mean by that. You can have an uncertainty in 

25 the source of a factor of four in your PTS-relevant 
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1 parameter. This is damped down to less than half a 

2 degree.  

3 DR. WALLIS: What's the difference between 

4 the two curves, with and without RCPs? 

5 DR. ALMENAS: Most of them are without 

6 RCP.  

7 DR. WALLIS: So you have a different heat 

8 transfer mechanism.  

9 DR. ALMENAS: Well, and the circulation, 

10 of course, is very different. This is natural 

11 circulation, whereas RCP is forced circulation.  

12 DR. SCHROCK: You are using two different

13 

14 DR. ALMENAS: Right.  

15 DR. WALLIS: Infinite and ten? 

16 DR. ALMENAS: I think that illustrates 

17 what I mean by the concept of damped.  

18 DR. WALLIS: What you might argue, though 

19 -- If you look at the second curve, you've got 

20 somewhat erratic results. And you might say, well, is 

21 RELAP really modeling this natural circulation 

22 properly. Then you get into that area of uncertainty.  

23 DR. ALMENAS: But it will not make a 

24 difference on this particular answer. Some of these 

25 spikes there maybe are not quite physical, and maybe 
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1 the oscillation is even not quite physical. But the 

2 average is determined by the mass and energy balance, 

3 and that does not change and the time constants of the 

4 oscillations do not matter for this particular issue.  

5 Okay. Illustration of damped complete.  

6 Let's go on with the illustration of proportional. In 

7 this case I have taken a rather extreme situation. Of 

8 course, proportional is easier to illustrate when the 

9 differences are smaller.  

10 I have taken a fairly large difference: 

11 Two turbine bypass valve failures, one single and the 

12 other two. So in other words, the area for steam to 

13 escape in the steam generator is suddenly doubled.  

14 We could -- Not surprisingly then, more 

15 steam escapes. We cool it more. The pressure drops 

16 down more. So here then is the pressure trace.  

17 DR. WALLIS: We are looking at two 

18 different scenarios? 

19 DR. ALMENAS: Yes, two different 

20 scenarios. This is the pressure in the steam 

21 generator A and B, and -

22 DR. WALLIS: So the difference between the 

23 upper pair and the lower pair is the two scenarios or 

24 the two generators? 

25 DR. ALMENAS: No, two scenarios. In this 
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1 case, one turbine bypass valve fails. In the other, 

2 two turbine bypass valves fail, one in each steam 

3 generator.  

4 The reason the upper one has two 

5 distinguishable curves is because the intact steam 

6 generator at the point becomes an energy source. All 

7 of the energy is being removed through the failed 

8 steam generator.  

9 Now as I said, I am speaking here - I have 

10 taken these slides somewhat out of turn. So the next 

11 slide maybe is not as clear as it would have been if 

12 I did it the old way. But this is the PTS-relevant 

13 parameter that we are concerned with, namely the 

14 volume of the temperature in the downcomer.  

15 All I am showing here is that for these 

16 two transients it keeps at -- It is roughly 

17 proportional all through the relevant time, and the 

18 temperature difference is around 30 degrees.  

19 So at this point I could say, well, I have 

20 shown -- I have proven my case. In other words, I 

21 have increased the break area by a factor of two, and 

22 this has resulted in a change in the PTS-relevant 

23 parameter of 30 degrees.  

24 DR. APOSTOLAKIS: But, you know, 30 

25 degrees when your average is 480, is not the same as 
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1 30 degrees when your average is 450. That's why I 

2 asked earlier what is your measure of uncertainty.  

3 I mean, you are saying the bound stays the 

4 same, but if the temperature goes up and down, it's a 

5 higher percentage of the average. Is that correct? 

6 Just because the bound is the same, what does that 

7 mean? 

8 DR. ALMENAS: Well, at this point, as I 

9 said, we are talking about the classification method, 

10 and this is -- Well, this is very relevant, because we 

11 cannot look at all of these transients at once.  

12 Right? We must put them into some sort of bins.  

13 The bins that I am talking about now is 

14 damped, proportional, and augmented.  

15 DR. APOSTOLAKIS: What I am saying is that 

16 perhaps a better measure of what happens would have 

17 been the coefficient of variation, which is a ratio of 

18 the standard deviation over the mean.  

19 DR. ALMENAS: In the end result, 

20 certainly. Yes, I definitely agree with you. At this 

21 point, we are doing classification. We are not 

22 providing an end result. We are trying to get our 

23 arms around this huge number of problems by putting 

24 them into different categories, and this is just an 

25 illustration of what I mean by a proportional.  
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1 CHAIRMAN SHACK: Let me just say, you 

2 know, I thought the point of this was that, if I 

3 looked at the upper curve, which is the one failure, 

4 the delta T between it and the nominal operation is -

5 you know, say it's 540, and it's come down 40 degrees.  

6 When I kill two valves, I get an additional 30 

7 degrees. So the change is proportional. You know, 

8 the delta T is approximately doubled.  

9 It's not so much the constancy. It is the 

10 fact that the additional delta is roughly the same as 

11 the first.  

12 DR. ALMENAS; I wish there would be 

13 another word. I mean, matter of fact, we discussed 

14 with Janes -- I mean, is there another word we could 

15 use, because proportional, of course, is burdened by 

16 rather specific mathematical definitions.  

17 All I wanted to say is that the 

18 uncertainty or the effect of the boundary condition is 

19 transposed in roughly the same order of magnitude upon 

20 the answer.  

21 DR. WALLIS: But you can't have the same 

22 order of magnitude. You compare this 30 degrees -

23 DR. ALMENAS: If you are comparing apples 

24 and oranges, obviously, you cannot. But, for example, 

25 this particular -- When I say proportional, I think 
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1 this -- We are saying area and temperature.  

2 DR. WALLIS: I think Dr. Shack helped you 

3 out. Yes.  

4 DR. ALMENAS: Area and temperature. I 

5 mean, how can it be proportional? Well, this maybe is 

6 somewhat of an indication. The proportionality here 

7 is rather simple. It is just along the saturation 

8 line.  

9 In other words, we have a certain change 

10 in delta P, and this particular change in delta P in 

11 the steam generator produces, of course, a temperature 

12 change in the steam generator. If the temperature in 

13 the primary system follows the temperature of the 

14 steam generator very closely, then you have a very 

15 similar change also in the primary system.  

16 Bear with me. I will have, you know, some 

17 more rational explanations here behind it, but for my 

18 last case study of transformation of uncertainties, I 

19 have an example -- this one could certainly raise 

20 questions -- of an augmented uncertainty where a 

21 certain size of a uncertainty in the boundary 

22 conditions becomes larger in the PTS-relevant 

23 variable.  

24 In this case, I have a surge line 

25 calculated, two surge line breaks which are different 
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1 DR. APOSTOLAKIS: But you do it 

2 numerically? 

3 DR. ALMENAS: Yes, we do it numerically.  

4 Yes.  

5 MR. BESSETTE: Yes. And I think the point 

6 we are trying to make here is that in these two curves 

7 there's no, let's say, thermal-hydraulic uncertainty.  

8 It's the same code, same models illustrated. The 

9 difference is the effect of the deterministic boundary 

10 condition, and whether the reactor coolant pumps trip 

11 or not is dependent on whether you lose subcooling.  

12 In one case, you don't lose subcooling.  

13 In the other case, you do. So it changes the course 

14 of the transient. So it shows that, in the scheme of 

15 things, the plant conditions are very -- They are very 

16 important. They override the thermal-hydraulic 

17 uncertainties.  

18 DR. WALLIS: So these are RELAP 

19 calculations? 

20 DR. ALMENAS: Yes.  

21 DR. WALLIS: So your model -- I'm not 

22 quite sure how your model helped me understand. I 

23 mean, you said whether or not you get stagnation is 

24 the difference between these two curves. That's RELAP 

25 that is telling you that. Your model isn't telling 
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1 by a small amount, 20 percent. They differ only by -

2 well, let's see. Here we are -- by this magnitude in 

3 terms of the rate, and my PTS-relevant variable, 

4 namely the temperature in the downcomer.  

5 DR. WALLIS: This is a very small area 

6 change.  

7 DR. ALMENAS: Very small area change. The 

8 PTS-relevant variable, the temperature in the 

9 downcomer here, in two hours differs by 100 degrees.  

10 So small area change, large change in the temperature.  

11 DR. APOSTOLAKIS: It seems to me what you 

12 are doing -- now it dawned on me -- is you are finding 

13 how sensitive the result is to the boundary 

14 conditions.  

15 DR. ALMENAS: Correct. As I said, I am 

16 trying, you know, to bin these things so that we can 

17 deal with these various categories individually.  

18 DR. APOSTOLAKIS: And you are doing it one 

19 at a time. The variables are one at a time. You are 

20 doing a sensitivity study.  

21 DR. ALMENAS: Right. Sensitivity study 

22 and then subsequently using the sensitivity study to 

23 classify my transients so I can proceed with a more 

24 precise analysis of each category.  

25 DR. APOSTOLAKIS: This is not really an 
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1 uncertainty analysis. That's what threw me off. It's 

2 a sensitivity study.  

3 DR. ALMENAS: Well, but it is based on how 

4 the uncertainty is propagated.  

5 DR. APOSTOLAKIS: Well, that has 

6 implications to that, but you are really doing a 

7 sensitivity -- You are saying the output variable 

8 roughly varies proportionally to -

9 CHAIRMAN SHACK: Well, he is using the 

10 sensitivity to identify the important uncertainties, 

11 is the way I keep thinking about it.  

12 DR. SIU: Yes.  

13 CHAIRMAN SHACK: Well, that's one way of 

14 doing it.  

15 DR. APOSTOLAKIS: But it's really a 

16 sensitivity.  

17 DR. SIU: At this stage, that's what you 

18 are hearing. Then when Ali steps up, he will talk 

19 about how the uncertainties will get dealt with.  

20 DR. ALMENAS: Yes. But we use this 

21 information then for very precise calculations. I 

22 mean, we take one category then, and we use this 

23 information to deal with that category.  

24 DR. APOSTOLAKIS: No. These things don't 

25 vary one at a time.  
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1 DR. ALMENAS; Well, I'm not sure I 

2 understand.  

3 DR. WALLIS: Well, you only get one break 

4 at a time.  

5 MR. MOSLEH: If the question is -- This is 

6 Ali Mosleh. If the question is in the uncertainty 

7 analysis we consider the fact that multiple variables 

8 change at the same time, we do that when we get to 

9 that part.  

10 DR. APOSTOLAKIS: The uncertainty. But 

11 the sensitivity doesn't do that.  

12 MR. MOSLEH: At the earlier stages or the 

13 first stage, it's just to get a sense of how things 

14 vary, you know, with one variable. Then we escalate 

15 that to multiple variables.  

16 DR. APOSTOLAKIS: Is this just a 

17 qualitative insight? 

18 MR. MOSLEH: Yes. At this point, to help 

19 us understand how things can be binned, and what are 

20 the principles of binning. Yes.  

21 DR. APOSTOLAKIS: But if you have missed 

22 some interaction here, you will catch it? 

23 MR. MOSLEH: Yes, and I don't think that 

24 we will miss them based on, you know, the rest of the 

25 talk. He is basically developing the binning 
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1 principles so that we won't miss multiple 

2 combinations.  

3 DR. WALLIS: Now why does this small 

4 change in break size have such a huge change in 

5 temperature result? 

6 DR. ALMENAS: Well, because in one case 

7 you have flow stagnation occurring. In the other 

8 case, you do not. You decouple this very important-

9 DR. WALLIS: You change the mechanism.  

10 DR. ALMENAS: Right. But you actually 

11 change qualitatively the nature of the circulation 

12 within the system.  

13 DR. WALLIS: Right. You are not able to 

14 predict choke flow with this precision anyway. So -

15 DR. ALMENAS: Well, that's the point.  

16 Yes. That is exactly the point.  

17 DR. APOSTOLAKIS: But again, is this 

18 sensitivity analysis done heuristically? I mean, you 

19 change something. You do the numbers and say, gee, it 

20 doesn't make much difference? 

21 DR. ALMENAS: Well, no. This sensitivity 

22 analysis is done -- The starting point is really this 

23 diagram and the e-capacities and the time constants.  

24 I mean, just from this you look at it, and you say now 

25 what does it take to change that temperature.  
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1 you.  

2 DR. ALMENAS: Well, but my model tells us, 

3 for example, that if you get stagnation, yes, then 

4 indeed the temperatures will diverge -- my conceptual 

5 model.  

6 This particular slide is the end result of 

7 the classification process from the top down point of 

8 view, from the thermal-hydraulic point of view. This 

9 is not the analysis yet, not the answer. This is the 

10 classification of the parameters. It includes also 

11 how their uncertainties are propagated and how these 

12 uncertainties impinge upon the end result.  

13 DR. WALLIS: This came from your model or 

14 from the RELAP runs? 

15 DR. APOSTOLAKIS: I thought all the runs 

16 were RELAP. They're not? 

17 DR. ALMENAS: Yes. Well, but -

18 DR. APOSTOLAKIS: So what is from your 

19 model? 

20 DR. WALLIS: Well, the model was used to 

21 get insights from something.  

22 DR. APOSTOLAKIS: That was just a mental 

23 model.  

24 DR. ALMENAS; Yes. It's basically a 

25 mental -
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1 DR. WALLIS: But the classification was 

2 based on RELAP, not on your mental model? 

3 CHAIRMAN SHACK: Right. He used his 

4 Godonkon model to know which RELAP runs to run and 

5 compare.  

6 DR. WALLIS: And to explain the results he 

7 got.  

8 DR. ALMENAS: I mean, gentlemen, this 

9 particular model -- Now I'm very fond of it. I could 

10 put on the board here the RELAP model, 250 nodes, 

11 etcetera, and try to explain it. I mean, this one -

12 I look at it, and I can see, you know, if the flow 

13 rate here slows down and I have HPI, the temperature 

14 here will go down. I mean, it's a sort of a 

15 transparent way of looking at the system. That is its 

16 main -

17 DR. BONACA: So just a question. Looking 

18 back at the 31, the bins you end up with, some of them 

19 -- I mean, you are really connecting some scenarios on 

20 the basis of no effect on temperature.  

21 DR. ALMENAS: I'm sorry. I did not -

22 DR. BONACA: You're using damping or 

23 proportional or augmented.  

24 DR. ALMENAS: Yes.  

25 DR. BONACA: So, really, some of the bins 
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1 will be eliminated on the basis that -

2 DR. ALMENAS: Precisely. If I can put it 

3 in the damped category, I know I don't have to worry 

4 about it.  

5 DR. BONACA: Okay, because before I always 

6 thought you will. This way, you are using really some 

7 understanding of -

8 DR. ALMENAS: Yes. I am trying to make 

9 the problem smaller. Right, right, right. Yes. So 

10 this summarizes the classification process in a single 

11 slide.  

12 The question is now how are the PTS

13 relevant parameters propagated? How do the 

14 uncertainties impinge upon the PTS-relevant 

15 parameters? So here we have the possibilities: The 

16 temperature in the downcomer damped, pressure 

17 controlled, etcetera, etcetera, to temperature in the 

18 downcomer augmented, pressure proportional.  

19 What are the conditions which lead to this 

20 manner of error propagation? They are that these 

21 transients have the following dominate heat sinks, 

22 that they have the following circulation model, 

23 reactor coolant pump or natural circulation. And now 

24 then what are the errors? What are the boundary 

25 conditions and the model errors which do contribute to 
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1 this proportional or damped propagation error? 

2 So here they are. The first category is 

3 really from the PTS point of view, not very relevant.  

4 So let's skip that. The one that is really mostly 

5 relevant is where the error is in the proportional 

6 way, transmitted to the PTS-relevant parameters, and 

7 this includes the transients for which the energy 

8 transfer to these steam generators is not controlled.  

9 For example, with the reactor coolant 

10 pumps operating, then the aleatory uncertainty which 

11 counts is the area -

12 DR. WALLIS: So by controlled, you really 

13 mean whether or not the pumps are running? 

14 DR. ALMENAS: No, that the operator cannot 

15 control it.  

16 DR. WALLIS: You mean -- controls the heat 

17 transfer directly. It's the consequence of things.  

18 So the pumps are running. I don't quite understand 

19 you mean by Qsg-controlled or uncontrolled.  

20 DR. ALMENAS: Well, if the operator -- if 

21 he can control the pressure of the secondary, he can 

22 control the energy transfer to the steam generator.  

23 DR. WALLIS: Well, he's doing something 

24 which then has an effect upon the energy transfer, and 

25 he controls it. It's something the operator does.  
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1 DR. ALMENAS: Yes, yes. I mean -

2 DR. WALLIS: So the operator's decision is 

3 put into this chart somehow then.  

4 DR. ALMENAS: Well, the operator's 

5 decision is -- The assumption is that, if operator is 

6 able to act properly, then he will with a general -

7 Now this is not quite my field, but there is roughly 

8 - The ATHEANA people tell me there is a 99 to one 

9 percent probability that the operator will act 

10 properly. So that -

11 DR. SIU: Let me just interject. Right.  

12 This is operator control. This is a result of a 

13 particular event sequence where we have said the 

14 operators are successful in dealing with that 

15 function.  

16 That's one of the -- You see alphabet soup 

17 stuff on the righthand side. There is a designation 

18 that Bill Galyean will talk about that says, for this 

19 class of sequences, they indeed control the steam 

20 generator.  

21 DR. WALLIS: So you're saying -- I'm 

22 trying to figure this out -- the T is of a 

23 proportional type. In other words, so the change -

24 the effect on temperature is sharply proportional to 

25 the uncertainty in something put in as input variable 
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1 only when Qsg is under control. Is that right, that 

2 the second is a requirement for the first? 

3 DR. ALMENAS: Right. Correct.  

4 DR. WALLIS: So only when Qsg is under 

5 control do you ever get this proportional behavior? 

6 DR. ALMENAS: Correct. That's what I am 

7 saying.  

8 DR. WALLIS: Is that really so? Well, 

9 maybe it is. It just seems -

10 DR. ALMENAS: Yes. I will show you some 

11 more information on this. Let's just finish with this 

12 particular slide, because one of the questions was how 

13 does my work here interconnect with Bill Galyean's.  

14 So the answer is this particular term, as 

15 Nathan called alphabet soup. This is a classification 

16 vector of Bill Galyean's. Let me put his -

17 DR. APOSTOLAKIS: So thermal-hydraulic 

18 propagation of uncertainty.  

19 DR. ALMENAS: The propagation of 

20 uncertainty -- These are the definitions, and as I 

21 showed the case studies. I mean, there are 

22 uncertainties in the boundary conditions. The 

23 question is how do these uncertainties impinge upon 

24 the PTS-relevant variable? 

25 What I tried to illustrate is that this 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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



116 

1 question can be classified into three categories. In 

2 some cases, these uncertainties will be damped. In 

3 other cases, the uncertainty will be roughly 

4 proportional, not going into the semantics of this 

5 particular term, and in some cases they can be 

6 augmented, just the classification.  

7 DR. APOSTOLAKIS: Is that another way of 

8 putting it, saying that the output varies linearly 

9 with the input, roughly? It varies as a power of the 

10 input that is greater that one, this one is greater 

11 than one? 

12 DR. WALLIS: No. It could be linear with 

13 a big amplification factor or a damping factor.  

14 Linearity is a question.  

15 DR. ALMENAS: I don't do this just in 

16 order to do it. I do it, because then I can eliminate 

17 these particular scenarios. Right? That's the 

18 purpose of it. I can concentrate my analysis on these 

19 particular scenarios.  

20 DR. WALLIS: I would think you would on 

21 augmented scenarios.  

22 DR. APOSTOLAKIS: If it is linear with a 

23 large amplification factor, it is not proportional 

24 then. It is augmented.  

25 DR. WALLIS: I think that's what he means, 
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1 because he's got a big bar instead of the little bar.  

2 That's the only thing I can see that makes it 

3 different. It's the amplitude of the delta T that 

4 he's worried about.  

5 DR. ALMENAS: I wish I could have another 

6 word besides proportional, because proportional in 

7 your mind has a precise mathematical definition, and 

8 you see some incongruities here.  

9 DR. APOSTOLAKIS: Well, the problem is not 

10 that. The problem is that in statistics these things 

11 can be studied, and I am trying to make a connection; 

12 because you are not coming from the statistical 

13 perspective. You are coming from the thermal

14 hydraulicist's perspective.  

15 So this is a sensitivity study. That 

16 tells me what? That the output -

17 DR. ALMENAS: Classification.  

18 DR. APOSTOLAKIS: That the output depends 

19 in some way on this particular input. Okay? But 

20 where I get confused is when you say that the 

21 uncertainty there, the uncertainty of the input -- I 

22 mean, we are talking about deterministic relations 

23 here.  

24 DR. ALMENAS: Yes, but for example, take 

25 a variable here from -- if I didn't get confused in my 
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1 slides here. Take an overfeed transient, and you have 

2 the boundary conditions here, the flow rate, the 

3 temperature of the flow rate, and the decay power.  

4 These are boundary conditions on the 

5 thermal-hydraulic system. They can vary over a 

6 certain range. There is an uncertainty attached to 

7 them. The question is how does this uncertainty 

8 impinge upon my PTS-relevant answer. That is the 

9 question that was posed to me. That's the basic 

10 question that I am trying to present to you.  

11 DR. APOSTOLAKIS: Which is another way of 

12 saying how sensitive is the answer to these 

13 parameters? 

14 DR. ALMENAS: But, gentlemen, there is an 

15 additional -- It's not just the simple that here is 

16 the boundary conditions, because we enter into a 

17 rather complicated code, and a code calculates various 

18 parameters. So there is a code uncertainty as well.  

19 So in this table here, it tells you that 

20 the flow rate out of the break and the energy flow 

21 rate out of the break, which is calculated -- it's not 

22 a boundary condition -- also produces an uncertainty, 

23 which impinges upon the outcome.  

24 DR. WALLIS: But if we change damped, 

25 proportional, augmented to small, medium, large or 
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minimal, significant and something, would it make any 

difference? 

DR. ALMENAS: "A rose by any name..." I 

wish we would have precise semantics. I mean, there 

is no particular reason to get bound up in -

DR. WALLIS: But you might call them 

small, medium and large. Would it still be okay? 

DR. ALMENAS: I would not object. If it 

would contribute to a better mutual understanding, the 

answer is definitely it would be okay.  

DR. BONACA: May I ask a question, just 

referring to the model uncertainties. Let me take the 

second case.  

DR. ALMENAS: This one? 

DR. BONACA: Yes, the second one in which 

you have temperature and time, and you would tend to 

conclude that then this being I can eliminate because 

it doesn't have an effect on temperature, for 

simplification purposes? 

DR. ALMENAS: Right.  

DR. BONACA: But you have a model 

uncertainty on W circulation there.  

DR. ALMENAS: Right. Well -

DR. BONACA: How would you assess the
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1 DR. ALMENAS: My time is limited, and I am 

2 trying to rush, because my colleague has to present 

3 his material also. Actually, this is -- You just hit 

4 upon -- Each column here has two issues here. Then 

5 there is the delta T between the steam generator and 

6 downcomer. The temperature exiting from the steam 

7 generator is that. but without the coolant pumps 

8 operating, the delta T from the downcomer to the steam 

9 generator is proportional, and the proportionality 

10 constant is influenced by the circulation, which is a 

11 calculated parameter.  

12 DR. BONACA: So that would tell you for 

13 the specific case that you will not possibly ignore 

14 this scenario.  

15 DR. ALMENAS: Yes. Yes. Please let me 

16 just point out that -- because this question was 

17 relevant -- how does this interject with Galyean's.  

18 He will show this to you later. So I will just flash 

19 it quickly.  

20 We are -- This is a bottom up event. You 

21 are probably more familiar with that. Look at it. So 

22 this is the same picture as the other graph. It looks 

23 very different, of course, because it comes from a 

24 different direction, but to a certain extent, it 

25 contains the same information but differently 
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1 presented.  

2 In my table there is, for example, the 

3 flow rate of just the boundary condition, flow rate of 

4 the feedwater, and temperature of the feedwater. In 

5 Bill's there is these two vectors here. Why? Because 

6 from the event point of view, the feedwater can be 

7 delivered by the main feedwater system, by the 

8 emergency feedwater system, and even by the condensate 

9 booster pumps.  

10 In the event space, these two parameters, 

11 in my simplified look, become very, very complicated; 

12 and rightly so, because all of these things have 

13 certain probabilities of failing or not failing, 

14 etcetera. But at a certain point, these tables are 

15 congruent. They have additional detail each.  

16 DR. WALLIS: I don't understand. You have 

17 four bins. Is that the result of the previous table 

18 we looked at? Four bins? Is that what I understand 

19 from that? 

20 DR. ALMENAS: No. What I am saying now: 

21 If you look at it bottom up -- event space -- and you 

22 ask yourself how does the flow rate into the steam 

23 generator and its temperature -- how does it vary? 

24 You have to deal with three systems, the main 

25 feedwater system, the emergency feedwater system, and 
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1 even the condensate -

2 DR. WALLIS: But when you have done all 

3 that, you're saying you can then get them into your 

4 framework, which was this matrix which had four bins? 

5 DR. ALMENAS: I am saying, from my point 

6 of view, it is just the flow rate and the temperature.  

7 DR. WALLIS: None of those things? You 

8 just showed us a chart. As I understand, you are 

9 going to classify these transients into these four 

10 boxes. Is that what you are doing? 

11 DR. ALMENAS: These are examples of -- I'm 

12 not sure of the question.  

13 DR. WALLIS: Well, you've presented the 

14 table we just looked at.  

15 CHAIRMAN SHACK: Do all transients go into 

16 these four bins, I guess, is what Dr. Wallis is 

17 asking.  

18 DR. WALLIS: I think that's the idea. Are 

19 there more bins? Is this an example of some bins or 

20 all bins or -

21 DR. ALMENAS: Well, actually, Ali will 

22 talk about that, because the important issue here in 

23 the failure of these parameters, it is in a simplified 

24 way in my answers, because those -- flow rate, for 

25 example, is time dependent -- is time. In other 
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1 words, operators can do things or they cannot do 

2 things, and so they can be shifted in time.  

3 So the effect that they have on the PTS

4 relevant variable, of course, depends on time as well.  

5 DR. SIU: If I could interject, I think 

6 what you are seeing here -- there will be a difference 

7 in methods to address the thermal-hydraulic 

8 uncertainties with these bins. That doesn't mean that 

9 every transient that he puts in this bin necessarily 

10 will have the same thermal-hydraulic uncertainty.  

11 There has to be the process that we go through that 

12 calculates the uncertainty in the boundary conditions, 

13 for example, which will different from transient to 

14 transient, depending on the particular, again, 

15 classification scheme that you saw on the righthand 

16 side of that chart.  

17 DR. WALLIS: I'm way back at point zero.  

18 I don't understand why you need to bin, what's a 

19 consequence of binning, what's going to be different 

20 when you have them in different bins. All these 

21 things, so at some level I have no conception of at 

22 all yet. All these details up here don't help me with 

23 that big picture.  

24 CHAIRMAN SHACK: Could I go back to the 

25 other graph, just to see if I -- Let me try a picture 
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1 of how I think this might work, but I don't know 

2 whether it's right or not.  

3 Are we saying that, for the transients in 

4 the first bin, the primary uncertainty is aleatory, 

5 because it comes from the boundary conditions? So 

6 it's really aleatory uncertainty, and you wouldn't 

7 spend a whole lot of time doing epistemic uncertainty 

8 studies on those models for those transients. And 

9 that's the way here you are trying -- That's really -

10 You know, everything is controlled by whether the 

11 event either happens or doesn't happen, and you don't 

12 want to waste your time doing epistemic studies on the 

13 model response to that particular set of events. You 

14 are controlled by whether it happens or doesn't 

15 happen.  

16 As I go further down, I not only have to 

17 worry about the aleatory uncertainty, but I have to 

18 worry about the epistemic uncertainty. So I have to 

19 put a lot of attention into -

20 DR. SIU: That's exactly right, and I 

21 think Ali will elaborate on that when he gets up.  

22 DR. WALLIS: So the purpose of all this 

23 classification is to tell how important aleatory and 

24 epistemic are to the answer? 

25 DR. SIU: To say what we need to do, to do 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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



125

1 the uncertainty analysis.  

2 DR. WALLIS: Well, I guess you are trying 

3 to divide in order to conquer, in a way.  

4 DR. SIU: Yes, exactly.  

5 DR. ALMENAS: Absolutely.  

6 DR. WALLIS: I understand the strategy.  

7 DR. ALMENAS; Yes, absolutely, divide in 

8 order to conquer. You cannot deal with all of them at 

9 once. We first classify, and then deal with each 

10 group.  

11 Let's see. Where shall I go, because I 

12 want to definitely leave time for Ali's presentation.  

13 DR. APOSTOLAKIS: So how did you decide? 

14 You took each variable -- correct? -- and you ran the 

15 calculation. Then you look at the output, and you 

16 decided, you know, for this variable the difference in 

17 the predictions increases or stays roughly 

18 proportional or decreases. Is that what you've done? 

19 DR. ALMENAS: Yes, except the process was 

20 somewhat inverse. Just from understanding, and I've 

21 had a fair amount of experience with plants and RELAP, 

22 of the heat capacities and the time constant involved, 

23 I already could pre-classify and then use RELAP as a 

24 sort of a verification of my classification method.  

25 Maybe this particular slide would be a 
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1 little bit helpful, because one of the things this 

2 damped -- I'm sorry for these words, but I mean, there 

3 we are, large, small, augmented, whatever.  

4 The big difference here or the big impact 

5 here, the elephant in the china shop, is the steam 

6 generator, very simple to understand. The steam 

7 generator is designed to remove 150 percent of reactor 

8 power.  

9 We are at two to one percent. So in other 

10 words, the steam generator is humongously -- a word my 

11 daughter uses -- over-designed for those conditions, 

12 and the time constant across the steam generator tube 

13 is a few seconds. The time constant that we are 

14 interested is 400 seconds.  

15 So we don't have to worry about these 

16 individual heat transfer coefficients on one side or 

17 the other. We can use an effective heat transfer 

18 coefficient.  

19 So, roughly, the energy transferred to the 

20 steam generator is this particular simple relationship 

21 where A should occupy the whole screen. It is that 

22 large. This then has a relationship on the Tprime and 

23 the relationship, of course, is as follows, right? 

24 Again, A is in the denominator. It is multiplied by 

25 heffectivel and there is an appendix in my report which 
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1 deals with the whole possible range of heffective, 

2 physical possible range and also used by RELAP.  

3 The result of that is, as you vary 

4 heffective, which includes, you know, both heat transfer 

5 coefficient and the thermal resistance of the tube, 

6 the delta T, primary to secondary, will vary from half 

7 a degree to three degrees.  

8 This is really the mechanism which 

9 produces the damp situation. This is also the 

10 mechanism which produces the proportional situation, 

11 because if we do not control the steam generator, if 

12 the boundary conditions and the errors in the boundary 

13 conditions produce changes in the steam generator 

14 condition, these changes are translated within these 

15 temperature ranges upon the temperature in the 

16 downcomer.  

17 Finally, if the steam generator drops out 

18 of the picture, then we have a completely different 

19 ballgame.  

20 DR. WALLIS: It's a flow stagnation. The 

21 downcomer doesn't know the steam generator is there.  

22 DR. ALMENAS: Right. Yes. We have a 

23 completely different ballgame, and we have basically 

24 a bifurcation, and under those conditions we have 

25 this.  
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1 DR. APOSTOLAKIS: What's Qsg? 

2 DR. ALMENAS: The energy transferred 

3 across into the steam generator.  

4 DR. WALLIS: What I think I learned from 

5 this is that I only need to worry about conditions 

6 where I get flow stagnation. Is that the case? 

7 DR. ALMENAS: Well, not necessarily, 

8 because even with the proportional, etcetera, you can 

9 have a combination of temperatures and pressures which 

10 are PTS-relevant. Now the flow stagnation, in fact, 

11 you have to worry probably less about, simply because 

12 of the probability. I mean, there is not just the 

13 matter can it happen, but what is the probability that 

14 it will happen.  

15 DR. WALLIS: Are there any damped 

16 situations which are PTS-relevant? 

17 DR. ALMENAS: Well, not really.  

18 DR. WALLIS: So there are screens for 

19 screening out things -

20 DR. ALMENAS: Well, yes.  

21 DR. SIU: Shall we get on to Ali's 

22 presentation in time for lunch? 

23 DR. ALMENAS: Maybe we should go on to 

24 Ali's presentation.  

25 MR. MOSLEH: Can I make a suggestion? The 
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1 example of a single variable -

2 DR. ALMENAS: All right. I can go quickly 

3 through the single.  

4 MR. MOSLEH: I suggest that we cover that 

5 example of a single variable.  

6 DR. ALMENAS: All right. But I am afraid 

7 that I will be stopped in it, because -- But anyway -

8 Now how do you put that into actual 

9 probabilities of the end result? We will present that 

10 in two ways. One, a very simplified presentation for 

11 a condition where only a single variable encompasses 

12 both the aleatory and the epistemic uncertainties.  

13 This is the case of -- Oh, no. See, I am 

14 trying to rush, and I'm running ahead of myself. Now 

15 to put that into practice, we have to determine which 

16 boundary conditions influence our variables, determine 

17 PDF and CDF relationship for these boundary 

18 conditions, use RELAP then to revaluate 

19 proportionality constants, and then use the CDF index 

20 to choose boundary conditions values at specified 

21 probability limits -- for example, five and 95 

22 percent.  

23 So for single variable, this is a rather 

24 simple situation. In flipping through my slides here, 

25 I notice that I have, I guess, lost my intro to that 
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1 particular example. But the example in question is a 

2 turbine bypass valve area. The steam generator is 

3 uncontrolled, and what can happen next? 

4 According to the table -- I don't want to 

5 flash it again -- under those conditions we have a 

6 proportional transposition of uncertainties. The 

7 variables that matter is the effective flow area from 

8 the steam generator. The calculated variable that 

9 matters is the flow rate and energy flow rate out of 

10 that turbine bypass valve.  

11 What can happen to the pressure depends 

12 upon what the operator does or does not do.  

13 Basically, under those conditions you have 

14 overcooling of the primary system, and in most cases 

15 HPI will then come on. I mean, there will be 

16 shrinkage of the primary system, pressure drop. HPI 

17 will come on.  

18 Subsequently, what happens, the pressure 

19 - all of these pressure variables which are shown on 

20 the table are subsequently possible, depending on 

21 operator action.  

22 Let's take the two cases where the 

23 operator fails to act. If he does not throttle -- If 

24 HPIs come on and he fails to throttle them, then the 

25 system refills, and the pressure stays at PORV level.  
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1 If the HPIs do not come on and he doesn't 

2 turn them on, then the liquid shrinks sufficiently 

3 that we lose pressurizer control, and the pressure of 

4 the system goes to saturated values.  

5 If we follow the pressure down here by 

6 operating the pressurizer somewhere in this range. So 

7 that disposes of the pressure variable.  

8 There are two other uncertainties: One, 

9 the effective area of the turbine bypass valve; and 

10 two, the calculated uncertainty of the flow rate out 

11 of the turbine bypass valve.  

12 At this point, in the best of all possible 

13 worlds, your database would include the probabilistic 

14 density functions for these uncertainties. I had to 

15 make some heuristic arguments here for this 

16 illustrative example, and so I chose a symmetric 

17 distribution for the computational uncertainty and an 

18 un-symmetric for the effective flow area uncertainty; 

19 because simply there is a maximum, of course, of the 

20 effective flow area, but then the valve can fail in 

21 various ways that the minimum is -- Well, it's clearly 

22 an un-symmetric situation.  

23 Now this can be argued whether these are 

24 good choices, but this allows me to calculate the PDF 

25 and then subsequently also CDF for the effective valve 
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1 area.  

2 In this particular case, note that the 

3 aleatory and the epistemic uncertainties impinge upon 

4 the same variable, because as far as RELAP is 

5 concerned, if the area is uncertain or if the 

6 calculational model is uncertain, what this affects is 

7 the flow rate out of that valve, and I can modulate 

8 that flow rate as an input person by changing the 

9 area.  

10 DR. APOSTOLAKIS: So what is the area now? 

11 The area is what, aleatory or epistemic? 

12 DR. ALMENAS: At this point it's a 

13 combination of both, because it includes, as I said, 

14 the modeling uncertainty and it includes the physical 

15 uncertainty that the valve could be stuck halfway or 

16 three-quarters of a way, etcetera.  

17 So as you observe, this is -- the PDF here 

18 is un-symmetric.  

19 Now if you asked me, you know, to justify 

20 each step, I will, you know, not justify it to your 

21 satisfaction. This is used as an example of how this 

22 can be done.  

23 DR. WALLIS: Just see what happens.  

24 DR. ALMENAS: The other variable that 

25 counts is the energy input, the source; and of course, 
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1 that has a -- I guess this is epistemic. I mean, this 

2 is just your terminology. I'm a poor thermal

3 hydraulic guy.  

4 The source could be full source, and it 

5 has a certain uncertainty, presumably then symmetric 

6 - I chose, let's see, five percent, I believe -- or it 

7 could be distributed in time. That is to say, we -

8 DR. APOSTOLAKIS: Well, it's "A" again.  

9 What is this "A"? 

10 DR. ALMENAS: This? 

11 DR. APOSTOLAKIS: "A," yes. It was an 

12 area just a moment ago. What is it now? 

13 DR. WALLIS: Now it's a source. It's a 

14 factor on the source.  

15 DR. ALMENAS: Now it's source strength.  

16 Sorry, that's what I would call a typo. It's just my 

17 math CAD. I changed the -

18 DR. APOSTOLAKIS: So now it's "energy." 

19 DR. ALMENAS: Now it is energy, right.  

20 Sorry, sorry. Yes, that's definitely a typo. Sorry.  

21 Yes, this is the cue. Right.  

22 DR. WALLIS: Are you going to show us what 

23 happens when you put these in? 

24 DR. ALMENAS; Well, yes.  

25 DR. WALLIS: I want to see a result.  
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1 DR. ALMENAS: Well, yes. The next step is, 

2 since we have a CDF, I can choose the five percent or 

3 the 95 percent value from the CDF. I can calculate a 

4 nominal. Using the RELAP, I can calculate the nominal 

5 trace of the temperature, and then using 

6 proportionality constants I can calculate the 95 and 

7 five percent.  

8 DR. WALLIS: This is the wall temperature 

9 again? 

10 DR. ALMENAS: This is not the wall 

11 temperature. This is a fluid temperature.  

12 DR. WALLIS: Temperature of what? 

13 DR. ALMENAS: Oh, this is the temperature 

14 of the fluid in the downcomer.  

15 DR. APOSTOLAKIS: So this temperature in 

16 the downcomer depends on how many variables. It 

17 depends on the area of the turbine bypass valve, the 

18 flow there. It depends on the energy.  

19 DR. ALMENAS: Right. These are the two 

20 basic ones, effective area -- well, effective area, 

21 but the effective area -- I'm repeating -- contains 

22 the uncertainty both of the physical area plus the 

23 model.  

24 DR. APOSTOLAKIS; Okay. So how did you 

25 get the 95 percentile of the number? 
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1 DR. ALMENAS: Now the temperature -- The 

2 RELAP got the 95 percent of the temperature. In the 

3 input I just put in the five percent value of the area 

4 and the five percent value of the source.  

5 DR. SIU: Let me interject. I mean, I 

6 don't think you want to say that that's necessarily 

7 your fifth percentile curve, because what you are 

8 talking about, you have two different uncertainties, 

9 if you will. You got those two basic distributions, 

10 and using the fifth percentile of one and using the 

11 fifth percentile of the other. It doesn't give you 

12 the fifth percentile here.  

13 What you're getting is an indication of 

14 the range again, but it's not -

15 DR. WALLIS: It's a sensitivity study.  

16 DR. SIU: Yes. He didn't propagate the 

17 uncertainties through the combined model, the way you 

18 would do rigorously.  

19 DR. APOSTOLAKIS: So these are not 5th and 

20 95th.  

21 DR. SIU: That's correct.  

22 DR. ALMENAS: Okay, I stand corrected. As 

23 I said, I'm -

24 DR. APOSTOLAKIS: So what are they? What 

25 is the idea? 
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1 DR. ALMENAS: Well, they are just what 

2 they are. I'm sorry. That's not a very good 

3 statement. But what I mean is I take both the -- For 

4 example, in order to get the low value, I take the 

5 five percent upper value of -

6 DR. APOSTOLAKIS: But you said you used 

7 some proportionality constants. That's where I get 

8 lost. Did you actually run the code? You didn't rely 

9 on any constants or anything. You just ran the code? 

10 DR. ALMENAS: Yes, in order to evaluate 

11 the constants.  

12 DR. APOSTOLAKIS: What constants? 

13 DR. ALMENAS: The proportionality 

14 constants that I have been talking about.  

15 DR. WALLIS: So your proportionality is 

16 really sensitivity. If you vary the input power over 

17 this range from .9 to 1.1, and one is the 95 percent 

18 value, you get this range of temperature.  

19 DR. ALMENAS: No. Hang on. But, 

20 gentlemen, here. This is a RELAP calculation. These 

21 two are just offsets by the proportionality constant.  

22 Now are they correct? You can then re-run RELAP, of 

23 course, by putting in these actual values.  

24 DR. WALLIS: I thought that is what you 

25 did.  

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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



137 

1 DR. ALMENAS: And the answer is for 

2 government work, they are certainly good enough.  

3 DR. APOSTOLAKIS: What, what, what, what, 

4 what? The government work that we do here is very 

5 good.  

6 DR. ALMENAS: Okay. Well, my levity maybe 

7 is misplaced.  

8 DR. APOSTOLAKIS: Yes.  

9 DR. ALMENAS: Well, this is good. I mean, 

10 heavens, for thermal-hydraulics this is -

11 DR. APOSTOLAKIS: I don't understand where 

12 the proportionality constant is. You have two 

13 variables now. So is your constant the same as it was 

14 in the case of one variable? Do you multiple the 

15 constants? 

16 DR. ALMENAS: I calculate the 

17 proportionality constant between -- and I showed you 

18 an example -

19 DR. WALLIS: That's dT/dA and -

20 DR. ALMENAS: -- between the area of the 

21 turbine bypass valve and the temperature in the 

22 downcomer.  

23 DR. WALLIS: The dT/dA, dT/dQ or 

24 inference coefficients are the same. So did you 

25 change the area? What effect does it have on 
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1 temperature? 

2 DR. ALMENAS: Right.  

3 DR. WALLIS: That's what you mean by these 

4 proportionality constants? 

5 DR. ALMENAS: Yes. I think maybe my 

6 problem is that I'm talking in simple terms, and you 

7 are imbuing them something -

8 DR. APOSTOLAKIS: So is there an 

9 assumption there that you have separate effects then, 

10 that there is a proportionality constant with separate 

11 effects? 

12 DR. WALLIS: Where dT/dA come from? Did 

13 you have to run RELAP to get dT/dA? 

14 DR. ALMENAS: Yes.  

15 DR. WALLIS: So you ran it again; you got 

16 the same answer. Not surprising.  

17 DR. ALMENAS: Well, no, no, no. Hang on.  

18 In one case -- Here in this particular case, these are 

19 calculated. As you see, it follows the RELAP 

20 calculation.  

21 DR. WALLIS; Where did dT/dA = 4500 come 

22 from? 

23 DR. ALMENAS: This is just this curve 

24 multiplied by a proportionality -

25 DR. WALLIS: Where did that dT/dA = -4500, 
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1 whatever the units are, come from? That's your 

2 sensitivity? 

3 DR. ALMENAS: Yes, that's my sensitivity.  

4 DR. WALLIS: It's like a controller. You 

5 change one thing; you -

6 DR. SCHROCK: Did you just choose that? 

7 DR. ALMENAS: No, no. I used RELAP to 

8 calculate.  

9 DR. WALLIS: So you used RELAP to 

10 calculate. Not surprising that when you compare it 

11 with RELAP again, you get the same curve.  

12 DR. ALMENAS: Well, yes, but the values 

13 are different. In other words, I used -- There's 

14 nothing surprising about it, but I mean -

15 CHAIRMAN SHACK: Well, when you use RELAP 

16 to calculate dT/dA, what two values did you use for A? 

17 Did you use the 5th and the 95th and then -

18 DR. ALMENAS: I'm not sure where you 

19 confuse me or where I lost you. My presentation is 

20 indeed elementary, simple. There is a CDF. From the 

21 CDF I choose the value of the independent variable.  

22 With a proportionality constant then, I calculate the 

23 offset in the temperature.  

24 DR. WALLIS: Where does that constant come 

25 from? 
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1 DR. ALMENAS: From RELAP calculations.  

2 DR. WALLIS: And what do you use -- Which 

3 calculations do you use to derive the constant? 

4 DR. ALMENAS: You want to see them? 

5 DR. WALLIS: No, you use two calculations 

6 linearly or you use a range of calculations? 

7 DR. ALMENAS: Yes. I already showed them 

8 to you. For example, there was an example where I had 

9 one turbine bypass valve fail and two turbine bypass 

10 valves fail. I have a change in area. I have a 

11 change in the temperature.  

12 DR. WALLIS: And then you fit with a 

13 difference, finite difference, to get the -

14 DR. ALMENAS: Precisely. Very simple.  

15 DR. APOSTOLAKIS: It's still not clear to 

16 me how this is useful.  

17 DR. WALLIS: Then you do it again with the 

18 95 percent, which shows that it's kind of linear over 

19 the whole range.  

20 DR, ALMENAS: Right. Okay. How this is 

21 useful is a very good question, because this is a 

22 simple example, and I managed to confuse you with it.  

23 I think let Dr. Mosleh here -

24 DR. APOSTOLAKIS: But these 

25 proportionality constants are used in the final 
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1 calculations or are you using RELAP? 

2 DR. MOSLEH: No, they are not.  

3 DR. APOSTOLAKIS: They are not? 

4 DR. MOSLEH: This is for illustration.  

5 DR. ALMENAS: This is an illustration of 

6 a simple example of the process, how you go from a 

7 PDF, CDF to a final uncertainty in the PTS relevant 

8 variable.  

9 Okay. Now if you think this is 

10 complicated -

11 DR. APOSTOLAKIS: You would go through the 

12 code.  

13 DR. ALMENAS: -- Dr. Mosleh -- Well, yes, 

14 but that doesn't give you the probabilities. The code 

15 does not, no.  

16 DR. APOSTOLAKIS: In a Monte Carlo scheme, 

17 it does.  

18 DR. ALMENAS: Yes. Well, you are not 

19 going to run Monte Carlo.  

20 DR. APOSTOLAKIS: So your short circuit 

21 Monte Carlo is -

22 DR. ALMENAS: I am confusing you.  

23 DR. SIU: Okay. I think Ali will speak.  

24 CHAIRMAN SHACK: Because we are going to 

25 lose our thermal-hydraulics people, I would prefer to 
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1 continue.  

2 DR. WALLIS: I would like to continue.  

3 CHAIRMAN SHACK: This may compound 

4 confusion.  

5 DR. WALLIS: Well, maybe we should move to 

6 the next piece.  

7 DR. MAYFIELD: Dr. Shack, this is Mike 

8 Mayfield. I would say, if we get to one o'clock and 

9 this has not started getting a lot clearer, I'd like 

10 to continue with this afternoon for the fracture 

11 mechanics. But I would suggest that we reschedule 

12 another session where we try and come back and deal 

13 with this, because this is a very important issue for 

14 us, and I want to make sure that we're clear, and the 

15 fact that we are going to lose Professor Wallis and 

16 Professor Schrock -

17 DR. WALLIS: Well, I think we have another 

18 feel for what's going on here, and we can read the 

19 document we've been given. I would like to hear what 

20 the colleague has to say, whatever that is. I don't 

21 know what it is yet.  

22 DR. MAYFIELD: I understand. I'm just 

23 saying, if you're not satisfied and you need more, 

24 we'll be back.  

25 DR. WALLIS: I'd like to get a good feel 
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package is

DR. MOSLEH: James? They are under -- The 

being distributed.  

MR. BOEHNERT: New package or the same

package?

DR. MOSLEH: It's a new p 

package is being distributed.  

In a way, unfortunately 

Mosleh, University of Maryland. I 

project. As one of the conditions of 
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for that and go and do my homework, and based on what 

I've heard today and what I read, I can understand 

what's going on.  

DR. ALMENAS: Let me just summarize my 

example. The example is not supposed to be a 

realistic presentation. It is -- I mean, which has an 

end result that is used. It is just a simple, what I 

thought to be fairly transparent way of presenting the 

method.  

The actual situation is considerable more 

complicated, because there is time as another variable 

which you cannot do away with. So Dr. Mosleh will 

deal with that.  

DR. WALLIS: Thank you.  

MR. BOEHNERT: Do you have copies of your 

slides?
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1 getting Professor Almenas' participation, the project 

2 was that he will teach me thermal-hydraulics, and I 

3 will teach him PRA. He got an A. I got an F.  

4 I will not be able to answer your thermal

5 hydraulic questions. I will try to put some of the 

6 questions that were raised earlier into the 

7 perspective that Nathan Siu presented earlier, overall 

8 framework, and try to address some of the questions 

9 regarding the assessment and propagation of 

10 uncertainties throughout the complex model.  

11 So let me start with Nathan Siu's Vu

12 graph. Here there are a number of things that I want 

13 to point out. They were mentioned earlier, but I want 

14 to emphasizes them, because to appreciate what some of 

15 the points that Professor Almenas was trying to make, 

16 we need to appreciate that we are basically fighting 

17 a complexity -- a size and complexity problem, when he 

18 talked about 14,000. We really have a 14,000 

19 dimensional problem, in a way.  

20 Those are coming from the event space, the 

21 number of combinations that are on the lefthand side 

22 of this slide coming from an aleatory, real world 

23 events that can happen, causing different boundary 

24 conditions for your thermal-hydraulic analysis.  

25 The interface that Nathan has, all these 
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1 three boxes, these three boxes represent not only 

2 disciplines that are different, individuals that are 

3 different and different levels of expertise, but also 

4 constraints in communication of tools.  

5 So one of the boundary conditions for our 

6 work was that, when we went to FAVOR people, Terry, 

7 and said we have 14,000 set of thermal-hydraulic 

8 traces for you, can you run them, of course, he said 

9 no. We had to -- He gave us a limitation of, I think, 

10 up to 100 set of input parameters for -- I mean input 

11 initiators to his runs.  

12 So we had to go through a compression from 

13 14,000 or so events to 100 input results to FAVOR 

14 code. So there are constraints.  

15 Another constraint was -

16 DR. WALLIS: Can't you work it backwards? 

17 I mean, look at what you need on the right back to the 

18 sequence? 

19 DR. MOSLEH: Right. Well, there are 

20 arrows on the top which actually too place in terms of 

21 not only negotiating but also analyzing a number -- a 

22 parallel activity, actually -- I believe Professor 

23 Modarres will at least mention that in the afternoon 

24 - of getting a sense of what are the relevant 

25 parameters and relevant ranges of those parameters 
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1 from the PFM perspective, going from the righthand 

2 side to the lefthand side of this.  

3 At each interface we have to kind of do a 

4 two-directional assessment, and one of those was 

5 mentioned earlier by Almenas, referring to what INEEL 

6 did and Bill Galyean, that they had on the lefthand 

7 side a number of kind of binning concepts. Of those 

8 14X-thousand scenarios, are they all different from a 

9 thermal-hydraulic response? 

10 So they had to decide and put them into 

11 30-plus scenarios from a thermal-hydraulics and 

12 request RELAP runs only for those. Kazys went the 

13 other way and looked at kind a top-down approach and 

14 looked at the thermal-hydraulic principles to decide 

15 what kind of classification and grouping made sense to 

16 make the uncertainty assessment and propagation 

17 manageable. But these two had to meet.  

18 One of the matrices he showed actually 

19 represent that, that matrix that had numbers on the 

20 lefthand side like, you know, alphanumeric numbers.  

21 Those actually refer to actual scenarios in the -

22 groups of scenarios in the event trees.  

23 DR. APOSTOLAKIS: What is the issue with 

24 the uncertainty propagation? I get the impression 

25 when we talk about the one or two variables here, you 
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1 can get proportionality constants. I mean, uncertain 

2 propagation is trickier in those cases.  

3 DR. MOSLEH: Yes. They are trickier.  

4 DR. APOSTOLAKIS: So what is the point 

5 then of going through that? Why don't we just do a 

6 straight Monte Carlo and finish with it? 

7 DR. MOSLEH: Can't do it.  

8 DR. APOSTOLAKIS: You have already limited 

9 it on the left to 31 bins.  

10 DR. MOSLEH: Yes. Even in those cases, 

11 running a Monte Carlo loop on RELAP -- First of all, 

12 we don't have the capabilities to do it. One could 

13 potentially put a Monte Carlo loop on RELAP, but also 

14 my understanding is that it is time consuming and may 

15 not be needed.  

16 DR. APOSTOLAKIS: So you are replacing 

17 then RELAP by -

18 DR. MOSLEH: No. No. On every production 

19 run -- by production, I mean the runs that are used in 

20 providing input to the PFM analysis and the thermal

21 hydraulic analysis that were done to characterize the 

22 PRA results, they were all RELAP runs. They are not 

23 response services.  

24 The RELAP runs and proportionality study 

25 and all those concepts that were introduced earlier 
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1 were just to, number one, help us 

2 classify/characterize/ group things and have a sense 

3 of, you know, which parameters to focus, and also in 

4 a way, to help us understand the problem a little bit 

5 better.  

6 DR. APOSTOLAKIS: So it had nothing to do 

7 with a numerical propagation of uncertainty? 

8 DR. MOSLEH: That's right.  

9 DR. APOSTOLAKIS: But is done using RELAP? 

10 DR. MOSLEH: RELAP and the method I will 

11 explain in a minute.  

12 DR. APOSTOLAKIS: Would you say that one, 

13 in principle, could have a Monte Carlo loop on RELAP? 

14 DR. MOSLEH: In principle -

15 DR. APOSTOLAKIS: Yet in practice you 

16 don't do that.  

17 DR. MOSLEH: We did not do that, and I'm 

18 not sure personally that that's a good approach to do.  

19 DR. APOSTOLAKIS: So how is the 

20 uncertainty to be propagated, if you are not doing 

21 that? Somebody else going to do it? 

22 DR. MOSLEH: No, no. I'll go to the next 

23 slide.  

24 DR. MAYFIELD: I think that's the rest of 

25 his presentation, is to describe that.  
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1 DR. MOSLEH: Right. I'm just trying to 

2 connect what has been happening and what I will talk 

3 about to this concept.  

4 DR. APOSTOLAKIS: Okay. So the conclusion 

5 so far is that this proportionality constant idea is 

6 simply or understanding purposes.  

7 DR. MOSLEH: Insights, so that when we map 

8 them, we have a technical basis for mapping.  

9 DR. APOSTOLAKIS: Okay.  

10 DR. MOSLEH: And by that, let me show one 

11 Vu-graph to talk about -- I'll go back.  

12 DR. WALLIS: Well, it's more than just 

13 insight. If you're going to use it for mapping, 

14 you're going to have criteria for mapping.  

15 DR. MOSLEH: Criteria for mapping, yes.  

16 Yes.  

17 DR. WALLIS: So you are going to use these 

18 numbers.  

19 DR. MOSLEH: Yes. Well, not the 

20 proportionality constant, but the concepts of what 

21 parameters will have impact and the scale of impact, 

22 as he correctly characterize them as sensitivity. But 

23 they are controlled sensitivity. They are guided by 

24 the simple model that was presented earlier, all those 

25 again to manage the complexity of the problem, the 
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1 sizes of the problem.  

2 As you will see, these things multiply by 

3 orders of magnitude, as you will see, because they 

4 have multiple parameters now come into the picture.  

5 How do you manage that? 

6 This is simply a picture -- Just again, 

7 you know, it's not different from what you have seen 

8 and heard so far -- that from the event scenarios we 

9 have to put things in representative thermal-hydraulic 

10 categories.  

11 The principles described or outlined in 

12 Kazys' presentation were used to justify these 

13 binnings, and I would like to comment about the level 

14 of characterization or quantification of uncertainty 

15 that might be of interest.  

16 This process is based on the principles 

17 outlined earlier, but once we decided how to bin them, 

18 we did not attach uncertainty to our confidence or we 

19 did not attach confidence values or probabilities to 

20 whether these bins are the right bins or not.  

21 DR. WALLIS: Once you've binned them, I 

22 don't see how this helps you. I mean, you say these 

23 are proportional or these are whatever. Then what 

24 does that help you to do, because you still would have 

25 analyzed each case.  
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1 DR. MOSLEH: We analyze groups of cases by 

2 identifying representative -

3 DR. WALLIS: Well, you say that all these 

4 ten are sort of similar, so we'll only analyze one of 

5 them? 

6 DR. MOSLEH: Right.  

7 DR. WALLIS: Ah.  

8 DR. MOSLEH: Similarly enough, and to 

9 understand what we mean by similar enough, we have to 

10 see whether the magnitude of variability within one 

11 group would impact things significantly or a small 

12 amount.  

13 DR. APOSTOLAKIS: So it's according to how 

14 much -- in order to do the level II PRA.  

15 DR. MOSLEH: Right.  

16 DR. APOSTOLAKIS: Don't do it for every 

17 single sequence you get.  

18 DR. MOSLEH: It's a pinch point, in a way.  

19 DR. APOSTOLAKIS: This is based on the 

20 previous analysis.  

21 DR. MOSLEH: Yes.  

22 DR. BONACA: What are the criteria that 

23 you use to define a bin? I mean, now I begin to 

24 understand it. So in Group 1 you have multiple 

25 scenarios that come close from a perspective of what 
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1 you're looking for.  

2 DR. MOSLEH: Right.  

3 DR. BONACA: Okay, the effects on 

4 temperature. Are the criteria for deciding what goes 

5 into a bin what we heard before in thermal-hydraulics? 

6 DR. MOSLEH: They are a combination of 

7 what you heard before and what was implied in Bill 

8 Galyean's presentation and his event trees, which he 

9 has not shown here. But, yes.  

10 DR. BONACA: You will give us a flavor for 

11 what the criteria are? 

12 DR. MOSLEH: Yes, yes, I understand. But 

13 Bill -- We should have -

14 DR. MAYFIELD: Bill, please use the 

15 microphone.  

16 DR. GALYEAN: In my second presentation 

17 today, which will follow what Dr. Mosleh is talking 

18 about, I will talk about the actual binning process, 

19 the criteria that were used, the characteristics that 

20 were focused on, and the actual mapping.  

21 DR. BONACA: Because we heard a lot in 

22 thermal-hydraulics about a lot of the specifics as far 

23 as the sensitivity, and we got lost into those. But 

24 what I'm struggling with is how different are some of 

25 the scenarios that go into group 1, for example.  
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DR. GALYEAN: That's a valid question.  

DR. BONACA: And how do you reconcile them 

to be, in fact, belonging to bin number 1.  

DR. GALYEAN: That's right.  

DR. BONACA: That is what I want to know.  

I understand that. I think I'm already gone quite a 

way.  

DR. GALYEAN: And as Nathan pointed out 

earlier, this is a work in progress. We have gone 

through this process, this mapping, in a kind of a 

preliminary or draft fashion, so that we could provide 

input to the PFM folks. But I do not want to give the 

impression that that mapping or the details of that 

mapping process are final.  

The revision of that mapping process will 

take into account the work that is being done at 

Maryland.  

DR. BONACA: That's why I didn't ask for 

results. I asked for some criteria that you are using 

already or you have a sense for.  

DR. WALLIS: Would it be naive to say 

that, if you ever get stagnation, that's group 1 might 

be a criteria? 

DR. MOSLEH: Well, I have a list of some 

of the groups. For instance, the first group we have, 
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1 one is steam generator overfilled. It's overfeeding.  

2 One is steam generator overpressurized, main steamline 

3 break. These are major categories.  

4 Then within those we have subcategories 

5 for obvious reasons, because there is still wide 

6 variabilities within each of those. So for instance, 

7 I have a list of seven major categories. In each 

8 major category you may have up to ten subcategories.  

9 DR. WALLIS: But this is extraordinary.  

10 I mean, we have deterministic criteria, which is one 

11 thing. Now you're going to solving the whole world.  

12 I don't know why there isn't a median path which is 

13 manageable between the two.  

14 DR. MOSLEH: Our belief is that -- It's my 

15 assessment -- probably 50 percent of the effort went 

16 into making that -- you know, at this initially 

17 impossible task manageable. So some may actually 

18 sound trivial, the steps from a methodological point 

19 of view, but bringing those tools into -- under one 

20 framework to reduce the size and be able to justify 

21 the binning, be able to justify the magnitude of 

22 uncertainty, and the impact of those under results 

23 were basically some of the challenges.  

24 DR. WALLIS: This is just PTS. When we 

25 start looking at other things, other problems, is this 
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1 going to be the blueprint for risk informed 

2 regulation, this kind of approach? 

3 DR. SIU: We are certainly intending on 

4 applying what we are learning in this to other 

5 problems, as we keep getting faced with integrated 

6 engineering analysis issues. The possibility that 

7 tube rupture, for example, is one place where we can 

8 expect to at least start with this framework.  

9 DR. BONACA: But again, if we -- I mean, 

10 it seems that what I need to understand is what you 

11 put in a bin first and, secondly, in the process of 

12 putting those things in the bin, you are not losing 

13 stuff from the event trees that you should not be 

14 losing.  

15 DR. MOSLEH: Yes.  

16 DR. BONACA: Those are two things that I 

17 am concerned about. So, you know, even if you don't 

18 have anything complete, but if you give us an example 

19 of how you develop a bin, that would be useful.  

20 DR. MOSLEH; Yes. I think I will wait 

21 until Bill presents his result and then collectively-

22 DR. WALLIS: See, I'm naive to think you 

23 don't need all these bins at all. In fact, there are 

24 two or three things that really matter, and you could 

25 probably go ahead and do something useful.  
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DR. WALLIS: Not only do you have a 

humongous morass of intellectual structure, but you 

have response specific input to this.  

DR. MAYFIELD: Yes, and that's where it 

really gets interesting.  

DR. BONACA: Well, I think you're trying 

to reduce thousands and thousands of possible 

scenarios there -

CHAIRMAN SHACK: Maybe we had better let 

him get on a little bit or we're never going to -

DR. MOSLEH: I hope you remember that I 
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CHAIRMAN SHACK: Known as a design basis 

axiom.  

DR. BONACA: Well, but there are so many 

scenarios under those event trees that I can't see how 

you -

DR. WALLIS: Yes, but they don't matter, 

do they? 

DR. MAYFIELD: When we go back and look at 

what was done before, it gets to be plant and plant 

type specific. Was it Oconee was driven more by a 

steam generator tube rupture. The Westinghouse plants 

were small break LOCA. So you really do have to work 

through it to make sure you are capturing the driving 

sequences.
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1 got an F in thermal-hydraulics. So don't have high 

2 expectations on that front.  

3 DR. BONACA: But the reasons we're asking 

4 questions is because -- I mean, we get to multiple 

5 scenarios folded into the bins, and then -

6 CHAIRMAN SHACK: We've got to get on 

7 before we can find out how they are getting them into 

8 these bins. We had established early on, they are 

9 going into bins. Now how? 

10 DR. BONACA: We could have decided that, 

11 however, at 8:30 in the morning. Okay. So all right.  

12 DR. MOSLEH: So there are major binnings 

13 based on the signature of these with respect to 

14 thermal-hydraulics representative parameters, and then 

15 subcategories. Some of these are dictated by the 

16 variability within each group.  

17 Examples of these that are also associated 

18 with their uncertainty or the probabilities are these: 

19 For instance, time at which overfeed is terminated.  

20 this is an operator action. Is it ten minutes, 30 

21 minutes or not controlled with corresponding 

22 probabilities? 

23 Why ten minutes, 30 minutes, and not 

24 controlled? This is a modeling assumption based on 

25 input from a human reliability team working on these 
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1 and, certainly, there are uncertainties associated 

2 with these assignments that are going to be addressed 

3 separately. As input to our process, we are taking 

4 this as being the distribution of the time at which an 

5 overfeed is terminated.  

6 DR. APOSTOLAKIS: Now what does it mean, 

7 ATHEANA data? 

8 DR. MOSLEH: Well, ATHEANA input, meaning 

9 numbers are coming from ATHEANA team. That's the 

10 human reliability team.  

11 DR. WALLIS: And the guess seems to be 

12 always .001.  

13 DR. MOSLEH: Yes.  

14 DR. WALLIS: It's a pretty profound 

15 analysis.  

16 DR. MOSLEH; Well, I -

17 DR. SIU: Let me -- I don't know if it 

18 needs comment, but the team clearly looked at a 

19 variety of human failure events, and the particular 

20 example you see here may be coincidental. There is a 

21 range of estimates.  

22 DR. MOSLEH; There is, you know, a 

23 significant amount of work that is ongoing to 

24 basically established bases for the human actions as 

25 well as timing and probabilities, and that's kind of 
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1 separate. I was not prepared.  

2 DR. APOSTOLAKIS: So there would be some 

3 uncertainty on these probabilities? 

4 DR. MOSLEH: Well, if there are 

5 uncertainties associated with those probabilities in 

6 the framework that we'll explain, we can handle them.  

7 At this point, we are just giving a point estimate.  

8 DR. APOSTOLAKIS: So this is the aleatory 

9 concerns.  

10 DR. MOSLEH: Aleatory. Precisely. Maybe 

11 epistemic concern in the end.  

12 Feedwater flow rate is another 

13 uncertainty. It is a physical parameter that might be 

14 uncertain. Feedwater temperature: Is it in the 

15 winter or in the summertime or seasonal? 

16 DR. WALLIS; It's either one or the other.  

17 At least, that's a simplification.  

18 DR. MOSLEH: It's a simplification of the 

19 world. And so on and so forth.  

20 DR. APOSTOLAKIS: Engineering estimate -

21 what does that mean? 

22 DR. MOSLEH: That means we just put it in 

23 there for the purpose of this presentation. But some 

24 of these numbers, obviously, are based on judgment.  

25 DR. WALLIS: It' a probability.  
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1 DR. MOSLEH; It's a probability. It's 

2 either summer or winter temperature. It should be 

3 .25, right? 

4 DR. APOSTOLAKIS: It's an engineering 

5 estimate. So if you ask a physicist, you would get a 

6 different probability.  

7 DR. MOSLEH; They will give .25. Winter 

8 is only a quarter.  

9 DR. WALLIS: If you ask George, he will 

10 give you a probability distribution, a big one.  

11 DR. MOSLEH: And there are other things 

12 that are basically -- you know, maybe other types of 

13 uncertainty, but based on the state of the equipment.  

14 So what I'm saying is here, as input to 

15 the uncertainty propagation, you have a number of 

16 things that include state of components coming from 

17 what the events you see in the event tree systems, 

18 operator actions, timing of actions, and the 

19 parameters, variability or uncertainty about the 

20 physical parameters such as feedwater temperature.  

21 DR. APOSTOLAKIS: All these are aleatory.  

22 DR. MOSLEH: I think they are all 

23 aleatory. Right. We need to be careful. Every step 

24 we need to identify or assess. That's right.  

25 DR. APOSTOLAKIS: So we'll see what 
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1 happens next. Okay.  

2 DR. MOSLEH: And again, in the interest of 

3 time I am going to now go -- The slides I am not going 

4 into the same order, because I want to be a little bit 

5 more responsive to the comments and questions without 

6 missing. So I am going to go to this last slide. I 

7 think it's the last one in the package.  

8 This is the quantification process. Take 

9 any of those categories from the initiating event.  

10 These are the major categories from the event trees.  

11 And say AFW overfeed is the event driven or event 

12 space feature or signature of this particular 

13 scenario.  

14 This is coming from the event tree. You 

15 have the initiating event, and in there you say, well, 

16 is two steam generator overfed, one steam generator, 

17 or none. What you see here as an uncertainty 

18 distribution here, P, is coming directly from all the 

19 things that appear either at the top event in the 

20 event tree. That distribution here is coming from the 

21 propagation of uncertainty on these event trees, as 

22 outlined by Bill Galyean early in the morning.  

23 DR. APOSTOLAKIS: And these are epistemic? 

24 DR. MOSLEH: Epistemic distribution.  

25 DR. APOSTOLAKIS: So this is a 
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1 distribution -

2 DR. MOSLEH: Of the frequency of each 

3 scenario, and some over all scenarios that go through 

4 that particular bin.  

5 So you have a distribution of the 

6 probability or the frequency of the group of 

7 scenarios. Now you need to modify it further for 

8 things that impact the thermal-hydraulic 

9 characteristics.  

10 In this box here, we have the three 

11 parameters' traces, time traces of temperature, 

12 pressure and heat transfer coefficient that we need to 

13 provide to the FAVOR code, along with the uncertainty 

14 distribution about the frequency of this transient 

15 happening. So that's our interface with the PFR.  

16 DR. APOSTOLAKIS: How is pi different? 

17 DR. MOSLEH: I will explain that in a 

18 minute. But to take this box as the outlet that we 

19 need for FAVOR code plus this one. I'll develop the 

20 value of p1 from these.  

21 DR. WALLIS: And that output has no 

22 uncertainties in it? I mean, the uncertainties here 

23 are not thermal-hydraulic yet.  

24 DR. MOSLEH: They have the thermal

25 hydraulic uncertainties in the following sense. Let 
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1 me respond to this question, make sure that I -

2 George asked me.  

3 Phi is a modified frequency distribution, 

4 modified based on additional events or parameter 

5 uncertainties.  

6 DR. APOSTOLAKIS: So phi includes that? 

7 DR. MOSLEH; Phi includes p.  

8 DR. APOSTOLAKIS: F is down there, which 

9 is not shown, but it's the frequency of the scenario.  

10 DR. MOSLEH: I call that p.  

11 DR. APOSTOLAKIS: I thought p was a 

12 distribution.  

13 DR. MOSLEH: No, pi or p. This is the 

14 variable, and I am uncertain about that variable.  

15 This variable is the total frequency of the group of 

16 scenarios. So I start with the epistemic uncertainty 

17 of this frequency, and I end with another frequency 

18 distribution, epistemic distribution of another 

19 frequency, which is developed from that frequency and 

20 some other modifiers.  

21 Now here this box represents the thermal

22 hydraulic characteristic of a specific class of 

23 scenarios that we decided that could be represented by 

24 one set of curves.  

25 DR. APOSTOLAKIS: p* is what? Well, it's 
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1 not p*.  

2 DR. MOSLEH: It's p times, yes, .9.  

3 DR. WALLIS: But there is no uncertainty 

4 in that, once you get to that box up there, you've got 

5 a deterministic thermal-hydraulic scenario? 

6 DR. MOSLEH: Right. And the reason -

7 DR. WALLIS: So how does uncertainty in 

8 thermal-hydraulics come into it? 

9 DR. DR. APOSTOLAKIS: So he is multiplying 

10 the frequency of a scenario by .99, which is the 

11 frequency of controlling it within ten minutes.  

12 Right? 

13 DR. MOSLEH: Right.  

14 DR. APOSTOLAKIS: So now we are at that 

15 point. Then you are going to multiply that by .999.  

16 DR. MOSLEH: Which is another event.  

17 DR. APOSTOLAKIS: Another event. In other 

18 words, he's refining the sequences. So far, he's 

19 refining the sequences.  

20 DR. MOSLEH: Right. And they are refined 

21 to the point that I only can represent the entire path 

22 with one deterministic.  

23 DR. WALLIS: Well, RELAP is treated as 

24 deterministic with no uncertainties at all.  

25 DR. MOSLEH: No. Once you group things 
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1 into one category -- and maybe I think -- Let me give 

2 you a sense. We are probably talking about for that 

3 30 or so -- for seven broad groups and about 30 to 40 

4 subgroups, you are talking about maybe 100 to 120 

5 RELAP runs. Each of those corresponds to a 

6 subcategory of scenarios for which we decided they 

7 could be represented with one representative RELAP 

8 run.  

9 DR. WALLIS: So you are essentially 

10 collapsing all the uncertainties in RELAP to nothing.  

11 DR. MOSLEH: No, it's not nothing. One 

12 way of seeing the uncertainty -

13 DR. APOSTOLAKIS: Well, let's finish the 

14 picture first. I understand phi-i. Now tell us what 

15 representative curve means and what you do with it.  

16 Can you tell us that? 

17 DR. MOSLEH: Yes. Again, remember I 

18 mentioned that there are constraints in terms of what 

19 the next phase is dictating, basically, to us. FAVOR 

20 is designed to take a deterministic trace of 

21 temperature, pressure and heat transfer coefficient 

22 with a frequency distribution, a probability 

23 distribution, uncertainty distribution over the 

24 frequency of that particular set being the thermal

25 hydraulic response.  
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DR. MOSLEH: Right. Exactly, for this 

sequence of conditions.  

DR. APOSTOLAKIS: Okay. Now RELAP itself 

has some things that are uncertain, and these are not 

reflected in these curves.  
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DR. WALLIS: But RELAP is treated as the 

oracle. I mean, there is no uncertainty in RELAP. If 

you give it an input, then it predicts exactly.  

DR. MOSLEH: Right. Right. And what you 

are doing is -

DR. WALLIS: So uncertainty in thermal

hydraulics -- you have considered some of the 

uncertainties in thermal-hydraulics.  

DR. APOSTOLAKIS: Wait, wait, wait. Let 

me understand. Okay. I have reached the point now 

that I have been told -

DR. MOSLEH: That's feedwater.  

DR. APOSTOLAKIS: Feedwater. Within ten 

minutes I don't have HPI. All right. What does 

representative curve 1 mean? Is that something that 

is produced? 

DR. MOSLEH: This is run by RELAP. This 

is a RELAP output.  

DR. APOSTOLAKIS: This is a result of 

RELAP.
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1 DR. MOSLEH: They are, to the extent that 

2 we identified them as being important, and therefore, 

3 factored them as factors such as these.  

4 DR. WALLIS: No, no, no. Those are inputs 

5 to RELAP.  

6 DR. MOSLEH: Pardon? 

7 DR. WALLIS: Those are just inputs to 

8 RELAP. Right? If you control, then you say the flow 

9 rate is so much. You put it into RELAP, but then you 

10 believe RELAP absolutely.  

11 DR. MOSLEH: Subject to some of the model 

12 uncertainties, yes. If you remember, the RELAP runs 

13 were characterized -- the events were characterized as 

14 classes of -- where you don't have a two-phase, and 

15 you have a single phase, and uncertainties that are 

16 essentially controlled by boundary condition 

17 uncertainty.  

18 The boundary condition mean not only 

19 actual physical events but also values of the 

20 parameters we select for the RELAP run.  

21 DR. WALLIS: But the fact that RELAP 

22 reaches a correlation which has an uncertainty of 50 

23 percent or something inside its own structure isn't 

24 reflected by you at all.  

25 DR. APOSTOLAKIS: Do you agree with that 
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1 statement? In other words, there is model uncertainty 

2 in RELAP that is not -

3 DR. MOSLEH: Kazys? 

4 DR. ALMENAS: Yes. Well, to answer that, 

5 I have tried to deal with this subject. It depends -

6 Remember, the time constant of interest for the RPV 

7 wall is around 400 seconds. And as long -- For 

8 example, he's talking here about overfeed to the seam 

9 generator.  

10 Now, of course, there are -- you are 

11 correct. Some of these correlations which determine 

12 the heat transfer rate from the primary system to the 

13 secondary system could be very well off by up to 50 

14 percent. However, in 400 seconds what we are talking 

15 about is not the rate but the material and energy 

16 balance, and RELAP does that correctly.  

17 In other words, the input of the feedwater 

18 flow rate, enthalpy and mass is transmitted just by 

19 mass energy balances correctly into the temperature of 

20 the downcomer within this framework of 400 seconds.  

21 Matter of fact, it does it much faster, because the 

22 time constants of the tubes are on the order of a few 

23 seconds.  

24 Now if you've needed your answer from the 

25 boundary condition to the time you need your answer is 
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1 ten seconds, then the rates matter very much, since it 

2 is -

3 DR. WALLIS: Well, I'm confused. I think 

4 the equilibrium itself depends on the rates. It's not 

5 some abstract thing which is going to -

6 DR. ALMENAS: The equilibrium depends -

7 If we have a boundary condition which is calculated -

8 For example, if we have outflow, a calculated outflow, 

9 then the answer is yes. In this particular case, we 

10 do not have a calculated outflow. All of the outflows 

11 -- All of the boundary conditions just are inflows and 

12 -- well -

13 CHAIRMAN SHACK: Let me take another try 

14 in going back to the table that we had. The table 

15 said there were some cases where we worried about 

16 epistemic uncertainties in the model, and sometimes we 

17 didn't. Okay.  

18 Now this particular case may be a case 

19 where we don't worry about epistemic uncertainty, but 

20 there will be cases where we do.  

21 DR. KRESS: How that figure will look.  

22 DR. MOSLEH: The figure will not change, 

23 because again we factored that as one of these boxes.  

24 If there is a particular parameter where you say if I 

25 vary that range from -- that parameter from, you know, 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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

w



170

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25

DR. MOSLEH: But for the ones that we

identify as being important or controlling, we treat 

them, and they are controlled from the input -- at an 

input level.  

DR. WALLIS: I don't see how you can do 

that, because whether or not you get stagnation 

depends upon a whole lot of RELAP calculations, each 

one of which is somewhat uncertain. So that answer is 

very critical to what is actually in RELAP itself, 

whether or not you get stagnation. Very key to 

determine heat transfer coefficient.  

DR. MOSLEH: And much of the effort -
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one percent to ten percent -

CHAIRMAN SHACK: You add a new box.  

DR. MOSLEH: -- we add a box. We 

discretize the universe of parameters and events.  

DR. WALLIS: But you don't vary the 

parameters within the RELAP code itself.  

DR. MOSLEH: No. No. Right, no.  

CHAIRMAN SHACK: No, but you were telling 

me that, if in the case where I have a model 

uncertainty thing, I will add a new box -

DR. MOSLEH: Yes.  

CHAIRMAN SHACK: -- one would expect to do 

that.
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1 Kazys, correct me if I am not right. Much of the 

2 effort -

3 DR. ALMENAS: Well, this is a subject 

4 which so far has not been dealt with at all. The 

5 stagnation in two phases, of course, are very 

6 important issue. It's dealt with in my reports.  

7 There's even some information in the slides. But we 

8 did not deal with that.  

9 DR. WALLIS: But you won't get that from 

10 simple energy and mass balances.  

11 DR. ALMENAS: No.  

12 DR. WALLIS: You've got to look at the 

13 dynamics of the transient.  

14 DR. ALMENAS: Absolutely. And for that 

15 the epistemic -

16 DR. WALLIS: That may be the key thing, 

17 and the question is do we or do we not get stagnation.  

18 Then the whole problem may be something else.  

19 DR. ALMENAS: Correct.  

20 DR. MOSLEH: And it's spelled out very 

21 clearly, actually, in the report as a separate chapter 

22 of the report that was submitted.  

23 DR. APOSTOLAKIS: RELAP is run for these 

24 conditions. So you produce three curves. Right? 

25 DR. MOSLEH: Right.  
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1 DR. APOSTOLAKIS: And now the epistemic 

2 part will be, as you have it there.  

3 DR. MOSLEH: As a minimum there, as a 

4 minimum. Yes.  

5 DR. APOSTOLAKIS: And it will be on the 

6 .99, .09, and .01. And how about RELAP now? You say 

7 there is epistemic uncertainty in RELAP. You add a 

8 box. What does that mean? 

9 DR. MOSLEH: That I am saying as a basic 

10 concept. If there is -- For instance, if there is a 

11 coefficient in RELAP or, you know, you can change the 

12 value, you are uncertain about the input value, you 

13 treat it as a discrete probability distribution. You 

14 add a box. Right.  

15 DR. APOSTOLAKIS: I can imagine then that 

16 I go here and add another.  

17 DR. APOSTOLAKIS: Right, another box.  

18 DR. APOSTOLAKIS: Thus developing all 

19 sorts of projects.  

20 DR. WALLIS: That's another morass out 

21 there.  

22 DR. ALMENAS: Well, no. But let me add, 

23 for example, a specific case. An important class of 

24 transients which are proportional in terms of 

25 transposition of error are those that have outflow, 
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1 uncontrolled outflow, out of the steam generator.  

2 In this case, the uncertainty, both 

3 epistemic and aleatory, can be combined into the input 

4 of RELAP of a single variable, namely the area of the 

5 outflow; because the area of the -- effective area of 

6 the outflow is uncertain, because (a) it is physically 

7 uncertain and (b) because the model that calculates 

8 the outflow rate is uncertain.  

9 DR. APOSTOLAKIS: But the problem with 

10 that is that in this structure there is a clear 

11 distinction the uncertainties. If somewhere along the 

12 line you tell them, no, this is a result of a 

13 combination, I don't know how they are going to 

14 combine it.  

15 DR. MOSLEH: George, unfortunately, as you 

16 aggregate uncertainties, sometimes -- and actually 

17 often -- what you get at the end is a mix of aleatory 

18 and epistemic.  

19 DR. SIU: Let me interject. I mean, you 

20 are raising a good point here, George. This is 

21 something that is one of the hard spots, I think, that 

22 we are talking about in terms of -- Remember, I 

23 mentioned the difficulties of implementing the 

24 philosophy, the white paper, as we get into the 

25 details.  
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1 Well, we're getting into the details, and 

2 this mixture is something that, I think, we do need to 

3 work on.  

4 DR. APOSTOLAKIS: So in this scheme of 

5 things now, the proportionality ideas and everything 

6 we heard earlier does what? 

7 DR. MOSLEH: Does nothing. It provided us 

8 a map of how to identify classes and groups. Once you 

9 get to this point -

10 DR. APOSTOLAKIS: Where, up there? 

11 DR. MOSLEH: Before, before. For 

12 defining-

13 DR. APOSTOLAKIS: Where are the bins? 

14 DR. MOSLEH: The bins have already been 

15 done. So at this point -

16 DR. APOSTOLAKIS: No, I mean here. Where 

17 are they before? 

18 DR. MOSLEH: You can imagine this one 

19 being one sub-bin, you know, a small bin, this one.  

20 DR. APOSTOLAKIS: Is it here? 

21 DR. MOSLEH: Yes.  

22 DR. BONACA: This is one of the scenarios 

23 of a bin, one scenario of a bin.  

24 DR. MOSLEH: When I take one group -

25 DR. APOSTOLAKIS: Yes. That's where you 
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1 use this qualitative information.  

2 DR. MOSLEH: Yes, to decide which one of 

3 those map to this group and similar things, and then 

4 further dividing this into subgroups. So the 

5 distribution over p is the distribution of the sum of 

6 these frequencies.  

7 DR. BONACA: I had felt -- and maybe I was 

8 totally wrong, but that some of the uncertainties in 

9 the model will reflect themselves maybe in different 

10 scenarios, if they are significant, and end up in 

11 different bins. That's what I thought.  

12 DR. MOSLEH: Yes. In other words, you are 

13 saying that, if you have a case where it goes there, 

14 then with a change of parameter or characteristics, 

15 you may end up to this. Yes. Those are the ones -

16 You see, I put an event tree, but don't take this 

17 literally, and I should have mentioned that, as the 

18 event tree coming from Bill Galyean's events driven 

19 event tree.  

20 It's an augmented or expanded event tree 

21 that considers possible variations due to something 

22 that we just -

23 DR. WALLIS: Well, I'll ask. Has anybody 

24 binned anything yet? 

25 DR. MOSLEH: Yes.  
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1 DR. WALLIS: They have? 

2 DR. MOSLEH: Oh, yes. Yes, yes, 

3 extensively. Not reviewed, but they have been binned.  

4 DR. WALLIS: I get the feeling, the way 

5 we're talking, that this is a big structure which has 

6 not yet been exercised, actually been done.  

7 DR. MOSLEH: Oh, yes. Yes, absolutely.  

8 And there is actually -

9 DR. WALLIS: It puzzles me. The 

10 difficulty that you have explaining it to us makes me 

11 a bit dubious about its application, and yet it's 

12 being used or it's going to be used by the end of 

13 January. Right? 

14 DR. MOSLEH: Yes. We are actually in our 

15 sense at this stage where we are equipped to basically 

16 crank numbers and generate results at the end. It's 

17 just mechanical at this stage.  

18 DR. WALLIS: Okay.  

19 DR. MOSLEH: Much of the effort went into 

20 really reducing the size so that we can manage it and, 

21 of course, you do simplifications. Of course, you 

22 make assumptions, and binning an assumption, you know, 

23 simplifications.  

24 DR. APOSTOLAKIS: Would it have been very, 

25 very difficult to actually show one of the real ones? 
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1 DR. MOSLEH: The essence of the real 

2 example, other than the binning which we will get more 

3 insights into the binning when Bill talks it on that 

4 side -- But I think to communicate the process of 

5 multiple variables affecting -- this is the process -

6 you have larger number of variables, obviously 

7 combinations, and this is just basically a linear or 

8 nonlinear explosion of the size, but still manageable 

9 because we put the effort to make it manageable, 

10 basically.  

11 DR. APOSTOLAKIS: And you have decided 

12 already that the reason we have three boxes there in 

13 the middle is that the control. Somehow there is some 

14 calculation somewhere that says, yes, I do have a 

15 different physical behavior if I control it within 30 

16 minutes or ten minutes. That's where the physical 

17 insight comes.  

18 DR. WALLIS: The realities of the 

19 spectrum. There's a whole spectrum.  

20 DR. APOSTOLAKIS: But I mean, why didn't 

21 they discretize it into ten boxes and say ten minutes, 

22 15 minutes? That's the physics. How did we decide 

23 then 10, 30 and not controlled are the most important 

24 boxes and not ten, 20, 30, 50 and not controlled? 

25 DR. MOSLEH: Some of these, as you 
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1 correctly characterize, are things that need to be 

2 decided based on physical principles, basically.  

3 DR. APOSTOLAKIS: So, so far this is just 

4 an example.  

5 DR. SIU: Yes. It's a little bit more 

6 than that. In the particular case that Ali is 

7 showing, this was -- the time scale was based more on 

8 the consideration of the actions required, the 

9 training of the operators, how they are responding to 

10 the situation.  

11 Of course, that involves to some extent 

12 some considerations of the interaction, the dynamic 

13 interactions, but it wasn't a physical calculation 

14 that said, yeah, ten minutes is the right time frame 

15 to put here.  

16 DR. APOSTOLAKIS: So there would be some 

17 sort of justification? 

18 DR. SIU: I think in the sense that -

19 Again, we are going to go back and look at the results 

20 when we crank this through and see what pops up as 

21 being important, and try to make sure that the model 

22 is reasonable representative for the important 

23 scenarios. We can't, of course, do that for every 

24 scenario that we've got in the model.  

25 DR. APOSTOLAKIS: But if you bin somewhere 
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1 else, why not bin here? 

2 DR. MOSLEH: Further binning here, you 

3 mean? 

4 DR. APOSTOLAKIS: Yes.  

5 DR. WALLIS: Binning at all kinds of 

6 levels here.  

7 DR. MOSLEH: Yes, but one of the things 

8 you need to, of course, be sensitive to is that the 

9 computation of complexity dictates some constraints.  

10 DR. APOSTOLAKIS: Proportional 

11 sensitivity.  

12 DR. MOSLEH: Therefore, even if the 

13 experts decide that they want to give us a continuous 

14 distribution, we will discretize them.  

15 DR. SIU: Is it time now for Bill to give 

16 a quick brief? 

17 CHAIRMAN SHACK: I don't know. This is 

18 where we're going to lose Graham. I'd just sort of 

19 like to keep going.  

20 DR. WALLIS: I'm not sure I am going to be 

21 more enlightened.  

22 CHAIRMAN SHACK: Well, I know, but we'll 

23 give you a fighting chance. Let's go at one o'clock.  

24 DR. APOSTOLAKIS: Yes, but you are 

25 enlightening the rest of us less.  
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CHAIRMAN SHACK: I hear revolt. I guess 

it's time for lunch.  

DR. APOSTOLAKIS: That's a wise leader.  

CHAIRMAN SHACK: Well, 1:15? 

(Whereupon, the foregoing matter went off 

the record at 12:34 p.m.)
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a unique scenario.  

DR. APOSTOLAKIS: Now there are 14,000 

So the previous diagram -- where? 

DR. GALYEAN: In terms of number of end

states.
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A-F-T-E-R-N-O-O-N S-E-S-S-I-O-N 

(1:22 p.m.) 

CHAIRMAN SHACK: Okay. I think we are 

ready to come back into session, and Mr. Galyean is 

going to go over this binning one more time.  

DR. GALYEAN: Just to put things in 

context a little bit, what I'm going to be talking 

about is how we go from this construction, this 

framework of describing PTS scenarios, into providing 

the input to the bin analysis.  

Now again I'm just going to talk about the 

mechanics of how we characterize sequences and how 

that information gets transmitted. So the event trees 

that we are using then are simply a series of system 

and operator responses to some sort of initiating 

event, and then individual branch points, of course, 

can vary depending on the specifics of an event of the 

particular path.  

Then so each path through the event tree



182

1 box.  

2 DR. GALYEAN: That's right. There will be 

3 approximately 14,500 unique scenarios or paths in 

4 which the PTS transient can progress.  

5 DR. APOSTOLAKIS: So this does not include 

6 things like the main feedwater was terminated.  

7 DR. GALYEAN: No, it does. It does.  

8 DR. APOSTOLAKIS: Oh, it does? 

9 DR. GALYEAN: It does.  

10 DR. APOSTOLAKIS: It's just before you 

11 enter the thermal-hydraulic analysis? 

12 DR. GALYEAN: You say enter the thermal

13 hydraulic analysis. RELAP was used to generate these 

14 thermal-hydraulic categories or bins that we are 

15 using, and eventually map this, you know, particular 

16 end stage into the thermal-hydraulic scenario.  

17 DR. SIU: Bill, use the mike, because she 

18 can't pick it up on the recorder.  

19 DR. GALYEAN: I'm sorry.  

20 DR. APOSTOLAKIS: I thought the sequences 

21 determined the boundary conditions.  

22 DR. GALYEAN: In an ideal world, 

23 everything would -- you know, we would have progressed 

24 in linear fashion -- you know, series. But the 

25 reality was that a lot of the analyses and efforts 
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1 that took place were done in parallel.  

2 So we were progressing, developing our 

3 event trees, trying to identify, trying to understand 

4 where the important characteristics are in terms of 

5 the progression of the -

6 DR. SIU: Bill, let me try to answer a 

7 little bit differently. You know, as we talked about 

8 in the white paper, the event sequence descriptions 

9 are at a certain level, like we failed to control 

10 steam generator level, and that's it. There is, 

11 obviously, some definition of what failure is, but 

12 there are lots of different ways to fail.  

13 So we enter -- We have these end state 

14 definitions now which includes such things like 

15 failure to control level. What Ali was talking about, 

16 you have to fractionate that more to talk about how do 

17 you fail, because that can make a difference on the 

18 thermal-hydraulic progression.  

19 DR. APOSTOLAKIS: So these are not part of 

20 the 14,000.  

21 DR. SIU: Those are not part of the 

22 14,000. That's a further fractionation of that. Now 

23 there is, of course, some collapsing first that goes 

24 on before you re-expand. That's the pinch point idea.  

25 DR. APOSTOLAKIS: The 31 bins? 
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1 DR. KRESS: The 14,000 come out as 

2 strictly you've got a number of events along the top 

3 event, the pathway.  

4 DR. GALYEAN: That's correct, and in a 

5 binary -

6 DR. KRESS: The question I have is the top 

7 level events -- were they guided -- Did you decide 

8 what events you needed up there using the simplified 

9 mental model of RELAP to decide what was important to 

10 put on those top events? 

11 DR. GALYEAN: Yes, that was part of the 

12 process. It was an early -- I mean, we were early -

13 DR. KRESS: That was used to help you 

14 guide how you developed your event tree.  

15 DR. GALYEAN: That's right. That's right.  

16 The way we identified the top events to put on the 

17 event tree was through interacting with, for example, 

18 Dave Bessette in Thermal-Hydraulics and Kazys at the 

19 University of Maryland. We interacted. We went back 

20 and forth. We tried to identify, you know, beforehand 

21 what the important characteristics are and let that 

22 drive the system.  

23 So anyway, the first level, if you will, 

24 generates these 14,500 sequences. Now again those are 

25 described in terms of system successes or failures.  
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1 You know, operator action occurs, it doesn't occur.  

2 We needed to put that in a framework that 

3 provided the relevant information to the rest of the 

4 analyses.  

5 That was what motivated this sequence 

6 identifier scheme. It's an eight-character vector in 

7 which we tried to identify the most relevant -- or 

8 capture, I guess, is a better word -- capture the most 

9 relevant information with respect to how the sequence 

10 responds thermal-hydraulically.  

11 This is a rule based system in which we 

12 say, if main feedwater is operating in a controlled 

13 manner, then put a character in this position of the 

14 vector -- you know, a "c" or whatever. So the first 

15 level of binning, if you will, was simply to take each 

16 end state of the event tree, the 14,500, and translate 

17 that into the nomenclature or terminology of this SID, 

18 this eight-character vector.  

19 Once we did that, we then produced -- we 

20 generated 2500 unique vectors, because some of the 

21 paths through the event tree were similar enough in 

22 that their SIDs were identical. So that first level 

23 of binning then produced about 2500 unique SID 

24 vectors.  

25 DR. BONACA: You indicate eight character.  
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1 Are they always the same eight? 

2 DR. GALYEAN: Yes, they are always the 

3 same eight characteristics, if you will. There will 

4 be a special value put in the first position, 

5 depending on whether the reactor -- the transient 

6 initiated with the reactor at high power or at hot 

7 zero power.  

8 The second position identifies the status 

9 of the primary system integrity, whether it's intact 

10 or if you have a stuck open PORV or if there is a LOCA 

11 in progress. These issues determine what character 

12 goes into that second position, and similarly for the 

13 other issues that we're interested in, main feedwater, 

14 emergency feedwater, so forth.  

15 DR. BONACA: Is there any dependence on 

16 timing? 

17 DR. GALYEAN: There are some. We do 

18 include some -- not timing but progression. For 

19 example, if you have a PORV that is initially stuck 

20 open and subsequently isolated, we capture that 

21 information in the SID vector. But the exact timing 

22 is something that's being incorporated into the 

23 uncertainty analysis being done at University of 

24 Maryland.  

25 DR. KRESS: So you ask each of the end 
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1 states these eight questions.  

2 DR. GALYEAN: Right.  

3 DR. KRESS: And you -- answer depending on 

4 what your criteria for these are.  

5 DR. GALYEAN: That's right. And again, 

6 it's a very straightforward process.  

7 DR. KRESS: If a bunch of end states have 

8 all the same characteristic, same answers to these 

9 questions, then you put them in a bin? 

10 DR. GALYEAN: That's right. They are 

11 assigned the identical SID vector. But this initial 

12 binning process, of course, as I said, produced 2500.  

13 DR. KRESS: Which is still too many.  

14 DR. GALYEAN: Which is still too many.  

15 So we put together a second stage of 

16 binning. Now the actual details of this particular 

17 process are, as Nathan mentioned, a work in progress.  

18 They are -- Kind of a lot of judgment, engineering 

19 judgment went into it, and it's something that I hope 

20 and expect to revisit once we are further along the 

21 way with the University of Maryland work, in 

22 particular.  

23 DR. KRESS: Now are there a number of 

24 vectors that describe these bins? 

25 DR. GALYEAN: We are using the identical 
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1 scheme -- okay? -- vector scheme. During the 

2 development of the event tree construction, the 

3 thermal-hydraulics folks were also generating RELAP 

4 runs. Now some of those runs were to identify the 

5 scope of the analysis.  

6 Again, Kazys talked about a bifurcation, 

7 you know, at certain points in a thermal-hydraulic 

8 transient. At some point -- If you vary the LOCA 

9 size, at some point you get into two-phase flow.  

10 So some of the initial thermal-hydraulic 

11 runs were done to identify these points: How big of 

12 a LOCA do you have to get before you get two-phase 

13 flow and possible flow stagnation? 

14 Then others were done to kind of generate 

15 a spectrum of possible PTS transients in order to 

16 provide categories or groups in which we could then 

17 map our initial PTS sequence, the 2500 unique 

18 scenarios. Okay? 

19 So we did a second stage of mapping in 

20 which we take the PTS SIDs and assign each one to one 

21 of the available thermal-hydraulic bins.  

22 DR. KRESS: And you reduce 2500 down to 

23 45? 

24 DR. GALYEAN: We reduce 2500 down actually 

25 to 31. Okay? As I mentioned, a lot of the 40 -
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1 DR. KRESS: Oh, I see.  

2 DR. GALYEAN: There were actually 40 RELAP 

3 runs that were made during this phase of the analysis, 

4 and some of those RELAP runs, again, were made to 

5 identify certain parameters, to bound our focus, our 

6 area of interest.  

7 So after we got through mapping our PTS 

8 transients into the available THE bins, we actually 

9 come up using about 31 of them.  

10 DR. KRESS: The principle then: A 

11 thermal-hydraulic bin produces -- A given bin produces 

12 a temperature -- those three boxes. It would produce 

13 those three boxes that are close enough together to 

14 give the same or similar fracture mechanic result, was 

15 the idea.  

16 DR. GALYEAN: That was the idea. That's 

17 right.  

18 DR. KRESS: Without knowing the actual 

19 value of those three boxes, because you couldn't run 

20 all the RELAP. You used some sort of descriptive 

21 methodology.  

22 DR. GALYEAN: That's right. That's right, 

23 and that descriptive methodology, again, is something 

24 that is a work -

25 DR. KRESS: It's a lot of engineering 
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1 judgment.  

2 DR. GALYEAN: That's right. That's right.  

3 DR. KRESS: Hopefully, what you end up 

4 with is 31 different thermal-hydraulic signatures.  

5 DR. GALYEAN: That's right.  

6 DR. KRESS: Each of which has a lot of 

7 these 2500 things in it, but hopefully, they are close 

8 enough together you would get the same fracture 

9 mechanics result? 

10 DR. GALYEAN: That's the idea. That's the 

11 idea.  

12 Now the process -- Here is an example of 

13 the process that was employed to get from the 2500 

14 down to the 31. Just a general philosophy, if you 

15 will, that if both primary and secondary systems were 

16 intact but you were overfeeding the steam generators, 

17 high pressure injection was full flow -- that is, not 

18 throttled -- then we map into what we are calling 

19 thermal-hydraulic case number 24.  

20 Again, it was a judgment call that that 

21 case 24 was, you know, characterized by those issues 

22 or determined or driven by those issues. Then each of 

23 those PTS-eight-character-vectors is from the 2500 

24 that was initially generated.  

25 DR. KRESS: So that's your rule base.  
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1 DR. GALYEAN: The rule based system, and 

2 again it's this -

3 DR. KRESS: When you end up with these 31 

4 bins and you want to determine the thermal-hydraulic 

5 signature of, say, any one of them, you try to pick 

6 the one of those that may be the worst case or 

7 something? 

8 DR. GALYEAN: Well, in principle that 

9 might be an appropriate approach, but in practice, the 

10 reality is that these thermal-hydraulic runs were 

11 already done. They were already executed.  

12 DR. KRESS: So you just said, okay, we 

13 know what this one is.  

14 DR. GALYEAN: That's right.  

15 DR. KRESS: And it may be it represents a 

16 main -- It's just something that represents -

17 DR. GALYEAN: That's right, and again it's 

18 this part of the process that I'm hoping we can 

19 utilize the work that is being done at Maryland, to 

20 refine this particular step in the process.  

21 DR. APOSTOLAKIS: The first two "if" 

22 states.  

23 DR. GALYEAN: The top is just a 

24 descriptor. It would be a comment field, for example.  

25 DR. APOSTOLAKIS: So it's the same thing.  
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1 DR. GALYEAN: It's the same thing. It 

2 simply says in words what the logic here is trying to 

3 execute, and it's basically -- You notice there is 

4 nothing in that descriptor that talks about the status 

5 of the reactor coolant pumps. Okay? 

6 The implication is, for this category of 

7 transients, whether the reactor coolant pumps are 

8 running or not is not that important; and it's the 

9 last character in the eight-character vector that 

10 identifies the status of the reactor coolant pumps.  

11 So the question mark -

12 DR. KRESS: Where that question mark is, 

13 you don't care.  

14 DR. GALYEAN: That's right. That's right.  

15 So then when we go through this process, 

16 we actually develop these links between a path through 

17 the event tree and then the link to a particular 

18 thermal-hydraulic run, a thermal-hydraulic case.  

19 When we did the uncertainty analysis, we 

20 actually propagate uncertainty through the entire 

21 linking process and generate a probability density 

22 function on the frequency of TH24.  

23 DR. KRESS: It was lambda on this overall 

24 lambda one.  

25 DR. GALYEAN: Right. And it is then that 
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1 PDF on the frequency of TH24 along with the thermal

2 hydraulic traces that were produced in the RELAP runs 

3 that then get sent to the PFM folks for input into 

4 FAVOR.  

5 DR. MAYFIELD: Bill, is it fair to say 

6 that it's phi-i in this, in Ali's chart? It's 

7 associated with it.  

8 DR. GALYEAN: Yes.  

9 DR. SIU: Well, again, getting back to my 

10 point about fractionating scenarios: You remember that 

11 there was the prime -- lambda primes that come out.  

12 That would account for the aleatory variations in 

13 boundary conditions which would modify what Bill is 

14 producing.  

15 Bill doesn't have that level of detail in 

16 his scenarios.  

17 DR. GALYEAN: That's right. These are 

18 just preliminary results, so examples of the kind of 

19 results that we can produce or will produce. We will 

20 assign a total frequency.  

21 Now again, that frequency will be a 

22 probability density function, in reality. Then we can 

23 identify the different PTS-SIDs that contribute to 

24 TH24, for example.  

25 DR. KRESS: Now the frequency you have up 
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1 there is the name for that? 

2 DR. GALYEAN: That's right.  

3 DR. KRESS: But in reality you say it's 

4 probability? 

5 DR. GALYEAN: That's right.  

6 DR. KRESS: It will combine those to get 

7 a total.  

8 DR. GALYEAN: That's right. This total 

9 frequency is basically the sum of the contributing PTS 

10 vectors. That's right.  

11 DR. APOSTOLAKIS: -- some convolution 

12 then, some numerical propagation of the individual 

13 distributions.  

14 DR. GALYEAN: Yes.  

15 DR. MOSLEH: At that point, we use Monte 

16 Carlo. For that convolution, we use Monte Carlo.  

17 DR. GALYEAN: Now again, as I mentioned, 

18 this is a work in progress, and the going from the PTS 

19 eight-character vectors to the THE eight-character 

20 vectors -- there was a lot of judgment exercised. We 

21 wanted to produce results or at least preliminary 

22 results that we could then pass on to Terry at Oak 

23 Ridge, and we are hoping that the -- We expect that 

24 the work being done at Maryland will help us refine 

25 that kind of mapping, assignment.  
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1 Again, this is just saying -- repeating 

2 what I just said. The first level binning -- the 

3 generating the PTS eight-character vector based on the 

4 specific path through the event tree -- that's 

5 relatively straightforward.  

6 If, for example, emergency feedwater was 

7 successful, we just put a "c" in the fifth position, 

8 very straightforward. It's the second level of 

9 binning that is somewhat subjective.  

10 DR. APOSTOLAKIS: So the first order, you 

11 don't care yet how successful it is.  

12 DR. GALYEAN: That's right. We're not 

13 looking at probabilities. We're not looking at 

14 frequencies here.  

15 DR. APOSTOLAKIS: You don't have states or 

16 flow, various values? 

17 DR. GALYEAN: Well, we do. We look at 

18 whether or not the emergency feedwater is tripped.  

19 okay, is there no flow? Then we look at the 

20 possibility that there is flow and flow in a 

21 controlled manner, that the level is being maintained 

22 appropriately in the steam generators.  

23 We also look at the case where you are 

24 overfeeding one steam generator with emergency 

25 feedwater, and also look at the case where you are 
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1 overfeeding both steam generators with emergency 

2 feedwater. Those are all possible outcomes and 

3 characteristics that would be identified in the fifth 

4 position of the vector.  

5 Now whether or not, you know, you are 

6 overfeeding the steam generator with one pump or two 

7 pumps, you know, we don't get into that level of 

8 detail. We just identify whether the level is being 

9 maintained appropriately or if it's overfeeding or no 

10 flow.  

11 DR. KRESS: Bill, the choice of "C" -- is 

12 that just arbitrary? 

13 DR. GALYEAN: Yes. Well, in fact, I mean, 

14 each position of the eight-character vector can take 

15 a number of values.  

16 DR. KRESS: Okay. I see.  

17 DR. GALYEAN: This is the translator, if 

18 you will, for reading the eight-character vector, and 

19 the fifth position -- "C" indicates it's controlling 

20 at appropriate level, "F" failed, and so one steam 

21 generator overfeed, two steam generators overfed.  

22 DR. KRESS: It's like reading the bar code 

23 in the grocery.  

24 DR. GALYEAN: That's right. That's right.  

25 CHAIRMAN SHACK: But that one, you have 
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1 very specific rules. I mean, the computer can do that 

2 binning.  

3 DR. GALYEAN: That's right. That's right.  

4 And in fact, it does. We simply wrote rules that 

5 keyed on specific events in the sequence logic.  

6 Then I just have a last slide that kind of 

7 summarizes a little bit. It provides a little bit of 

8 comparison with the original IPTS analysis. Some of 

9 the details in the original analysis, we just don't 

10 have them.  

11 What we think that we are doing better, 

12 we're integrating this whole process, and again we 

13 have a better understanding of where we're going, I 

14 think, compared to the original IPTS.  

15 DR. KRESS: What does that third bullet 

16 mean? 

17 DR. GALYEAN: Oh. In that second stage 

18 binning, we have the 31 thermal-hydraulic cases. We 

19 have also put in there kind of a default residual bin 

20 in which we say we haven't explicitly looked at this 

21 PTS vector, and it doesn't really map in any of the 

22 available thermal-hydraulic bins; we put it into a 

23 residual bin, which means we don't have a RELAP run 

24 associated with it.  

25 In the original -- The original IPTS did 
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1 a similar kind of characterization. Unfortunately, in 

2 the original IPTS analysis that undefined thermal

3 hydraulic bin turned out to be the biggest contributor 

4 to risk, because they took the frequency and simply 

5 associated the worst case conditional through wall 

6 crack probability and used that to generate the 

7 results.  

8 So again, in the original Oconee IPTS that 

9 was -- I mean, that turned out to be the biggest 

10 contributor to risk, and we are being a little bit -

11 I mean, we're better prepared to avoid that pitfall.  

12 DR. KRESS: I think this was very helpful.  

13 DR. GALYEAN: Any questions? 

14 CHAIRMAN SHACK: This part goes up to what 

15 we understand. The next step separates the PRA from 

16 the rest of this.  

17 DR. MAYFIELD: Well said.  

18 CHAIRMAN SHACK: That's what Nathan is 

19 going to make clear to us. We are eagerly awaiting 

20 his presentation.  

21 DR. SIU: I was originally planning to 

22 talk about -- I changed the slide only a little bit 

23 from what you have in your handout. This was 

24 originally going to come after everything, of course, 

25 but I think it's worth talking about where we are, eat 
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1 least on the event sequence analysis and thermal

2 hydraulic analysis, again from the perspective of 

3 uncertainty analysis. I'm not trying to provide a 

4 status on everything that's going on.  

5 We do have draft results for Oconee. We 

6 are planning on talking with Duke about them next 

7 week, and we'll get some valuable feedback which we 

8 would expect would provide some information that maybe 

9 will change our analysis, maybe not. We'll see how 

10 that goes.  

11 The Beaver Valley analysis is well 

12 underway. Again, so this is a full development of the 

13 event tree sequence models that Bill has been 

14 describing, and the Oconee draft results, again, 

15 include uncertainty calculations in them, at least an 

16 initial stab at that.  

17 We have some questions about that. I'll 

18 talk about the hard spots in a second.  

19 Bill pointed out, we have a conventional 

20 treatment of uncertainties on the PRA side. There is 

21 nothing special about that, for the vast majority of 

22 event sequence analysis. This is just simply how we 

23 are proceeding forward.  

24 On the thermal-hydraulic analysis, I think 

25 what you've heard this morning, and maybe it didn't 
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1 come through very clearly -- Let me put it this way.  

2 When we started talking about thermal-hydraulic 

3 uncertainties, it's a huge problem. We all know that, 

4 and we actually have a research project ongoing now to 

5 look at that in a broader sense.  

6 We said, we need to deal with this at some 

7 level in the PTS analysis. So we'll take a stab at 

8 it, and then in September we said we think we're 

9 taking a good whack at it. I think we still are.  

10 One of the basic questions was are there 

11 situations where the model uncertainties are 

12 important, and are there situations where the boundary 

13 condition variability really is important and I don't 

14 have to worry about model uncertainties so much? 

15 We asked Maryland to look at that, and 

16 they ran with it, and they came up with that 

17 classification scheme that you heard. But to me, the 

18 bottom line is there are some situations where we can 

19 say that the behavior of the system is sufficiently 

20 well understood that, for the purpose of uncertainty 

21 analysis, we can focus in on the boundary conditions: 

22 The aleatory variabilities in when does the operator 

23 do something, how big is the opening; when we say 

24 failure, what does that mean.  

25 So there are variations there that could 
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1 conceivably affect the course of the event, but we can 

2 focus on that. That's a much more manageable problem.  

3 It's not to say that we can ignore the 

4 situations where there are model uncertainties, but 

5 that's a much more difficult one, and we're trying to 

6 address that.  

7 So I think we have made an important step 

8 there. We have distinguished those situations where 

9 we worry about the boundary conditions from those 

10 where we have to do something more elaborate.  

11 It's my understanding from where we are in 

12 the PTS analysis, actually, the boundary condition 

13 uncertainty kinds of scenarios are indeed the ones 

14 that are really important to us, from a frequency 

15 standpoint. So it's indeed important for us to pay 

16 attention to them.  

17 We have a long the way -- and you saw the 

18 table that Kazys presented -- identified what are the 

19 potentially important parameters. Now they are not 

20 phrased in PRA space. They are phrased in terms of 

21 mass flow rates. They are phrased in terms of areas.  

22 that's fine.  

23 We can take the mapping that Bill has and 

24 translate that to the mapping Kazys has. So we know 

25 how to deal with these things. So, again, that tells 
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1 us which particular parameters we should be focusing 

2 on, not only in principle but in practice, to get the 

3 answers that we're looking for.  

4 We have a binning scheme. I think we have 

5 a basis for that binning scheme. Now Bill talked 

6 about these activities going on in parallel with some 

7 interaction.  

8 That's a necessary evil of the kind of 

9 project we are running, because you can't take forever 

10 doing this in a serial fashion. But I think that 

11 there is a basis for what Bill presented, and again 

12 Kazys' description based on the basic phenomenology, 

13 I think, is appropriate there.  

14 Finally, I think, again, we think we have 

15 an approach for dealing with the situation where the 

16 boundary condition uncertainties dominate, and that's 

17 what Ali was presented, those additional split 

18 fractions,if you will, that tack onto the event 

19 sequence frequencies that Bill presented.  

20 Again, we'll accumulate those things 

21 together with the appropriate thermal-hydraulic traces 

22 and come up with the lambda primes and so forth that 

23 get fed eventually into Terry's code. So I think 

24 we've made some reasonable progress there.  

25 We have not, even for the purpose of this 
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1 analysis, solved the problem yet. There are some 

2 important hard spots. I mentioned HRA quantification.  

3 That's a difficult one for us, as many of you on the 

4 committee know, and we are spending some significant 

5 time thinking about how to do that better, including 

6 a very explicit consideration of uncertainties, both 

7 aleatory and epistemic.  

8 Bill mentioned his discomfort with the 

9 binning, that he is going from the SIDs to the 

10 thermal-hydraulic runs. I'm not quite sure from a 

11 methodological point of view what we can do there.  

12 We certainly -- Again, as I indicated 

13 earlier, we're going to look at the results we get, 

14 try and make sure that they make sense. Whether we 

15 can actually start applying -- assigning probabilities 

16 to the correctness of our binning, I don't know if we 

17 are going to go to that level.  

18 Again, that gets back to my point. I 

19 think we're taking a good whack at this, but this is 

20 not necessarily the final result. I do believe that 

21 we're doing better now than what we were able to do 

22 previously in many analyses.  

23 We do have to address the issue of 

24 thermal-hydraulic uncertainties, model uncertainties.  

25 To me, that's phrased in terms of the two-phase 
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1 situations.  

2 You know, there's a report. There's a 

3 discussion in the report. Frankly, we, obviously, 

4 haven't been in a position to review that and say 

5 that's a consensus position here, but there has, 

6 again, been some work in that area; and I think, with 

7 some good fortune, that we'll have something that can 

8 even address those scenarios as well. So that's 

9 another place where we are continuing to work.  

10 I'll skip over the stuff on PRM, because 

11 you haven't heard about it, and maybe I'm giving the 

12 wrong summary here after we conclude that discussion, 

13 but I do want to point out that you've seen the white 

14 paper. It was, obviously, written at a certain level, 

15 a certain audience in mind. It focused largely on 

16 PFM.  

17 We are going to update that white paper.  

18 We're going to address PRA uncertainties, including 

19 HRA. We are going to address thermal-hydraulic 

20 uncertainties and put it altogether in an integrated 

21 presentation, say this is how we're addressing 

22 uncertainty analysis in this integrated engineering 

23 analysis.  

24 That gets back one of the earlier 

25 questions: Do we see this as a blueprint for 
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1 proceeding? We think this would be a valuable 

2 resource for addressing uncertainties in other 

3 situations.  

4 Now publish as a new reg report? That's 

5 my hope. Maybe others can tell me whether that's 

6 realistic or not, but we certainly are going to update 

7 the white paper, to include the finished products of 

8 the things that we've been talking about.  

9 So I think that's where we are right now 

10 on those first two subjects, and I don't know -- I can 

11 answer any questions.  

12 CHAIRMAN SHACK: Just on the thermal

13 hydraulics uncertainties -- I mean, people have looked 

14 at this before. What was unsatisfactory about the 

15 other approaches that are associated somehow with the 

16 CSAU, which tries to estimate uncertainty? Why did we 

17 have to go back to this again? 

18 DR. SIU: I guess the short answer to that 

19 -- I think that CSAU concepts were included in this 

20 but, obviously, we did not follow that process. I 

21 think what we asked Professor Almenas to do was to 

22 look -- to take a very basic look and say can you 

23 simplify the problem enough to tell us where are those 

24 situations, again, we can worry about the boundary 

25 conditions and where not; because we know how to deal 
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1 with boundary conditions.  

2 The other side, we'll cook something up, 

3 and then Dave might want to say something.  

4 DR. BESSETTE: Well, this is David 

5 Bessette. Yes, we definitely use CSAU as a starting 

6 point. The difficulty is CSAU is oriented toward 

7 choosing a specific transient and doing an uncertainty 

8 on that. Whereas, here what we were faced with was a 

9 much broader problem to address.  

10 We had 14,000 transients, of which we 

11 analyzed 40, and we had to make some statements about 

12 what's the uncertainty now on 40 calculations, and how 

13 is that indicative of our total view of how we 

14 understand the 14,000 transients.  

15 So we apply what we learned from the CSAU, 

16 but we couldn't follow CSAU exactly for those reasons.  

17 CHAIRMAN SHACK: We had a picture this 

18 morning that -- You know, we went through the 

19 sequences, and we had the aleatory ones. I think that 

20 was fairly understandable. But the question came up 

21 what we would do with the epistemic.  

22 It seems to me that we add some more 

23 branches to that analysis. Is that consistent or is 

24 that an off-the-top, wing it answer? 

25 DR. SIU: Obviously, our folks at Maryland 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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



207 

1 gave some careful thought to it, but I don't say -- I 

2 wouldn't say at that point we're all in complete 

3 agreement that that's the right approach.  

4 Again, this is one place again where we 

5 need to talk about how we're going to approach that.  

6 CHAIRMAN SHACK: This is still the hard 

7 stop. I mean, you've identified where they're 

8 important, but what to do with them yet is still -

9 DR. SIU: Yes. George raised a good 

10 point. I mean, on one hand, we're taking great pains 

11 to distinguish between the two on the PRA side. then 

12 on the PFM side as well, we've tried to separate them 

13 out with some degree of success perhaps, and we'll 

14 again hear about that in a bit.  

15 Do we want to put them all back together 

16 again in the thermal-hydraulic analysis? I think 

17 that's something we need to discuss, and so I can't 

18 say where we are on that just at this point as an 

19 overall consensus position.  

20 CHAIRMAN SHACK: Shall we get started then 

21 with the PFM presentation? 

22 DR. APOSTOLAKIS: I must say, I still 

23 don't have a good picture in my mind of what is 

24 happening. I thought today we're going to go into a 

25 more detailed description of some RELAP calculation, 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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



208

1 maybe taking one sequence and doing it.  

2 DR. MAYFIELD: Well, I think part of the 

3 problem -- We talked early on -- is being guilty of 

4 doing the same thing that I've fussed at others about.  

5 The sense I get is part of the frustration you're 

6 feeling is that this is a work in progress, and we 

7 haven't put all the pieces together yet, and the part 

8 that Mark is going to talk about is one of the areas 

9 that is perhaps a little further along. But I still 

10 wouldn't want to characterize it as something where 

11 we're ready to roll and show you how a distribution 

12 comes out at the tail end of the calculation.  

13 What we were trying to do is give you -

14 I guess, answer the questions from September, 

15 recognizing the story isn't complete yet, and perhaps 

16 we have led you to believe we were further along than 

17 we really are, because we are not -- At least I don't 

18 think we are to the point where we could show you, 

19 even on one sequence, how the uncertainties propagate 

20 through the whole analysis.  

21 I don't think -- Well, I know we're not 

22 there yet, and we won't be there in two weeks. But we 

23 were trying to give you a sense of how we're dealing 

24 with this, and maybe Mark's presentation will provide 

25 a little more detail on one piece of it. Mark, why 
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1 don't you -

2 Mark, just to give you a sense for time, 

3 Professor Apostolakis and Mr. Bonaca are going to beat 

4 feet on us at 3:30. So I guess that kind of sets the 

5 upper end on the time. Is that a fair 

6 characterization? 

7 DR. KIRK: All right. We'll try to step 

8 it up then.  

9 What I and a number of others have been 

10 asked to brief you on today concerns our sort of 

11 detailed look. As Mike characterized it, I think this 

12 is the one part of the whole analysis that is perhaps 

13 closer to being done than anything else, but certainly 

14 not done, concerning characterization of uncertainty 

15 in fracture toughness.  

16 This will be a presentation made by four 

17 people. Mike noted at the beginning that the whole 

18 PTS re-evaluation process is something that is being 

19 conducted in a participatory fashion with the 

20 industry, and this one little subset of it is a good 

21 example.  

22 The second presenter here, Marjorie 

23 Natishan from Phoenix Engineering Associates, is in 

24 fact an EPRI contractor, and she has been working 

25 integrally with the team of myself and our NRC 
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1 contractors.  

2 Really, the people that you see on the 

3 screen here, the names, and the people that you will 

4 see here today represent an amalgam of different 

5 disciplines. We have some fracture mechanics people, 

6 some materials people, and Mohammad is the one token 

7 PRA person, meant to keep us all honest.  

8 So I'm not sure what our grades are, but 

9 I think we all sort of get something like B's in PRA 

10 and materials and fracture mechanics. At least, that 

11 was my impression.  

12 So I'll do an intro, and then I will turn 

13 over the podium to the people that you see named here 

14 in order, and then I'll get back up, hopefully, if we 

15 have time, to do a wrap-up.  

16 I don't want to dwell on this. This just 

17 shows the overall analysis framework in which we are 

18 operating and how, at a very high level, inputs which 

19 you see in the black boxes go through analyses. What 

20 you see in the colored boxes produce outputs, and 

21 eventually lead us to what we want, which is some 

22 calculations.  

23 At least, this is the current metric we're 

24 working with, the yearly vessel failure frequency, how 

25 notionally we think those will trend with the MET 
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1 reference, how we would anticipate comparing that with 

2 the safety goal and, therefore, deriving a new PTS 

3 screening criteria.  

4 Of course, in the input boxes there's a 

5 box of stuff. What we are here to talk about is the 

6 lots of stuff in the material properties and 

7 irradiation boxes and how that gets used, or we 

8 anticipate it being used, in PRA calculations.  

9 What we are trying to do throughout this 

10 is always referenced back to the white paper and the 

11 uncertainty framework that Nathan laid out in the 

12 latter part of 1999.  

13 I've copied here just for reference a few 

14 of the tables from Nathan's paper and, as we said, 

15 this focused primarily on PFM, which is good for me.  

16 Note that some variables are dealt with outside the 

17 paper, some inside the paper, and then took a 

18 provisional cut at uncertainty classification in terms 

19 of the epistemic or aleatory distinction.  

20 Of course, what I'd like to show you here, 

21 one of my co-presenters will be showing you, is that 

22 this is an evolutionary process, and our understanding 

23 has developed. In particular, some things have 

24 changed.  

25 For example, FAVOR used to deal with RTNT 
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1 margin. After a very small amount of discussion among 

2 the working party, we very quickly figured out that 

3 sticking an explicit margin in was very inconsistent 

4 with the PRA framework we were trying to deal with.  

5 And so that is now out, and you won't see it anywhere 

6 here. Instead, we are trying to propagate 

7 uncertainties from input to output variables.  

8 Of course, a lot of the time, as you've 

9 seen this morning and will continue to see here, has 

10 been spent on two particular questions. One is the 

11 characterization of uncertainties in the 

12 aleatory/epistemic sense. The other is, once we've 

13 decided on what that distinction is and have agreed 

14 between the materials people and the PRA people, then 

15 comes the sticky question of exactly how to quantify 

16 it.  

17 I just highlighted here some of the 

18 various inputs in terms of both models and parameters 

19 that we deal with in a probabilistic fracture 

20 mechanics calculation, and the focus today, as Mike 

21 mentioned, is the fracture toughness model, 

22 specifically the initiation part of the fracture 

23 toughness model, the K1c part.  

24 We are going to present this as an example 

25 implementation of Nathan's overall uncertainty 
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1 framework. We think we have gotten from start to 

2 finish in a reasonable and, I believe, defensible way, 

3 but this is posed to you as a question.  

4 If you see things here that you don't 

5 like, now would be the time to tell us; because if we 

6 don't hear that, you just might see it again in a 

7 different guise.  

8 So the question that all of us are trying 

9 to answer -- by the time we get to the end, we need to 

10 be able to answer this question. That is, how is the 

11 characterization of fracture toughness uncertainty 

12 being treated in a manner that is methodologically 

13 consistent with the risk-informed framework being 

14 employed in the whole PTS re-evaluation project? 

15 That's the big question we're trying to 

16 answer. I'd like to focus everybody on one constraint 

17 that we have in the materials area. It is that we 

18 started off this project with the assumption that we 

19 were going to stay within the context of the existing 

20 10 CFR 50.61 methodology to estimate fracture 

21 toughness after some amount of irradiation from 

22 material properties tests.  

23 We want to stay within that framework, not 

24 because we particularly like it, although it's 

25 certainly been used for a long time, but because we 
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1 don't want to force the licensees to make any new 

2 measurements. We want to provide a new PTS screening 

3 criteria that will enable them to still use their RTNT 

4 data and our Sharpy Shift data in the same manner they 

5 always have.  

6 So that constraint that we have put on 

7 ourselves puts us up to a requirement that we need to 

8 re-cast the Klc-RTNT and Kla-RTNT processes, which are 

9 outlined in 10 CFR 50.61. Those are processes which 

10 are both known and intended to provide conservative 

11 estimates of toughness.  

12 We need to somehow re-cast them in a best 

13 estimate context for use in the PFM calculations, 

14 which is to say diagrammatically we have to address 

15 what I've shown here, and you will see this slide 

16 again. So I don't wish to dwell on it.  

17 What you see is a presentation of fracture 

18 toughness data versus a representation of that data, 

19 that being the line. It's based on RTNT, and this is 

20 hardly a new observation.  

21 Sometimes the RTNT index temperature does 

22 pretty well about placing the curve relative to the 

23 data, and sometimes it does a pretty terrible job, but 

24 it always does a conservative job. That's how it was 

25 originally intended.  
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1 So we know that 10 CFR 50.61 deals in 

2 sometimes inconsistent uncertainties and, as I said, 

3 that's something that we just simply have to deal with 

4 and, I think, have dealt with effectively in this 

5 process.  

6 At a very high level we have three -

7 DR. MAYFIELD; Mark, why don't you try 

8 staying close to one of the microphones.  

9 DR. KIRK: I'm sorry.  

10 DR. MAYFIELD: Pick one, but then kind of 

11 stay close to it.  

12 DR. KIRK: Okay. At a very high level we 

13 have three parameters that we need to characterize the 

14 uncertainty of and, of course, other parameters and 

15 models go into these.  

16 Those parameters are the crack initiation 

17 toughness as quantified by K1 c, the crack arrest 

18 toughness as quantified by KIA, and then the index 

19 temperature, RT•T, which is intended to normalize the 

20 differences between different materials, wells, 

21 forgings, different states of irradiation, and 

22 collapse all the data onto one curve.  

23 So to put that challenge in a diagrammatic 

24 format, it is shown here where we've got the RT•T 

25 estimate, which is -- This is just a diagram of the 10 
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1 CFR 50.61 process, which is to say you start off with 

2 an un-irradiated RTNT. You add to it a Sharpy Shift.  

3 You get an RTNT after irradiation. You then construct 

4 a normalized temperature based on the temperature of 

5 the vessel you're trying to assess. You get your 

6 relative temperature, and then you go into Kic and KiA 

7 distributions to get distributions of toughness data.  

8 So again, that's a high level. You will 

9 see a lot more details in the next presentation by Dr.  

10 Natishan, but the question, of course, that we need to 

11 answer for each of these variables, we need to somehow 

12 come to a resolution as to whether each of these 

13 variables is primarily aleatory or primarily epistemic 

14 in the context of the analyses or the models that we 

15 are using.  

16 I have one more slide, and then I will 

17 turn the podium over. That's just an outline of what 

18 you are going to see in the next hour or so.  

19 You've already seen the overview. The 

20 next presenter will be Dr. Natishan who will talk 

21 about uncertainty characterization and classification.  

22 By the end of her talk, you will have the answer to 

23 the questions of: Do we regard K1c as aleatory or 

24 epistemic? Do we regard RTNDT as aleatory or 

25 epistemic? 
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1 Indeed you will have a physically 

2 motivated proposal. by that, I mean a proposal for 

3 dealing with uncertainties that is motivated by the 

4 fundamental physics of cleavage fracture in reactor 

5 pressure vessel steels.  

6 Then Dr. Paul Williams from Oak Ridge will 

7 get up and talk about some of the practical 

8 implementation issues of the framework that Dr.  

9 Natishan has outlined, to make it consistent with the 

10 current expert understanding of cleavage fracture in 

11 ferritic steels.  

12 Then we end on our strong suit with 

13 Mohammad who is going to re-express everything that 

14 all the metallurgists and fracture people have said in 

15 a PRA context. So, hopefully, he will be the English

16 to-English translator that will make everybody in the 

17 room understand.  

18 With that as the intro, unless there are 

19 any further questions, I will turn it over to 

20 Marjorie.  

21 DR. NATISHAN: Good afternoon. I don't 

22 know how I'm going to work staying at the podium.  

23 DR. KIRK: Are you going through all of 

24 your slides? 

25 DR. NATISHAN: That was the plan, but if 
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1 we cut them out, I can probably manage to do that.  

2 What I'd like to remind you all of is 

3 we're here to talk about the probabilistic fracture 

4 mechanic side of all of this. I am the industry 

5 representative here today for this particular group.  

6 Industry is working very closely with NRC 

7 on this, and the reason for that is to take advantage 

8 of the vast experiential base that we have in both NRC 

9 and industry. There's a lot of people that have been 

10 working on this for a lot of years, and there's a lot 

11 of knowledge out there that adds to the strength of 

12 this program by combining forces.  

13 The idea here is to look at PFM 

14 uncertainty or fracture toughness uncertainty within 

15 the framework of PRA and to be consistent in how we 

16 handle uncertainty within that framework.  

17 All of the people, I think, other than Dr.  

18 Modarres that you will be hearing within the next few 

19 minutes know the uncertainty relative to material 

20 variability in model uncertainty in fracture mechanics 

21 realm quite well. We're very well versed in the 

22 physical process and how we model that and the 

23 uncertainty that's inherent in that.  

24 The part that we are all learning about is 

25 the PRA and how to couch what we are doing in terms of 
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1 and in a manner which is consistent with PRA. So 

2 that's what we are looking at today.  

3 So I'll be describing the overall process, 

4 how we have decomposed the processes to identify 

5 sources of uncertainty, how we've gone through the 

6 classification process, and we'll lead into the 

7 quantification of those uncertainties in a manner 

8 consistent with PRA, and then the people getting up 

9 after me will carry on with the details of the 

10 quantification process.  

11 Okay. Well, again the idea here -- and we 

12 will be focusing just on the RTNT-Klc process as 

13 opposed to all of the fracture mechanics process, 

14 which also includes the KiA analysis.  

15 So as you can see, in looking at K1 c 

16 versus RTNDT, we have quite a bit of scatter in the 

17 curves, and the scatter represents the uncertainty 

18 that we have in these two variables. We have 

19 uncertainty in the K~c, which is represented by this 

20 arrow going up and down.  

21 We also have uncertainty in the RTNT, 

22 which is the horizontal arrow, and we need to look at 

23 these two parameters separately in order to 

24 distinguish -- in order to identify the sources of 

25 uncertainty in each of these that contribute to the 
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1 overall scatter, as well as the sources that 

2 contribute specifically to scatter in each of those 

3 parameters.  

4 So what I've got outlined here is the 

5 overall structure of the program that we'll be talking 

6 about today, specifically how do we identify the 

7 sources of uncertainty.  

8 We wanted to look at a process focus in 

9 this. We didn't want to pre-judge sources of 

10 uncertainty and their importance. We wanted to 

11 instead come up with a manner in which we could look 

12 at everything that goes into the K1c and RTNDT process 

13 or the process for obtaining those two variables and 

14 determine then -- and then to include all of those in 

15 the modeling of that.  

16 So we looked at decomposing each of these 

17 processes, and again what I'm going to talk about 

18 today is strictly this first process. But we 

19 decomposed it down to its very base elements, right 

20 down to the details of the input variables and all of 

21 the models used along the way in coming out with both 

22 the Kit and an RTNT.  

23 Once we had that decomposition, we looked 

24 at describing the uncertainties with the input data, 

25 the models that we're using to put it altogether, as 
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1 well as the expert judgments that went into assigning 

2 appropriate criteria for the definition of RTNT 

3 specifically.  

4 We looked at the physical basis for these 

5 various sources of uncertainty, because that's where 

6 we came out with the classification as to whether they 

7 were aleatory or epistemic. Without that physical 

8 understanding of the process, it's very difficult to 

9 assign a classification.  

10 Then we went into quantifying the degree 

11 of uncertainty in both of these, and we wanted to look 

12 at two things: First off, relative to the current 

13 methodology in which we have implicit conservatisms as 

14 well as the explicit margins that now this is how 

15 uncertainty is dealt with currently, we wanted to also 

16 compare it relative to state of the art; because 

17 fracture mechanics has advanced quite a bit since 

18 RTNT, and we wanted to be able to -- We thought that 

19 by assessing relative to the state of the art, we 

20 would be able to get a better feel on the epistemic 

21 uncertainties in RT•T.  

22 All of this information then got provided 

23 to Dr. Modarres at Maryland to incorporate into his 

24 mathematical models that would then be put into FAVOR.  

25 The next diagram is a little bit messy.  
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1 I'm not going to go into great detail on it. This is 

2 the decomposition of the K1 c process. This is how we 

3 get to Kjc or a fracture toughness of our vessel, 

4 which is the output on the left.  

5 We input variables here. We feed them 

6 through various models, which are all of these blue 

7 nodes, to come out with the variables along the path 

8 to get to our fracture toughness uncertainty.  

9 So input goes in on the right. The models 

10 or the model uncertainties or the models that are used 

11 to get to various parts of the process are at each of 

12 the nodes, and you can follow it all the way down 

13 here.  

14 The idea was that, if we broke it down to 

15 a very base level -- and I should probably tell you, 

16 where all of the yellow boxes are, there's more. So 

17 it gets very detailed. But to break it down this way, 

18 we knew that we had accounted for everything that went 

19 into the process.  

20 The idea, the theory behind all of this 

21 was that we would develop a mathematical model in 

22 which we could take the distributions of input data, 

23 feed them along the model uncertainties in the various 

24 paths, and then come out at the end with a model -- or 

25 with a Kic uncertainty that was specific to that path.  
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1 That was the idea.  

2 When we actually looked further into all 

3 of this, what we found was there's a very large 

4 inconsistency in each of these paths. If you'll look, 

5 the criteria for fracture is different. We have a 

6 T30. We have a T 100 . We have 60 degrees. We have 

7 various numbers.  

8 There's no consistency in the criteria 

9 that's taken for the various paths. So there's a bit 

10 of arbitrariness. Each of these paths was developed 

11 for a specific instance, for a specific plant issue, 

12 and to address that specific issue and does reasonably 

13 well for that. But we do have quite a bit of 

14 inconsistency between these three methods of obtaining 

15 our reference temperature un-irradiated.  

16 So the theory was to start way out here 

17 and feed everything through a mathematical model. The 

18 reality is that we can't do that.  

19 So instead what we are doing is we're 

20 looking at assessing uncertainty at this level by the 

21 pink highlighted boxes. Again, what I'm going to talk 

22 today is about the RTNT, and I will also go into K1 c.  

23 I'm not going to talk about the shift, the T30 shift 

24 at all.  

25 CHAIRMAN SHACK: Of the three ways of 
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1 doing it there -- I mean, can we say that, you know, 

2 three-quarters of the plants use NB-2331, and another 

3 -- or they're equally distributed? 

4 DR. KIRK: It's not equally distributed.  

5 The specific answer is in the database, and I can't 

6 access that right now. But a surprising number of the 

7 materials are non-NB.  

8 There are an awful lot of generics in 

9 there, and there are an awful lot of -- MTD-52 was 

10 made to deal with plates and forgings, and didn't have 

11 RT. If you look at the -- I remember going through 

12 the four plants that we're going to do -

13 CHAIRMAN SHACK: She's having trouble 

14 hearing you, Mark. You want to use that mike there, 

15 if you can.  

16 DR. KIRK: Oh, I'm sorry.  

17 CHAIRMAN SHACK: Yes. Thanks.  

18 DR. KIRK: A surprising number of the 

19 materials that we have to evaluate in the four plants 

20 that we are going to be doing the studies on, Oconee, 

21 Beaver Valley, Calvert and so on, fall into the non

22 NB2331 category.  

23 So it's a mix. We can -- I mean, I can 

24 get you the specific number, but -

25 CHAIRMAN SHACK: There's a significant 
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1 distribution in all the bins? 

2 DR. KIRK: Yes. There is nothing here 

3 that's really an exception.  

4 DR. NATISHAN: Okay. So one way of 

5 assessing uncertainty in a given parameter is to look 

6 at what the intent of that parameter was. So that's 

7 where we started with RT•T.  

8 The intent of RTNT was to represent the 

9 fracture toughness transition data or fracture 

10 toughness transition temperature for a given dataset.  

11 By using this fracture toughness transition 

12 temperature, we could theoretically take and collapse 

13 all of these heats onto a single curve.  

14 By doing that, we can then use this 

15 combined database to determine a fracture toughness 

16 temperature, given one single RTNT point for one 

17 dataset. So the idea of RTNT is to represent the 

18 transition temperature and thereby collapse many heats 

19 onto a single curve shape and give us much more 

20 information to use to get the fracture toughness of a 

21 vessel.  

22 The reality, as Mark showed you, is 

23 sometimes it works very well, and sometimes it 

24 doesn't.  

25 So in order to look at this further, this 
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1 intent issue, again the goal being to define the 

2 uncertainty in RTNT by comparing it to the current 

3 state of the art or the current best estimate that we 

4 have, what we're looking at does RTDT place the model, 

5 the ASME Kit model, relative to real data, K~c versus 

6 T data.  

7 So before we can do that, we have to 

8 determine what our best estimate is. What is the 

9 truth? Is it T - RTNT or is there some other best 

10 representation of actual K versus T data? 

11 We believe that K versus T is the truth.  

12 The data is truth, and how do we best represent that 

13 then relative to the RTDT? 

14 We also needed to address the issue of: 

15 Once we know what truth is and we make this 

16 comparison, how do we then use that comparison to 

17 adjust RT•T or to account for the epistemic 

18 uncertainty in RTNT within the FAVOR process, and 

19 where in the 10 CFR 50.61 process do we need to 

20 account for uncertainty in this manner? 

21 So these were the three questions that we 

22 were looking at. We've answered, I believe, these 

23 two. We are still looking at this last one.  

24 The proposal here is that truth is, again, 

25 the K versus T data, and we believe that the best 
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1 representation of the transition temperature for K 

2 versus T data is found in the Master Curve method or 

3 To. The reason for this is that there's, of course, 

4 a very strong empirical base.  

5 This Master Curve is actually a model 

6 based on data or developed from am empirical basis, 

7 but it also enjoys a very strong physical basis as 

8 well. It enjoys a very clear understanding of the 

9 physics of failure process and the math involved in 

10 the Master Curve describes our best understanding of 

11 that physical process. I'll go into that in a bit.  

12 It accounts explicitly for that process 

13 using weakest link statistics. Another strong point 

14 that we don't see in RTNDT is that it consistently 

15 defines a transition temperature for all steels, and 

16 that point being the temperature at which we get K = 

17 10OMPa-root meters. So that's very important.  

18 So the proposal for dealing then with the 

19 epistemic uncertainty in RT•T -- and again, I'm just 

20 going to go through it very briefly, because Dr.  

21 Modarres and Dr. Williams will go through it in much 

22 more detail -- is to quantify uncertainty in RTNT by 

23 comparing how well RTNDT positions a curve, a 

24 transition curve, relative to the real data.  

25 So we are quantifying how far off it is, 
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1 using a consistent representation of this data, which 

2 we are taking as T-naught found through the Master 

3 Curve method.  

4 We construct a cumulative distribution 

5 function of RTNT minus T-naught, which is the 

6 difference between -- which is the comparison between 

7 RTNT and T-naught. We define a delta RT as RTNT minus 

8 T-naught. So that's our adjustment factor.  

9 So I guess Dr. Modarres and Dr. Williams 

10 will talk to this in more detail. So I'm really not 

11 going to go into how we get this RT•T on each run of 

12 FAVOR. But we do -- In defining it this way, we feel 

13 very confident that delta RT accounts for the known 

14 epistemic uncertainties in the RTNT process, and 

15 brings RT•T closer to the best estimate for the PFM 

16 calculation.  

17 So that was RTNT. I'm going to shift gear 

18 a little bit, look at Kic, because that's the other 

19 side.  

20 We've done the decomposition process for 

21 all of the variables, and this is the one for Kic.  

22 You can see that there is a lot that goes into 

23 determining a K1c value.  

24 Most of this information is not available 

25 unless you could go to each lab and look at their 
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1 disks of data, raw data. But very rarely do you find 

2 any of this published.  

3 So again what we have done is we're 

4 looking at the uncertainty at this level. We're not 

5 really considering what goes into it. However, having 

6 said that we are going to quantify it and classify it 

7 at this level, we do have a very clear understanding 

8 of what goes into the uncertainty here. So we know 

9 what we are dealing with.  

10 Well, I'm going to make a statement. I'm 

11 going to assert that the uncertainty in K1c is 

12 aleatory. It's a random uncertainty that we cannot 

13 reduce.  

14 That statement comes from a physical 

15 understanding of the cleavage fracture process. We 

16 know that the cleavage fracture initiation process is 

17 controlled by noncoherent particles within the steel, 

18 and that these alone are responsible for all of the 

19 scatter that we see in Kit.  

20 We couple this idea with a physical 

21 understanding of what Kjc is, what fracture toughness 

22 is, what are we measuring by measuring the resistance 

23 of material to crack propagation.  

24 The first thing I need to point out is 

25 that K1c does not exist as a point property. If we 
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1 could go in a very, very small volume of material, we 

2 cannot -- and even if we could say what the particle 

3 distribution or what the particle size was of that 

4 particular box, we could not define a K1c at that 

5 point. It's just not how K1c is defined.  

6 K1c looks at fracture in a volume sense.  

7 We have to consider the volume involved in fracture, 

8 the volume at the crack tip. It's a statistical 

9 competition between the stress field and various 

10 particles that are at the crack tip.  

11 The big thing that we need to remember is 

12 that these particles that are involved for crack 

13 initiation as well as the flaws that we're looking at 

14 are randomly distributed throughout the material.  

15 So even though we can go into one point, 

16 we can know exactly what's there, we cannot say what 

17 the K is there, because it's meaningless. We have to 

18 consider a volume of material in which the particles 

19 are randomly distributed. That's why we say that K1c 

20 is aleatory.  

21 Okay. Well, what distribution do we take 

22 for K1c to describe this aleatory uncertainty in Klc? 

23 This is where, again, we propose the Master Curve 

24 method. Master Curve uses a Weibull model to describe 

25 the distribution in K1 c. It's a three-parameter 
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1 Weibull.  

2 The three parameters come directly from an 

3 understanding of the physical process of that cleavage 

4 fracture, and I just wanted to go through these 

5 briefly here.  

6 If we look at the physical process, we 

7 have three criteria for cleavage fracture in a 

8 material, the first one being accumulation of a strain 

9 at the crack tip to some critical value required to 

10 initiate a microcrack in some particle in a volume 

11 ahead of the crack tip.  

12 We need to accumulate a critical value.  

13 That's the key here, and it's within a volume. What 

14 that tells us is that there is a minimum below which 

15 we will not have fracture. So we can define a Krin.  

16 The second one is that, once we have a 

17 microcrack initiated, we need to have a high enough 

18 stress triaxiality to inhibit blunting of that 

19 microcrack, to keep that crack running from the 

20 particle into the matrix.  

21 So we need that high stress triaxiality.  

22 What that says is we have small scale yield 

23 conditions, and this gives us the Weibull shape of 

24 four, and I'm going to go into that in the next slide.  

25 The third criteria is that we have to have 
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1 a high enough crack tip stress such that the material 

2 fracture stress is exceeded. That is actually what 

3 we're measuring in a K test. So that gives us our K 

4 median, and those are the three parameters that 

5 describe the Weibull model used for fracture 

6 roughness.  

7 I know this is a little bit busy, but it 

8 really was necessary to get all this information to 

9 describe where this shape parameter comes from, this 

10 shape parameter of 4. I know that this has been an 

11 issue that's been raised before.  

12 So we're back to the triaxiality concern, 

13 which was our critical event number two. We needed to 

14 maintain some critical degree of triaxiality to get 

15 the microcrack to propagate.  

16 This tell us that we have small scale 

17 yield conditions, which means that the crack tip 

18 stress field is not affected by the boundary. So 

19 everything we know about the crack is contained -- or 

20 the materials is contained right here. There is no 

21 input from the outside.  

22 What that tells us is that our plastic 

23 zone, or the area that we have plastic strain, is 

24 fully contained within a finite volume at the crack 

25 tip. What that does is it says that the plastic zone 
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1 size, the shape of the plastic zone at the crack tip, 

2 can be described relative to K over sigma-Y squared, 

3 and that comes from the math -- the K equation.  

4 If we look at just describing any point 

5 within this volume, we can take -- we can say that any 

6 location within the plastic zone can be described as 

7 a ration of x, which is x over (K, over sigma) whole 

8 quantity squared.  

9 Well, if we look at that in terms of a 

10 volume where we have x times x times b as the size of 

11 our volume, and we now substitute in for x a star, 

12 what we get is that the plastic zone size or that 

13 volume element scales with K, over sigma-y to the 

14 fourth. That's where the parameter 4 comes in, is 

15 that in order to look at fracture toughness, again we 

16 have to look at -- It only makes sense if we look at 

17 it in a volume or at a volume at the crack tip, and 

18 that volume scales with K4 , because we have small 

19 scale yield conditions.  

20 So what all of that gives us is we have 

21 the three parameters defined by Kmin, the K-median that 

22 we actually measure, and the probability of fracture 

23 is going to scale only with K4, which is our shape 

24 parameter.  

25 So we take the three parameter Weibull 
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DR. NATISHAN: The data follows the

Weibull, and we can bring it back to a physical -- We 

have two things. We have the data that shows that it 

follows the three-parameter Weibull, and we have the 

physical description that also shows that it should 

follow a three-parameter Weibull.  

DR. APOSTOLAKIS: Take minimum, for 

example. How sure are you that the value you are 

using is the right one? 

DR. KIRK: As Marjorie said -- Maybe I'll 

just say the same thing a different way and hope that 

it works -- the K in is -- I think it would be fair to 

say that the Kin is not quite as supportable on a 

physical basis as the shape parameter 4, although -
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distribution to describe the uncertainty in K~c, the 

aleatory uncertainty in K1 c.  

Okay. so what do we come out with? We 

have -

DR. APOSTOLAKIS: Excuse me. The 

parameters of the Weibull, though, depends on 

understanding uncertainty, won't they? 

DR. NATISHAN: The parameters -

DR. APOSTOLAKIS: I mean, are you 

absolutely certain that this Weibull distribution is 

the distribution for K1 c? Why is that?
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1 DR. NATISHAN: No, it is.  

2 DR. KIRK: It is. Okay. It is. I'll 

3 leave that to you. But there is considerable 

4 experimental evidence, which we have summarized in a 

5 recent new reg that I have yet to get off my desk, but 

6 that's my problem, that those two parameters, the Kmi, 

7 of 20 and the shape parameter of 4.  

8 Basically, you can't find data that 

9 disagrees with it. I mean, of course, there's -- Not 

10 all the distributions come up with 4 and 20, but if 

11 you construct statistical confidence bounds around 

12 those estimates and say how far off could I be based 

13 on the number of specimens that I was able to test, 

14 you conclude that 4 and 20 are reasonable values.  

15 DR. MAYFIELD: He just made the argument 

16 for epistemic -

17 DR. NATISHAN: Yes, he did, didn't he? I 

18 heard that argument.  

19 DR. KIRK: Yes, there's a state of 

20 knowledge uncertainty in that, in order to determine 

21 a value of 20 with 20 plus or minus 1, you need to 

22 test 1,000 fracture toughness specimens, and nobody 

23 has done that. But what we can show you and perhaps 

24 bring to the next meeting is the available information 

25 which shows that, if you look at a value of 20 and a 
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1 value of 4 and construct confidence bounds on them 

2 relative to the number of data you had to compute 

3 them, all the data falls within the confidence bound 

4 saying that that's the right underlying distribution.  

5 DR. APOSTOLAKIS: How wide are these 

6 bounds? 

7 DR. KIRK: If you test only three 

8 specimens, they are -

9 DR. APOSTOLAKIS: Based on the report you 

10 have not approved yet.  

11 DR. KIRK: I'd have to give it to you in 

12 terms of a number of specimens. At ten specimens, the 

13 4 might go from 3 to 5, but I'm trying to remember a 

14 graph that I don't have with me.  

15 DR. APOSTOLAKIS; then Dr. Modarres will 

16 have to tell us whether that's important.  

17 DR. MODARRES: I am Mohammad Modarres.  

18 The model itself, the variability that you see within 

19 the model, the aleatory model, is far exceeds than the 

20 epistemic variability that you see in the Kmin and the 

21 4. The variabilities are so small, because they fit 

22 the data, as Mark said, that, therefore, we assume 

23 there actually is heavily -

24 DR. APOSTOLAKIS: It's one distribution.  

25 DR. MODARRES: Yes, it's one distribution.  
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1 DR. APOSTOLAKIS: I remember a document 

2 that I read sometime ago. These parameters are 

3 actually variable, aren't they? 

4 DR. MODARRES: The K? 

5 DR. APOSTOLAKIS: Yes.  

6 DR. MODARRES: They are talking about the 

7 Master Curve model, which basically is not based on 

8 fitting into the data. What you will see with Oak 

9 Ridge is the one that actually is fitting into the 

10 data, and the parameters are empirically driven. But 

11 what is derived here are the four values -

12 essentially the parameter 4 is an assumption. It 

13 physically comes out of the assumptions that are made 

14 here.  

15 So there is no -- I mean, the only 

16 uncertainty is the truth of that assumption that is 

17 made, and it's very difficult to -- Okay, the 4 is not 

18 -- I thought the 4 itself is not the weakest link.  

19 The variability that comes out of it is the weakest 

20 link itself. But the 4 itself is a byproduct of an 

21 assumption, a physical assumption.  

22 There is that Kmin, which is based on data, 

23 and the data shows that the variabilities are very 

24 small, very much smaller than the spread of the 

25 distribution itself, the variability that you see in 
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1 the distribution. And for that reason, we just didn't 

2 bother, actually, with worrying about it.  

3 Now that is different from actually the 

4 empirical method that you just referred to, which the 

5 parameters are actually derived from the data. There 

6 you see some spread, because the uncertainties there 

7 are overshadowed by the amount of data which is 

8 available, and that's a totally different approach.  

9 You will see both of them here presented 

10 later. Oak Ridge will discuss that a little bit.  

11 That's why I think Marjorie is talking about this as 

12 a preferred method, because it has a physical basis, 

13 and it's an -- the model is an automatic derivation of 

14 that, and that's totally aleatory in this sense.  

15 DR. NATISHAN: Okay. Then to summarize 

16 what I've presented so far is with the RTNDT 

17 uncertainty, we've decomposed it. We've looked at all 

18 the sources, and we have classified it as being 

19 primarily epistemic, and we've -

20 CHAIRMAN SHACK: What is NDT(U)? 

21 DR. NATISHAN: Un-irradiated.  

22 CHAIRMAN SHACK: Okay. So it really does 

23 mean un-irradiated? 

24 DR. NATISHAN: Yes, it means un

25 irradiated. We are also looking at the -
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1 CHAIRMAN SHACK: Now what are you doing 

2 about the other part of the RT•T, the irradiated? 

3 DR. NATISHAN: We are looking at the 

4 delta-T30 shift equations. We have decomposed that 

5 process as well, and we are developing quantification 

6 methods or methods for accounting for that 

7 uncertainty.  

8 We are doing the same thing, and we're 

9 doing the same thing for KIA as well, but I'm just 

10 presenting the RTNT un-irradiated versus K to show you 

11 how we're handling all of the uncertainty.  

12 okay. So we have epistemic. We have 

13 accounted for it with -- We have proposed accounting 

14 for it with an adjustment factor based on the Master 

15 Curve. K1c uncertainty is primarily aleatory as it 

16 comes from the physical process, and the distribution 

17 then in K1c or the uncertainty in K1, is described by 

18 the 3-parameter Weibull.  

19 I just have really quickly two more slides 

20 to lead into the next talk. This is the proposed 

21 method for quantifying uncertainty in FAVOR where we 

22 look at simulating an RT•T un-irradiated value, as per 

23 10 CFR 50.61, that decomposition that I showed first.  

24 We go into the probability distribution 

25 function to find a delta-RT. We then define a new 
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1 reference temperature, which is the old reference 

2 temperature minus this delta.  

3 We then define a relative temperature, 

4 which is the vessel temperature of interest minus this 

5 RT-new, and we use that temperature then to come in 

6 and find a fracture toughness value. Again, this will 

7 be described in detail. So I don't think it's 

8 appropriate to go into it here.  

9 One last slide, though. As Dr. Modarres 

10 said, I have proposed a quantification method based on 

11 the Master Curve, which is what is described here.  

12 Basically, what we are doing with Master Curve is we 

13 are using it to define a best estimate transition 

14 temperature.  

15 We're using it to define where the data 

16 exists in temperature space. We could just as easily 

17 use another point. We agree -- We have talked quite 

18 a bit about this with the experts in the field, and we 

19 agree that Master Curve is the best technical 

20 resolution for describing the data, for accounting for 

21 the uncertainty in RTNT. However -- you always knew 

22 there was a "but" in there -- we have no agreed 

23 procedure to convert -- Master Curve is a method which 

24 normalizes everything to a 1-T flaw size.  

25 We have no agreed upon method right now to 
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1 convert that 1-T straight front flaw size to the curve 

2 fronts that are analyzed within FAVOR for the vessel 

3 itself. So there is no method to do that. We can't 

4 do that right now.  

5 This keeps us from taking full advantage 

6 of the current state-of-the-art methodology. So we 

7 need to develop another method for positioning the 

8 data or positioning the reference temperature relative 

9 to the actual data that's still consistent with 

10 everything that we have thought of as a benefit and an 

11 advantage by using Master Curve.  

12 With that, I think it's now time for Dr.  

13 Williams to tell you how that will go.  

14 CHAIRMAN SHACK: Where am I going to get 

15 the original data on all these un-irradiated materials 

16 to do this? 

17 DR. MAYFIELD: You're asking where you're 

18 going to get the Master Curve data? 

19 CHAIRMAN SHACK: Right. You don't need 

20 it.  

21 DR. MAYFIELD: That's the adjustment that 

22 she's talking about. The delta RT is their scheme for 

23 getting around that.  

24 DR. KIRK: Remember, the constraint at the 

25 beginning was that all this had to be done in a way 
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1 such that we could still interpret our RTNT and Sharpy 

2 data, because that's the only thing that we know we 

3 have for each and every plant.  

4 So this is a method made to interpret that 

5 data but effectively take the conservatism implicit to 

6 the RTDT process out through the use of that 

7 cumulative distribution function that was shown.  

8 So the assumption in saying that's okay to 

9 do is that we've got enough data to describe that 

10 distribution function in a way that covers all the 

11 materials in all the plants, and that's an assumption 

12 in the box on the lower right of your Vu-graph that 

13 you have to buy off on or not, that that dataset 

14 adequately quantifies all materials of interest.  

15 CHAIRMAN SHACK: It's universal.  

16 DR. KIRK: Yes. Paul? 

17 DR. WILLIAMS: My name is Paul Williams.  

18 I'm from Oak Ridge National Lab. My colleagues at Oak 

19 Ridge have been working on this problem, including Dr.  

20 Richard Bass, Terry Dickson, John Merkle, and Dr.  

21 Randy Nanstad.  

22 We'll be talking about the estimation of 

23 epistemic uncertainties in RT•T: quantifying 

24 adjustment terms.  

25 DR. KRESS: How come you don't have a 
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1 pretty picture of the mountains back there like the 

2 INEEL people? 

3 DR. WILLIAMS: There's our mountain right 

4 there. That's the Smokies.  

5 DR. KRESS: The Grand Teton.  

6 CHAIRMAN SHACK: Got covered by kudzu.  

7 DR. MAYFIELD: If you want to slide that 

8 projector forward a little bit, you can, one direction 

9 or another.  

10 DR. WILLIAMS: Separating epistemic 

11 uncertainty in RTNT involves several steps. We have 

12 four here. The first three we have essentially 

13 completed, and the fourth step that I will describe 

14 briefly has work to be done.  

15 In the first step a K1c versus RTNT 

16 temperature database and extended database was 

17 developed, and a statistical model was developed to 

18 describe that database and reported in an ORNL 

19 publication, ORNL 99/27, which is this report down in 

20 the lower lefthand corner published in February of 

21 2000.  

22 So when I make reference to ORNL 99/27, 

23 what I'm talking about is this report. It includes 

24 both the description of the database as well as the 

25 statistical model that describes that K1 c data.  
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1 DR. KRESS: It's basically a best fit to 

2 the data? 

3 DR. WILLIAMS: Yes. In step 2 we'll be 

4 describing a statistical cumulative distribution 

5 functions that were developed for an RT•T adjustment 

6 term, the delta RT term, based on that ORNL 99/27 

7 database.  

8 In step 3 we will be talking about 

9 reconstructing the statistical models of these 

10 resampled databases where we have Weibull Kic 

11 statistical models that are based on the resampled 

12 99/27 data. These were created using a statistical 

13 resampling method.  

14 Then step 4, which involves an evaluation 

15 of the methodology with implementation into FAVOR, 

16 involves steps to be done.  

17 Step 1 talking about constructing the 

18 statistical model from the assembled 99/27 extended 

19 database of K1 c data. In this case we are not talking 

20 about any uncertainty adjustments in the data.  

21 The study was confined to the ORNL 99/27 

22 K, database, which consists of ASTM E399 valid data.  

23 Our starting point was a database assembled and 

24 reported on in an EPRI report in 1978, EPRI NP-719SR, 

25 which included approximately 171 data points and 11 
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1 materials.  

2 In 1999 at Oak Ridge National Lab, this 

3 database was extended to include from 11 to 18 RPV 

4 steels, including plate, forging and weld product 

5 forms, where we went from 171 data points to 254.  

6 Shown on this plot includes all of the 

7 data as well as two curves. The first dashed curve in 

8 red -- excuse me. The first curve in black is the 

9 ASME K1c curve, the curve in the ASME code, boiler and 

10 pressure vessel code.  

11 That curve was constructed to lower bound 

12 the EPRI -- those 171 data points, at least down to 

13 about normalized temperature of -115 degrees F. But 

14 the ASME K1c curve does not lower bound all of the 

15 data in either the original EPRI NP-719SR database or 

16 the 99/27 extended database.  

17 In 1993 a study was carried by Dr.  

18 Nanstad, Janice Keeney and Don McCabe. They reported 

19 in their ORNL 93/15 report a review of the EPRI 

20 database, and they as a part of that effort 

21 constructed an adjusted K,, curve which did lower 

22 bound all of the data, 171 data points in the EPRI NP

23 719SR database.  

24 That adjusted curve that was constructed 

25 in 1993 does happen to also lower bound all of the 
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1 data in the extended -- the 99/27 database.  

2 DR. KRESS: Now I could look at all that 

3 data, and I could draw that curve without doing any 

4 statistics.  

5 DR. WILLIAMS; No statistical analyses 

6 were done for either of those curves.  

7 DR. MAYFIELD: The first one was actually 

8 done by hand with a French curve, and they 

9 subsequently did all the curves.  

10 DR. WILLIAMS: The ORNL Weibull model of 

11 the 99/27 database -- It's the Kic fracture toughness 

12 versus the normalized temperature -- was developed 

13 using a strictly statistical analysis. Epistemic 

14 uncertainties were not accounted for in any way in 

15 this analysis.  

16 In this analysis the three parameters -

17 we're using a Weibull model. The three parameters of 

18 that Weibull model did turn out to be temperature 

19 dependent, and the ASME K1 c curve played no role in 

20 the model development.  

21 When we're talking about Weibull 

22 distributions and Weibull models, we are talking about 

23 taking a constant temperature slice of the data, and 

24 then that creates the Weibull distribution.  

25 So if you slide that slice along the 
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1 temperature axis, you will get a Weibull distribution 

2 that changes shape as you go from the lower shelf up 

3 to the transition region.  

4 DR. KRESS: Now that would depend on how 

5 thick you make the slice. You can't do a single line.  

6 You have to do a slice. How do you decide on how 

7 thick to make that slice? 

8 DR. WILLIAMS: In the original 

9 construction, you're right. We had to do binning of 

10 the data in order to introduce the temperature 

11 dependence into our coefficients. And Dr. Bowman, Dr.  

12 Kenny Bowman who did the statistical analysis went 

13 through several binning strategies to try to see what 

14 effect it was on the statistical -- the final result 

15 of the model.  

16 The end result, though, of the model are 

17 continuous functions of the three parameters.  

18 DR. KRESS: You take the temperature 

19 dependence of these three parameters and draw a curve 

20 through them.  

21 DR. WILLIAMS: that's exactly right. So 

22 then we have three explicit functions that we can then 

23 take an individual point, datapoint, or individual 

24 normalized temperature, and then construct that 

25 Weibull distribution.  
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1 In step 2: Now we're going to start 

2 putting some numbers to this uncertainty term, delta

3 RT, where we generate cumulative distribution 

4 functions for the uncertainty adjustment term.  

5 This next slide just shows -- is just 

6 intended to tell you that we are choosing to use a 

7 Weibull distribution, a Weibull model, to do our curve 

8 fitting for our individual data points that we will 

9 construct based on whatever methodology we decide to 

10 use in order to produce a statistical distribution 

11 that we can then make use of later on.  

12 DR. APOSTOLAKIS: Wait a minute. Do you 

13 use bounds or what now? 

14 DR. WILLIAMS: We'll get into more detail 

15 about what we are talking about, a lower bounding 

16 model. That has a specific meaning in terms of the 

17 rationale for coming up with these individual data 

18 points.  

19 DR. APOSTOLAKIS: Where are you pointing, 

20 because I can't see you? 

21 DR. WILLIAMS: Okay. The title, CFD for 

22 Lower Bounding Model -- The term "lower bounding" has 

23 a specific meaning relative to the methodology used to 

24 get these individual data points. The cumulative 

25 probability is just using order statistics, a median 
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1 rank ordering.  

2 DR. APOSTOLAKIS: This is Weibull.  

3 DR. WILLIAMS: It's a Weibull 

4 distribution, right. Yes. The solid line is the 

5 Weibull distribution. I'm just plotting it for some 

6 order statistics to give it -

7 DR. KRESS: It's not. It's just a curve 

8 fitting. They didn't even have to have a curve. They 

9 could have just used the data and got this to fit the 

10 curve, but Weibull seemed to have the right shape.  

11 DR. WILLIAMS: We looked at several 

12 strategies for quantifying delta RT, in fact a total 

13 of five. The two that we will be discussing today 

14 seem to be the most promising.  

15 The first involves the reserve bias 

16 between the measured RTNT and the Master Curve T

17 naught term. This was proposed by Dr. Natishan and 

18 also will be discussed by Professor Modarres.  

19 The second term -- The second strategy is 

20 what we refer to as a lower bounding shift of the 

21 adjusted ASME K1c curve. Recall, when I say adjusted 

22 to ASME K1 c curve, I'm talking about the curve that 

23 actually lower bounds all of the data in our 99/27 

24 database.  

25 DR. KRESS: You can only use that if you 
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1 want to be conservative rather than realistic.  

2 DR. WILLIAMS: Yes.  

3 DR. KRESS: The other one would be a more 

4 realistic model.  

5 DR. WILLIAMS: Yes. The top one is the 

6 physically based model, and the one below is strictly 

7 empirical.  

8 The lower bounding shift methodology was 

9 proposed by John Merkle and Dr. Nanstad.  

10 The first strategy that Dr. Natishan 

11 discussed and presented is based on the observation 

12 that there is an apparent bias in RT•T relative T

13 naught, and this bias is evident in 15 of the 18 un

14 irradiated RPV materials in our database.  

15 There's 18 materials in the database.  

16 Three do not have sufficient data for us to calculate 

17 a valid T-naught. So that's why I'm talking about 

18 only 15 materials.  

19 Here the delta-RT will be sampled from a 

20 statistical distribution that has been developed from 

21 the data that we have, where we have measured values 

22 of RT•T as well as calculated values of the Master 

23 Curve indexing temperature T-naught.  

24 The application over here is just making 

25 use of the form of the Weibull distribution where we 
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1 sample on some random number between zero and one, 

2 which can then be inserted into the inverted form of 

3 the other Weibull distributions where we have done our 

4 curve fitting to calculate A, B, and C, the location 

5 parameter, the scale parameter, the shape parameter, 

6 for the distribution.  

7 That gives us a sampling of delta-RT, 

8 which is then subtracted from the measured value of 

9 RTNDT 

10 The lower bounding methodology: We are 

11 asserting that the lower bounding methodology is still 

12 consistent with the original intent of RTNT as a 

13 lower bounding conservative indexing temperature.  

14 As just some notes that we discussed 

15 before: The ASME code K1c curve does not lower bound 

16 the ORNL 99/27 database. The adjusted curve that was 

17 developed in 1993 -- and it was developed specifically 

18 to lower bound the data -- does continue to lower 

19 bound the database, and in this case we are making the 

20 assumption that it represents a one percent quantile 

21 curve.  

22 The lower bounding adjustment is intended 

23 to consistently position the bounding curve relative 

24 to the E-399 valid data for 18 materials in the ORNL 

25 99/27 database.  
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1 DR. KRESS: But you've got a statistical 

2 reason for believing that one percent? 

3 DR. WILLIAMS: Strictly from the Plato-2 

4 data. If we look at the Plato-2 data and we look at 

5 our analysis of shifting the curve over to the nearest 

6 point, so the adjusted curve bangs into the first 

7 point that it comes to, and then look at that grouping 

8 of data, pick some order statistics, that bottom point 

9 happens to be a one percent, approximate one percent 

10 quantile curve.  

11 So we very roughly say, well, then if we 

12 are going to base it on Plato-2, then that sort of is 

13 it. So this is really what we're doing. We are 

14 adjusting -- removing our adjusted curve for each of 

15 the 18 materials over until it hits one of the data 

16 points in that material group. We will have different 

17 material groupings of data for different materials.  

18 Calculate what that shift is, and that will be the 

19 value for that material. Then that will give us 18 

20 numbers, 18 shifts required for all of the data in the 

21 database.  

22 Here is a comparison of the cumulative 

23 distribution functions for the two methods. The RTNT 

24 minus T-naught methodology really produces a family of 

25 curves rather than a single curve. Because of the 
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1 explicit functional dependence on the width of the 

2 flaw, the flaw length, here representing the 1T curve, 

3 25 millimeter curve, and then 4T or 100 millimeter 

4 curve.  

5 It turns out one of the nice things about 

6 the Weibull distribution we can employ in this 

7 analysis is that an isolated functional dependence of 

8 Bxt, the size adjustment, can be isolated into the 

9 single term, the location parameter.  

10 So that when we explicitly put in a BXT, 

11 a size adjustment, that involves strictly a lateral 

12 translation of the -- horizontal translation of the 

13 cumulative distribution function, just by changing 

14 location parameter.  

15 So if we look at a typical spread from, 

16 say, a 4T specimen size to a 1T specimen size, then 

17 compare that to the delta RTLB, which we are assuming 

18 is implicitly -- has the size adjustment implicitly in 

19 it rather than explicitly, so we have a single curve 

20 for all sizes, we see that the delta RTLB, the lower 

21 bounding CDF, is in some sense an intermediate CDF 

22 relative to the -- between the IT and the 4T. But it 

23 characterizes in general the same kind of -- roughly 

24 the same shape and the same spread in terms of these 

25 adjustments.  
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1 One thing to notice about this is here's 

2 zero, and most of the adjustments are going to be 

3 positive adjustments.  

4 Next since we are making some adjustments 

5 to RTDT which are used in the ORNL 99/27 database, we 

6 now use a statistical resampling method to recreate 

7 the Weibull K1 c statistical model.  

8 The parametric procedure that we are using 

9 produces a large set of resampled K1c models that 

10 include the effects of the RTNT uncertainty. This 

11 loop here, a four-step loop, is something that we will 

12 repeat a large number of times, the n number of times 

13 where n may be of the order of 1,000 or 10,000, some 

14 large number that we still need to determine just how 

15 many of these K1 c models we need to create.  

16 Step 1: We do our resampling. We have 18 

17 materials in our database. So we resample 18 times on 

18 our 18 individual measured values of RT•T.  

19 We go to step 2, and then reassemble the 

20 data, which repositions all of the data, all 154 data 

21 points, in the K1c normalized temperature space. We 

22 do the re-binning of all of this resampled data.  

23 In step 3 we go through the same curve 

24 fitting procedure in order to get our parameters for 

25 our Weibull model for each of the bins.  
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1 Step 4, we then have to go through a 

2 nonlinear regression analysis in order to construct 

3 our parametric equations for the three parameters that 

4 completely define the model as a function of 

5 normalized temperature.  

6 These particular functional forms involve 

7 three coefficients. So a total of nine coefficients 

8 then will completely define one of the K1c models.  

9 This just gives some snapshots of some of 

10 these models. As we say, we will have a look-up table 

11 involving n number of models. We don't quite know how 

12 many we really need to get good statistics.  

13 Here I am characterizing the models just 

14 for the purposes of giving me some kind of a tag to 

15 put on the models so I can talk about them. What I'm 

16 looking at is the right-most data point.  

17 After we reposition all of the data, some 

18 of these data will give us the right-most position, 

19 the highest normalized temperature, and I will use 

20 that as a tag and keep that particular piece of 

21 information with all of my models, and then rank that 

22 data by magnitude, and construct this very approximate 

23 distribution function.  

24 The only purpose of this is just to give 

25 me a way to pull out some snapshots at different 
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1 locations of where this right-most data point is, and 

2 take a look at how the models vary.  

3 We concentrate here on these two models 

4 here that are out approximately within the median of 

5 this distribution of the right-most data point. We 

6 see that we are not talking about -- when we 

7 repositioned the data, we're not talking about 

8 essentially a rigid body translation of all 254 data 

9 points, same distance.  

10 Since we resampling 18 times, we are 

11 really removing the data around at different shifts 

12 with the different materials. So that even though we 

13 can talk about two particular models that are fairly 

14 close in terms of their right-most data point, they 

15 are distinctly different models that share that common 

16 characteristic of having essentially the upper bound 

17 in terms of normalized temperature.  

18 Also note that the red lines are the 

19 original model based on no uncertainty adjustment 

20 terms. The blue lines will be the new K1c models 

21 based on this repositioned data, the resampled data.  

22 Not only does it tend to result in a 

23 repositioning of the percentile curves to the right of 

24 the unadjusted model, but there are some conditions in 

25 which we have a folding over of the percentile curve.  

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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



257 

1 So we get distinctly different statistical 

2 characterizations of Kic.  

3 Here is just an example case, relating to 

4 two boxes. The top box is just a simple analysis, 

5 simple calculation that involves no resampling at all.  

6 It uses the ORNL 99/27 K1c model. Here I'm just 

7 picking a T-RTIT of -100 degrees F, an applied K, of 

8 54.2ksi in.  

9 That particular point in the K1c delta-2 

10 space is the median. The cumulative probability of 

11 initiation is 50 percent at that point or no 

12 resampling, no estimation of uncertainty.  

13 Now if we go down to the box just below 

14 that where we start going through the actual procedure 

15 of resampling: The resampling -- and here 

16 characterizing it in three steps, and we are going to 

17 repeat these three steps a large number of times. Here 

18 for this particular calculation I repeated it 15,000 

19 times.  

20 What I'm keeping fixed is the P minus RT 

21 unadjusted and -100. I'll keep fixed the applied K, 

22 of 52.4 ksi in. What I'm going to be doing is 

23 calculating a new probability of initiation after 

24 resampling.  

25 So when we resample, we pick up our random 
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1 number from zero to one. We put it into our 

2 distribution, our CDF, with our known ABC parameters 

3 that describe that CDF distribution. That calculates 

4 a delta-RT, an uncertainty term, which is subtracted 

5 from the previously calculated RT•T measure and the 

6 delta-RT irradiation.  

7 That gives us a replicate, an RT* which we 

8 call our replicate reference temperature, which is 

9 then subtracted off of the temperature. It's whatever 

10 point in the wall that we are looking at. That gives 

11 us our new normalized temperature.  

12 The second step then, after we have 

13 resampled on delta RT, we have to again resample and 

14 pull out a model, one our models from our large family 

15 of models. Those models are defined by the nine 

16 coefficients of the three parametric functions.  

17 I insert my adjusted delta-T into those 

18 models. It gives me the parameters in my Weibull 

19 distribution, which then goes into the calculation of 

20 the new Q or the new cumulative probability of 

21 initiation.  

22 You repeat that 15,000 times. That gives 

23 you a distribution of Q values which involves a shift 

24 in the mode, which is higher than .5, and there is a 

25 shift in the median of all these 15,000 from the .5 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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

v



259 

1 that we started with, with no resampling, up to .616 

2 or, for this particular case, it was a shift of .116.  

3 So finally, in our step 4, the steps to be 

4 completed: I've broken them up into several sub

5 steps. We have yet to develop a Ki, modeling 

6 strategy. We need to go through several QA 

7 verification steps that both make sure that our look

8 up table is correctly being developed, to do some 

9 additional work to decide just how large this look-up 

10 table of K1c models is.  

11 Then the formal implementation in the 

12 FAVOR, the subsequent QA verification of FAVOR -- or 

13 of the implementation in the FAVOR; do some 

14 representative calculations of dominant transients to 

15 give a rough estimate, preliminary estimate, of the 

16 PRA impact in step 4; develop a rational basis for 

17 applying some bounding parameters on our new models.  

18 Since our model is limited to cleavage 

19 initiation only, we need to ensure that we are not 

20 exceeding the validity of the model with its 

21 implementation in the FAVOR.  

22 Are there any questions? 

23 CHAIRMAN SHACK: Well, let me at least ask 

24 a question. The previous discussion was, I thought, 

25 trying to get rid of the inherent conservatism in the 
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1 way we defined the RTNT initially.  

2 So we knew we had put a bias in there, and 

3 we wanted to get back to a best estimate. You are 

4 calling your shift an uncertainty estimate, but you 

5 haven't done anything about getting rid of the 

6 inherent conservatism.  

7 So is this truly an uncertainty? Is it an 

8 uncertainty plus a conservatism adjustment? I can't 

9 quite figure out what -- I'm computing like hell, but 

10 I don't know what I'm computing.  

11 DR. WILLIAMS: Maybe we could put up the 

12 slide that has the three CDFs and the two CDFs. I 

13 didn't explain very well our rationale for why we are 

14 recommending the lower bounding, and maybe Dr. Kirk or 

15 Dr. Natishan or Dr. Bass might like to add some 

16 additional comments.  

17 What I would say is the reason, in my 

18 mind, that we are recommending this rather than this 

19 - we are recommending the lower bounding rather than 

20 RTNDT minus t-naught -- is because, first, it seems to 

21 mimic the behavior of what we would really like to 

22 use, which is the RT•T minus t-naught.  

23 At least when we compare them, we get the 

24 CDF behavior that we would like to see, but we still 

25 have the issues that we have yet to resolve in terms 
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1 of size effects and perhaps other effects, that we 

2 just can't go all the way with using RT•T minus t

3 naught.  

4 This procedure does not take advantage -

5 or does not rely in any way on the Master Curve or on 

6 T-naught or any other analysis that has been 

7 discussed. It involves strictly trying to determine 

8 how well RTNDT behaves in a way that we would like it 

9 to do, which is how does it position the data relative 

10 to a pre-selected lower bounding curve.  

11 It just happens that it mimics what we 

12 would really like to see.  

13 CHAIRMAN SHACK: Dr. Kirk might like to 

14 comment.  

15 DR. KIRK: Yes, maybe to answer the 

16 question in a little bit of a different way. I think 

17 you were concerned that the procedure that Oak Ridge 

18 has proposed doesn't account for the uncertainty. In 

19 fact, it does, and for the same reason the Master 

20 Curve does, because the Master Curve proposal -- you 

21 knew by taking the difference between T-zero and RT•T 

22 you were moving the RTNT model to a consistent 

23 position within the data, because that's how T-zero is 

24 defined.  

25 If Paul could go to his slide where he 
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1 shows how to get the RT lower bound, you will see that 

2 this does exactly the same thing. We take a bounding 

3 curve, and we translate it to the left until it bumps 

4 into the first data point.  

5 The amount that you slid that curve is 

6 defined now as the delta-RT. So now you've got a 

7 curve that is defined by bumping into the one 

8 percentile line on the data.  

9 The Master Curve did the same thing. It 

10 just positioned it relative to a median, but the thing 

11 that both of those capture in the same way is the 

12 amount that RTNT is off from the real data or from a 

13 representation of the data as embodied by the Master 

14 Curve.  

15 What the RT lower bound procedure does not 

16 do, which Paul expressed, is it leaves the statistical 

17 size effect, the weakest link size effect, implicit to 

18 the data. The reason why we feel that we need to do 

19 that right now is that, while we've got mathematical 

20 formulas that derive from physics that enable us to 

21 account for statistical size effects with straight 

22 fronted cracks like we test in the laboratory, we 

23 don't have those same procedures for the curved crack 

24 fronts that Terry seeds into FAVOR.  

25 So we just don't have that procedure right 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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



263 

1 now, and for that reason it was felt that it's best to 

2 leave it implicit in the data.  

3 It is perhaps also relevant to note that 

4 the size effect is currently implicit in all of our 

5 current procedures, because our -- say, our K1c curve 

6 is referenced to the original EPRI database.  

7 CHAIRMAN SHACK: But implicit size effect 

8 just means that what you get sort of depends on your 

9 dataset.  

10 DR. KIRK: To some extent, but remember, 

11 there are two things, and the size effect -

12 CHAIRMAN SHACK: Does that make me feel 

13 better? 

14 DR. KIRK: I'm not sure if it should make 

15 me feel better. But there are -- Well, there are lots 

16 of things wrong with RTDT One was the conservatism 

17 that the committee ground into it.  

18 This takes that out as well as the Master 

19 Curve proposal did. The other thing that's in the K1c 

20 data is the statistical size effect, and that is by 

21 far a smaller factor, as you can see by the similarity 

22 of the correction functions, than the conservatism 

23 that the ASME Committee forced in there.  

24 So we get that committee conservatism out, 

25 but right now, just based on the state of knowledge, 
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1 we feel like we need to leave the statistical size 

2 effect in until we can figure out how to deal with 

3 curved crack fronts.  

4 DR. BASS: I want to make one -- Richard 

5 Bass, ORNL. I want to make one comment about the size 

6 effect.  

7 We have research currently underway, 

8 actively underway at this point, to resolve that 

9 issue, and we hope in the near term to have something 

10 to bring to the table on that point. So we are 

11 actively engaged in resolving that issue, but it's not 

12 ready today.  

13 DR. MAYFIELD: I think part of what you 

14 are seeing in both of these schemes -- What we've got 

15 -- Part of what you are seeing is finding ways to go 

16 back and fix a problem that stems from 25-30 years 

17 ago, and we don't -- If we could go back in time and 

18 get samples from all the vessels and overcome the 

19 curved crack front problem, I think we would do things 

20 differently than we are today.  

21 The difficulty we have is we've got data 

22 that give us fracture toughness curves. We've got 

23 indexing parameters from many of the vessels that date 

24 back to when they were fabricated. We've got some 

25 poor and some not so good data and history, some 
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1 trails of information. And all of that goes together 

2 to where you are having to try and find some way to 

3 deal with some of this uncertainty to quantify it, to 

4 label it epistemic and aleatory, and find ways to deal 

5 with that.  

6 You have seen this afternoon two different 

7 schemes for trying to get at that problem, which we 

8 were handed from many years ago. I don't remember 

9 whether it was Mark or Marjorie talked about to try 

10 and go back -- I guess it was on Marjorie's chart -

11 back on the righthand side and all the different 

12 temperatures that were in there.  

13 If you look at what RT•T tries to capture, 

14 it's not just collapsing the uncertainty in cleavage 

15 fracture toughness. There is another add-on in that 

16 definition. That was to try and make sure you had a 

17 sufficiently ductile material.  

18 So there were two things they were trying 

19 to capture in one parameter -- "they," the ASME code 

20 fathers, two things they were trying to capture in one 

21 parameter that is now used to try and index a fracture 

22 toughness curve.  

23 Well, it was conservative, but it doesn't 

24 suit the need we have today in PTS analysis. We're 

25 trying to find ways to come to grips with that, given 
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1 the existing database and the information on the 

2 pressure vessel.  

3 Completely satisfying? No, but it's what 

4 we are trying to do with it, and to try and find 

5 credible ways of quantifying that uncertainty and then 

6 roll that into the analysis. If you think this is 

7 troubling, wait until you see the shift.  

8 We are fast running out of time, and 

9 Professor Modarres has yet to speak. So -

10 DR. MODARRES: Thank you. Good afternoon.  

11 My name is Mohammad Modarres. As they said, I tried 

12 to actually learn the materials first, because my 

13 background is by PRA. So I tried to define that.  

14 I thought in the beginning that I am 

15 actually from Materials and Nuclear Engineering 

16 Department. So materials should not be really a big 

17 deal. But, certainly, I found out that that was not 

18 true, and a lot of the material people give us hard 

19 time. But these material people are very good guys.  

20 So I really enjoyed working with them. So anyway, I 

21 had to do a lot of learning.  

22 The thing I knew about was R2D2, not RTDT, 

23 but I learned RTDT So anyway -

24 To sort of quickly go over this, basically 

25 we tried to make a distinction between the aleatory 
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1 and epistemic distribution from one sense only, and 

2 that was from actually the way that we are going to 

3 treat it in the computation of the fracture toughness, 

4 the vessel fracture, arrest toughness, and vessel 

5 failure.  

6 So the distinction was simply made just to 

7 see how you are going to sample it, how you are going 

8 to carry the uncertainties through, and that was the 

9 basis. It wasn't just as an exercise here.  

i0 Working closely with Terry in implementing 

11 into FAVOR, we considered that very carefully. So the 

12 sampling procedures reflect that. In a sense, we take 

13 samples from epistemic distributions as some snapshots 

14 of the reality, but actually the aleatory 

15 distributions are carried through as their face value, 

16 basically. That was the basis.  

17 Now going to one of them that is being 

18 discussed here, one of these elements is the KIc, 

19 which is basically the fracture toughness here. As 

20 they said, the previous speakers discussed here, there 

21 is a bunch of data here representing this toughness 

22 and, as you can see, it's dependent on temperature, 

23 and they are varied here.  

24 Basically, from my understanding, is that 

25 the cleavage fracture in the steel is represented -
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1 best represented by the weakest link theory and the 

2 microscopic size distribution of carbides lead to a 

3 distribution.  

4 If you take the discussions that we just 

5 had on the Master Curve, the Weibull distribution is 

6 a mathematic byproduct of this assumption. In other 

7 words, it's not an empirical assumption. It actually 

8 derives out of these two assumptions, the fact that 

9 you assume a weakest link relationship and also the 

10 fact that there is a distribution on a microscopic 

11 level of the carbides there, assuming that the carbide 

12 is actually the fracture -- the cleavage fracture is 

13 caused in there.  

14 The K1c uncertainty then can be assumed 

15 purely in that case as aleatory, because it's driven 

16 by this carbide distribution on a microscopic level 

17 and, therefore, it's very difficult to coin them down 

18 into some particular distribution or value. It is, 

19 therefore, assumed to be random and, therefore, un

20 reducible.  

21 The byproduct of that distribution, as I 

22 said, if you go through the Master Curve, is the 

23 Weibull distribution which, therefore, will be a 

24 aleatory distribution of the fracture toughness in 

25 that case.  
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1 So going back from the basic physical 

2 distribution of carbides, it automatically leads into 

3 the assumption of aleatory distribution of the 

4 fracture toughness.  

5 Now this is not enough. Again, my 

6 understanding is that in order that there is a heat

7 to-heat differences of this fracture toughness -- now 

8 you cannot have for each heat one distribution. So in 

9 order to actually kind of represent all of them by one 

10 curve, we are going to use some kind of an indexing 

11 temperature.  

12 Therefore, the RTNT being one of that 

13 indexing method. It's basically an expert judgment 

14 method. It doesn't have, really, any other basis 

15 other than experts saying that this is the way. It 

16 doesn't have, really, a database or anything to come 

17 up with.  

18 The indexing procedure inevitably, of 

19 course, introduces uncertainty. Typically, that 

20 uncertainty is epistemic in nature, because we don't 

21 know how to model that shift. There is a shift there, 

22 but we don't know how to model that shift. Therefore, 

23 that shift is epistemic in nature, as it says here.  

24 Then depending on the approach which is 

25 used -- and we heard two approaches. One was the 
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1 Master Curve approach, and the second one was the 

2 empirical method of fitting a distribution into the 

3 data, as Oak Ridge just mentioned it -- you can come 

4 up with a different K1 c here. Let's go to the next 

5 one.  

6 So now I would recognize, of course, three 

7 possibilities here. The first possibility is an ideal 

8 situation, of course, we would like to be in. That is 

9 that we are perfect in finding this indexing 

10 temperature. In other words, we have absolutely no 

11 uncertainty in that indexing temperature.  

12 If you have absolutely no uncertainty, the 

13 only thing that we are dealing with in this process is 

14 really the aleatory distribution of the toughness, of 

15 the toughness which is derived from that. As I said, 

16 it was a byproduct of the weakest link, and the 

17 distribution of carbide. So it's basically just 

18 driven by that. It's irreducible.  

19 That, however, as I said, is just idea.  

20 We are not in that situation. Where we are is 

21 actually you can either derive this somehow 

22 physically. In other words, we have a physical basis 

23 based on which we can determine this indexing 

24 temperature.  

25 In that case, if we can find that in a 
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1 physically based, then of course, it depends on how 

2 much physical data we can gather. This determines of 

3 a distribution which is epistemic in nature, and that 

4 derives by the data, how much data we can gather.  

5 This is particularly the case of the 

6 Master Curve, and the transition temperature is that 

7 T-naught temperature that we discussed, that was 

8 discussed earlier. That T-naught temperature in 

9 Master Curve is derived from actual data.  

10 The more data you have, the better 

11 transition you can come up with, the less of an 

12 uncertainty you have in this part of the distribution.  

13 Okay? 

14 There is right now -- Based on the 

15 available data, of course, there is an uncertainty 

16 here, but that can is reducible, in a sense. But this 

17 aleatory is not.  

18 So the case B is a representation of the 

19 Master Curve. There is also a third option, and that 

20 is what Oak Ridge actually discussed earlier. That is 

21 the fact that, of course, that this indexing is RT•T 

22 which is a measure -- It's essentially a judgment 

23 method. It's a combination of some, you know, 

24 intuitively derived equations that represents the 

25 shifting, and that is epistemic in nature. However, 
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1 the data itself are also fitted into some data.  

2 Also, if you noted, fitting of the data 

3 requires RTNT in the shift. So the distribution that 

4 you come up with will just give you a mixture of 

5 aleatory and epistemic distribution. The attempt 

6 that Oak Ridge tried to show you is to actually 

7 separate as much as possible the aleatory and 

8 epistemic components from each other.  

9 So we are going to concentrate on these 

10 two options here that we have right now in front of 

11 us.  

12 Now what I would discuss here are the 

13 procedures, more of the approaches that how you can 

14 use one of these two methods. One is the Master Curve 

15 method.  

16 The Master Curve method, which was 

17 primarily brought up by Dr. Natishan and a procedure 

18 that was discussed, is -- The benefit of it is that it 

19 is a physically based model. It assumes a universal 

20 indexing temperature, T-naught, for shifting it, and 

21 the K1c uncertainty would be then a pure 

22 representation or reflection, as I said earlier, of 

23 the weakest link model and the microscopic carbide 

24 distribution and, therefore, you will just come up 

25 with an aleatory distribution. So that's the benefit.  
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1 It's very clean in that sense.  

2 The community seem to be accepting it.  

3 From what I've really read and discussed, a lot of 

4 people seem that there is no disagreement on using of 

5 this, other than, of course, the issues which were 

6 brought up. I see that, that these are the issues.  

7 The issues were, of course, here. There 

8 are the issues of how you are going to implement it 

9 and use it. You need to account for the effect of the 

10 flaw size and shape explicitly.  

11 Again, my understanding is that accounting 

12 for flaw size is possible, but from the shape, the 

13 curved shapes are not really -- the procedures doesn't 

14 exist yet. That is why this methodology cannot be 

15 used at this time.  

16 Although it's the preferred method and 

17 it's very clean from an uncertainty point of view and 

18 probably gives you very precise and probably the best 

19 answers, it cannot be implemented, just because of 

20 this procedure. We have different sizes of flaws and 

21 different shapes, and that needs to be accounted for.  

22 The other one is that the procedure for 

23 computing the indexing temperature really doesn't 

24 exist at this time. Even though I think we came up 

25 with a procedure to take care of that -- you will see 
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1 it later; we came up with a procedure on going to kind 

2 of overcome this shortcoming, but this one still 

3 persists and, therefore, this methodology is still -

4 the time is not yet for it, but my feeling is that 

5 from -- My understanding is that it is not too far 

6 from actually close application.  

7 Now the method that Oak Ridge just 

8 presented, on the other hand, is an empirical method.  

9 In other words, there are a bunch of data, and you're 

10 trying to fit in essence the K1c and also the 

11 transition temperature into that data and then trying 

12 to come up with the same from that.  

13 In this case, the size effect that was an 

14 important issue in the Master Curve is not as much 

15 important, although it's not going away, but it's not 

16 really -- It's kind of combined together, and it's 

17 embedded in the data itself, because it's the data 

18 themselves have a characteristic of different types of 

19 cracks.  

20 Then the K1c model is based on actually 

21 observed data. That's a benefit, of course. In this 

22 case, the data represents the reality, whereas in the 

23 Master Curve basically the assumptions are the weakest 

24 link, and the carbide distribution is the reality of 

25 the fracture in this case.  
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1 Although the two are one and the same, in 

2 a way, because those assumptions -- Assuming that the 

3 data actually doesn't really disagree necessarily with 

4 the Master Curve assumptions. So the data and the 

5 Master Curve are fitting each other very nicely, but 

6 the basis here is that the data are representations of 

7 the reality.  

8 The procedure is well understood. It's 

9 been around for a long time. So it's not a -- It's 

10 there. The issues are that the resulting model is not 

11 purely aleatory, because it has some mixture of it.  

12 The reason is because the data -- As I said, the data 

13 has this RTNT in them, and the RTNT in measurement of 

14 the data has, in itself, some epistemic uncertainty, 

15 and the data itself is presumably aleatory in nature.  

16 The resulting K1 c has a mixture of these, 

17 and then extrapolation beyond the data points involves 

18 some epistemic uncertainties, too. That's another 

19 aspect, because when you assume an empirical model, 

20 the empirical model usually fit the data very well up 

21 to the data points. But when you try to go outside of 

22 the data area -- for instance, in the upper shelf or 

23 lower shelf -- you see that the model starts falling 

24 apart.  

25 Now in order to account for this, there 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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



276 

1 are two procedures that we have come up with. Of 

2 course, one is for the Master Curve. As I said, we 

3 are not using the Master Curve, but the empirical 

4 procedure, the procedure that just Dr. Williams were 

5 talking about, is the one that is a -- is the one 

6 which is being used.  

7 Let me just go over these procedure. This 

8 procedure I think Dr. Natishan also talked about it.  

9 One is, first of all, is to sample the distribution.  

10 Since we don't have the T-naught -- as I said, there 

11 is no procedure to calculate T-naught today.  

12 So the only way to calculate is -- There 

13 are some data, as I think Mark also mentioned, that 

14 correlates T-naught with RT•T, and there is a 

15 distribution of that data.  

16 So the procedure we are proposing is to 

17 sample that distribution. We say you calculate an 

18 RT•T , and you say I'm just going to take a sample 

19 from that distribution and then find the corresponding 

20 T-naught, one T-naught sample.  

21 So in other words, we say this one is 

22 equivalent to T-naught of this value. Therefore, now 

23 you have a T-naught value. Then you can go back to 

24 the Master Curve equation which has this T-naught in 

25 it as a distribution, and then continue with that, in 
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1 other words, using what Master Curve gives you and the 

2 Weibull distribution. Then you use this adjusted or 

3 new RTNT.  

4 In other words, you go from RT•T to T

5 naught, and that's what I call the really adjusted 

6 RTNT to T-naught. Then that will be really purely 

7 aleatory.  

8 You can correct for flaw size, but still, 

9 as I said earlier, we cannot correct for the shape.  

10 So that's where we are hung up right now. If that's 

11 the procedure, this is probably the preferred 

12 procedure.  

13 Now in lack of that, the procedure that 

14 Oak Ridge is offering is a modified traditional Oak 

15 Ridge method of just fitting and coming up with one 

16 K1c and using the RT•, which is very conservative, and 

17 fitting that -- and then trying to correct for the 

18 conservatism in RTNT by correcting RTNT.  

19 The way that they suggest that was to go 

20 through the lower bounding. The lower bounding was 

21 the method of this adjustment. This delta difference 

22 was to find the delta change in the indexing value 

23 from the RTNT to the actual data, to see how much 

24 error there were.  

25 Eventually, the procedure was to come up 
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1 with a distribution. This was the lower bounding 

2 approach, and then a distribution represents the 

3 errors from RTDT potentially that have been made.  

4 Therefore, samples are made -- not error; I should say 

5 adjustment that is necessary. So it brings it closer 

6 to the data. That's what is called the delta RTNDT, 

7 which is the adjustment in RTNDT to reduce this.  

8 Now taking these samples then gives you a 

9 new adjusted RTDT, and then from that you can go to 

10 the Weibull distribution, which is now fitted into the 

11 data.  

12 Now here is really the catch, is that by 

13 making this assumption and assuming that the data 

14 themselves are really representation of reality, being 

15 only the reality of the data only represents aleatory 

16 distribution. Therefore, this correction -- we assume 

17 that it reduces the epistemic uncertainties as much as 

18 possible, although it doesn't completely remove it, 

19 but actually leaves the distribution largely aleatory.  

20 That's really the main underlying assumption here that 

21 we are making, and then proceeding with using this 

22 approach, that this correction really takes care of 

23 this and brings -- What we come up with is only 

24 aleatory at this point.  

25 So again, this is the same procedure, but 
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1 shown in a graphic form. What we have is -- we come 

2 up with an RT•T estimation. Basically, we sample -

3 FAVOR does this calculation. Basically, it can 

4 calculate one or many RT•T, and then come up with an 

5 un-irradiated sample.  

6 It samples also a shift because of the 

7 irradiation. Then the summation of the two gives you 

8 the RTNT calculated. We need to then adjust this 

9 RTNT. We go through an adjustment process, as I said.  

10 The adjustment process in the case of Master Curve was 

11 to use the distribution of T-naught versus RTNT, and 

12 in the case of the Oak Ridge modified method was to 

13 calculate the distribution in form of the delta RTNDT 

14 and the temperature.  

15 Then using those and make a correction in 

16 RTNT. Both of them -- presumably, the Master Curve 

17 brings this to minus-T-naught, and the modified Oak 

18 Ridge brings this to T-minus, a quote/unquote 

19 "correct" or a more representative RT•T or a more -

20 or I should say maybe best estimate RT•T.  

21 Then you sample from that. Okay. If you 

22 are using just the Master Curve, then you bypass this, 

23 and you just come up with -- you go through the Master 

24 Curve. The Weibull distribution is a fixed 

25 distribution on the Master Curve, and then for that 
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1 RTNDT, T minus RTDT calculated, you basically read a K1 c 

2 value, and that's the K1c you would use for that 

3 sample.  

4 Of course, this is a procedure that you 

5 have to repeat the samples over and over and over 

6 again in FAVOR so that you kind of cover the whole 

7 distribution here.  

8 If you are using -- If you are not using 

9 the Master Curve, then as Dr. Williams mentioned, we 

10 are going to have this adjustment that was made that 

11 comes up with 5,000 or 10,000 samples of K~c 

12 distributions, each of them representing one possible 

13 adjustment.  

14 Then there is one more step. After you 

15 calculate this T minus RTNT, then FAVOR goes and 

16 samples one of these. Basically, say, let me suppose 

17 that this was the right adjustment, and then you take 

18 that as the model and becomes really the model that 

19 you would use in the next step in your RT•T.  

20 So that's basically the procedure that we 

21 are now proposing to be implemented into the FAVOR for 

22 future calculations. So that, basically, concludes.  

23 DR. KIRK: Any questions? 

24 CHAIRMAN SHACK: I guess -- I mean, the 

25 answer is are we -- We are still dealing with then two 
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1 possible RT adjustments or have you guys settled on 

2 one at this point? 

3 DR. KIRK: Any of my colleagues can 

4 certainly disagree with me or slap me down. But I 

5 think at this point the agreement is that we need to 

6 use the procedure as proposed by Oak Ridge, simply 

7 because we can't deal with curve flaws in vessels 

8 within the context of the Master Curve model at this 

9 time. But as has been said, the Master Curve is the 

10 preferred model. We just don't have all the pieces to 

11 make it fit right now.  

12 I think it's important to note that the 

13 proposal from Oak Ridge achieves sort of the big 

14 benefit of using the Master Curve model, which is a 

15 consistent positioning of the K1 c model relative to 

16 data. That's the big change.  

17 Accounting for the size effect, while that 

18 would certainly be nice, is numerically a more minor 

19 effect.  

20 DR. MAYFIELD: It's a practicality issue.  

21 DR. KIRK: If there are not anymore 

22 questions, just one more slide in terms of status. I 

23 think Dr. Shack was trying to point out earlier, we've 

24 done the summary to death, I think. So I'm not going 

25 to go there.  
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1 We are not quite done with fracture 

2 toughness yet. I go back to one of the original high 

3 level diagrams where we talked about -- Today we 

4 focused on RTNT un-irradiated or RT•T(U) and K1 c, and 

5 we basically got agreement of the working party and 

6 indeed people outside of the working party that are 

7 considered experts in this field that this is a good 

8 way to go.  

9 We are in the process of drafting a 

10 position paper on this, which will be circulated to 

11 this group, I'm sure.  

12 In terms of the whole fracture toughness 

13 estimation scheme, there are still two blocks that we 

14 need to fill out. We have started on that. We are 

15 just not quite advanced enough at this stage to brief 

16 you on it, but just so you know that this is isn't 

17 everything, one, of course, is the irradiation shift 

18 term as embodied in delta-T30 , and the other is the 

19 placement of and the relation of the crack arrest 

20 curve to the crack initiation curve.  

21 Those are two areas where we've got models 

22 on the table. Those models agree, depending upon what 

23 we're talking about, more or less well with our 

24 understanding of reality where reality is data plus 

25 physics.  
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1 That, again, we are using a process where 

2 we are writing ourselves a position paper as a way to 

3 focus our thinking on resolving these two last issues.  

4 So the position paper that we are writing goes into 

5 all the details that you saw today, and indeed more, 

6 but will also ultimately address both the irradiation 

7 shift and the crack arrest issues.  

8 That then will be something that we will 

9 feed back to Nathan in terms of the uncertainty 

10 framework, but also feed to Terry at Oak Ridge as a 

11 recommendation for how FAVOR should be constructed.  

12 That wraps up -- unless there are further 

13 questions, that wraps up the detailed presentation on 

14 fracture toughness. There was another set of slides 

15 here on sort of an update on other specific inputs to 

16 the fracture mechanics computations. I don't know, do 

17 we have time to do that or are we just going to commit 

18 that to the minutes? 

19 CHAIRMAN SHACK: What time do you leave, 

20 Tom? 

21 DR. KRESS: I'm here as long as I need to 

22 be.  

23 CHAIRMAN SHACK: Let's go on with it. Let 

24 me ask one question. In the Oak Ridge one, why can't 

25 they just do the RTNT correction and then sort of re
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1 do -- I mean, what they are really re-doing, they're 

2 doing an RTNDT correction, right? And then they sort 

3 of re-do their whole statistical analysis over again.  

4 Isn't that what they really do? 

5 DR. KIRK: Yes.  

6 CHAIRMAN SHACK: Can't you do the RTNT 

7 correction and then do the statistical analysis again 

8 once, and be done with it? 

9 DR. KIRK: I don't think so, because the 

10 problem is that the data is polluted by the existence 

11 of RTNDT. I mean, you plotted your original K1c data as 

12 T minus RTNT, and so it's stuck in there, and you got 

13 to somehow get it out.  

14 DR. MODARRES: Can I address that? There 

15 is no one correction in RTNDT that can be made to each 

16 data point, because we don't know. There is an 

17 epistemic uncertainty of how much adjustment needed as 

18 a distribution of it.  

19 If it was one, then you could adjust all 

20 the data at once and then fit it, and then you will 

21 have one distribution. But the fact is that you don't 

22 know what the true value of RTNDT is. So you have to 

23 sample it and then you just create these hundreds or 

24 thousands of possible sets of data, positioning of the 

25 possible sets of data, each of which gives you one 
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CHAIRMAN SHACK: And the Master Cur 

people get around that, because they believe the 

aleatory distribution comes from -

DR. MODARRES: Well, the assumption -

DR. KIRK: That's right.  

DR. MODARRES: Exactly.  

DR. KIRK: Can we commit that to t

record?

we suggest 

the record 

4:02 p.m.)

DR. MAYFIELD: Don't encourage him. Could 

maybe a short break.  

CHAIRMAN SHACK: Yes. A short break.  

(Whereupon, the foregoing matter went off 

at 3:47 p.m. and went back on the record at

DR. MALIK: We are going to discuss 

uncertainty in other PFM variables, besides fracture 

toughness and RT., and give just an update of what 

has been going on since then. We will give a brief 

update on what has gone on since September 

presentation to the committee, in particular.  

Some additional work has gone on in the 

generalized flaw distribution, and some additional 

work in the neutron fluence calculation, plus work in 

material chemistry has been completed in terms of 
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1 distribution development, and irradiation 

2 embrittlement correlations, as Mark has said briefly 

3 earlier, is quite behind. We haven't done much on 

4 that yet other than developing a mean distribution, 

5 mean correlation, but no uncertainty have been done on 

6 that.  

7 CHAIRMAN SHACK: You've are more 

8 substantial in getting your initial un-irradiated 

9 stuff straightened out. Now then you just have to do 

10 the shift.  

11 DR. MALIK: Generalized flaw distribution, 

12 Dr. Lee Abramson will be presenting the work, and I 

13 will assist him on the labs also, along with NRC 

14 contribution to this area.  

15 DR. ABRAMSON: Hi. I'm Lee Abramson, and 

16 what I want to do is first review very quickly the 

17 structure or the methodology for the generalized flaw 

18 distribution.  

19 Some of you -- Bill, I know you have seen 

20 it. Some of you have seen this already, but there has 

21 been a bit of a generalization. So I just want to go 

22 over it to refresh your memories about that. Then I 

23 am going to show you examples of some of the 

24 uncertainty results which we have gotten from PNNL.  

25 Now the generalized flaw distribution: 
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1 There are three components to it. First of all, we 

2 have the densities and, secondly, the volumes or 

3 areas, and then finally the distributions of crack 

4 depths. Next slide.  

5 Start with the Ns (X) and the Nl (X), number 

6 of small and large flaws. We have distinguished 

7 between small and flaws, because this is what the 

8 experts have told us.  

9 There are different distributions.  

10 Although since definition of a small flaw is one less 

11 than a bead width, and large was greater than a bead 

12 width, we can just think of this as two parts of the 

13 same distribution. The densities are different, 

14 though, as well.  

15 Then you have the definition X as crack 

16 depth and bead thickness. As it turns out, everything 

17 except the volumes is going to depend on the various 

18 characteristics, and we have three kinds of 

19 characteristics.  

20 We have the product forms listed there, 

21 the weld metal, cladding, etcetera; the weld process, 

22 whether it is manual, automatic, etcetera; and also 

23 the repair state, whether it is unrepaired or 

24 repaired. That's particular important, because as the 

25 experts have told us, and also the data has told us, 
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1 there is a significant difference between repaired and 

2 unrepaired welds.  

3 Just the notation just to set this up, the 

4 rho sub s as the density of small flaws, s for small; 

5 rho sub 1 is the density of large flaws, and you can 

6 see there that the densities depend on the product 

7 form, the weld process, everything here. Then of 

8 course, you have the volume or area of material.  

9 Then as far as the distribution is 

10 concerned, we have the Gs(X), the GL(X) . Those are 

11 the CCDFs, the complementary cumulative distribution 

12 functions, probability of the crack depth greater than 

13 X, and so on.  

14 Now all of this gets put together, and 

15 this is what is needed as the input to FAVOR, into the 

16 number of small flaws and number of large flaws, and 

17 this is just the summation of the product.  

18 What is new here is that -- Well, first of 

19 all, the volume. The volumes are measured quantities, 

20 essentially without any uncertainty whatsoever. The 

21 other quantities, the densities, the rho-sub-s, and 

22 the Gs(X) -- they, of course, have uncertainty. They 

23 are based on data, where we have it, and so on.  

24 Those are -- Now the densities, the Ps(X), 

25 the PL, those have always been functions of the 
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1 product form and so on.  

2 In the last presentation we were hoping -

3 it was perhaps wishful thinking -- that we might be 

4 able to have the CCDFs independent of this, so that we 

5 would be able to combine data from different product 

6 forms and so on to get one general distribution.  

7 Well, this isn't how it works. We've seen 

8 from the data itself that there is significant 

9 differences there. So we are just making those as 

10 functions of the product forms, the PF, WP, and R as 

11 before.  

12 So this dependence here is new in the 

13 model. That's what is new in the model.  

14 What I have here is a few slides which 

15 just give some examples of some of the inputs that we 

16 are getting out of here with the uncertainty 

17 distribution.  

18 The first one, as you can see, is the 

19 submerged arc welding, SAW. That's the automatic 

20 process, and all of this is for the -- This is PVRUF 

21 vessel weld metal.  

22 This is a graph of the -- It's basically 

23 the CCDF except the vertical axis here is the 

24 cumulative number. It's the total number. It's not 

25 a probability. It's the number. So, therefore, that 
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1 incorporates the densities as well as the probability 

2 of excedence.  

3 This, of course, is what is needed for 

4 FAVOR, because FAVOR is going to accept this as an 

5 input and then just go with it.  

6 You can see from the horizontal axis that 

7 we have plotted this as a function of flaw depth, 

8 going out to about 40-42 millimeters, which 

9 essentially is where the data goes. We have a few 

10 very large flaws out there, but there's nothing larger 

11 than about over there.  

12 Now you can see that the central curve, 

13 the dark curve, is the 50th percentile of the 

14 uncertainty distribution. Then you see above and 

15 below it, you have the various percentiles, ranging 

16 from the 5th to the 95th percentile.  

17 Notice the scale is a logarithmic scale.  

18 So the uncertainty is larger than it may look. This 

19 is not a linear scale. So there's a significant 

20 amount of uncertainty, you can see, roughly about, I 

21 would say, in the bulk of the curve at least about an 

22 order of magnitude plus or minus.  

23 This is based on -- The methodology used 

24 is a straightforward Bayesian methodology. This is 

25 all data based, I should say, emphasize. This is data 
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1 based. Whatever data they found which PNNL has 

2 reported on before, this is what we used to get these 

3 curves.  

4 We tried various distributions. It seemed 

5 that an exponential fit the data pretty well. So they 

6 used this for the main distribution, and then on top 

7 of this with a Bayesian approach you have a -- it's a 

8 gamma posterior noninformative -- gamma noninformative 

9 product. You just turn the Bayesian crank, and you 

10 come out with these distributions here.  

11 So that is an example for this. Next 

12 slide, please.  

13 CHAIRMAN SHACK: But that's what you have 

14 decided to do then, is go with a strictly data based 

15 approach? 

16 DR. ABRAMSON: Oh, yes. Well, I would say 

17 that we have three sources of information. Certainly, 

18 the gold standard would be the data, of course.  

19 Unfortunately, we don't have that much gold in them 

20 thar hills sometimes, but we have the data. So we are 

21 going to use that as much as possible.  

22 The second stage would be, where we don't 

23 have very much data -- we don't have any or we would 

24 have very little, we are going to try to use PRODIGAL, 

25 because PRODIGAL is a -- You know, it's an established 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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

w



292 

1 model. It is based to some extent on expert judgment, 

2 but it's a physically based model.  

3 So, you know, we may use that also to see 

4 to what extent it actually agrees with the data or 

5 not. Then as a last resort where we don't have 

6 anything at all -- well, where PRODIGAL may not be 

7 able to go far enough out, we would try to use the 

8 expert judgment, but that's the last stage.  

9 I would say, I think it is turning out 

10 probably -- I would say that, as far as the numbers 

11 are concerned, you may very well wind up using very 

12 little of the expert judgment at all, and as far as 

13 I'm concerned, that's fine; because it's very highly 

14 uncertain.  

15 I think the whole process we went through 

16 to get the numbers was still extremely valuable, 

17 because we got much more than the numbers. We got a 

18 lot of insights, which will be talked about. As I 

19 say, I think, in a sense, it's like doing PRAs.  

20 The exercise of doing it is very 

21 important, and the bottom line numbers are -- you like 

22 to have them. They are interesting. But you learn 

23 much more from the whole process than just getting the 

24 numbers themselves.  

25 I think, in particular - That's a weak 
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1 analogy here, but I think, in particular here, since 

2 there is so much uncertainty about this because we are 

3 asking experts things about which they really have -

4 nobody has any real experience in it -- that it's 

5 fortunate that we do have, first of all, a fair amount 

6 of data. We're going to get even more data, and also 

7 we do have the PRODIGAL code as well. So we are not 

8 forced to rely strictly on the expert judgment for our 

9 numbers.  

10 Now this is the same database as we had 

11 before. The only difference is that we have extended 

12 the range here out to about 170 millimeters. The 

13 first slide you had went out to about 40, about over 

14 here. This is just extended.  

15 The reason we show this is that this is 

16 what is going to ge used as input to FAVOR, because 

17 conceivably you may have larger flaws.  

18 Now the problem, of course, is that this 

19 has been extrapolated well beyond the data. It's just 

20 a mathematical extrapolation. You can see the 

21 uncertainty bands are there. They are somewhat 

22 larger. But, nevertheless, it is an extrapolation.  

23 What we are going to do with this, as we 

24 are doing with everything, we are going to do a first 

25 diagnostic and then sensitivity study. We are going 
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1 to take the results from FAVOR and see to what -- and 

2 the results will be the failure probabilities, the 

3 failures, and we are going to see what flaw sizes led 

4 to those failures.  

5 Now if, as -- I think you could make some 

6 very -- hand waving -- I can't make the argument, but 

7 other people have made the argument that we don't 

8 expect the large flaws to really contribute very much 

9 to the total failure probability. That will be good, 

10 because those are the ones which have the least data.  

11 I'm not sure what sizes, but in 

12 particular, if it should turn out that the flaw is, 

13 say, beyond about 40 or 50 millimeters, just to pick 

14 the boundary with this, don't contribute anything 

15 significant, that would be fine. It means that we 

16 don't have to concern ourselves with this. We might 

17 still use it just for completeness, but we won't have 

18 to concern ourselves with it.  

19 If it should turn out that they could 

20 contribute significantly, then we are going to have to 

21 look more carefully at this extrapolation. Perhaps -

22 I'm not sure what we are going to do. We could use 

23 PRODIGAL, certainly. We would certainly try with 

24 PRODIGAL, to use it and to see if we can nail down 

25 this more than just this blind mathematical 
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extrapolation that we are using.  

DR. KRESS: Those are awfully big flaws.  

DR. ABRAMSON: Yes, they are. They are, 

and I'm certainly -

DR. KRESS: It almost seems like you could 

rule them out, just by the fact that nobody has ever 

seen one that big.  

DR. ABRAMSON: Well, just because you 

haven't seen it doesn't mean it can't happen. We're 

talking about extremely low probability events. I 

mean, if you can rule it out on physical grounds or 

some kind of argument, that would be fine. After all, 

this is just a mathematical extrapolation. That's all 

the way it came from, and that's the -- That's right.  

So that would be the first thing to see.  

I mean, you can't have a flaw bigger than -- I don't 

know -- than the thickness of the material, for 

example. So you've got a definite bound up there. Yo 

notice, they did cut it off at about 170 millimeters.  

So you've got that obvious bound, but 

there may be other reasons, too. I think that 

PRODIGAL will probably be a very good way to check 

this, to see to what extent you might really get large 

flaws and what the probability would be, the numbers 

there.  
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1 Now if it should turn out that they could 

2 be significant, we can't and we will not ignore it, 

3 but we are going to have to look more carefully about 

4 this. That's going to be true in general, too, even 

5 for the areas in which -- There will be some size 

6 groupings of flaws which are going to be the main 

7 contributors to the failure probability. We just 

8 don't know what they are now.  

9 For those, we are going to look more 

10 carefully at our assumptions and do perhaps a more 

11 careful analysis we have of the uncertainties in order 

12 to see what the answer should be. We will, of course, 

13 do a sensitivity study to see to what effect the 

14 uncertainties themselves are driving the answers. So 

15 we are going to do all of this.  

16 The first thing we need to do is to see 

17 where we stand, and that will be the first -- you 

18 know, basically, the first sensitivity study to see 

19 which of these flaws, what size flaws, are 

20 contributing to the failure probability. Then we are 

21 going to look at those more carefully.  

22 CHAIRMAN SHACK: I mean, your vessels are 

23 going to be failing under pressure under normal 

24 operation. Right? 

25 DR. ABRAMSON: Perhaps. This is just 
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1 another example. The difference between this and the 

2 other, this is submerged metal arc. This is the 

3 manual welds.  

4 You can see here, just to remember, that 

5 the curves here are somewhat higher, which is correct 

6 because, you know, this is again what we've seen from 

7 the data, what the experts have told us, that these 

8 are more likely to create flaws, and the data 

9 indicates that. So this just reflects that. That's 

10 all.  

11 Let's see. Well, say the one after the 

12 next one, yes. We have a similar one extrapolated 

13 out. I won't go over that.  

14 We have one more. This is the repaired 

15 welds. Again, you can see that this is the highest of 

16 all, and this is no surprise; because we have seen 

17 this from the data, and the experts have told us all 

18 of this. These are the numbers that you get out here.  

19 What is going to be very important, of 

20 course, in this is how much material has actually been 

21 repaired. In other words, given that a repair, you're 

22 more likely to have a flaw that's not detected. But 

23 there is a relatively small amount of material that's 

24 been repaired.  

25 So this will necessitate going back to the 
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1 records of each vessel and trying to figure out how 

2 much material was repaired and so on, and they have 

3 some information about the PVRUF. But in order to 

4 apply these methods, you will have to have an estimate 

5 of this for any vessel you apply it to.  

6 DR. MAYFIELD: Lee, could I make one 

7 point? 

8 For those of you that may remember when we 

9 got samples out of the Midland vessel, there were 

10 repair welds in that that ran for feet. The other 

11 thing we found were some undocumented repairs.  

12 So in terms of uncertainty, if you will, 

13 there is a piece of information that, even if you go 

14 back to the fabrication records, you may not capture 

15 all of it. So I'm not sure -- it's something we 

16 haven't talked through -- how to deal with it, but 

17 there is a big of this that is just not knowable.  

18 CHAIRMAN SHACK: Well, I presumed you 

19 would be doing your sensitivity analyses to find out 

20 just how much, you know -

21 DR. MAYFIELD: Yes, how big a deal that 

22 really is.  

23 DR. ABRAMSON: And it may very well be 

24 vessel-specific, because different vessels will have 

25 different numbers of repairs, different mixes of 
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repaired manual and automatic welds.  

So this is the material that I have so far 

to show you.  

DR. MALIK: Thank you. The next couple of 

Vu-graphs are on the beltline neutron fluence. Work 

has been carried out by Brookhaven National Lab with 

Bill Jones, and further questions you can discuss with 

him also.  

For three plants we have performed cycle

by-cycle -- I'm sorry. Fluence maps have been 

developed for using the cycle-by-cycle fuel loading 

history as well as plant beltline geometry data.  

So we have those maps for -- So that way 

you can find the slope, in what way it's wearing with 

time. And also Brookhaven has completed estimates of 

uncertainty in this fluence calculation, and they used 

the dosimetry draft Reg. Guide 1053, as well as draft 

NUREG/CR-6115. I think that was presented to the 

committee last December.  

DR. KRESS: It's a pretty good piece of 

work.  

DR. MAYFIELD: We appreciate that.  

CHAIRMAN SHACK: We had so much fun 

discussing the uncertainty there, too.  

DR. MALIK: The major sources of the 
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1 uncertainty in the fluence were reactor vessel 

2 diameter, how much it is out of circle, how much it is 

3 away from actual dimensions. That is one idea, one 

4 source of uncertainty.  

5 Other is core neutron source and core 

6 inlet temperature, as well as nuclear cross-section, 

7 and what are the errors in using the methodology to 

8 calculate the clearance calculations.  

9 Now these sources have different level of 

10 uncertainty, and when we aggregated out for the three 

11 plants, this is roughly 15 percent or one sigma level 

12 is coming out. This was found for the three plants, 

13 which is Calvert Cliffs, Oconee, and -- Robinson? 

14 MR. JONES: No. Calvert Cliffs, Oconee -

15 What was the other one? 

16 DR. MALIK: Not Beaver Valley.  

17 MR. JONES: Palisades.  

18 MR. MALIK: Palisades, yes. Palisades.  

19 for those three plants. We got a similar look for the 

20 Beaver Valley coming out.  

21 MR. JONES: I'm Bill Jones. We also did 

22 H.B. Robinson, and the results were very -- I mean, 

23 they are very close.  

24 MR. MALIK: We are also looking at the 

25 interaction between these components of uncertainty to 
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1 see if we need to do some more detailed analyses on 

2 that.  

3 Okay. In the material chemistry, which is 

4 one of the parameters, like copper, nickel and 

5 phosphorus, weight percent as well as composition in 

6 the weld and plate material.  

7 Now we have data on those from the plants, 

8 and we used those to come up with distribution for all 

9 those. So that work is more or less complete, and 

10 results were presented the last time in that September 

11 presentation.  

12 Essentially, most of the distribution are 

13 normal plus some of them are logistic for the 

14 distribution. Of the plate data, data were limited.  

15 So we have taken the values as they come out from 

16 those distributions.  

17 As we mentioned, that embrittlement trend 

18 curve, we have the mean curve. We have the mean 

19 curve, but we have not done the uncertainty analysis, 

20 and that is the next order of business.  

21 Again,it will have the same kind of 

22 uncertainty composition as was done or is being done 

23 for fracture toughness and RTNT, with the help of 

24 University of Maryland and EPRI.  

25 We are doing some of the internal work, 
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1 internal discussion, to come up with how to treat the 

2 surveillance data as well as through wall attenuation 

3 and, hopefully, sometime in future we will have more 

4 to present in this area.  

5 I think that concludes this part of the 

6 presentation.  

7 CHAIRMAN SHACK: Okay, Nathan.  

8 DR. SIU: Do you want to see the same 

9 slide again or you want to see slide 4? 

10 DR. MAYFIELD: I guess I would pose back 

11 to Committee members that are left a question. Have 

12 you heard what you were anticipating hearing about? 

13 Is there more information that you would like, and I 

14 guess, then the final question I would pose to you is 

15 what would you like us to present to the full 

16 committee in a couple of weeks? 

17 CHAIRMAN SHACK: Well, I thought I heard 

18 most of what I hoped to hear today. You know, it 

19 seems to me that you've done the -- compared to the 

20 September meeting or the last time we talked about 

21 this, you know, the uncertainty in the Kjc seemed to 

22 be better addressed. We now longer have this argument 

23 about, you know, fitting uncertain data this way and 

24 uncertain data this way.  

25 DR. MAYFIELD: We still had the argument.  
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1 We just got tired of making it publicly.  

2 CHAIRMAN SHACK: Right. But at least it 

3 seems like a defensible approach to handling it. I 

4 thought the work on the thermal-hydraulic transients 

5 was very interesting. I'm not sure just what to bring 

6 to the full committee, though.  

7 DR. MAYFIELD: Can I offer a suggestion? 

8 What I had thought about, and I haven't discussed it 

9 with my colleagues, though -- I may not live through 

10 the evening, but the notion was, if you took a 

11 variation on the chart that, I think, Ali presented, 

12 that -- Well, now I can't find the package, the ones 

13 that Mosleh had, the one that talks about the 

14 quantification process, the last chart -- If you took 

15 a variation on that and perhaps expanded it a bit to 

16 show the rest of how it feeds into the FAVOR analyses 

17 and used that as the vehicle for describing overall 

18 uncertainty, and keep the presentation at that level, 

19 does that make sense to you, Nathan? 

20 DR. SIU: Yes. I think that would be a 

21 reasonable way to approach it. Again, I guess, it 

22 would get back to what the full committee needs to 

23 hear as to what's going on here. I mean, we can get 

24 into various -

25 CHAIRMAN SHACK: This is a work in 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

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

v



304

1 progress.  

2 DR. SIU: We've proven we can get to 

3 various levels of detail in this discussion.  

4 DR. KRESS: Well, I was originally looking 

5 at this as a pilot way to deal with uncertainty when 

6 you're trying to risk conforming regulations, and 

7 better than just specifically PTS. You encountered 

8 some real problems here when you came to -- I was 

9 naive. I thought maybe you used full Monte Carlo for 

10 everything, and you hadn't. But you can't do that 

11 with some codes and some analysis procedures.  

12 So you know, if you could cast it in that 

13 framework where we would like to have done it that 

14 way, I mean that would make sense, but we can't; so 

15 here's what we had to do instead -- and go into this 

16 binning procedure with the eight vectors and then how 

17 you arrived at those.  

18 It was very helpful to me to say, if 

19 you're going to have this problem with all the risk 

20 conforming regulations or with some of them, here is 

21 a process that we developed which looks like it could 

22 get you there.  

23 So I would like to see -- You know, if you 

24 do it in the framework of this, expanding to get that 

25 in there, it would be very helpful to me. I don't 
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1 think it would take forever.  

2 DR. MAYFIELD: Okay. I guess my notion 

3 was to structure the presentation around that rather 

4 than getting off into the various detailed 

5 presentations.  

6 CHAIRMAN SHACK: No. I think we would 

7 just get bogged down.  

8 DR. MAYFIELD: In an hour and a half. An 

9 hour and half presentation that's got maybe two or 

10 three slides in it, and talk about it in that 

11 framework.  

12 MR. BOEHNERT: Plan on about 45 minutes of 

13 talking.  

14 DR. KRESS: I think that would be great.  

15 MR. BOEHNERT: First thing February 1st is 

16 when you guys are on.  

17 DR. MAYFIELD: So if that would work for 

18 you, then I think we'll go back and think about how to 

19 structure that presentation. Tom, your point about 

20 this is sort of a prototype, in some of the 

21 conversations we had with folks a week ago, two weeks 

22 ago on the notion of risk informing 5046, some of the 

23 dialogue there went to need for more a more rigorous 

24 analysis, uncertainty analysis.  

25 That's been dealt with in the past. So 
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1 some of these same kinds of concepts come into play.  

2 DR. KRESS: I think that perspective would 

3 be useful.  

4 CHAIRMAN SHACK: Let me toss it out. You 

5 guys can decide whether you want to do it or not. I 

6 think, you know, the overall view in the thermal

7 hydraulics, that you're trying to look at these to 

8 sort of decide which of the problems are dominated by 

9 the aleatory uncertainties and epistemic uncertainties 

10 -- I think if you could at least describe that you're 

11 trying to set up a framework to do that -- I don't 

12 think you want to get into exactly how you did that, 

13 but the notion that that's the way you are really 

14 trying to approach addressing these problems, because 

15 as Tom said, you can't sit there and Monte Carlo the 

16 thing to death and take it on sort of full head on.  

17 I think that's a kind of an important 

18 notion to get across. So I'd like to see you try to 

19 bring that into the presentation without getting to 

20 the part where we sort of got chewed up this morning.  

21 DR. MAYFIELD: We would very much like to 

22 avoid that. It was painful enough with the 

23 subcommittee. I don't have any real interest in doing 

24 it for the full committee.  

25 CHAIRMAN SHACK: But I think it's an 
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1 important notion to at least start with at a higher 

2 level. I think we want to avoid getting down into the 

3 details here.  

4 DR. MAYFIELD: I think some of those more 

5 detailed discussions, particularly as we go on with 

6 this with, say, at the subcommittee level -- I think 

7 some of those detailed discussions will be useful, 

8 certainly to us and, hopefully, will give you guys a 

9 better feel about how this is really going together 

10 and whether our justification holds water.  

11 That's some of the feedback we would very 

12 much like to have. I'm not interested in us having 

13 spent all this time and money, us and the industry, at 

14 sort of the eleventh hour the ACRS says, gee, what 

15 about -- and it's such a fundamental issue that we 

16 miss.  

17 I don't think we are missing anything, but 

18 frankly, we've been looking to the committee to look 

19 over our shoulder and help us make sure we haven't 

20 missed it.  

21 CHAIRMAN SHACK: Well, you could always 

22 give us the mushroom treatment, you know.  

23 DR. MAYFIELD: We've been practicing.  

24 With that, I believe that's all we have.  

25 MR. BOEHNERT: You guys don't want a 
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1 letter, and you don't think we need to write a letter.  

2 DR. KRESS: Well, we didn't see any major 

3 flaws to point out.  

4 DR. MAYFIELD: Again, we've been seeing 

5 these as work in progress briefings, and from that 

6 standpoint our interest is more in the dialogue with 

7 the committee and, even if you saw a flaw, I'm not 

8 sure a letter would be all that helpful; because then 

9 I'm going to have to pull people off to respond to you 

10 and explain to you why you really are wrong.  

11 For us, the dialogue is really what is 

12 most useful. We do appreciate the time. This has 

13 been a nontrivial activity for the committee, and you 

14 guys have obviously put a lot of hours into it, and we 

15 appreciate it.  

16 MR. BOEHNERT: It's certainly nontrivial 

17 for you guys.  

18 DR. MAYFIELD: Nathan and Shah just don't 

19 have anything better to do.  

20 DR. KRESS: Well, it's fun, isn't it, 

21 Nathan? 

22 DR. SIU: Oh, yes.  

23 DR. KRESS: One of the questions, I think, 

24 may show its head again in the full committee is this 

25 question of RELAP being treated as an exact answer, 
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1 and you're not doing any of the uncertain -

2 MR. BOEHNERT: Uncertainties in the model.  

3 DR. KRESS: I want to think about that 

4 just a little more.  

5 DR. MAYFIELD: As we were getting ready 

6 for this meeting, that was something that we had 

7 talked about and, recognize, we didn't have as crisp 

8 an answer as we would like, and it surfaced again.  

9 DR. KRESS: It will probably surface 

10 again.  

11 DR. MAYFIELD: It will probably surface 

12 again, and I don't think we are going to have a 

13 completely satisfying answer. Hopefully, we can be a 

14 little more crisp in telling you we don't have a 

15 satisfying answer.  

16 DR. KRESS: That may be the answer.  

17 DR. MAYFIELD: And that's something that 

18 we see as an area that we need to work some more.  

19 DR. SIU: Quite honestly, as you know, the 

20 issue of model uncertainty as opposed to parameter 

21 uncertainty is just a really difficult question, let 

22 alone applying it to a code that takes hours to run.  

23 For this project, I'd be surprised if we 

24 were able to make much of a dent in that part of the 

25 uncertainty analysis. We'll deal with other parts 
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1 which we actually have reason to believe are important 

2 parts.  

3 DR. KRESS: Well, what I think we probably 

4 need to do is justify in your own minds in some way 

5 why you can get away without that.  

6 DR. SIU: That's right. We do need to do 

7 that.  

8 DR. KRESS: And it has something to do 

9 with its contribution, relative contribution.  

10 DR. MAYFIELD: That was one of the points 

11 that at lunch when Nathan and I were talking about 

12 this, that there is this class of transients where 

13 it's just not going to make a difference.  

14 DR. KRESS: Not going to make a bit of 

15 difference.  

16 DR. MAYFIELD: A class where it's 

17 aleatory; we know how to handle it. Then there's this 

18 other class where it can be problematic.  

19 DR. KRESS: Yes, and the question is how 

20 much is that other class going to contribute.  

21 DR. MAYFIELD: And we would like to think 

22 that that is a small enough contributor that it's just 

23 not that big a deal. But you don't have -- Until 

24 you've done some of this and worked through it, you 

25 don't know that.  
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1 DR. SIU: Yes. And I think following our 

2 discussion with Duke next week, we'll be in a better 

3 position to talk about numbers and relative 

4 contributions of different scenarios. So that will 

5 provide us a little better basis for saying, you know, 

6 whether something is worth looking at.  

7 I will, again, point out -- or maybe I 

8 didn't point this out earlier. As in risk informed 

9 regulation in general where sometimes we recognize we 

10 don't deal with all the contributors explicitly. In 

11 some of them we can't say are unimportant, like errors 

12 of commission. Nevertheless, we go forward with what 

13 we've got and a qualitative understanding of what the 

14 contribution might be there.  

15 I would argue that you might have to adopt 

16 the same approach with uncertainty analysis when 

17 you're talking about model uncertainties, if you can't 

18 quantify it any better than just getting people 

19 together guessing what that contribution is.  

20 CHAIRMAN SHACK: Sounds good.  

21 DR. KRESS: Sounds good.  

22 CHAIRMAN SHACK: We thank you.  

23 (Whereupon, the foregoing matter went off 

24 the record at 4:38 p.m.) 

25 
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