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1 DR. KIRK: The weighting factors were 

2 motivated simply by the results that we have so far.  

3 I mean those are, you know, honestly, just pulled 

4 straight out of the results. It was only after this 

5 that we looked at it and said, wow, that's good.  

6 And it's only after that that we've come 

7 to the, by looking at, by fixing they crack, fixing 

8 the level of embrittlement and looking at the Kappliedto 

9 the dominant trends and said, oh well, you know, we 

10 didn't start the a priori assumption that they should 

11 line up.  

12 We said let's construct a physically 

13 appropriate metric. We got to this and said, oh, is 

14 that, was that fortuitous or is there a reason for 

15 that. And then looked at the Kpplied trends and said, 

16 okay, yeah, they seem to be somewhere.  

17 And again, as Dr. Rosen said, you probably 

18 don't need to look at the Kapplied once you've reached 

19 the realization that you say it's LOCA dominated and 

20 a fixed size hole in plants of this design is a fixed 

21 size hole, and it's going to do about the same thing.  

22 So, no, it wasn't driven by the notion 

23 that they had to line up. It was driven by the 

24 notions that whatever we plot on the X axis should 

25 have a relationship, should be what's causing from a 
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1 material standpoint, through-wall cracking frequency.  

2 And then if you do your best to doing a 

3 materials normalization and there is still a 

4 difference, well then that must be an operational 

5 difference.  

6 DR. WALLIS: This is truly remarkable.  

7 Because if you look at some of your figures, like 

8 Figure 5.4, which is the shift of topness transition 

9 temperatures during irradiation, there is an enormous 

10 amount of scatter on that figure.  

11 There are datapoints all over the place 

12 and then there's a curve through it that you are using 

13 and yet somehow, despite all this tremendous amount of 

14 scatter and what you're working with, everything comes 

15 together in one curve. It's really remarkable.  

16 DR. BANERJEE: Is that an upper bound? 

17 DR. KIRK: Yeah, that's the mean.  

18 DR. BANERJEE: Is that the mean or the 

19 upper bound? 

20 DR. KIRK: It's both.  

21 DR. BANERJEE: You can't put uncertainties 

22 on it.  

23 DR. KIRK: If you remember the 

24 distributions, they were so highly skewed that the 

25 mean and the 95th percentile were about the same. And 
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1 the, so, well, recognizing that one should not call a 

2 median a margin and I'm not going there again.  

3 Okay, there is some rough feel for how 

4 this scatters out. And in fact once you get down to, 

5 once you get to down to the lifetimes where plants 

6 are, it's sometimes not even possible to define it.  

7 Well, the median is zero.  

8 DR. KRESS: And that's when that scatter 

9 that -

10 DR. SHACK: Well, there's plenty of 

11 scatter.  

12 DR. KRESS: Yeah, there's plenty of it, 

13 isn't there.  

14 DR. WALLIS: Well, it sort of concerns me 

15 that there was a lot of scatter in the data and it 

16 seems to me rather unusual that you can define a limit 

17 or whatever or a conservative value, whatever you want 

18 to call it, so well.  

19 DR. KRESS: Well, you are actually 

20 plotting'something against itself, basically.  

21 DR. WALLIS: You are? 

22 DR. KRESS: Basically. Almost, because 

23 when you calculate this mean over here you've got the 

24 fluence effects in it, while the fluence effects are 

25 also in this. And we just got through saying that the 
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1 thermal hydraulic affects were about all the same and 

2 that these are all LOCAs.  

3 So it's not surprising to me that these 

4 line up, because it almost is like plotting something 

5 against itself. You're saying the RT, that this 

6 defined basis down here is a good representation of 

7 the -

8 DR. SHACK: No, I mean fluence affects K 

9 material. It has nothing to do with Kapp1±ed they are 

10 really independent kinds of quantities. So fluence 

11 has a big affect on K material, it has zippo affect on 

12 K applied which is all a matter of how big a hole I punch.  

13 DR. WALLIS: I think you need to retract 

14 what you said, because there is absolutely no way 

15 whatsoever plotting it very well against itself.  

16 DR. KRESS: Maybe so.  

17 DR. BANERJEE: Well, RT* has fluence built 

18 into it right now, right? It's almost linear with 

19 fluence. Roughly, if you look at the 97 percent 

20 weight and go back to the equation, it's almost linear 

21 with fluence, right? 

22 DR. KIRK: I wish I could go to the end of 

23 that. The fluence is in -

24 DR. BANERJEE: Where is the fluence? 

25 DR. WALLIS: None of these are measures of 
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1 the probability of fluence.  

2 DR. BANERJEE: What is FAW? 

3 DR. KIRK: The fluence -

4 DR. BANERJEE: What is that? 

5 DR. KIRK: That's the fluence, but the 

6 fluence affects this, the highly non-linear action.  

7 DR. BANERJEE: Oh, is that a function? 

8 DR. KIRK: That's a function.  

9 DR. BANERJEE: Okay, it's just the way you 

10 wrote it, it looked like a -- so it's non-linear but 

11 it's a function of fluence anyway.  

12 DR. KIRK: Yes.  

13 DR. BANERJEE: So you have RT* as a 

14 function of fluence and certainly the abscissa and the 

15 ordinate are both functions of fluence.  

16 DR. KRESS: Yeah, and that's what I was 

17 saying.  

18 DR. BANERJEE: If you take the fluence 

19 out, you get something interesting now.  

20 DR. KRESS: Yeah, you would.  

21 DR. BANERJEE: Right. That would be a 

22 real measure.  

23 DR. WALLIS: Well, that's the time.  

24 That's the time. As time goes on, you move off the 

25 curve. You've got to have that. It's still not 
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1 plotting some variable against itself. Both variables 

2 are functions of time, yes.  

3 DR. KRESS: Both variables are -

4 DR. WALLIS: They are functions of time, 

5 they are not plotted against themselves.  

6 DR. BANERJEE: The thermal hydraulic 

7 uncertainties are not in there yet.  

8 MR. HACKETT: I think we're going to 

9 agree with Dr. Shack, to some extent. Maybe not to 

10 the extent the Committee is looking to see, but we 

11 need to articulate that better.  

12 DR. SHACK: You're going to explain it 

13 someday.  

14 MR. HACKETT: Some day.  

15 DR. BANERJEE: What you have to explain is 

16 that you don't, you are not bias towards only the low 

17 rates of whatever.  

18 MR. ROSEN: Now nuclear safety is a zero 

19 sum game. I mean there is only so much resources and 

20 attention people can put here. If they're putting 

21 attention on this then they are not putting it on 

22 something else that may be even more important.  

23 MR. HACKETT: That was indeed one of the 

24 motivations, you know, Mark mentioned a few when we 

25 started this morning, but, and I don't think this has 
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1 been, we looked at the frequency of these a while 

2 back, but the challenges to the LTOPP systems, for 

3 instance, low temperature over pressure protection 

4 systems for the PWRs.  

5 If you tighten this too much, and then you 

6 might get challenges that are acting adverse to safety 

7 that are challenging the LTOPP system. So that's 

8 exactly right.  

9 MR. ROSEN: Well, I was going to, well, 

10 your question about, something about rule making here.  

11 It seems to me it's kind of like what we were saying 

12 yesterday. When are we going, this was on another 

13 different generic safety issue. Okay, let's get on 

14 with it. You know, this, that one happened to be 

15 significant.  

16 This one you're saying, and I think 

17 convincingly, it's okay, we treated this 

18 conservatively for a couple of decades, maybe more 

19 than a couple, because we really didn't understand it.  

20 But now that we have a better handle on it, we 

21 need to back off some.  

22 MR. HACKETT: That's fundamentally the RES 

23 recommendation in the paper that went over from Ashok 

24 Thadani to Sam Collins. So what it's going to come 

25 down to, of course, first off NRR needs to review the 
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1 draft and comment on the draft that's been sent over, 

2 and we've got at least another month of that.  

3 And then there's probably more 

4 significantly, as you're talking about in terms of 

5 rule making, is prioritization within NRR over where 

6 does this fit in the scheme of things that NRR is 

7 working on in a world of limited resources, is kind of 

8 what it comes down to.  

9 And we've inherited an awful lot of, we've 

10 all, at the NRC, inherited an awful lot of take aways 

11 from the Davis-Besse activity that are going to be 

12 keeping several of the offices pretty occupied in a 

13 priority sense. It remains to be seen where this will 

14 fall in.  

15 MR. ROSEN: We don't run the Agency, all 

16 we can say is, on this subject, we make a, I draw a 

17 conclusion.  

18 DR. WALLIS: I think with the next slide 

19 you're going to say get on with the rule making, 

20 aren't you? 

21 MR. ROSEN: Yes.  

22 DR. WALLIS: Well, I'd like to go back to 

23 that slide. I think that you've got to be very 

24 careful here. The second bullet there is not the way 

25 to put it. Because your current limit appears, as you 
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1 have explained to me many times, it's a different -

2 so what you need to say, this limit is equivalent to 

3 an increase in the current limits on RTPTS by 100 

4 degrees or something.  

5 It's not as, because if you add 100 

6 degrees to 270, you don't get 290. So it's obviously, 

7 you've got to make a distinction somehow. It's not 

8 100 degrees higher than 270, is it? 

9 DR. KIRK: No, I understand.  

10 DR. FORD: Could you not also put a second 

11 bullet after the first prime bullet, saying that you 

12 have reasonable, it's a reasonable conclusion to say 

13 that this applies to all PWRs.  

14 DR. KIRK: I was thinking of putting that 

15 in, but that hadn't been vetted through management, so 

16 I decided not to.  

17 DR. FORD: But surely that's an important 

18 conclusion.  

19 DR. KIRK: No, that's an important 

20 conclusion and that's getting into the ongoing 

21 activities. And that's, that's the topic of our 

22 ongoing work that, at least I'll just say I personally 

23 am beginning to believe that, you know, that bullet 

24 should be added.  

25 But we need to go through that in a little 
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1 more detail, I think, before we get to that point.  

2 DR. KRESS: Does that rest on the research 

3 and on the weighting factors being the same for all 

4 plants.  

5 DR. KIRK: I think it rests more on the 

6 examination of the operational challenge.  

7 DR. KRESS: I agree.  

8 DR. KIRK: But again, I mean the 

9 weighting, I can't, the reason why the weighting 

10 factors are the way they are is just simply that axial 

11 welds or axial flaws are far more challenging than 

12 circumferential flaws.  

13 That's not going to change on a 

14 vessel-specific basis, and we've done three 

15 plant-specific analyses, we're going to do another 

16 one. We came up with something like a 90/10 split.  

17 I find it difficult to envision that any 

18 plant-specific features is going to change that 

19 radically because the flaw sizes are all going to be 

20 the same. The orientations are going to be the same.  

21 DR. KRESS: So then the only other 

22 variable in this is the thermal hydraulics. Because 

23 you're taking care of fluence and material properties.  

24 DR. WALLIS: Which probably is a much more 

25 certain science than materials.  

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

1323 RHODE ISLAND AVE., N.W.  

(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



314

1 (Laughter.) 

2 DR. KIRK: No comment.  

3 MR. BESSETTE: Like the point was made 

4 that the plants have similar, let's say, prior to 

5 volume, stored energy in the primary system is similar 

6 across all the plants. So like it has been said, a 

7 four inch break in Plant A is going to look like a 

8 four inch break in Plant B and C and D and so on.  

9 DR. KRESS: So it looks like you have a 

10 good basis for saying this, generalizable to all 

11 plants.  

12 MR. BESSETTE: I believe so.  

13 DR. WALLIS: It seems to me the most 

14 important thing here is to get a very good external 

15 Peer Review, so you really pick up things where if 

16 something is misunderstood or misstated or something.  

17 And I think you need to put in an activity 

18 here which is the best way to present this material.  

19 No, seriously, I think this is a very important thing.  

20 I hope you do proceed with rule making. I think it 

21 can make a big difference to the plants and it can 

22 make a big difference to the industry.  

23 It can reassure the public about a matter 

24 which could be of some concern. And you have to 

25 really express it in a way which is as believable as 
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1 possible.  

2 DR. SHACK: Yes, leave a lot of our your 

3 point.  

4 DR. FORD: Could you go back to the 

5 previous one. Could you not also put in the first 

6 major bullet, it could be a second major bullet.  

7 There's an argument for having acceptance criteria for 

8 the order one times ten minus six.  

9 DR. KIRK: Yes, that should be there.  

10 That should be there.  

11 DR. FORD: Because that would then lead 

12 into your screening limit.  

13 DR. KIRK: Yes.  

14 DR. FORD: And for me personally, I can 

15 follow why you say there should be an appreciable 

16 increase in the RT value to an RT*, but I'm still 

17 mulling over the 80 to 110, the rationale for that.  

18 DR. KIRK: Yeah.  

19 MR. HACKETT: Why don't we go to that last 

20 slide again. I think what I'll do is just say it, at 

21 least I see three take aways and we can talk about 

22 this. What we hoped to have left you with as a result 

23 of the meeting today is, and it's probably pretty 

24 obvious that there's a draft technical basis that's 

25 documented and forwarded for your comments.  
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1 Work is still ongoing. However, we 

2 consider that we do have a tech basis that indicates 

3 initiation of rule making in the burden reduction 

4 area. So that's those three things, I guess, is what 

5 we're seeing.  

6 And then we're also looking at requesting 

7 the letter and I guess maybe some discussion now of 

8 form or content for what you'd like us to do tomorrow 

9 with the reprise to the full Committee.  

10 I guess going in the proposal is we did a 

11 briefing just two days ago, I guess it was, for the 

12 EDO, that's a much, much condensed version of what 

13 we've been through today.  

14 DR. SHACK: How many slides? 

15 DR. KIRK: Sixteen.  

16 MR. HACKETT: And we would probably 

17 propose to try and run through that tomorrow for the 

18 full Committee. That's, I have not looked at the 

19 agenda for tomorrow.  

20 MR. ROSEN: It looks like too many to me.  

21 MR. HACKETT: We can take that down a peg.  

22 MR. ROSEN: If I were you, if were trying 

23 to make this case, I'd bring in all the studies and 

24 stack them up in hard copy over there. And then I put 

25 all the presentations in a pile next to it, which 
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1 would be a foot high.  

2 The stack of studies would be four feet 

3 high. And then this would be a foot high. And then 

4 I'd have one piece of paper, one viewgraph that I'd 

5 put up and I'd say, here's the answer. It's really 

6 backed up by all this stuff, but you don't need to 

7 trouble yourself.  

8 (Laughter.) 

9 MR. HACKETT: We could go back to the Bob 

10 Hardies' slide that said, let's say, PTS transients 

11 don't occur on vessels that are tougher than we give 

12 credit for and flaws that don't exist in welds.  

13 (Laughter.) 

14 MR. ROSEN: Yeah, well I think that's 

15 where we started in our briefing, right? 

16 MR. HACKETT: We've used that slide 

17 before.  

18 MR. ROSEN: You certainly got our 

19 attention. And really, the bottom line, that's 

20 really, if the President wanted to know what's this 

21 all about -

22 MR. HACKETT: That's probably what we'd 

23 say.  

24 DR. WALLIS: I'm wondering about what 

25 we're going to do for a letter, though. Because it 
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1 seems to me that in essence this is, looks like a very 

2 significant piece of work and looks as if it should go 

3 to rule making.  

4 But there are obviously things that we 

5 could bring up. But I don't want the letter to, 

6 although there are things to bring up, I didn't want 

7 to have to bring up too many things, because I we know 

8 you're going to fix them.  

9 But it's still a bit premature to sign off 

10 and say the case finally has been made for rule 

11 making.  

12 MR. HACKETT: And I don't think that's 

13 necessary, either. Maybe something along the lines of 

14 what Dr. Shack was suggesting. A letter from the 

15 committee that's more of a high level document. Maybe 

16 going into a few specifics.  

17 And then maybe use pursuing with the 

18 committee other mechanisms of dealing with individual 

19 comments that may be many through e-mails or meetings, 

20 whatever you feel is most appropriate.  

21 DR. FORD: But this is not the last time 

22 we're going to hear about this.  

23 MR. HACKETT: No, that's the other point 

24 to emphasize, when Nathan and I were talking earlier, 

25 to come back to some other comments I was going to 
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1 make here. But this again, just to re-emphasize, this 

2 is a technical basis development.  

3 And then I guess we even have to get into 

4 defining what that is and isn't. And it is not rule 

5 making, number one. We're not going to be so 

6 presumptive. None of us here work for NRR.  

7 NRR, that's NRR's activity. They will 

8 engage that if they feel it's justified and consistent 

9 with resources and other demands on NRR. So it's 

10 absolutely not that, not that level. Where we are on 

11 tech basis is we think we have a good solid draft case 

12 to be made and that's why we're here with this 

13 document.  

14 This document obviously needs work. I 

15 think that's one of my, I've got many, I've got at 

16 least two pages of notes here in terms of take aways 

17 and very sensitive to comments Dr. Wallis has made.  

18 We can do a lot better in presenting this, 

19 I don't think there's any question. Probably both in 

20 terms of the document itself and in terms of these 

21 presentations and trying to get it more in a plain 

22 language sense.  

23 Particularly with regard to RTT , I think 

24 that's a definite take away. So I think that's where 

25 we are in terms of, in terms of tech basis. But 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

1323 RHODE ISLAND AVE., N.W.  

(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



320 

1 absolutely, there's going to be much more time going 

2 forward from here in which the committee can engage 

3 and which we are going to be taking on a lot of other 

4 comments from other stakeholders.  

5 MR. ROSEN: But, Ed, all of that is about 

6 process, getting towards the rule making and 

7 ultimately into one. But what I'm worried about and 

8 I want to be sure to hear your answer is are any of 

9 the technical activities that you still have in front 

10 of you likely to change this result.  

11 MR. HACKETT: We think not. Not to say we 

12 couldn't be wrong, but we have kind of wrung these 

13 things out, you know, for the most part over a couple 

14 of years.  

15 DR. WALLIS: What about the loose ends? 

16 I understand this is a draft report from OSU. Now it 

17 hasn't been reviewed and may need some changes. You 

18 can't really refer to some key part of that work until 

19 that work has been finalized.  

20 And we've got this new Maryland report on 

21 uncertainty which I understand is a year or two old 

22 and says things that are no longer valid. When is 

23 that going to come to maturity so that you can really 

24 rely on it.  

25 And you've got these various cornerstones 
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1 of your case and it seems to me that two or three of 

2 them aren't there yet.  

3 MR. HACKETT: I think this is, the only 

4 answer I guess I could, you know, forward to that 

5 would be that this has ever been a dynamic project.  

6 And I think there are always going to be pieces that 

7 are evolving as we go forward.  

8 And it's like the problem we had with the 

9 embrittlement correlation, at some point you had to 

10 kind of freeze things and move forward and get on with 

11 some kind of standardization activity, like with ASME 

12 or rule making in this case.  

13 Because I think that's a really good 

14 point. And I think it will always be the case, you 

15 know, in this area particularly. So we'll just have 

16 to, you know, at some point we cut off the sensitivity 

17 studies and other aspects of uncertainty analyses and 

18 say we think we've gotten far enough for now and then 

19 maybe several years from now we're back with removal 

20 of the rule, you know, if that seems to be warranted 

21 at some point.  

22 But I think that's, you know, it's going 

23 to end up being a step-wise process.  

24 MR. BESSETTE: So you can see like the 

25 first sample up there is Calvert Cliffs, which is a 
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1 fourth plant that we're going through, similar to the 

2 three plants we showed you today.  

3 MR. HACKETT: I think another thing I'll 

4 mention in closing here, I took a lot of notes and I 

5 won't go through all of those. But one, or one or two 

6 that stuck with me, in particular, Dr. Banerjee and 

7 Dr. Wallis raised the issue in particular with regard 

8 to the thermal hydraulics.  

9 And I think there, I think the team is 

10 sensitive to the rate of change uncertainty and how 

11 that propagates through the rate of change in 

12 temperature uncertainty and how we're capturing that 

13 and how that propagates into FAVOR.  

14 That's a definite take away that, you 

15 know, we need to be very sensitive to. I think 

16 there's the whole issue, and I think Dr. Rosen 

17 mentioned this in terms of just overall in this 

18 project model uncertainty.  

19 That's something that you look at. I've 

20 spent the last, you know, the better part of the last 

21 year doing Davis-Besse things in terms of lessons 

22 learned. And you look at the model uncertainties that 

23 were there, for instance, in terms of corrosion and 

24 corrosion rates.  

25 You don't ever want to be so arrogant in 
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1 this thing that you think you captured all of that.  

2 There is always going to be model uncertainties and 

3 they could end you up on the other side of the range 

4 real quick if a couple of key things are out of whack.  

5 And so we're very sensitive to that and 

6 we've been trying to come at this the whole time with 

7 a real questioning attitude in that regard, but you 

8 know you still have got to keep pushing at that all 

9 the time.  

10 And another one I'll just mention in 

11 closing here to is the notion of flaw growth for the 

12 long term. We have not considered that. If we are 

13 going to get out significantly into license renewal 

14 periods, it may be a reason to revisit that at some 

15 point.  

16 But right now we're not dealing with that, 

17 so that's another take away there. And at this point 

18 I guess I'd ask Nathan, too, to see if there was, is 

19 there any part of the summary that I've missed here 

20 that you wanted to highlight? 

21 DR. SIU: No, I think you've covered.  

22 Basically, again, there's a process that we're going 

23 through and this report represents, obviously, a key 

24 milestone in that process.  

25 MR. HACKETT: Otherwise, definitely I 
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1 would like to thank you for spending yet another day 

2 with us on this topic which is never easy. And we've 

3 always gotten valuable comments from the Committee and 

4 take aways that I think have made for a better 

5 product.  

6 And, you know, one of our major challenges 

7 continuing is to try and do a better job of 

8 communicating this both orally and in writing. So 

9 that's a major take away for us. But, thanks for 

10 listening.  

11 DR. SHACK: Anymore comments or questions 

12 from the Committee.  

13 MR. LEITCH: I had a couple of things, 

14 Bill. One, I was wondering in the review of the 

15 emergency operating procedures and recognizing that 

16 the issues here are relatively insensitive to operator 

17 actions, I agree, but I'm wondering if there were any 

18 insights that you gained as a result of looking at 

19 those emergency operating procedures that should be 

20 communicated to the industry.  

21 MR. HACKETT: It looks like the right man 

22 is coming to the mic.  

23 MR. KOLACZKOWSKI: Well, again, we can't 

24 pretend that we've reviewed everybody's EOPs. On the 

25 other hand, having said that, we have to recognize 
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1 that when the EOPs did change after Three Mile Island, 

2 etcetera, etcetera, you know, as we're all aware 

3 pretty much the owners groups got together and 

4 developed, if you will, the initial set of the 

5 procedures and then the plants have pretty much just, 

6 you know, use those as models and change them to the 

7 extent necessary to perhaps reflect their specific 

8 setpoints and things of that nature.  

9 As part of this generalization tasks, that 

10 we're in the middle of., one of the things we are 

11 doing is looking at some of the other procedures of 

12 those other five plants to indeed convince ourselves 

13 that the procedures are in fact similar and so on and 

14 so forth.  

15 And so far that is the case. Now, so 

16 having said all that, in the ones that we have 

17 reviewed, I think I indicated at one point in my 

18 presentation that for one or two the plants we did 

19 find a few places in the procedures, as they were 

20 written, where a slight modification, let's say, would 

21 be clearer as to a particular operator action and when 

22 they should or should not do something.  

23 And the Licensees, upon seeing that, took 

24 it upon themselves to say, yeah, I'm going to make a 

25 change here and make this clearer. Again, I don't 
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1 want to overemphasize that, it wasn't like it was a 

2 major impact.  

3 But something that, this could be a little 

4 clearer, let's change the order of this or something 

5 like that. We have not found anything that is so, 

6 say, blatantly of a concern that we feel like, gosh, 

7 we've got to raise this to the industry, this is 

8 clearly a big issue that needs to be addressed.  

9 Little minor things now and then, yes, we 

10 have come across.  

11 MR. LEITCH: But those minor changes, as 

12 I understand it, were only in the three plants that 

13 were studied.  

14 MR. KOLACZKOWSKI: That is correct.  

15 MR. LEITCH: But I guess what I hear you 

16 saying is they are not of such a magnitude that they 

17 ought to be communicated to the rest of the industry.  

18 MR. KOLACZKOWSKI: That is correct.  

19 MR. LEITCH: Another question I had was we 

20 have some plants coming down, you know, for license 

21 renewal and quite a few of them are in the pipeline.  

22 And I guess the timing of this thing, as I see it, is 

23 that some plants that are, what we might call more 

24 embrittled plants, could be coming on our plate here 

25 for license renewal decisions before this PTS rule is 
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1 changed.  

2 And I guess that just presents an obvious 

3 problem. I don't know exactly how we deal with that 

4 issue.  

5 MR. HACKETT: I think a couple of things 

6 we could mention in that regard and it might be that 

7 some of the industry folks may want to comment also 

8 but I think you're absolutely right because they have 

9 to look very far downstream just in terms of the 

10 economics.  

11 And if you're, you know, part of the Board 

12 of Directors of a nuclear plant and you're thinking am 

13 I going to apply for a license renewal and come 

14 document and argue that with the NRC, you probably 

15 don't want to go in with your vessel in question.  

16 So, you know, that's going to back you up 

17 many years. I think the good news in that regard is 

18 that I think this has been perceived in a very 

19 positive way by the industry, this project, regardless 

20 of the exact status it's at right now in terms of 

21 proceeding to rule making.  

22 And that I think it would be fair to say 

23 hopefully from the industry perception that it would 

24 be looked upon as on a success path if they were to 

25 have to come in, in a preemptive way to try and argue 
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1 this.  

2 But I think it's a very, it's an excellent 

3 point. You know when you look at Palisades as being 

4 the closest and they're 2011, and you know we're 2003, 

5 that's really not a whole lot of time, you know, when 

6 you start to get to, and I don't particularly know 

7 what decisions that plant has made with regard to 

8 license renewal. But it, that would obviously be a 

9 factor for them.  

10 MR. LEITCH: You know, well Fort Calhoun 

11 is very close. I mean it's within months we're going 

12 to have to make decision in that regard.  

13 MR. ROSEN: Along those lines, can I ask 

14 a question about the present use of this future 

15 technology. I mean what if a plant had an overcooling 

16 event with some pressurization and the ROP was looking 

17 at it. What would you tell the Senior Resident and 

18 the SRA and the Resident Inspectors. I mean could 

19 they be thinking about this? Or is this still future 

20 tense.  

21 MR. HACKETT: No, I think this is, I guess 

22 again a couple of ways of looking at that. I guess 

23 maybe I need to back up and ask for clarification in 

24 terms of if you are looking at if you had an 

25 overcooling event, did you for instance potentially 
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1 propagate a fabrication flaw and you just didn't 

2 realize it. Was that sort of where you were heading? 

3 MR. ROSEN: Yeah, I was thinking of a 

4 plant that actually had some kind of an event like 

5 this and the ROP made it red and really it isn't 

6 because we know they got a heck of a lot more margin 

7 than they really would calculate under 50.61.  

8 MR. HACKETT: Yeah, that's a real good 

9 point. I can't say I have thought about that myself, 

10 but somewhat analogous to the Davis-Besse situation in 

11 that you are now down into having to argue a 

12 significance determination that would be probably 

13 pretty tricky.  

14 DR. SHACK: You'd come in and say I'm 

15 below RTPTs , failure frequency is less than five, ten 

16 to the minus six, good bye.  

17 MR. ROSEN: It's really below five times 

18 ten to the minus nine.  

19 DR. SHACK: Yeah, but it's good enough.  

20 MR. ROSEN: All right, it was just a 

21 thought in terms of what could come across our plates.  

22 MR. HACKETT: I would think the most 

23 significant thing you'd want to do, first off you'd 

24 have to be in a plant where all these things line up.  

25 And then you'd probably have a nervous regulator that 
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1 you had a severe overcooling and maybe it wasn't one 

2 of the more embrittled plants.  

3 Then you might want that plant to have to 

4 come and tell you to a very high degree of certainty 

5 I don't have any flaws in those welds. Or have them 

6 go look at those welds really hard, just in case you 

7 got a propagation and it didn't go through the wall, 

8 but maybe now you've got a vessel with, you know, a 

9 large crack in it somewhere.  

10 At least you'd be, somewhere in the back 

11 of your mind you'd be worrying about that. I don't 

12 know how much worry you would assign to it, but it is 

13 an interesting point.  

14 DR. SHACK: Anybody have any particular 

15 suggestions for the presentation tomorrow? 

16 DR. KRESS: Well, I don't know what their 

17 16 slides look like, but that sounds like a good idea.  

18 DR. SHACK: Let them pick their 16 

19 slides.' 

20 MR. ROSEN: It's going to go where it's 

21 going to go anyway, but that's the measure of the 

22 uncertainty when you're dealing with ACRS views of 

23 what presentations ought to be.  

24 DR. FORD: But do I take those 16 slides 

25 cover, for instance, the latest results on Palisades 
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1 and Beaver Valley.  

2 MR. HACKETT: Yes, they do.  

3 DR. FORD: And it touches on the generic 

4 nature of your findings? 

5 MR. HACKETT: Yes.  

6 DR. FORD: And then, so those are the main 

7 conclusions, that's the basic message to go on to the 

8 rule making. And if you've got the scoping studies to 

9 look at the screen and acceptance criteria.  

10 MR. HACKETT: That's correct. And in fact 

11 

12 DR. FORD: These are not absolute, these 

13 are just ideas which will be then developed.  

14 MR. HACKETT: Right, which was the whole, 

15 the objective of the presentation with the EDO was in 

16 fact Dr. Travers had not been briefed on this before.  

17 And it was really to update him on what we'd been 

18 doing and to make him aware that we feel that this is 

19 potentially ready for rule making.  

20 And I think he came away with the same 

21 kind of conclusion that you folks have reached.  

22 DR. FORD: And so it's not data the full 

23 committee has in front of it to make a decision.  

24 MR. HACKETT: Right, right.  

25 DR. KRESS: I think Dr. Powers will be 
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1 interested in your containment and entry and the 

2 acceptance criteria. Is that part of the slides you 

3 have, the 16? 

4 MR. ROSENTHAL: The acceptance criteria, 

5 but not the, none of the containment stuff. Because, 

6 you know, I'll repeat it again. We see this as a PTS 

7 rule and then in response to your questions we, I 

8 think we did some organized thinking and a little bit 

9 of code running, but we still see it as, to answer 

10 questions and to make us smarter.  

11 But we see it as a PTS rule. So we didn't 

12 even bring it up the other day.  

13 DR. KRESS: Well, I think Dr. Powers might 

14 be interested.  

15 DR. SHACK: It will come up.  

16 (Laughter.) 

17 DR. KRESS: Yeah, that's my point, it will 

18 probably come up, and I would be prepared to address 

19 it.  

20 DR. SHACK: I guess I don't understand 

21 that argument. I mean your acceptance criteria has to 

22 be based on something. It has to be based on those 

23 arguments. You can't just say it's a PTS rule. You 

24 know, we have no frequency criterion.  

25 DR. KRESS: Acceptance criteria is part of 
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1 the rule.  

2 DR. SHACK: Acceptance criterion is part 

3 of the rule. And the logic by which you get to it is 

4 intrinsic to the rule. Now whether you have enough 

5 time is another question, but you better at least be 

6 prepared to start down that path. Any other comments? 

7 MR. LEITCH: I would just like to say I 

8 really appreciate the presentations of the entire team 

9 today. I mean I think it's really been very, very 

10 helpful to me, personally outstanding.  

11 In seeing the way the PRA, the thermal 

12 hydraulics work and the probabilistic fracture 

13 mechanics kind of dovetail to work through this whole 

14 process I think is very good.  

15 And to me personally it was very helpful.  

16 I've been pretty quiet, but I've been doing a lot of 

17 listening and it's really, like I say, it's really 

18 been very helpful to me and I appreciate the efforts 

19 of the whole team to pull this presentation together.  

20 DR. KRESS: I second that. It was 

21 outstanding. Especially the work from Oak Ridge.  

22 (Laughter.) 

23 MR. HACKETT: We've already told Terry he 

24 can't retire.  

25 DR. SHACK: If there are no further 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 

1323 RHODE ISLAND AVE., N.W.  

(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25

334 

comments, I think we can adjourn for the day. And 

again, I'll add my words of appreciation for a very 

well done presentation. The document needs some work 

but you're getting there.  

MR. HACKETT: Thanks, Bill.  

(Whereupon, the foregoing mtter 

was concluded at 4:49 p.m.) 
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Conclusions 

"* These analyses provide a technical basis to 
recommend revision of the PTS rule 
"* Two of the most embrittled plants in fleet have a 

TWCF at or below 5xl0 at end of license extension 
(60 years) 

"* At the 10CFR50.61 RL.T screening limits these plants 
have a TWCF of lxl (,vs. RG 1.154 at 5x1&) 

"* Analysis supports a revised screening limit of 
"* 29OWF on a weighted R•DT value 

/ Axial welds & plates dominate 
/ Circ welds and forgings minor contributors 

"* This limit is 80F to 11OF higher than current 
10CFR50.61 limits on RXTs 

VG S

On-Going Activities 

"* RES activities 
"* Calvert cliffs 

"• Generalization to all plants 
"* Sensitivity studies & a more detailed examination of 

current results 
"* Favor V&V 
"* External peer review of project 
"* Implications for operational limits (10CFR Appendix G) 

"* NRR activities 
"* RES Draft NUREG sent to NRR on 1-21-02 
"* NRR comments due by 331-03 
"* Decision to proceed with rulemaking?
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Briefing Overview 

"* 10CFR50.61 (the PTS rule) 
* Background & current implementation 
* Motivations for revision 

"* PTS re-evaluation project 
* Scope of analysis 

* Plant specific results 
V Analysis approach 
V Results 

* Risk informed reactor vessel failure frequency acceptance 
criteria 

SConclusions 
V Rulemaking 
V Considerations regarding a new PTS screening limit 

* On-going activities



10CFR50.61 
(Motivations for Revision) Yankee Rowe 

"* In late 1980s the Yankee Rowe nuclear power p!ant was 
predicted to exceed the 10CFR50.61 PTS screening 
criteria before EOL 

"* The Yankee Atomic Energy Company followed the 
rovisions of Regulatory uide 1.154 in an attempt to 

Build a case supporting operation to embrittlement levels 
beyond the screening criteria 

"* Yankee Rowe was permanently shutdown in September 
of 1991 

"* The difficulties experienced with evaluation of the 
Yankee RG1.154 analysis led the Commission to direct 
the staff to revise the regulatory guide and associated 
rule 
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10CFR50.61 
(Background & Current Implementation) 
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SECY-82-465 Basis If beltine materials are projected 
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PFM 
"* Significant conservative bias 

in toughness model removed IL7 
"* Spatial variation in fluence 

recognized 
"* Most flaws now embedded 
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Scope of Analysis 

0 All PWR 
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Step 1: Collect Information 

" Started with previous PTS PRA analyses 
* NUREG/CR-3770 (Oconee) 
* WCAP-15156 ("Beaver Valley") 
* NUREG/CI 4183 (H. B. Robinson) 
* NUREG/CR-4022 (Calvert Cliffs) 

"* Collected plant specific information for three 
plants analyzed (Oconee, Beaver Valley, and 
Palisades). Examples include: 
* Emergency and abnormal operating procedures, including 

PTS relevant training material 
* Plant design information, 
* Existing PRA documentation, 
* Observed simulator exercises 

* Periodic interactions with and feedback from 
licensees 

Step 2: Identify Scope & Features of PRA Model 

"• Initiators 

* LOCAs: small, medium, large 
* Transients: all types including support system 

initiators 
* SGTR 
* SteamlineBreaks: small, large 

" Types of accidents 
* Overcooling with lowering or otherwise controlled 

RCS pressure 
* Overcooling with high RCS pressure 
* Overcooling withrepressurization 
* RCS faults, secondary faults, and combinations of 

RCS & secondary faults 
* At full power and at hot zero power

9
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Overview of Accident Scenario Modeling 
General Functional Event Tree for PTS 

Initiator Primary Integrity Secondary Pressure Secondary Feed Primary Flow/Press 

ok not PTS (1) 

ok/controlled mrnor PTS at most 
overfeed/prossurized/ 

ok overfeed 00o flw possible significant PTS 

underfeed/lost core damage; not PTS 

underfeed/lost go to Primary Integrity failed (Feed & Bleed) (2) 
ok 

ok/controlled minor PTS at most 
o77erfeedfpressurizedl 

not isolated/overfeed no flow poss ble signiftoant PTS 

dopressoieng _ underfeed/lost core damage; not PTS 

underfeedflost go to Primary Integrty failed (Feed & Bleed) (3) 

se. -ot =(4) 

(1} rot considered a PTS concem regardless of primary flow/pressure 

(2) loss of feed to both SGs. procedures call for Feed & Bleed which is equivalent to enterng tree at 
Primary Integrity 'failed" 

(3) iRe (2) above except secondary depressurization has furrher lowered RCS temp 
(4) logic is identical to rest of tree above except choices also exist for Primary Flow/Pressure even for 
Secondary Pressure and Feed "ok" state and PTS effects are generally potentially greater for 

all scenaros

Step 2: Identify Scope & Features of PRA Model 
(Continued) 

Operator Actions 
* Successes 

* Errors of omission 

* Acts of commission (procedurdriven) 

G 20



Classes of Human Failures
Primary Integrity 

Control
Secondary 

Pressure Control

* Operator fails to - Operatorfailsto
isolate an isolable 
LOCA in a timely 
manner (e.g., close a 
block valve to a 
stuck-open PORV) 

- Operator induces a 
LOCA (e.g., opens a 
PORV) that 
induces/enhances a 
cooldown

isolate a 
depressurization 
condition in a timely 
manner 
Operator isolates 
when not needed 
(may create a new 
depressurization 
challenge, lose heat 
sink...) 

, Operator isolates 
wrong path/SG 
(depressurization 
continues) 

* Operator creates an 
excess steam 
demand such as 
opening turbine 
bypass/atmospheric 
dump valves

Secondary Feed 
Control 

* Operator fails to 
stop/throttle or 
properly align feed in 
a timely manner 
(overcooling 
enhanced or 
continues) 

* Operator feeds 
wrong (affected) SG 
(overcooling 
continues) 

* Operator 
stops/throttles feed 
when inappropriate 
(causes underfeed 
may have to go to 
feed and bleed & 
possible overcooling 
that way)

Primary 
Pressure/Flow 

Control 

* Operator does not 
propedy 
throttle/terminate 
injection to control 
RCS pressure 

* Operatortrips reactor 
coolant pumps 
(RCPs) when not 
suppose to and/or 
fails to restore them 
when desirable 

* Operator does not 
provide sufficient 
injection or fails to 
trip RCPs 
approprately 
(modeled as leading 
to core damage 
rather than a PTS 
concem)

VG 21
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Step 3: Construct PRA Model 

" Oconee and Beaver Valley 
* Event tree- small fault tree models used for both 

power and hot zero power conditions 
"* Palisades 

"* Event tree- fault tree, where fault trees 
incorporated more component detail 

"* Power and hot zero power combined in same model
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Oconee PRA Model Development 

" First model to be constructed by NRC contractors 
"* HRA initially performed by NRC contractors with 

review by licensee 
"* Initiating event frequencies and equipment failure 

data based on industry generic data 

"* No preliminary TH or PFM information available 
during initial model construction 

"* Hence, modeled "all" over cooling scenarios 

VG 23

Beaver Valley PRA Model Development 

* Model developed by NRC contractors using lessons 
learned from Oconee analysis 
"* HRA initially performed by NRC contractors with 

review by licensee 
"* Initiating event frequencies and equipment failure 

data based on industry generic data 
- Utilized results from preliminary TH and PFM 

information 
* Therefore, PRA model could be simplified
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Beaver Valley PRA Model Simplifications 

N Sequences involving: 
"* Certain combinations of stuclopen pressurizer PORVsor 

SRVswere not modeled 
"• Certain combinations of secondary valve and simultaneous 

pressurizerPORV/SRV stuckopen events were not 
modeled 

"* Only secondary valve (single or multiple) stuilpen 
events were not modeled 

* Only a single SG overfeed from AFW were not modeled 
* Secondary depressurization downstream of tlNSIVs 

were not explicitly modeled 
• Steam generator tube ruptures were not modeled including 

even those involving lack of proper feed control and even 
with RCPsshutdown (possibly inducing RCS loop 
stagnation) 

5G ?5

Beaver Valley PRA Model Simplifications 
(Continued) 

Other sequences were screened from modeling on 
a case-by-case basis if the sequence frequency 
could be conservatively estimated at lower than 
"1IE-8/yr 

3 Justification: 
* When coupled with the highesCPFs being 

calculated for any type of sequence (in the3E 
range), this would yield a thrwall crack frequency 
of <E-11/yr range (thus would clearly not be 
important to the overall PTS results since some other 
sequences were known to involve thrwall crack 
frequencies in the U/yr range for reasonable 
EFPYs).  

V'G 26
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Palisades PRA Model Development 

"* Started with licensee's prexisting Palisades 
PRA model 

"* Modified by licensee to include NRC contractor 
input 

"* Collaborative HRA effort 
"* Utilized initiating event frequencies and 

equipment failure data contained in licensee's 
model 

VG 27

Step 4: Quantify and Bin Modeled Sequences 

"* Individual accident sequences quantified 
"* Combined "like" sequences into preliminary TH 

bins 
"* Developed new TH bins as necessary (an iterative 

process) 
"* Quantified pointestimate frequencies for all TH 

bins 

vG 28
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Step 5: Revise PRA Models and Quantify 

"* Models and preliminary results reviewed by 
* Licensees 
* Internal project staff 

"* Purpose of reviews was to determine: 
* Whether inaccuracies existed in the models and whether 

additional potential PTS sequences needed io be modeled, 
* Whether additional IH bins should be created, 
* Which human actions should be reexamined to produce 

even more realistic (i.e., less conservative) human error 
probabilities fIEPs), and 

* What combination of the above that could be accomplished 
within the constraints of the project.  

"* Models were modified anotequantifiedon 
the basis of these reviews

Step 6: Perform Uncertainty Analysis 

"* Each scenario (TH bin) is the interaction of what is treated 
as random events: 
"* Initiating event 
"* Series of mitigating equipment successeslfailures 
"* Operator actions 

"* So, the occurrence of each scenario is random 
FrequenCyCcenarla= FrequencnftXEenX ProbabilityquiPRp. Probabiltyop Actios 

each withepistemic uncertainties described by a 
distribution 

"* The various scenjarios & their frequencies characterize the 
aleato.y .ncertainties associated with the occurrence of a 
PTS challenge 

"* Latin hyperciube sampling technriqpes are used to 
pro pag ate t eepistemic uncertainties to generate a 
probaility distribution for each scenario frequency 

VC 30
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Step 7: Finalize Results 

I Selected aleatory uncertainties were dealt with 
quantitatively 
a Size of the LOCA within a LOCA category plus other 

factors (e.g.,initial injection water temperature), 
"* Size of the opening associated with a single or 

multiple stuck open SRV(s), 
"* Time at which a stuck open SRVeclose* and 
"* Time at which operators take or fail to take action.  

VG 31

General Form of the Results 

Set of TH Curves 
for Bin (Scenario) I , on each quantile estimate 

3 

PFM 
2 & PRA 

Integration 

Tasks 

Time 1" 22. 25.4 3124 1-5 

Bin (Scenario) Frequency 

(per year) 
Sampling performed to quantify the 

epistemic uncertainty In the bin frequency 
- Histogram: 19 Quantile Levels (0.5%99.5%) 
plus maximum sampled value 

* 95% confidence Interval on each Quantile Value 
Lower & Upper Bounds
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Thermal Hydraulic Analysis Approach 

" Purpose of thermal hydraulic analysis: 
* Generatedowncomertemperature, system pressure and heat 

transfer coefficient at the inside of the vessel wall for inliot 
FAVOR.  

"* Code used for all analysis: 
* RELAP5/MOD3.2.2 gamma released in June 1999 

"* Applied previously developed models as the starting point: 
* Oconee- model dates from original IPTS study 
* Palisades- developed from model provided bViemens Power 

Corporation 
* Beaver Valley- W substantially revised H.B. Robinson IPTS model 

to reflect Beaver Valley 
* Two-dimensionaldowncomermodel added and models revised to 

reflect current planfsetpointsand operating procedures 

VG 33

Assessment of RELAP5 for PTS Applications 

0 Assessment presented at the 12111/02 Thermal 
Hydraulic Subcommittee meeting based on: 
"* developmental assessment casestarvikeil MIT 

Pressurizer SemiscaleNatural Circulation, UPTF 
"* integral test data: MIST, LOFT, ROSIV, ROSAAP600 

"* Review and update assessment results from 
Subcommittee Meeting 
* Focus on Tests MIS~100B2 ROSAAP600 Test APCL-03, 

AP-CL-09, and ROSAIV Test $BCL-18 
"* Show that: 

"* RELAP5 provides good agreement faftwncomer 
temperature and system pressure 

"* Effect of differences between code and experiment on 
conditional probability of vessel failure



MIST Results (4.4-inch cold leg break)
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- MIST Test 410062. 100 con' cold tW9 0rea*4RELAP5) 
- MIST Test 410082, 100 an' cold leg break (Expervsrentt Dam)
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MIST Overview 

" MIST (Multiloop Integral System Test) 
"* Full height fullpressure, integral.system 

experimental facility (piower scaling factor is 817, 
volume scaling factor is 620) 

"* B&W loweredloop design with two hot legs and four 
cold legs.  

"* Major plant components modeled in MIST 
"* Boundary systems provided simulation of the HPI, 

emergency'eedwater, vents, controlled leaks, and 
steam generator tube ruptures.  

" Transient assessed is Test 4100B2 which is a 4.4 
inch (100 cnf) cold leg break 

VG 35
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ROSA-AP600 Overview 

"* ROSA Facility 
* 1/30 volumescaled, full height, fuipressure 

representation of a Westinghouse AP600 passive 
safety PWR 

* Major plant components modeled in ROSA 
"* Transients assessed: 

"* 1-inch diameter break on bottom of cold leg (403) 
"* AP-CL-09 - same as APCL-03 except with multiple 

failures 

VG 37

ROSA AP-CL-03 Results 
800 589 3000 207 

500 533 2500 17.2 

400 478. 2000 138 
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000 
0 2000 4000 6000 S 00 200o 4000 60 8o000 
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- ROSA-AP600. AP-CL-03. I cold leg break. I ADS-4 valve fails to open (RELAPS) 
- ROSA-AP600. AP-CL-03, 1 cold leg re-ak, 1 ADS-4 valve tails to open (Experimendal Dats)
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ROSA AP-CL-09 Results 
600 589 3000 207 

500 533 2500 17ý2 

400 478 2000 138_ 

15304221 L 1500 103 1 

200 3866 1OD0 6.9 
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- ROSA-AP600 AP-CL-09. 1" cold leg break, tunple systeM failures (RELAPSI 
- SXRA-A..AP80 AP-Pt_( I m0rfI ,&i Ia r~ek mmi.nl -w-e,, isAdr-a iFonr-,nnsn ri flu 
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Effect of Differences Between RELAP5 and 
Experiment 

Case Mean Pressure Std Dev Error Mean DC Temp Std Dev DC 
Error (MPa) (MPa) Error (K) Temp Error (K) 

MIST -4100B2 -0.2 0.3 -4 11 

ROSA - -0.4 0.7 -1 16 
AP-CL-03 

ROSA -0.1 0.2 0 9 
AP-CL-09 
ROSA-IV 0.2 0.2 1 8 
SB-CL-18 

Mean values and standard deviations of the pressure and average downcomer fluid temperature error 
defined as: 

Pressure Error = PutAp - PoATA 
Average Temperature Error = TAVEu,[Ap - TAVEDATA 

An examination of the effect of these differences on 
conditional probabilities of vessel failure as calculated 

FAVOR is underway

I



PFM in the Overall Process
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Probabilistic Fracture 
Mechanics Summary

"* Toughness 
Referenced to toughnes 
data & physical 
understanding 

SSignificant conservativ 
bias in unirradiated 
index temperature 
removed 

"' Noanconservatism in 
arrest model removed 

v/ Aleatory nature of 
toughness uncertainty 
quantified 

" Embrittlement

VG 43

I

* Referenced to toughness 
data & physical 
understanding 

VCorrelation with better 
empirical/physical basis 

SSlight biases in in CVN 
based shift estimates 
removed

RTNDT Bias Correction

* Quantify how far off 
RTND is from an accurate 
representation of real 
toughness data 

Using a consistent 
representation of that 
data 

* T. best represents "true" 
fracture toughness 
transition data 

a Adjustment based on 
CDF ofART=RTNDT(u) - To -- 0 

a ART accounts forafl 
known epistemic 
uncertainties

" Fluence 
Spatial variation in 
fluence recognized, 
significant conservatism 
associated with max 
fluence assumption 
removed 

"* Flaws 
"* Based on significantly 

more data than before 
"* Most flaws now 

embedded rather than 
surface flaws 

"* More flaws than before

U

A RrWoT

ARTT~,.  

150 po.100,d 0 .  

0' 
C0000 

ratv Wto 

O. d-0 0
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0 
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Oconee 1 Material Map
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Scope Considered PRA 

"* Initiators 
"* LOCAs: small, medium, large 
"* Transients: all types including support system initiators 
* SGTR 
* Steamline Breaks: small, large 

"* Types of accidents 
"* Overcooling with lowering or otherwise controlled RCS 

pressure 
"* Overcooling with high RCS pressure 
"* Overcooling with repressurization 
"* RCS faults, secondary faults, and combinations of RCS & 

secondary faults 
"* At full power and at hot zero power 

"* Operator Actions 
* Successes 
* Errors of omission 
* Acts of commission (procedurdlriven) 54 

VG 54
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Issues Important to Understanding the 
Results 

"* Numerous uncertainties were accounted for 
* Break size variation, 
* HPI flow and temperature variations, 
* Valve size openings, and 
* Timing of SRVreclosure 

"* Combinations of these uncertainties yield 
different TH profiles 

"* Representative cases were selected to depict 
all these possible TH profiles by the 
assignment of appropriate split fractions 

VG 55

Issues Important to Understanding the 
Results (Continued) 

For example, the original Palisades medium LOCA bin was 
subdivided into the following TH bins to represent the possible 
spectrum of TH profiles using the split fractions provide by UMD.  

TH TH Case Description Split 
Case Fraction 
No.  

62 20.32 cm (8 in) cold leg break. Winter conditions 0.35 
assumed (HPI and LPI injection temp = 40 F, 
Acm.u.l.ator tmp - 60 F) 

63 14.37 cm (5.656 in) cold leg break. Winter 0.30 
conditions assumed (HPI and LPI injection temp = 
1 0 F, Accumulator tem~p - 60 F) 

64 10.16 cm (4 in) surge line break. Summer 0.35 
conditions assumed (HPI and LPI injection temp = 
1.00 F, AeeumulateF teomp - 00 F) 

I VG 56
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Plant-Specific TH Features 

Characteristic Oconee fBeaver Valley Palisades 

Plant Type B&W lowered loop Westinghouse CE design, 2x4 loops 
design, 2x4 loops, design, 3 loops 
OTSG 

Core Power (MWth) 2568 2660 2530 

RCP Trip Criteria all pumps assumed to AP < 200 psid betiseen the RCS one pump tripped in each loop 
trip whensubcooling < and highest SG pressure (normal if PZR pressure< 1300psia.  
0.5'F containment conditions) All pumps tripped when 

Ap < 375 psid (adverse subcooling < 25°F 
containment conditions) 

HPI maximum flow 180 Ibm/sec 134.8 lbm/sec 184 Ibm/sec 

HPI shutoff head > 2600 psia > 2600 psia 1292 psia 
LPI maximum flow 1050 Ibmtsec 690.9 Ibm/sec 922 Ibm/sec 

LPI shutoff head 214 psia 215 psia 218 psia 

Accum liquid volume 2150 ft 3104.1 ft' 4800 ft' 

Accum disch press 590 psia 648 psia 215 psia 

PZR SRV Capacity 489,183 Ibm/hr 1,494,618 Ibm/hr 690,000 lbm/hr 
(total fat 2 alvesi (total for 3 valves) (total for 3 valves) 

SG Water Mass 40,000 Ibm (HFP) 118,760 Ibm (HFP) 142,138 Ibm (HFP) 
11,000 Ibm (HZP) 160,470 Ibm (HZP) 210,759 Ibm (HZP) 

SG SRV Capacity 13.0 Mlb./hr 13.1 Mlbber 37.6 Mlb/hr 
(16 valves) (I valves) (24 valves) 

AFW maximum flow 1390 gpm (motor) 700 gpm (motor) 400 gpm (motor) 
(total) 1350 gpm (turbine) 700 gpm (turbine) 400 gpm (turbine) 

VG 57

Plant-Specific TH Features (Cont.) 

m Reactor vessel vent valves (B&W) 
0 As in Oconee, valves connect upper plenum towncomer 

* LPI and Accumulator: 
* Beaver Valley and PalisadesLPI and accumulator 

connections to each cold leg 

* Oconee- low pressure injection and core flood tank 
(accumulator) discharge connected directly to the 
downcomerabove the cold leg nozzle 

* Palisades- low accumulator initial pressure 

* HPI flow characteristics 
* Oconee- about 30 percent more flow to the 'A" loop 

compared to the B loop 

* Beaver Valley and Palisadesequal flow to all loops 

vG S8



Plant Specific PFM Features

* Cladding 
* Ooný. Single layer clad-> circe surface breaking 

cracks 
* Beaver Valley & Palisades 

Multi layer clad- no 
surface breaking cracks

All plants have plantpecific 
* Dimensions 
* Weld I plate placement 
* Fluence maps 
* Chemistry 
* Transition temperature

VG 59

TWCF Estimates

Cr 
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"* Over realistic operational lifeotmes 
the estimated TWCF for these 
plants isjsmal 

"* Values range from lxlW to 5xls 
"* Two of these plants are among the
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Characteristics of these TVjCF Distributions

m Skewed: the g5h percentile 
and mean roughly coincide 

" . because, the physical nature 
of cleavage fracture produces 
finite minimum toughness 
values 

"* Therefore :- (!nit or fail) can 
be, and often is, zero 

"* However, sometimes (rarelyJ7r 
(!nit or fail) is large 

* Severe transients, AND 
* Large flaws, AND 
* High embrittlement, AND 

"* These factors produciskewed 
TWCF distributions

* B/ t:> 3orders of 

ma itude separate -0 and 
9 5t ercentiles 
... f all the same reasons 
list under 'skewed' 

* Dis butions narrow as plant 
ope ting time: because 
ma ialembrittle$ mitigating 
(or minating) zero 
con butors to the TWCF 
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Thru-Wall Cracking Frequency, TWCFVG 75

Dominant Transients Overview
-II

"* LOCAs dominant contributor to risk 
" Stuck open valves also a contributor in B&W PWFl 
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Contributors to Through-Wall 
Cracking Frequency

i TWCF is the product of 
"* The initiating event 

frequency, IEF, (Xaxis), 
and 

"* The conditional 
probability of failure, 

PF, (Y-axis) 

a The contribution of KEF 
and CPF to the through 
wall cracking frequency 
is a proximately "balanced" 

• All but two of the 
dominant transient 
categories have[EFsand 
CPFs-that are within 
about*1 order of 
magnitude

1.E-02 
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S1.5-06 
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1.E-07 ..  
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Initiating Event Frequency

Source of Uncertainty in Dominant Transients 
-- LOCAs <-

100

"* LOCAs important in all 3 plants, 
dominate in Palisades and Beaver 

"* Relative contribution typically u- so 
increases (or remains approximately 
constant at a high value) as EFPY 
increases 

" About 3 orders of magnitude 60 0 
uncertainty inTWCFsdriven by: 
* 2 orders of magnitude come from O 

uncertainty in LOCA frequencies 
(reflect latest NRC expert judgments) 2 40* 
propagated thru the analyses 

" T-H uncertainty is handled by different-= 
"bins- each representing different 
LOCA sizes; within any bin- no T-H 0 
uncertainty (small) 20 

"* PFM uncertainties account for 
remainder of uncertainty 

1/ order of magnitude: P46Tblas 
adjustment 

/1 order of magnitude: flaw distribution 0 
"* Operator actions do not play a key role

A.

0 200 400 600 800 1000 

EFPY [years] 78

CIG 30

# Oconee - LOCA (Pipe Break) 

N Oconee - Stuck Open Valves, Primary Side 

A Beaver - LOCA (Pipe Break) 

X Beaver - Stuck Open Valves, Primary Side 

I Beaver- MSLB 

* Palisades - LOCA (Pipe Break) 

-t Palisades - Stuck Open Valves, Primary Side 

6 Palisades - MSLB 

0 Palisades - Stuck Open Valves, Secondary Side
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Medium-Break LOCA Results Comparison
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Medium-Break LOCA Results Comparison
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Small-Break LOCA Results Comparison 
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Source of Uncertainty in Dominant Transients 
-- Stuck Open SRVs that Re-Close Later <-

100 
Stuck-open SRV / reclosure type 
scenarios an important class of 
transients for Oconee only 
"* Relative contribution lowers as EFPY U 80 

increases 
"* Important for Oconee due to greater Z 

tendency to decouple RCS from secondart e0 
and less heat addition from steam >_ 
generators Into the RCS during event In o 
B&W plants 

" Key uncertainties in this type of transienf 40 

have been addressed quantitatively 
V Degree of valve opening 

Modeled by a split fraction for fraction of valve 0 
opening size of Interest to PTS assuming any size • 20 
opening is equally likely 

"V When valve recloses 

Modeled by two discreet models (bins) reclosureat 
3000 sec Soeclosure at 6000 sec with 5050 
probablitty 

/ How fast operator controls RCS srwessurization 0 

Modeled by different times and associated 
probabilities with uncertainties for operator actions.  
Note: different probabilities used across 3 plants; no 
considerable credit for success.  
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OcUne
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Flaw size & location, and embrittlement constant in all three analyses.  
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Stuck-Open Primary SRV Results Comparison 
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- - - Oconee Case 122 - RT" wl SO Pzr SRV (red)@ 6000)S. HZP, HPI flotftg (10 rmn delay) (VFT=6960s) 
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Stuck-Open Primary SRV Results Comparison 
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500 533 2500 172 
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Comparison of Dominant SO Primary 

Oconee Beaver Palisades 
4.0 

-.,0.--m. -SO SRV @~ F
. t 113- SO SRV _ 0 o,-10 

- 15 - o0 FP, 50R 

Z5 .-- 124-SOSRV HZP,0 

1.09 

•ox 

0.0 

200 100 0 .100 .20WO 100 0 .100 .-0 IN 100 0 .10 .200 

T - RTNOT [°F] T - RTNoT rF] T - RTNDT CF] 

Flaw size & location, and embrittlement constant in all three analyses.  
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Non-Dominant Transients 
-- Main Steam Line Break? (-

100 

0 Main Steamline Breaks ' 
and other secondary 80 

faults (stuckopen •-II 
valves, overfeeds, etc.) 6 

are relatively 
unimportant 
* Why? generally: 0 4V 

V Binning not as gross as in earlier work • 
(current work separates large breaks .  
from small breaks from valvepening ro 
scenarios so there is less conservatism 0 20 
compared with earlier studies) 

v" Not as severe a transient as a LOCA 
V Realistic credit for operator actions 

Including uncertainties on human action 0 
probabilities 0 200 400 600 800 1000 

* Note: Uncertainties / judgments would EFPY [years] 
have to be significantly different before

C?-) 35



Stuck-Open Secondary SRV Results
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MSLB Results 
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---- 9: 16-in. Hot Leg Break 

--0-- 56: 4-In. Surge Line Break 

- 102:MSLB at full power. Aux-feed continues for 30 minutes and 

operator hold HSI open for 30 minutes 

-9--103: MSLB at HZP. Aux-foed continues for 30 minutes and operator 
hold HSI open for 30 minutes 

-- G- 104: MSLB at full power. Aux-feed continues for 30 minutes and

Comparison of Dominant Secondary Side 

Oconee Beaver Palisades 
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Summary 

PTS TWCF very low over any currently 
E uantirlmt.d naIPeting lifetime.

* Operations 
"* LOCAsand stuckopen 

valves on primary side 
dominate PTS challenge 

"* Secondary side breaks 
insignificant contributors 

"* Holding all material factors 
constant, operational 
challenge reasonably 
consistent between 3 plants 
analyzed 

V Probability of challenge 
occurring 

SFracture challenge 
assuming event occurs

Materials 
"* (Nearly) all weld flaws 

occur on weld fusion line 
"* Axial weld flaws dominate 

through wall cracking 
frequency 

V Axial weld toughness 
V Plate toughness 

"* Circ. weld flaws make 
minor contribution to 
through wall cracking 
frequency 

V Circ. weld toughness 
SPlate toughness 
SForging toughness 

"* Flaws in large regions of 
plate & forging remote from 
welds too small to matter

Dominant Material Contributors 

"* Axial weld cracks 
dominate TWCF Palisades 
(490%) 
"* Axial weld RAa or Beaver 
" Plate R xiaWelds 

"* Circumferential weld 
cracks play a minor 
role in TWCF f 10%) 
" Circ. weld RTg, or . 9 

" Plate RTwr 
"* Forging R16 t 

" Cracks in plates and 85 

forgings too small to play arole 0 200 400 600 800 1000 
EFPY [years] 

VG 95
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Apicabityofc 
ARe itýWS

Overview 

* Consideration of external initiating events 

* Generalization of 3 plambpecific analyses to all 
PWRs
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Impact of External Events 

"* External events (e.g., fires, earthquakes, floods) can 
also cause overcooling events 

"* Actual experience indicates a small fraction of 
significant overcooling events involve external events (1 
or 2 out of over 100 events) 

"* Performed general bounding analyses to determine 
worst-case contributions to TWCF (e.g., no operator 
credit) 

" Findings: 
"* Realistically: Not quantified, but judged Jt be a 

significant contributor t5WCFsas compared to internal 
events 

"* Bounding results: External events could result in similar 
TWCFsas for internal events 

99 

VG999

Example of External Event Approach 
" Internal scenario #1 description 

* Small LOCA 
" Corresponding external event scenario 

* Seismic-induced pipe break only external event 
identified 

v( 0.3 g HCLF assumed (corresponds to 0.5 g median 
fragility) with uncertainty 

" Based on above fragility information & seismic hazard 
inputs, determined seismidnduced small LOCA 
frequency for two sites 
"• H. B. Robinson 1.1E-4/yr (mean) 
"* Diablo CanyonS.OE-4/yr (mean) 

• Note: No accounting for seismic effect on HPI (assumed 
to work) & no credit for operator mitigating actions
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Example of External Event Approach (cont'd) 

"* Internal scenario #2 description 
* Reactor trip with single stuebpen PORV 

"* Corresponding external event scenarios 
"* Seismic-induced PORV opening (e.g., relay chatter) 

S0.3 g HCLF assumed (corresponds to 0.5 g median 
fragility) with uncertainty 

"* Fire-induced PORV opening (e.g., hot short) 
"* Based on above fragility information and seismic hazard 

inputs, determined seismiinduced PORV open scenario 
frequency for two sites 
"* H. B. Robinson 1.1E-4/yr (mean) 
"* Diablo CanyonS.OE-4/yr (mean) 

"* Note: No accounting for seismic effect on HPI (assumed 
to work) & no credit for operator mitigating actions.  

VG 101

Example of External Event Approach (cont'd) 

* Based on 2E2/yr fire frequency (Aux Bldg electrical 
cabinets experience), 0.5 hot short probability, & 0.1 
factor to affectspecific cabinet/circuit of concern = I-E 
3/yr fire-induced PORV open scenario 

' Note: no accounting for operator actions such as to 
close valve/block valve, or other mitigating actions.  

* Sum of seismic and firdnduced scenario frequencies is 
< 2E-3/yr.
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Resulting Comparison of 
Internal vs. External Event TWCFs 

(External Event TWCFs < highest Internal Event TWCFs) 

Scenario Internal Internal Internal External External External 
Event Event CPFs Event Event Event CPFs Event 

Frequencies @ L100 TWCFs Frequencies @:5_100 TWCFs 
EFPY EFPY 

Small LOCA < 2E-3/vr < E-5 < 2E-8/vr < 5E-4/vr < E-5 < 5E-9/yr 
Stuck-open < 3E-4/yr < E-5 < 3E-9/yr < 2E-3/yr < E-5 < 2E-8/yr 
PORV

Generalization of Results to Other PWRs 

"* Ongoing 
"* Looking at 5 other PWRs that are among the most 

embrittled plants 
"* Approach: 

"* Compare plant design and operational features that 
matter most to the 3 plants analyzed 

"* Qualitatively judge potential impact on PTS results 
based on these comparisons 

"* Assuming LOCAs should still dominate, results 
should be similar since frequencies would not 
change, T-H responses should be similar to extent 
plant features are similar, andPFsshould not be 
drastically different from plants analyzed (Beaver 
Valley and Palisades are also among the more 104 

embrittled plants)



Plants Covered in Generalization Step 
Tolerance to, a ln o . Moa Embknttled FITr., + Zldllt on 
PTS 0.11-ag. itNm ~ ali Sitl 40 year IF 

"* Plants ranked in 2 BEAVERVALLEYI PLATE 194 

terms ofun PAIS A W 1 

irradiated RIDT+ "I" 750I2 WELAD 170 

Eason 1 _ 64 to WATTS BAR I FORGING 164 
it1 ST. LUCIE I AXIAL WELD16 

em riteJn 1-2 J SURRY I AXIAL WELD 163 e t e13 INDIANPOIR•T2 PLATE 162 

shift at 32EFPY. 15 POINT BEACHI AXALWELD 159 
16 PARLEY 2 PLATE 158 weldsFNOT P 17 BMOCM E AXIAL WELD 158 S1 7 15[l ,X• ED,8 
M Iic.E OCONdEES I AIAL WED 157 

"• Circa welds NOT•- 9 • 19 • NOTHAA ORGN 5 

considered inZ20 SERNHRI PLT15 
F. 21 NORTH ANNA 2 FORGING 153 I 22 COOK 2 PLATE 152 

ranking 23 SALEM 2 AXIAL WELD 148 
.i 24 CRYSTAL RIVER 3 AXIAL WELD 141 

25 I CALVERTCLIFFS2 PLATE 139 
26 ROBINSON 2 PLATE 138 

27 COOK 1 AXIAL WELD 138 
28 PARLEY 2 PLATE13 

PLATE 133 
LARKANSAS NUCLEAD 129 

Notes 

VG 10 1SWbM ae nGwrlamse

General Information Categories Examined in 
Generalization Step

"* Secondary Breaches 

"* Secondary Overfeed 

"* LOCA Related 

"* PORV and SRV Related 

"* Feed and Bleed Related

VS SW

Ci 43
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Secondary Breaches 

"* Number ofMSIVs 
"* Isolation capability with regard to other paths 

(e.g.,ADVs, SDVs, TBVs) 
"* Identification of procedures, steps, and location of 

steps within procedures that ensure likelihood of 
early identification & isolation of faulted steam 
generators 

"* Operator training or procedural allowances that 
support early isolation of steam generators 

"* Location/size ofsteamlineflow restrictors 
" Key assumptions relative to MSLB analysis 
" AFW/MFW control duringteamline break (or 

similar) [e.g., auto isolate, selfimiting flow, 
manual only control] 

"* Does turbinedriven pump isolate in MSLB? 

VG 107

Secondary Overfeed 

* Information on the feed (MFW and AFW/EFW) 
capabilities to the steam generators including 
inventory of water available to continue MFW 
or AFW/EFW 

* Information on normal steam generator 
inventory 

* Information on possible feed temperatures for 
all feed sources (especially how cold they 
could be)
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LOCA Related 

"* Allowable range of safety injection water temperatures 

"* Information to estimateecirculationwater temperature 

"* Safety injection water source size (i.e., inventory) 
"* Safety injectionflowrateversus LOCA break size 
"* Charging, HPI, LPI shutoff heads 
"* Actuation requirements for containment spray and flow 

rate once running 
"* Impact on HPI, LPI, charging when sump switchover 

occurs (which pumps on vs. off) 
"* Any significant changes in flow rates going from 

injection torecirculatioit 
"* Accumulator (SIT, CFT) discharge pressure 

VG 109

PORV and SRV Related 

"* Number and sizes oPORVs & SRVs, whether plant 
operates with PORV block valves normally shut, and if 
there are any auto operation features of tiMRVs 

"* Instrumentation available (e." ccousticmonitors, 
differential pressure, etc.) to identify opmoRVsor 
SRVs and to notice if they haveeclosed 

"* Procedure for addressing LOCAs resulting from stuck 
open PORVsor SRVs 

"* Procedures for addressing the suddereclosureof such 
valves including throttle terminate SI guidance 

"* Training material associated with suateclosureevents 
"* Operating characteristics of charging whq3ressurizer 

level goes back high (e.g., stop, keep running?) 
"* How manySRVs must open before likely initiation of 

containment sprays?
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Feed and Bleed Related 

"* Number of AFW/EFW pumps/flow paths versus 
minimum success criteria for adequate feed to the 
steam generators 

"* EOP criteria for initiation of feed and bleed 
"* Number of PORVs opened out of total available (or 

even SRVs if pumps can operSRVs) when in feed 
and bleed mode 

" Number of HPI pumps used in feed and bleed and 
is actual flow rate equivalent to number of pumps 
(e.g., at BV, they attempt to use all pumps but 
design only allows 2 out of 3 pumps to be aligned 
for injection at any one time) 

VG 111

Summary 

* External events 
* Contribution small relative to internal events 

* Generalization 
* 5 plants selected- highestembrittlement 

* Question for plants developed based on 
understanding of important contributors developed 
so far 

V. 112



C•> 47

i sk-lUnfre 
Reacto Vese 

Failure Frequ1aenc 

Accptnc Mriterias

Reactor Vessel Failure Frequency (RVFF) 

"* RVFF criterion needed for two 
purposes: 

"* Support definition of RPV 
emxrittlemenacriterion 

"* Provide acceptance criterion for 
safety analysis 

0 4 
"* Current metric and criterion I,.1 / 

established in RG 1.154: ED 

RVFF MTWCF ! / 
RVFF* = 5 x 106/ry ••v,.,•. .. ) 

RVFF* 5 x 05/ryVessel damage, age,5 

"* Limited scope activity to revisit 
metric/criterion in light of 
recent riskinformed regulation 
initiatives

I
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Task Activities 

"* Identification of options 

"* Scopingstudy of postvessel failure accident progression 

* Qualitative evaluation of technical issues 

* Review of pilot plant calculations for T/H conditions 

* Limited calculations 

"* Status reports and meetings 

"* SECY-02-0092 (5/10/02) 

"* ACRS (7/10/02), public meetings (10/17/02; 1/31/03) 

"* Chapter 5, draft NUREG (12/31/02) 

SFocus on acceptabili.ty => activities are largely independent 
of plant-specific studies 

VG 115

RVFF Acceptance Criteria 
Principles in Developing and Evaluating Options 

" Consistency with intent of original rule 

"* Low risk level 

"* Low relative contribution 

"* Consistency with recent rislinformed 
initiatives 

"* Risk metrics 

"* Risk criteria 

"* Consideration of defensen-depth 

VG [16
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RVFF Acceptance Criteria 
Options (SECY-02-0092) 

"* Definition of RVFF 

"* RVFF = f(PTSinduced RPV throughwall crack) 

"* RVFF = f(PTSinduced crack initiation) 

"* RVFF acceptance limits 

"* RVFF* = 5 x 10s/y 

"* RVFF* = 1 x 1(5/ry 

"* RVFF* = 1 x 10s/ry 

VG 117

Post-SECY Discussions 

"* Budgeting process: focus effort on assessing RVFF 
for pilot plants 

"* ACRS Letter (7/18/02; ML0220406120) 

"* RVFF should be based on considerations of LERF (and not CDF) 

"* Current LERF surrogate goal is not proper starting point 

"..source terms used to develop the current goal do not refleblair-oxidation 
phenomena that would be a likely outcome or a PTS event." 

"* Options: 

" Develop acceptance criterion from prompt fatality safety goal 

Us a frequencybassed approach to develop RVFF* to provide assurance that 
PTS-induced RPV failures are very unlikely 

" ACRS' expectation: RVFF* will be substantially smaller than opld 
proposed in SECY02-0092 

VG 113
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Definition of RVFF 

It is appropriate to define RVFF as the frequency 
of through-wall cracks (TWCF) 

"* TWCF is a more direct indicator of risk than is the 
vessel cracking initiation frequency 

"* The current technology for predicting crack arrest 
is reasonably robust 
"* Laboratoryscale experiments 
"* Scaled-vessel experiments 

VG 119

Scoping Study - Key Questions 

"* Is a PTS-induced RPV failure likely to lead to 
melted fuel? 

"* Is a PTSinduced RPV failure likely to lead to a 
large, early release? 

"* Is the release spectrum (frequenegonsequence) 
for PTSinduced large, early releases significantly 
worse than that associated with riskignificant, 
non-PTS-induced scenarios? 

VG U2
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Scoping Study - Approach 

"* Refine SECY-02-0092 list of technical issues 
"* Develop accident progression event tree (APET) to 

support identification, representation and 
discussion of technical issues 

"* Evaluate current state of knowledge regarding 
technical issues 

"* Context for evaluations: 
"* Focus on pilot plantsi some consideration of plants 

addressed in generalization task 
"* Whether/how PTS changes accident progression

Accident Progression Event Tree (APET) 

Y. Y 

3- 7 

-------- ;a Y 

"Y yes 

GM Y' =34 yes bt reduosd malgni~tude 

340122no 33
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43 Y 

o9 V 

12 V Y 13-24 SeSqeo 1 12 

2269 

x Y Y 

37 

4O y Y y 

187 

w9 Y y. y 
191 
92 193 V Y* y 

197 Y Y " 
898 

00 Y Y y

Potential Sources of Dependence Between Top Events 

* Plant systems 
* RPV movement 
* Fragments 
* Fuel movement 

VG IN4

I



53

Plant Conditions at RPV Failure 

"* Power available, cooling systems running 
(injection mode) 

"* LOCA events: RCS cooling, depressurizing 
"* MLOCA- RPV failure at ,1530 min (40 EFPY) 
"* LLOCA- RPV failure at ,,510 min (40 EFPY) 

"* Stuck-open SRV events: RCS at SR~etpoint 
RPV failure at -60120 min (40 EFPY) 

VG 125

Blowdown Potential After RPV Failure 
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Blowdown Potential After RPV Failure
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Blowdown Potential After RPV Failure 
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VGM

Pressure Differentials After RPV Failure 

Plug-in from Dave Bessette 

VG 13
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Observations 

"* Accident energetics are more benign than those of some 
other scenarios previously studied (e.g., HPME).  

"* Containment spray failure probability may decrease for 
PTS events.* 

"* Likelihood of fuel cooling dependent on reactor cavity 
design 
* Cavity flooding above top of fuel expected for some plants 
* For other plants, ECCS may not be sufficient to cool fuel 

"* Blowdown forces on RPV and internals likely to be the 
same order of magnitude or bounded by design basis 
LLOCA 

*For some plants, this may be dependent on plant 

changes in response to GSI-191.  
VG L33

Scoping Study Conclusions 

"* The conditional probability of early fuel damage (given a 
PTS-induced RPV failure) appears to be 
"* Extremely small for plants with cavities likely to be flooded 
"* Non-negligible for other plants 

"* The conditional probability of early containment failure 
and a large, early release (given a PTS-induced RPV 
failure) appears to be very small for all plants 

"* Should a PTS-induced large, early release occur, such a 
release may involve a large-scale air-oxidation source 
term
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Implications for RVFF* 

"* RVFF* = 1 x 10 6/ry is consistent with philosophy 
of original PTS rule, with ACRS guidance, and with 
Safety Goal Policy Statement 
* Assures a low level of risk associated with PTS events 
* Assures small relative contribution to acceptable risk 
* More limiting with respect to core damage than RG 

1.174/Option 3 criterion for CDF 
* Consistent or conservative with respect 1115Os 

"* Expectation: RPlembrittlemenUimits will be 
established in a risldnformed manner 

VG 135

Summary Conclusions 

"* RVFF= TWCF 
"* RVFF* = 1 x 106 /ry 
"* RVFF* should be compared against mean of plant 

specific RVFF distribution 

VG 136



59

PTS "re

LCený

Outline 

"* PTS risk at likely operational lifetimes 

"* Operating challenge considerations 

"* Materials considerations 

"* A physically motivated embrittlement metric



PTS Risk is Low

* Over realistic 
operational lifetimes, 
the estimated TWCF fo 
these plants WLsRf&
small (from lxl@ to 
5x10") 

* At the current 
screening criteria the 
yearly TWCF Is N 
approximately 1x1( 

* Two of these plants are 
amono the most
embrittled in ooerationl

VG 141
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Operational 
Considerations

All material 
factors held 
equal, the 

severity of PTS 
challenge is 
remarkably 

similar between 
the plants 
studied 

The frequency of 
challenge is also 
similar between 

plants
VII 143

0 

-I 

0 

Ii

Oconee Beaver IPalisades

-7

Axial Weld Flaws Dominate TWCF 

"* Axial weld cracks 
dominate TWCF 1oo ailsades 
( -90%) 

4 
"* Axial weld RTaT or W Beayp ._ 
"* Plate R~w ýA xial1 

"* Circumferential weld 
cracks play a minor 
role in TWCF f10%) 
"* Circ. weld RTew or .2 90 "• Plate RTmr _ 

"* Forging R16 z 

" Cracks in plates and 85 

forgings too small to 
lav a role0 200 400 600 800 1000 

EFPY [years] 
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Characteristics of a Physically-Motivated 
Embrittlement Metric 

A causal relationship should exist between tlJL 
embrittlementmetric and TWCF ... =0 

"* Axial weld / plate properties dominate the metric, 
"* Circ weld / forging / plate properties play minor 

role 

"* Relevant fluence is that along the welds 

"* Large regions of plate / forging remote from welds 
don't matter 

VG 19
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Suggested Embrittlement Metric 
(& Significance) 

VERY LOW predicted TWCF 1.E-05 
values suggest that 
revision of the PTS rule & " 
screening criteria is I.E-06 
justified M 

A yearly RVFF limit of >"10 
lx10- events corresponds U., 
to a weightedRTNDT value 
(RTNDT*) of 29FT 1.E.08 

Since RTNDT* is about 90F 4
less thanRT pr, this 0 Oc onee
suggests that'a 8SF to 1.E-09 
110,F increase of the 
current 10CFR50.61 10 .  
screening limit is possible I.E- .  

0 200 300 400 

Results suggest that operation II [OF] 
possible for 60 to 80 years withoutll-T [°F] 

E4close apoach to RVFF* limit.

RTNDT* Screening Limit for PTS 

1.E-05 

Margin onRTNDT* neither 
necem ry nor appropriate 
SMaximum material I.E-06 ' 

uncertainties accounted for i 
explicitly In FAVOR 
calculations- an plant L 1.E-07 
state of knowlelge will be U 
bettor than we simulated 

*290oF RTND* limit pertains 
onl toRfNT* estimated E00Ooe 
f r o m 9.E eave 

" RID RT.DT(o) values....  

r 
cu 

1.E-10

I
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Conclusions 

* These analyses provide a technical basis to 
recommend revision of the PTS rule 
"* Two of the most embrittled plants in fleet have a 

TWCF at or below 5x10 at end of license extension 
(60 years) 

"* At the 10CFR50.61 Rt screening limits these plants 
have a TWCF of lxlG(,vs. RG 1.154 at 5x1) 

* Analysis supports a revised screening limit of 
"* 290PF on a weighted RX value 

V Axial welds & plates dominate 
V Circ welds and forgings minor contributors 

"* This limit is 80F to 11OF higher than current 
10CFR5O.61 limits on I;Ts 
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On-Going Activities 

"* RES activities 
"* Calvert cliffs 
"* Generalization to all plants 
"* Sensitivity studies & a more detailed examination of 

current results 
"* Favor V&V 
"* External peer review of project 
"* Implications for operational limits (10CFR Appendix G) 

"* NRR activities 
"* RES Draft NUREG sent to NRR on 1-31-02 
"* NRR comments due by 331-03 
"* Decision to proceed with rulemaking? 

VG 155
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Reactor Vessel Failure Frequency (RVFF) 

* RVFF criterion needed for two 
purposes: 

"* Support definition of RPV 
embrittlement criterion 

"* Provide acceptance criterion for 
safety analysis > 

Current metric and criterion am) LL 
established in RG 1.154: _ _ Sen 

RVFF TWCFLimit 

RVFF* = 5 X 1O- 6/nj 
Vessel damage, age, 

M Limited scope activity to revisit or operational metric 

metric/criterion in liiqht of 
recent risk-informed-regulation 
initiatives

VG 1
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Task Activities 

"* Identification of options 

"* Scoping study of post-vessel failure accident progression 

"* Qualitative evaluation of technical issues 

"* Review of pilot plant calculations for T/H conditions 

"* Limited calculations 

"* Status reports and meetings 

"* SECY-02-0092 (5/10/02) 

"* ACRS (7/10/02), public meetings (10/17/02; 1/31/03) 

"* Chapter 5, draft NUREG (12/31/02) 

"* Focus on acceptability => activities are largely independent 
of plant-specific studies

VG 2
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RVFF Acceptance Criteria 
Principles in Developing and Evaluating Options 

"* Consistency with intent of original rule 

"* Low risk level 

"* Low relative contribution 

"* Consistency with recent risk-informed 
initiatives 

"* Risk metrics 

"* Risk criteria 

"* Consideration of defense-in-depth

VG 3
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RVFF Acceptance Criteria 
Options (SECY-02-0092) 

"* Definition of RVFF 

"* RVFF = f(PTS-induced RPV through-wall crack) 

"* RVFF = f(PTS-induced crack initiation) 

"* RVFF acceptance limits 

"* RVFF* = 5 x 10"6 /ry 

"* RVFF* = 1 x 10-5 /ry 

"* RVFF* = 1 x 10-6/ry

VG 4
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Post-SECY Discussions 

"* Budgeting process: focus effort on assessing 
RVFF for pilot plants 

"* ACRS Letter (7/18/02; ML0220406120) 

"* RVFF should be based on considerations of LERF (and not CDF) 

"* Current LERF surrogate goal is not proper starting point 

"...source terms used to develop the current goal do not reflect the air
oxidation phenomena that would be a likely outcome of a PTS event." 

"* Options: 

V Develop acceptance criterion from prompt fatality safety goal 

/ Use a frequency-based approach to develop RVFF* to provide 
assurance that PTS-induced RPV failures are very unlikely 

"* ACRS' expectation: RVFF* will be substantially smaller than 
options proposed in SECY-02-0092 

VG 5
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Definition of RVFF 

It is appropriate to define RVFF as the frequency 
of through-wall cracks (TWCF) 

"* TWCF is a more direct indicator of risk than is the 
vessel cracking initiation frequency 

"* The current technology for predicting crack arrest 
is reasonably robust 
"* Laboratory-scale experiments 
"* Scaled-vessel experiments

VG 6
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Scoping Study - Key Questions 

"* Is a PTS-induced RPV failure likely to lead to 
melted fuel? 

"* Is a PTS-induced RPV failure likely to lead to a 
large, early release? 

"* Is the release spectrum (frequency-consequence) 
for PTS-induced large, early releases significantly 
worse than that associated with risk-significant, 
non-PTS-induced scenarios?

VG 7

C



Scoping Study - Approach 

"* Refine SECY-02-0092 list of technical issues 
"* Develop accident progression event tree (APET) to 

support identification, representation and 
discussion of technical issues 

"* Evaluate current state of knowledge regarding 
technical issues 

"* Context for evaluations: 
"* Focus on pilot plants; some consideration of plants 

addressed in generalization task 
"* Whether/how PTS changes accident progression

VG 8
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Potential Sources of Dependence Between Top Events 

"* Plant systems 
"* RPV movement 
"* Fragments 
"* Fuel movement
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Plant Conditions at RPV Failure 

"* Power available, cooling systems running 
(injection mode) 

"* LOCA events: RCS cooling, depressurizing 
"* MLOCA - RPV failure at tv15-30 min (40 EFPY) 
"* LLOCA - RPV failure at ,5-10 min (40 EFPY) 

"* Stuck-open SRV events: RCS at SRV setpoint 
RPV failure at "60-120 min (40 EFPY)

VG 12
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Blowdown Potential After RPV Failure 
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Blowdown Potential After RPV Failure
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Blowdown Potential After RPV Failure 
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Blowdown Potential After RPV Failure
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RPV TH Failure Analysis 

* Scopin calculations performed using RELAP5/MOD3.3 
of RPV-ailure for Calvert Cliffs 

* Two transients analyzed 
- 4-inch surge line break 

Stuck open pressurizer safety valves (2) that 
reclose at 6000s 

* For each transient, two RPV failure modes analyzed 
- 12ft2 axial break (I ft x 12 ft) 
- 3600 circumferential break 

* For each break, three break opening times analyzed 
- 0.Ols 
- O.1s 
- Is 

* Results compared to Design Basis LBLOCA

VG 17
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RPV TH Failure Analysis 
Circumferential Break Nodalization

Figure 1. Calvert Cliffs PTS Vessel Noding Diagram 
Circumferential Break

Six Azimuthal Region Annulus 
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Figure 2. Calvert Cliffs PTS Vessel Noding Diagram 
Axial Break

Six Azimuthal Region Annulus
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Conditions at RPV Failure

VG 20

Break Downcomer Specific 
Time Pressure Temperature Enthalpy 

Transient (s) (psi) (F) (Btu/Ibm) 

4-inch surge line 215 
break 2400 200 (saturated) 183 

Stuck open SRV 8230 2400 355 327 

LB LOCA 0 2250 545 543
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Internal Pressure Differentials

Core Barrel Downcomer 
Vessel AP Core AP AP Duration 

Transient Break (psi) (psi) (psi) 

4-inch surge Axial loms 150 60 150 12-30 ms 
line break is 15 -10 25 Is 

Circ 10ms 165 110 35 20-70 ms 
is 45 30 15 Is 

Stuck open Axial 10ms 1800 600 1680 10-20 ms 
SRV is 50 -10 40 130 ms 

Circ 10ms 2140 1460 50 10-20 ms 
1s 240 100 -15 60 ms 

N/A 10ms 1010 240 1110 
Ls -170 -70 -500

VG 21
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Containment Pressure

Containment Pressure
Calvert Cliffs Vessel Breaks (ptscb02.-16) & LBLOCA (IblocbO4-06)
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Observations 

"* Accident energetics are more benign than those of some 
other scenarios previously studied (e.g., HPME) 

"* Containment pressurization likely to be less than design 
basis LOCA 

"* Blowdown forces on RPV and internals likely to be the 
same order of magnitude or bounded by DB LOCA 

"* Containment spray failure probability may decrease for 
PTS events (as compared with non- PTS risk-significant 
accidents)* 

"* Likelihood of fuel cooling dependent on reactor cavity 
design 
"* Cavity flooding above top of fuel expected for some plants 
"* For other plants, ECCS may not be sufficient to cool fuel 

*For some plants, this may be dependent on plant 

changes in response to GSI-191.
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Scoping Study Conclusions 

"* The conditional probability of early fuel damage (given a 
PTS-induced RPV failure) appears to be 
"* Extremely small for plants with cavities likely to be flooded 
"* Non-negligible for other plants 

"* The conditional probability of early containment failure 
and a large, early release (given a PTS-induced RPV 
failure) appears to be very small for all plants 

"* Should a PTS-induced large, early release occur, such a 
release may involve a large-scale air-oxidation source 
term

VG 26
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Implications for RVFF* 

"* RVFF* = 1 x 10-6/ry is consistent with philosophy 
of original PTS rule, with ACRS guidance, and with 
Safety Goal Policy Statement 
"* Assures a low level of risk associated with PTS events 
"* Assures small relative contribution to acceptable risk 
"* More limiting with respect to core damage than RG 

1.174/Option 3 criterion for CDF 
"* Consistent or conservative with respect to QHOs 

"* Expectation: RPV embrittlement limits will be 
established in a risk-informed manner

VG 27
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Summary Conclusions

"* RVFF = TWCF 

"* RVFF* = 1 x 10"6/ry

* RVFF* should 
specific RVFF

be compared against mean of plant
distribution

4 ( (

VG 28



( 

( 

(Backup Slides

VG 29



( 

( 

(
Technical Issues 

"* Definition of RVFF 
"* Dominant plant damage states 
"* Relative contribution of axial and circ welds 
"* Crack propagation, hole size, hole location 
"* Blowdown forces 
"* Containment isolation 
"* Missiles 
"* ECCS status (injection, recirculation) 
"* Containment spray status 
"* Core status (intact, distorted, disrupted) 
"* Fuel dispersal 
"* Fuel coolability 
"* RPV water level 
"* Fuel environment (steam, air) 
"* Early overpressure

VG 30
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(Calvert Cliffs Containment
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