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

2 (8:35 a.m.)

3 CHAIRMAN SHACK: The meeting will come to

4 order.

5 This is a joint meeting of the ACRS

6 Subcommittees on Materials and Metallurgy, Thermal-

7 Hydraulic Phenomena, and on Reliability and

8 Probabilistic Risk Assessment.

9 I am William Shack, Chairman of this

10 meeting. Members in attendance are Mario Bonaca, Rich

11 Denning, Peter Ford, Tom Kress, , Victor Ransom, Steve

12 Rosen, Jack Sieber, and Graham Wallis.

13 The purpose of this meeting is to discuss

14 the technical basis for potential revision of the PTS

15 screening criteria in the PTS rule, 10 CFR 50.61. The

16 Joint subcommittees will gather information, analyze

17 relevant issues and facts, and formulate proposed

18 positions and actions as appropriate for deliberation

19 by the full committee.

20 Dr. Hossein Nourbakhsh is the designated

21 federal official for this meeting.

22 Also Mr. Tani Santos, ACRS staff, is in

23 attendance to provide technical support.

24 The rules for participation in today's

25 meeting have been announced as part of the notice of
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1 this meeting previously published in the Federal

2 Register on November 2nd, 2004.

3 A transcript of the meeting is being kept

4 and will be made available as stated in the Federal

5 Register notice. It is requested that speakers first

6 identify themselves and speak with sufficient clarity

7 and volume so they can be readily heard.

8 We have received no written comments or

9 requests for time to make oral statements from members

10 of the public regarding today's meeting.

11 We'll now proceed with the meeting, and

12 I'll call Mike Mayfield, who is here to begin.

13 MR. MAYFIELD: Just in time.

14 CHAIRMAN SHACK: Just in time, right.

15 MR. MAYFIELD: Well, good morning. This

16 is, I think, the beginning of what we hope will be

17 sort of the last series of briefings on this program.

18 We have enjoyed good interactions with the committee

19 over the course of this.

20 As some of you know, we got into this

21 stemming from largely the Yankee Rowe review and the

22 Commission's direction to go fix our regulatory

23 guidance, but the more we looked at the guidance the

24 more convinced we became that wasn't going to do it

25 alone, that we needed to go back and take a more
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1 fundamental look at the technical basis behind the

2 rule.

3 We have had the benefit of good

4 cooperation from the industry, and I'm glad to see

5 they're well represented here today. This has been a

6 collaborative program in virtually every sense of the

7 word. So it has been a multi-year success fat, not

8 that there haven't been bumps along the way, but it

9 has been a very rewarding effort, I think, for

10 everybody that has been involved.

11 Our goal for this is to finalize our

12 documentation and formally transmit it from Research

13 to NRR. The documentation provides the technical

14 basis for a rule change to 10 CFR 50.61. We're hoping

15 to do that on or before December 31st.

16 I figure Mark is going to have a long New

17 Year's Eve, but we've gotten Carl to commit to signing

18 this thing out, assuming we're done.

19 I am told that NRR has budgeted for

20 rulemaking, assuming that that's the decision that

21 ultimately is made by the senior management. So that

22 is a hurdle I am told that the regulatory staff has

23 gotten around.

24 We have interacted with the committee a

25 number of times, and that's been very useful to us.
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1 We've talked a good bit about whether at the end of

2 this meeting with ACRS we would like a letter from you

3 or not. I think that we would like a letter to sort

4 of bring an end to where the committee has been and

5 your thoughts and views on the work that's done and

6 whether it's adequate to support the objective.

7 One of the things that we had committed to

8 you at, I think, the last time we met was that we

9 would provide a number of reports, one of them being

10 a summary report on the bases for some of the thermal

11 hydraulics work. That report is notably missing.

12 However, we've provided the detailed

13 reports over a period of time, and there's a fairly

14 lengthy presentation that Dave Bessette is going to

15 make that I think will lay out and connect the bits

16 and pieces of information so that hopefully you will

17 see how it all connects because it's not intuitively

18 obvious to just look at the detailed reports, how the

19 bits and pieces fit together.

20 So in the absence of that summary report

21 at least for this meeting, we hope that David is going

22 to be able to lead you through the thicket.

23 We are still committed to publishing that

24 report, and that will be available by the same time we

25 would send forward the technical basis summary to NRR.
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1 DR. WALLIS: Mike, I'm just a little

2 puzzled here. You want a letter from us before we see

3 this report?

4 MR. MAYFIELD: No, all of the detailed

5 information is available, and there will be nothing

6 new in that report. The only thing that report is --

7 DR. WALLIS: But I have trouble finding it

8 because it's scattered around.

9 MR. MAYFIELD: Well, that's what I was

10 saying, and hopefully with David's presentation that

11 will connect the bits and pieces and show you how they

12 fit together. That's what we're trying to do with

13 this presentation.

14 DR. WALLIS: We won't see a document that

15 pulls it all together before we write a letter.

16 MR. MAYFIELD: That's correct.

17 DR. WALLIS: I think that's a pity, but

18 maybe --

19 CHAIRMAN SHACK: Well, he's asking that.

20 We don't --

21 DR. WALLIS: Maybe David can do it.

22 CHAIRMAN SHACK: -- have to do it.

23 MR. MAYFIELD: David has got a pretty good

24 challenge, and Jack Rosenthal is here. So if David

25 should fail, we'll drag Jack up front, and you can
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1 throw any number of things at him.

2 DR. WALLIS: It's just that a written

3 report is something solid to review, and an oral

4 testimony is not quite the same thing.

5 MR. MAYFIELD: We agree, and it had been

6 our full intent to have that report to you with the

7 rest of the documentation. It didn't happen. As much

8 as we wanted it to, the fact is it didn't happen.

9 If that becomes an obstacle to the

10 committee writing a report, then I guess the only

11 thing we can do is come back to you after the first of

12 the year. That would not be our first choice, but if

13 that becomes an obstacle to completing a letter from

14 the committee, then that's a commitment we'd have to

15 make.

16 DR. BONACA: My main concern would be I

17 believe in that last letter we wrote, the only concern

18 left was with documentation, and there was a debate

19 within the committee on whether it was just

20 documentation or lack of documentation was evidencing

21 something else.

22 So some of us on the fence were looking

23 for documentation so we could make the judgment, and

24 that's why I -- anyway, hopefully we'll hear enough to

25 be able to comment now.
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1 MR. MAYFIELD: I hope so.

2 CHAIRMAN SHACK: And we've just received

3 the peer review comments also.

4 MR. MAYFIELD: We just received the peer

5 review comments. There's a reason that you just got

6 them, is we just got them. We had been hoping to have

7 those a bit sooner, but the one thing with peer

8 reviewers, and to a degree it's the same thing you get

9 with the committee, is you ask for what you would like

10 to have and then you take what you get, and we had

11 hoped to have the peer reviewer comments much sooner

12 so that we could digest them and make a better

13 presentation of what their findings are for this

14 meeting.

15 They just didn't all get in to support

16 that. So we apologize, but you got them -- we got

17 them what, finally all yesterday? And you got them --

18 MR. EricksonKIRK: They're still smoking.

19 MR. MAYFIELD: -- within hours of when we

20 got them.

21 So there may be some surprises for us

22 still imbedded, although Mark tells me he's read all

23 of them now.

24 With that, I would turn it over to Mark to

25 begin the presentation.
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1 MR. EricksonKIRK: Okay. Thank you.

2 On your agenda, we're now on Item 3,

3 Project Overview.

4 My name is Mark EricksonKirk. I work in

5 the Materials Engineering Branch. Listed on the title

6 slide are the names of people who you will see up here

7 presenting in the next two days. Donnie Whitehead,

8 Nathan Siu, and Mike Junge will be presenting

9 regarding the probabilistic risk assessment and human

10 factors aspects, and Dave Bessette and Bill Arcieri

11 will be presenting regarding the thermal-hydraulic

12 aspects of this work.

13 In terms of what I'm going to talk about

14 in the next 30 minutes, I'm going to give you a bit of

15 background on the project because the last time we

16 briefed you was two years ago, and also for the

17 benefit of those in the audience who aren't familiar

18 with where we've been, talk a little bit about what

19 the current PTS regulations are and what our

20 motivations are for developing the technical basis to

21 potentially revise the rule, then give you an overview

22 of the project, including an overview of our current

23 results and bottom line recommendation to hopefully

24 excite you so much that you'll stay awake for the next

25 day and a half.
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1 CHAIRMAN SHACK: We've already found your

2 first typo.

3 MR. EricksonKIRK: Where?

4 CHAIRMAN SHACK: "Guiding principals."

5 MR. EricksonKIRK: Oh, fine.

6 DR. WALLIS: That's all the way through

7 your report, you mix up the spelling of those two.

8 MR. EricksonKIRK: I have to confess I

9 went into engineering because I thought there wouldn't

10 be a lot of writing, and, boy, have I been

11 disappointed.

12 And then we're going to tell you what

13 we're going to tell you.

14 To be fair, the list of co-conspirators on

15 the title slide is but a small percentage of the total

16 population of people both in those organizations and

17 other organizations that have participated in this

18 project.

19 We started in 1999 and since then have

20 enjoyed the support of a large number of people from

21 a large number of organizations, both in the NRC

22 contractor base and also in the industry working under

23 the auspices of the EPRI materials reliability

24 project, and just suffice it to say without the full

25 participation of this complete group of folks, we

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



13

1 couldn't have gotten to where we are.

2 DR. KRESS: Does that UT-Battelle symbol

3 have anything to do with Dolly Parton?

4 MR. EricksonKIRK: I'll refrain from

5 comment. Okay. It's going downhill quick.

6 In terms of where we've been, from 1999 to

7 December 2002, we developed our models and our

8 uncertainty process. We performed initial analyses of

9 Oconee, Beaver Valley, and Palisades, and we issued a

10 draft report the title of which and the ADAMS ML

11 number is shown on your slide.

12 We briefed this committee on that report

13 in February 2003, and since then that report was also

14 reviewed by NRR, by the industry again working under

15 the auspices of NEI and EPRI, and by our external

16 review panel.

17 We got a lot of comments back both on the

18 details of the model and also on the details of the

19 documentation which said, "Please do your best to make

20 this a bit clearer." So we've tried to both improve

21 the models where possible, correct the errors where

22 they've been identified and subsequently found, and

23 also improve the documentation.

24 This figure which appears in Chapter 4 of

25 NUREG 1806 outlines the total documentation structure,
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1 and those of you who have a copy of the report, it's

2 probably easier to read on paper, but we have a number

3 of different reports in the form of NUREGS, NUREG CRs,

4 and public documents posted into the ADAMS system, to

5 detail the models that we've used, the validation of

6 those models and our calculational procedures, and

7 each of the three major technical areas:

8 probabilistic fracture mechanics, thermal hydraulics,

9 and probabilistic risk assessment.

10 And we also have detailed presentation of

11 the results also summarized in a series of reports,

12 and while I'm on this slide, just to be clear, Dr.

13 Shack was telling me before the meeting that the

14 committee has not yet received NUREG 1807 and NUREG

15 1808, the probabilistic fracture mechanics procedure

16 and sensitivity studies reports.

17 Are there any other reports that you know

18 of now that are missing?

19 We have those, by the way. It was an

20 oversight that they were not distributed to you almost

21 a month ago.

22 Well, just suffice it to say all of these

23 reports exist except the one that Mike mentioned at

24 the current time. All of them exist except for NUREG

25 1809, which is still being prepared.
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1 So if you're missing any of the other

2 documents, it's a clerical error on our part for which

3 we apologize, and we can get them to you forthwith.

4 The provisions of the current PTS rule, 10

5 CFR 50.61, is that licensees are required to monitor

6 the condition of their vessel, the vessel steel, using

7 a transition fracture toughness reference temperature

8 called RTndt, and an estimate of that and the effect

9 of irradiation and uncertainties on that metric is

10 obtained through an Appendix H surveillance program.

11 DR. WALLIS: what is this strange curve

12 that you're showing here?

13 MR. EricksonKIRK: That's meant to

14 represent the fracture toughness, the variation, and

15 initiation fracture toughness.

16 DR. WALLIS: Off the reactor wall of the

17 weld or --

18 MR. EricksonKIRK: Of the reactor vessel

19 steel.

20 DR. WALLIS: Reactor vessel steel.

21 MR. EricksonKIRK: And what the cartoon

22 shows is that the RTndt temperature, which is

23 estimated per the procedure in 10 CFR 50.61, indexed

24 the position of the initiation fracture toughness

25 curve, and as you'll see later in this presentation,
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1 indeed, of the arrest fracture toughness curve and of

2 the upper shelf fracture toughness curve.

3 So placing an upper limit on RTndt

4 essentially places a limit on how far we allow the

5 fracture toughness, on how low we allow the fracture

6 toughness to get.

7 DR. WALLIS: So these evolving curves, as

8 the reactor gets older they move to the right?

9 MR. EricksonKIRK: They move to the right,

10 yes. And placing a limit on RTndt essentially says

11 how far right the curves can go.

12 And so in our current regulations those

13 limits are established as 350 degrees Fahrenheit for

14 a circumferential weld or 270 degrees Fahrenheit for

15 any other material, and I should emphasize that that's

16 the screening limit. That means that in our current

17 regulations, the belief is that once a vessel material

18 exceeds that limit, the probability of developing a

19 through wall crack is exceeded five times ten to the

20 minus six events per year, and the licensee is then

21 required to do something else to demonstrate to NRR

22 that the vessel is safe for operations.

23 That something else could be either

24 something physical, like reducing the flux loading to

25 the vessel wall, which many licensees have done, or
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1 annealing, which no licensees have chosen to do, or

2 they can attempt to analyze their way out of the

3 situation much as we've done here by performing a

4 plant specific PRA.

5 Everybody on this committee, I think, has

6 seen this slide before. One of our motivations for

7 undertaking this project was that since the time that

8 the 300 and 270 degree Fahrenheit limits were

9 established nearly two decades ago, technical

10 improvements in understanding, in data, and physical

11 modeling and so on have improved in all three of the

12 major technical areas, and by and large, the bulk

13 take-away is that by and large those improvements in

14 understanding, if incorporated into an integrated

15 calculational model, would tend to drive the estimated

16 through wall cracking frequencies down. That's

17 indicated by the green arrows.

18 Certainly we also want to point out that

19 there are other improvements in understanding or

20 improvements in our methodology of doing things that

21 would tend to drive the through wall cracking

22 frequencies up, and it has been our aim in this

23 project to incorporate the current best state of

24 knowledge, best state of understanding and to

25 incorporate all of these effect into an improved
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1 calculational model.

2 Regulatory motivations for rule revision,

3 one is that the current rule is believed to produce

4 unnecessary burden on the licensees, specifically the

5 300 and 270 degree limits. When we started this

6 project, they were believed to be far more

7 conservative than they actually needed to be to

8 maintain safety and to maintain the risk of vessel

9 failure below the five times ten to the minus six

10 metric.

11 Maintenance of the plant vessel wall below

12 those RTndt limits doesn't necessarily increase

13 overall plant safety because you may be focusing

14 resources on something that doesn't really matter and

15 thereby taking away resources from something that

16 truly does matter.

17 And also, these limits can create an

18 artificial impediment to license renewal because in

19 the license renewal application, the licensees have to

20 demonstrate each and every time that they stay below

21 these limits, whereas, we believe we could do

22 something on a generic basis to essentially lift the

23 limits on all plants and make the license renewal

24 process both easier and more rigorous for our

25 colleagues in NRR to undergo.
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1 So just diagrammatically how we assess PTS

2 risk in a calculation is we start off with PRA, and

3 PRA tells us how often PTS initiators might occur.

4 Those initiating event sequences are then passed to

5 thermal hydraulics, which tell us what would happen

6 inside the vessel as a result, how pressure

7 temperature and heat transfer coefficient would vary

8 inside the vessel with time.

9 We then use probabilistic fracture

10 mechanics to estimate the response of the vessel,

11 whether a crack starts at all from a preexisting

12 defect and whether that crack will propagate all of

13 the way through the vessel.

14 The probabilistic fracture mechanics is

15 then used to estimate whether the vessel fails or not.

16 Obviously if it doesn't fail, that's a good thing. If

17 it does fail, it could potentially lead to core damage

18 or a large early release, which of course begs the

19 question as to what is a tolerable frequency for those

20 events.

21 So that in a nutshell are the various

22 things that had to be considered to get to revision of

23 the 270 in --

24 DR. WALLIS: The vessel, is there any

25 question about core damage?
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1 MR. EricksonKIRK: I don't believe so, but

2 I'll defer that to my colleagues.

3 MR. BESSETTE: It depends on the size of

4 the failure. I mean, a vessel failure, even a large

5 vessel failure is not much bigger than a cold leg

6 break, but it depends on the elevation of the failure

7 in terms of how much water you can keep in the core.

8 DR. WALLIS: Well, so by vessel fails, you

9 don't mean it falls apart. You mean it actually

10 just --

11 CHAIRMAN SHACK: Through wall crack.

12 DR. WALLIS: -- develops a hole?

13 MR. EricksonKIRK: It develops a through

14 wall crack which could be a leaker.

15 DR. WALLIS: I see.

16 MR. EricksonKIRK: So a little bit more

17 formally, and this figure does appear in the report,

18 this is how we structured our analysis which is

19 essentially the same things you saw before. We

20 perform a PRA event sequence analysis, and that both

21 defines what could go wrong and the frequency with

22 which we estimate those things to go wrong. Thermal

23 hydraulics estimates pressure temperature and heat

24 transfer coefficient. That's past probabilistic

25 fracture mechanics, which combined with knowledge of
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1 the vessel material, fluence and flaws gives us a

2 conditional probability of through wall cracking.

3 That's multiplied by the frequency with

4 which bad things happen to estimate the yearly

5 frequency that we might develop a through wall crack

6 in the vessel.

7 We perform those analyses for various

8 vessels at various levels of irradiation embrittlement

9 and then at least conceptually use that variation

10 shown by the dashed green line, along with an

11 acceptance criteria for through wall cracking

12 frequency that's been established consistent with

13 current Commission guidance to get a screening limit.

14 We then also have looked at the

15 characteristics of the types of transients that

16 dominate the failure frequencies and the

17 characteristics of the plants that produce those types

18 of transients to give us some insight as to the

19 general applicability of that screening limit to all

20 operating PWRs.

21 As the committee is, I think, familiar

22 with, one of the guiding principles of this project

23 has been a very systematic and, we hope, thorough

24 treatment of uncertainties, and there are certainly

25 sitting around the table folks who are much better
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1 experts on the words "aleatory" and "epistemic" than

2 I. So I won't go into that because I'll probably trip

3 up.

4 MR. SIEBER: He's not here yet.

5 MR. EricksonKIRK: Oh, okay. Good.

6 But from my point of view as a practicing

7 engineer, I think the process that we've gone through

8 is good because being very systematic, it has made the

9 uncertainties visible, and once you make something

10 visible, then there's a certain obligation to treat

11 it, and I think it improves the overall

12 comprehensiveness of the model.

13 DR. WALLIS: Mark, in the document which

14 you reviewed I think it's two years ago, it was a big,

15 fat thing.

16 MR. EricksonKIRK: Yeah.

17 DR. WALLIS: There were lots of very

18 useful plots where you actually plotted data, and we

19 could see the uncertainty. The new document doesn't

20 have that. So in order to find out what it's really

21 based on, you have to go somewhere else, and I found

22 that rather difficult.

23 MR. EricksonKIRK: You'll find that in the

24 supporting documents that somehow erroneous you just

25 received.
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1 DR. WALLIS: But the final document looks

2 so great because you don't have these plots which we

3 had before, but the data were all over the place, and

4 someone was saying you can do something with that,

5 which is useful.

6 So I had some trouble with that. Maybe

7 I'd just like to see the evidence somewhere in the

8 final report so that we know what kind of a beast

9 we're dealing with.

10 MR. EricksonKIRK: I think the plots you

11 were referring to were, of course, the materials and

12 fracture mechanics plots. Those were taken out of the

13 top report and put into the detailed report on

14 fracture mechanics, which again unfortunately didn't

15 get delivered to you even though it was available. So

16 there has not been an attempt to obscure that, but

17 just to put it into --

18 DR. WALLIS: Oh, no, I don't think that

19 you're obscuring, but it would have helped in our

20 understanding of how you treated the uncertainty,

21 which is a key thing you're doing here. If we could

22 have looked, again, at that and seen what the nature

23 of this uncertainty was.

24 MR. EricksonKIRK: Yeah, the best way I

25 can say it is that we made the decision to take the
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1 details of the process, which means all the detailed

2 model development and justification and the

3 uncertainty treatment, and to put that in three

4 supporting reports, one on PFM procedures, one on --

5 DR. WALLIS: Which we didn't get.

6 MR. EricksonKIRK: -- TH procedures, which

7 unfortunately you did not get.

8 DR. WALLIS: So how are we going to get a

9 good feeling that this is all technically justified?

10 MR. EricksonKIRK: Is Dr. Shack going to

11 bail me out on this one?

12 (Laughter.)

13 MR. EricksonKIRK: It would be only fair

14 to give you time to read that report, in my opinion.

15 CHAIRMAN SHACK: It's not clear that

16 you're going to get your letter this time I guess is

17 the answer.

18 MR. EricksonKIRK: That's perfectly fine.

19 No, you certainly should go through those

20 detailed reports because it's in there, and what's the

21 saying? The devil is in the details, and the details

22 are in those reports, and I would personally find it

23 gratifying if somebody read them. I spent a lot of my

24 life on it.

25 So, no, they are there, and I apologize if
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1 it was in any way even unintentionally obscured.

2 The scope of the plant specific analyses

3 we performed is we did detailed analyses of the

4 Palisades, Beaver Valley, and Oconee plants. In

5 picking these, we have one from each of the three

6 major PWR manufacturers.

7 One plant, namely, Oconee, was used in the

8 original PTS study, and the other two plants,

9 Palisades and Beaver Valley, are among those that are

10 the closest to the current PTS screening criteria.

11 So when you talk about PTS in current

12 regulatory space, almost invariably you have great

13 interest in and discussion of both Palisades and

14 Beaver Valley. So we thought it important to

15 incorporate those.

16 And not, incidentally, I should add that

17 these management of these three plants felt it was in

18 their best business interest to participate.

19 So now I'm going to get on to results,

20 where I'm sure we'll have -- well, this is a preview

21 of things to come, and so if you don't see supporting

22 details, it's because I'm trying to get through this

23 in ten minutes.

24 Looking at the material factors

25 controlling vessel failure and what the cartoon
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1 attempts to show is the big block with the lines on it

2 is a schematic roll-out of the inside of a reactor

3 pressure vessel. So pretend you're standing inside,

4 slit it, and then unwrap it flat, and so that shows at

5 least schematically the locations of circumferential

6 welds and axial welds, and then the sort of

7 transparent thing is the austenitic stainless steel

8 cladding, which of course goes over top.

9 And then the red squiggly lines show the

10 azimuthal and axial variations.

11 DR. WALLIS: Now, is that to scale so that

12 it means that it means that the fluence is four times

13 or something?

14 MR. EricksonKIRK: Yes, that is correct.

15 And that, of course, depends upon the

16 specific core geometry, but that's typical.

17 DR. WALLIS: So you just rotate the core

18 occasionally, huh?

19 MR. EricksonKIRK: Well, actually, no, no.

20 You shouldn't because it's good to have -- you can

21 think of how you're going to bring the fracture --

22 MR. SIEBER: She can't hear you.

23 MR. EricksonKIRK: I'm sorry. Each of the

24 areas of low fluence you should view as not being a

25 bad thing, but a strip of very tough material --
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1 DR. WALLIS: Do the cracks only go 90

2 degrees and then they stop?

3 MR. EricksonKIRK: Yeah. That in the very

4 unlikely event that a circumferential crack actually

5 made its way through the wall, it would be

6 encountering tough material on both sides and then

7 stop.

8 So, no, I don't think you should rotate

9 the core.

10 MR. ROSEN: It would also be bad for the

11 attached coolant lines to do that.

12 MR. EricksonKIRK: As you can tell, I'm

13 not an operational guy. He's sitting in the back.

14 MR. SIEBER: Yeah, you rotate the core and

15 not the vessel.

16 (Laughter.)

17 MR. EricksonKIRK: Okay. So it is perhaps

18 self-evident, but the distribution of flaws and also,

19 therefore, of -- well, not there, but the distribution

20 of flaws varies widely through the vessel. Welds have

21 different sorts of flaws and plates. Cladding has

22 different sorts of flaws and so on, and of course, the

23 toughness varies through the vessel both because these

24 different regions, plate, weld and so on have

25 different chemistries and, therefore, different
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1 irradiation sensitivities.

2 DR. WALLIS: Cladding is all welds, isn't

3 it?

4 MR. EricksonKIRK: The cladding is all

5 austenitic weld, yes. So the cladding is a factor in

6 this analysis not because it can lead to brittle

7 fracture, which of course because it's stainless steel

8 it can't, but because it introduces a full population

9 that pokes its nose sometimes into the ferritic

10 material and can therefore initiate.

11 So for reasons, again, the details we'll

12 go into later; axial flaws are much more damaging

13 than circumferential flaws, and obviously large flaws

14 are worse than small flaws. So flaws that are larger

15 than the rest and oriented axially and located at high

16 fluence locations are, of course, the most damaging.

17 DR. WALLIS: And on the surface.

18 MR. EricksonKIRK: On the surface, but we

19 don't have too many surface flaws in this analysis

20 because there's not a physical reason for them to be

21 there, but, yes, surface flaws are, of course, more

22 damaging than imbedded.

23 So what we find out in the materials

24 analysis is the vessel failure is controlled mostly by

25 the axial flaws, and larger axial flaws being worse
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1 than smaller axial flaws. It's the axial flaws along

2 the axial weld fusion lines that contribute the lion's

3 share to the through wall cracking frequency.

4 And so it is, therefore, the properties

5 that could be associated with those flaws, namely, the

6 properties of the adjacent plate or the properties of

7 the weld that to a large extent control the vessel

8 failure probability.

9 DR. WALLIS: And these welds are located

10 relative to the cold legs in some way as well, is it

11 not? I don't know where the cold legs come in.

12 MR. EricksonKIRK: The cold legs are up

13 here.

14 DR. WALLIS: If there are plumes, then I

15 don't know where the plumes are relative to these

16 flaws -- these welds.

17 MR. EricksonKIRK: That's right. Well,

18 Dave will be talking about plumes later, and I

19 think --

20 DR. WALLIS: -- relative to the welds?

21 MR. EricksonKIRK: I'm sorry?

22 DR. WALLIS: Do the plumes bathe the welds

23 or are they in between the welds?

24 MR. EricksonKIRK: They could be either,

25 and I'm not sure they're preferentially located, but,
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1 Dave, do you want to say something?

2 MR. BESSETTE: Well, most plants the welds

3 don't fall underneath cold legs, but there may be some

4 which do. I haven't really been able to find that

5 information, exactly which is which, but I know that

6 in most plants welds are not underneath the cold legs.

7 MR. EricksonKIRK: It's certainly

8 knowable, but for plumes you shouldn't be so concerned

9 about the axial flaws. You should be concerned about

10 the circumferential flaws because the plume, if it

11 contributes anything, it contributes an increased

12 opening force to flaws that are located

13 circumferentially, not axially.

14 DR. BONACA: Would you give me a sense of

15 how many axial welds there may be? I mean --

16 MR. EricksonKIRK: You either have the

17 plate segments are either 120 degrees or 180 degrees,

18 most commonly 120. So you'll normally have three

19 around, sometimes two.

20 DR. BONACA: But none of them has one? I

21 thought the C process as the one of bending the

22 material.

23 MR. EricksonKIRK: I'm not familiar with

24 it, but I'm not sure I'd rule it out. Again, that's

25 information we can get you, and certainly less welds
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1 would mean less flaws, and that's better. The plants

2 we've analyzed, Beaver has 180 degree plate segments,

3 and Palisades and Oconee have 120 degree plate

4 segments.

5 Again, for reasons we'll go into, the

6 circumferential cracks don't have the through wall

7 crack driving force that you can get in axial cracks,

8 and so the embrittlement properties of the circ. welds

9 and the forgings are of little consequence to the

10 vessel failure probability.

11 DR. WALLIS: Why did plumes not contribute

12 to axial flaws?

13 MR. EricksonKIRK: Because they don't

14 produce an opening stress perpendicular to the axial

15 flaw.

16 CHAIRMAN SHACK: Yeah, but you're a

17 through wall crack guy. For an initiation guy if I

18 have a plume, I get a big surface stress. I can at

19 least initiate a crack.

20 MR. EricksonKIRK: Yes. Well, perhaps

21 we'll defer. I would like to defer discussion of

22 plumes until David has a chance to convince you that

23 plumes don't exist and then you won't ask me any tough

24 questions.

25 So, now, looking at the contributions of
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1 these different flaw populations to through wall

2 cracking frequency, on this plot you have three

3 different grafts with reference temperatures at the

4 bottom. Forgive my use of degrees ranking.

5 Reference temperature for the axial welds

6 on the far left side; reference temperature for the

7 plates; and reference temperature for the circ. welds.

8 We'll go into a detailed discussion later of where

9 these reference temperatures come from, but I think

10 that the easiest way to say it right now is these

11 reference temperatures represent the toughness of the

12 material at the location of a flaw.

13 So the reference temperature for the axial

14 welds is taken along the axial weld fusion line. The

15 reference temperature for the circ. welds is taken at

16 the circ. weld fusion line. Of course, the position

17 of maximum fluence because that happens somewhere

18 along the circ. weld, and the reference temperature of

19 the plate is also calculated at the maximum fluence

20 because --

21 DR. WALLIS: Well, RT is a material

22 property. It has nothing to do with temperature.

23 MR. EricksonKIRK: No.

24 DR. WALLIS: It's not a material. It's a

25 material property.
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1 MR. EricksonKIRK: It's a material

2 property expressed as a temperature. If you remember

3 the schematic you asked about, the reference

4 temperature tells you how embrittled the material is.

5 If you want degrees Fahrenheit, what is it? Subtract

6 430.

7 MR. ROSEN: Now, what sort of uncertainty

8 is there on, for instance, the point on the axial weld

9 chart? Take the upper point for Palisades, for

10 example. It just shows the one point.

11 MR. EricksonKIRK: that's right.

12 MR. ROSEN: That's the RT axial weld and

13 ET for --

14 MR. EricksonKIRK: Well, which -- would

15 you like me to do uncertainty vertical or uncertainty

16 horizontal?

17 MR. ROSEN: Well, certainty is either way,

18 but --

19 MR. EricksonKIRK: Well, the uncertainty

20 vertical is these are mean through wall cracking

21 frequencies, which is we'll go into detail, correspond

22 to the 90th percentile or higher.

23 So all of the through wall cracking

24 frequencies calculated relative to this analysis, 90

25 percent of them are down here. So I would treat those
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as upper bound points for through wall cracking

frequency. In terms of horizontal uncertainty, I

think the thing to keep in mind is we can talk about

uncertainty and we can certainly share your

uncertainty in index temperature placement, but this

is an attempt to characterize a vessel using three

reference temperatures, and you can certainly

appreciate going back to the last slide, that

forgetting about uncertainty, just looking at

deterministic variation, you have toughness that

varies point-wise through the thickness of the vessel,

around and up and down.

CHAIRMAN SHACK: But when you show it to

us, won't you have built all of the certainty into the

vertical uncertainty because that's really your

nominal temperature there and all of the uncertainties

you've sort of built into the fracture mechanics

calculation, haven't you?

MR. EricksonKIRK: I'm sorry. Say that

again.

percentile,

the nominal

CHAIRMAN SHACK: When you say 90th

that's really the 90th percentile against

RTAW.

MR. EricksonKIRK: Yes.

CHAIRMAN SHACK: So there's no uncertainty
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1 in that horizontal term.

2 MR. EricksonKIRK: That's right. That's

3 a nominal value that's calculated to represent a

4 particular plant, and you'll see as we go on that

5 those values are then used to establish a screening

6 criteria.

7 MR. ROSEN: Doesn't that surprise you,

8 given that data represents all of that in three

9 different plants, that it all falls so closely along

10 the line?

11 MR. EricksonKIRK: Not a bit and I'll show

12 you why.

13 MR. ROSEN: Okay.

14 DR. WALLIS: Now, let's get this clear

15 again. This RT is not a temperature. It's --

16 MR. EricksonKIRK: No, it is.

17 DR. WALLIS: It's not really a material

18 property. It's what is calculated from an equation

19 really, ASME's or somebody's equation.

20 MR. EricksonKIRK: No, it's not an ASME

21 question.

22 DR. WALLIS: But it's calculated from

23 something. So it's a nominal value. It doesn't tell

24 you what the toughness of the steel is in the plant.

25 MR. EricksonKIRK: No, it most certainly
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I does.

2 DR. WALLIS: No, it doesn't. There's a

3 tremendous scatter if we plot these data on a plot

4 like this. There's a tremendous amount of scatter as

5 I remember.

6 So your RT you're using is some kind of

7 calculated thing, which is deterministic, and then the

8 scatter appears somewhere else. We can't scatter on

9 that horizontal axis you have because RT is calculated

10 in a deterministic way.

11 MR. EricksonKIRK: Yes.

12 DR. WALLIS: But if we look at different

13 steels on a plot like this, the curves are all over

14 the place.

15 MR. EricksonKIRK: That's right.

16 DR. WALLIS: So you say what's the real RT

17 for a steel with a lot of uncertainty.

18 MR. EricksonKIRK: No, the uncertainty

19 that you're talking about is the fracture toughness in

20 the --

21 DR. WALLIS: It's for uncertainty in the

22 RT. We take different steels as you did in your

23 earlier report and plot them like this. You've got a

24 lot of different curves.

25 MR. EricksonKIRK: That's right, and what
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1 you find out is again, as shown in the schematic,

2 radiation is shifting the curve that way, but if you

3 test enough of a material, you will converge in on --

4 you know, if I take this plate, if the conference

5 table was a plate and I chopped it up into 1,000

6 specimens, you'd see that there's one reference

7 temperature for that, and that the uncertainty in

8 RTndt is a testing uncertainty, but that given enough

9 testing, you can resolve out.

10 But what you're finding is the uncertainty

11 in the actual toughness itself and so what we do is we

12 use the reference temperature as a metric of

13 irradiation damage.

14 DR. WALLIS: Well, this is probably where

15 you have to go back to the technical details which you

16 can't go into today and which we don't have, but I

17 guess the RT you showed in the other curves where

18 everything came together nicely --

19 MR. EricksonKIRK: Yes.

20 DR. WALLIS: -- the calculated value

21 doesn't claim to be sort of the mean value of a

22 prediction for a plant. It's actually a calculated

23 value from something that's deterministic?

24 MR. EricksonKIRK: The RTs that were shown

25 in the other plot are calculated based on the mean
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1 chemistry properties of the welds, plates, for

2 forgings in the vessel that are in the RVID database.

3 They're calculated based on the fluence at the flaw

4 locations, which is also in the RVID database, and on

5 the length of the welds.

6 DR. WALLIS: And they are the lower bound

7 of a whole mess of data that's scattered all over the

8 place?

9 MR. EricksonKIRK: No. They're the values

10 that are in the database that are taken to be mean

11 values, but if you recall, I think we're focusing on

12 the wrong axis because it doesn't matter if we're

13 using a mean value or a lower bound or an upper bound.

14 What you want to know is irrespective of the procedure

15 I give you for calculating RT whatever, what you want

16 to know is that at that RT value, whatever it is and

17 however I got it, that most of the failures are down

18 here and a few of the failures are up there.

19 And that's, indeed, the case. So

20 hopefully this will --

21 CHAIRMAN SHACK: In fact, I mean, you want

22 something that you can calculate.

23 MR. EricksonKIRK: Yes.

24 CHAIRMAN SHACK: You have to have

25 something that is deterministic in this plot, you
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1 know, and then you want to have the scatter going up

2 and down this way and bound that.

3 MR. EricksonKIRK: Yeah. If you will, the

4 analysis results here is the vertical location, and we

5 were using mean values, that because of the

6 distribution shape represent 90th percentiles or

7 higher, and then the horizontal values, as Dr. Shack

8 pointed out, I think, more eloquently than myself, are

9 values that you can calculate for each plant using

10 only the information that we have available.

11 CHAIRMAN SHACK: You know, you've done

12 through wall cracking frequency, and I noticed none of

13 your peer reviewers gagged over that. You know, but

14 don't the Europeans still basically look at this

15 problem as an initiation problem?

16 MR. EricksonKIRK: They do, yes. They do

17 look at this as an initiation problem. I think that

18 was a deference for whom they were reviewing. I don't

19 think any of our European friends necessarily

20 advocated through wall cracking frequency, but just to

21 expand on this because I know you've asked me this

22 before, if one -- and I'll just say "if" -- if one

23 wanted to move to an initiation based criteria, not

24 only would the numbers change, but what's important

25 would change because for reasons that we'll go into in
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1 the details, while circumferential flaws find it very

2 difficult to propagate all the way through the vessel,

3 the probability of initiating the circumferential flaw

4 is, if anything, equal to or greater than initiating

5 an axial flaw.

6 So if one were to go to an initiation

7 based criteria, you'd find the properties of the

8 circumferential welds and the forgings becoming

9 important again, and they're not now.

10 But, no, to address Dr. Rosen's question,

11 I don't find this at all surprising, and I guess

12 you'll have to accept that on faith and hopefully I

13 can build the faith over the next day, but what we

14 find is that the transients that contribute to these

15 failures are pretty similar from plant to plant, and

16 the frequency with which they occur are pretty similar

17 from plant to plant, and the material metrics that

18 we're using here are estimated at the location where

19 the flaws are, as opposed to being some conservative

20 bound that's inconsistent from plant to plant.

21 So, no, I don't find this type of

22 agreement in any way surprising.

23 CHAIRMAN SHACK: If you have material

24 that's embrittled to the same site and you hit it just

25 as hard, it's not going to matter whether the plant --
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1 MR. EricksonKIRK: The same thing is going

2 to happen each and every time.

3 One thing I'd like to take away from this

4 plot is the relative contributions of axial weld

5 flaws, plate flaws, and circ. weld flaws. Axial weld

6 flaws at a fixed level of embrittlement contribute 100

7 times more to the through wall cracking frequency than

8 plate flaws. The reason for that difference is that

9 plate flaws tend to be smaller, but they're still

10 axially oriented.

11 And then circ. weld flaws, again, at the

12 same level of embrittlement are, again, 50 times less.

13 So circ. weld flaws can in rare cases of high

14 embrittlement go through, but essentially for a

15 through wall cracking frequency criteria, they're

16 nonplayers.

17 Looking at similar plots, but now dividing

18 things up into contributions of different transient

19 classes, we see a similar good agreement or I should

20 perhaps say reasonable agreement between the plants.

21 Primary site pipe breaks where the through wall

22 cracking frequencies are dominated by medium and large

23 break LOCAs; primary site stuck open valves and main

24 steamline breaks, all are reasonably consistent from

25 plant to plant, and again, the reason for that is --
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1 I don't have the words here that I'm searching for --

2 is that let's take an example of a large diameter pipe

3 break, eight or 16 inches.

4 At that point, the cooling of the water

5 inside the vessel from the depressurization is so fast

6 that the steel wall can't keep up. It's a conduction

7 limited situation, and so the rate and magnitude of

8 thermal stress development in the wall is controlled

9 only by the thermal conductivity properties of the

10 steel, which since it's a physical property and not a

11 mechanical property are very consistent from material

12 to material.

13 DR. WALLIS: Not the surface. The surface

14 gets chills. The actual surface layer gets chilled.

15 MR. EricksonKIRK: Yes.

16 DR. WALLIS: It's very important whether

17 or not there are flaws at that surface, isn't it? I

18 mean, the penetration of the thermal wave is going to

19 affect flaws which are in the material, but the

20 surface is under very high stress, isn't it?

21 MR. EricksonKIRK: That's right.

22 DR. WALLIS: That variable surface layer.

23 So it depends a lot on whether or not there are flaws

24 near the surface?

25 MR. EricksonKIRK: That's right, and there
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1 are flaws near the surface. I mean, the probability

2 of getting an embedded flaw in the vessel is, from our

3 inspections performed at PNNL, is equal as you go

4 through the vessel thickness.

5 DR. WALLIS: Well, you're saying that the

6 wall doesn't -- I agree that the wall doesn't cool

7 down, but the surface has cooled down to the vessel.

8 MR. EricksonKIRK: Yeah. Well, I mean,

9 obviously it's a continuous process, but the point I

10 was trying to bring out is that the transients that

11 are producing the single transients or classes of

12 transients that are producing the largest

13 contributions to the through wall cracking frequencies

14 are transients where by and large the details of the

15 transient don't matter. They're the larger breaks

16 whereas let's take an alternative example. If it was

17 smaller breaks that are controlling, then the time at

18 which certain pumps come on would be important, where

19 you're getting your injection water from would be

20 important, all of these little minute, plate specific

21 details would become important.

22 But the things that are driving most of

23 these through wall cracking frequencies are transients

24 or transient classes that are fairly consistent from

25 plant to plant, and that's responsible for the -- that
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1 and the fact that we're using consistent material

2 metrics that represent the toughness at the flaw

3 locations -- is responsible for the good agreement

4 that you're seeing.

5 CHAIRMAN SHACK: Why do I get the cross-

6 over between the stuck open valve and the pipe break?

7 MR. EricksonKIRK: Because it would appear

8 that at lower levels of -- okay. Certainly what you

9 see -- let's talk about the primary site pipe breaks.

10 You get a very high thermal stress in a pipe break,

11 but I won't say no because that's an old wives' tale,

12 but much lower pressure stresses. So it's very --

13 DR. WALLIS: So it's a reclosing of the

14 valve.

15 MR. EricksonKIRK: It's the reclosing of

16 the valve. It's very easy for a thermally dominated

17 transient to initiate a crack, but to push it all the

18 way through, you have to have a vessel that's pretty

19 brittle.

20 So you get high initiations from LOCAs at

21 all embrittlement levels, but it's only when you crack

22 up the embrittlement level that they can go all the

23 way through, whereas the primary site pipe break, as

24 Dr. Wallis just pointed out, has that nasty

25 repressurization sometimes later on which, if a crack
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1 has started, it will fail, and that's a big difference

2 between these two types of transients.

3 A medium to large break LOCA, if a crack

4 is initiated only between one and ten and one and 100

5 of those cracks will eventually go through wall almost

6 irrespective of embrittlement level, whereas with the

7 primary site with a stuck open valve that later

8 recloses, it's the pressure stress that's failing it,

9 and so if it initiates it, it will certainly fail.

10 DR. WALLIS: This is one stuck open valve.

11 Does two stuck open valves, you couldn't quite seal

12 the bottom line for that in your --

13 MR. EricksonKIRK: Two stuck open valves

14 contributes somewhat more -- well, it contributes --

15 hold on.

16 Holding all other factors constant and

17 just comparing one stuck open valve with two stuck

18 open valves, two stuck open valves is a little bit

19 more severe because since you've doubled the valve

20 opening area, you've increased the cooling rate,

21 you've dropped the minimum temperature somewhat, and

22 so at the time of valve reclosure when you get that

23 sudden pressure stress, you've got a little bit higher

24 thermal stress and a little bit lower toughness. So

25 you get a little bit more through wall cracking
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1 frequency.

2 But the thing that makes two stuck open

3 valves not be a dominant contributed to the through

4 wall cracking frequency is the weighting by the

5 initiating event frequency because it's so much less

6 likely to have two than one, and once you get up to

7 three, forget it.

8 MR. ROSEN: And also you have to consider

9 that both stuck open valves reclose.

10 MR. EricksonKIRK: Yes, both stuck open

11 valves have to -- well, no. Okay. I'm winging it now

12 because I haven't actually looked at this plot, but

13 the thing that makes two worse than one, one reclosing

14 is enough to produce the complete return to full

15 system pressure, assuming the operator doesn't

16 throttle in a timely fashion.

17 But if you've got two stuck open, you've

18 got twice the water going in. So you've got twice the

19 cooling rate.

20 MR. ROSEN: I understand that, but I'm

21 thinking about what happens at the end of the

22 transient. One recloses or both reclose? Is there a

23 difference in --

24 MR. EricksonKIRK: Yeah, once you --

25 MR. ROSEN: There certainly is a
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1 probabilistic difference in both reclosing.

2 MR. BESSETTE: Yes, necessary to have two

3 of them stick open and two of them reclose, yeah, if

4 that's what you're saying. So in a probability

5 sense --

6 MR. ROSEN: Just not thinking about the

7 frequency of both reclosing at essentially the same

8 time.

9 MR. BESSETTE: Yeah, yeah.

10 MR. ROSEN: I mean, clearly that's not

11 going to happen with a frequency of --

12 DR. WALLIS: Unless they're the kind of

13 valve that has a block valve or something in series

14 and the operator could shut them both.

15 MR. ROSEN: Well, yeah. Manual action

16 could do that, but not --

17 DR. WALLIS: Anyway, it's the frequency

18 that makes it unimportant, the initiating frequency.

19 MR. EricksonKIRK: Okay. I'm going to

20 move boldly on because we're running behind.

21 Just some observations on the transient

22 classes of control failure. Secondary side breaks are

23 much less damaging than primary side breaks, the major

24 reason being not because the cooling rate is any

25 different, but because the main steamline breaks
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1 you've got a multi-square foot opening. That cools

2 down every bit as fast as a big pipe break. The major

3 difference is and the dominant factor controlling the

4 through wall cracking frequencies is that the minimum

5 temperature doesn't get so low.

6 When a secondary side break occurs, the

7 lowest temperature the primary can get is to the

8 boiling point of water at the pressure of the break.

9 So 212 for a break outside of containment, about 40

10 degrees higher for a break inside of containment.

11 So since the temperature is higher, the

12 toughness is higher, and you just don't get that big

13 a contribution.

14 Overall, and my PRA colleagues will go

15 into details on this, we have credited operator action

16 throughout this analysis, and I know that's been a

17 concern that, you know, we might be developing a rule

18 that's based on credits for operator action.

19 However, when you get to the end of the

20 day and you look at the transients that are

21 contributing the most to the through wall cracking

22 frequency, you find that the operator action credits

23 really haven't had a very big influence on those

24 frequencies.

25 Certainly for the primary side pipe breaks
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1 there were no operator action credits at all because

2 the operator can't do anything.

3 DR. WALLIS: Well, you can turn off the

4 coolant injection and stop the thermal shock.

5 MR. EricksonKIRK: Well, you could, but

6 then you'd melt and --

7 DR. WALLIS: That's right.

8 MR. EricksonKIRK: -- presumably

9 procedures would prohibit that.

10 For stuck open valves, operator action

11 credits are important. However, we have found that

12 the operator has to act very, very rapidly in order to

13 prevent the repressurization, and he can only

14 successfully prevent repressurization when initiation

15 has been at hot-zero power. So the net effect of the

16 operator action credit has been very small in the end

17 result.

18 And also, and again, this is all summary.

19 So we're going to go into the details. We believe

20 that with only a few caveats our findings should be

21 applicable to PWRs, in general -- I've said a lot of

22 this before -- because the transients that contribute

23 to most of the through wall cracking frequency have a

24 approximately equal occurrence rate and approximately

25 equal severity across plants.
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1 Operator actions have only a small

2 influence on the final calculated through wall

3 cracking frequencies for the transients that are

4 important.

5 Similarity in PWR designs plays a big

6 part. We have similar diameters, similar system

7 pressures, similar thicknesses and so on, and also as

8 we'll go into, there are a number of conservatisms

9 that have been left in the model.

10 DR. BONACA: The question I have was on

11 the issue of steamline break versus LOCA, and you

12 already went through this before. But this steamline

13 break was the limiting transient before, used to be.

14 MR. EricksonKIRK: That's only because

15 large break LOCAs weren't analyzed.

16 DR. BONACA: Ah.

17 MR. EricksonKIRK: Yeah. In the old

18 analysis -- and Mike can correct me if I'm remembering

19 my plants wrong -- but I believe it was Oconee for

20 which the main steamline break was dominant transient.

21 It was the dominant transient only because large break

22 LOCAs weren't analyzed and stuck open valves weren't

23 analyzed.

24 DR. BONACA: Well, but they assume that

25 the feedwater would keep running.
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1 MR. EricksonKIRK: And they made a very

2 conservative treatment of both, what happened, and

3 also the frequency with which it occurred.

4 DR. BONACA: Which is an incredible thing,

5 that the operators would not stop it, but wouldn't the

6 operator be significant action?

7 I'm just, I guess --

8 MR. EricksonKIRK: For the steamline

9 break, again, well, we can do all of the presentation

10 now.

11 DR. BONACA: No, no, no.

12 MR. EricksonKIRK: A steamline -- well, if

13 a steamline break breaks, it breaks within the first

14 ten or 15 minutes, long before operator action is

15 likely because the thing that produces the high

16 stresses in a steamline break is that rapid cool down,

17 and if you can survive that, you're okay.

18 DR. BONACA: We'll see when we get there.

19 MR. EricksonKIRK: I'm not sure how much

20 detail we want to go into on these type of plots

21 because clearly, the committee is looking for more

22 details, but what we're proposing as a revision to the

23 PTS screening limit is a multi-parameter approach

24 where you calculate a reference temperature for your

25 flaws in your axial welds, a reference temperature for
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1 your flaws in your plates and a reference temperature

2 for your flaws in your circ. welds, and this can all

3 be done based on information that's available now to

4 the licensees and is in the RVID database.

5 And based on that, based on those metrics,

6 you can place a point which represents a plant in a

7 space, say -- let's just look at plate welded

8 plants -- of the axial weld reference temperature and

9 the plate reference temperature, and then this is a

10 failure probability space where the further you get

11 from the origin, the higher your failure probability

12 becomes.

13 And using a limit on failure probability,

14 one times ten to the minus six, you can construct a

15 locus where if the plant assessment point is inside

16 the locus, you're at a lower failure probability, and

17 if it's outside, you've passed your limit and you need

18 to do something else.

19 So that's going to be where we're heading,

20 but also by means of summary, suffice it to say that

21 at both end of license and even end of license

22 extension none of these assessment points and what you

23 see on here are assessment points for all the PWRs

24 that are currently licensed to operate by the NRC;

25 none of them are anywhere close to the limits that are
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1 calculated by this procedure.

2 CHAIRMAN SHACK: Now, those temperatures

3 that you're showing us there don't have the margin

4 terms, do they?

5 MR. EricksonKIRK: No, they do not have

6 the margin terms.

7 CHAIRMAN SHACK: But you're arguing that

8 you don't need those margin terms because you've built

9 that uncertainty into your bounding envelope.

10 MR. EricksonKIRK: Because we've built the

11 uncertainty into the bounding envelope and because of

12 the conservatisms; that the conservatisms left in the

13 model far outweigh the nonconservatisms left in the

14 model.

15 The point I'd like to make here is just in

16 terms of this graph, and you can kind of discern it

17 from the graph that was on the previous page. This is

18 a histogram of an estimate of through wall cracking

19 frequency for all the PWRs that are currently licensed

20 to operate by the Nuclear Regulatory Commission. We

21 showed distribution for forged vessels and for plate

22 vessels, and you can see that even the worst plate

23 vessel doesn't have a through wall cracking frequency

24 estimated at EOL that exceeds ten to the minus seven,

25 and by and large the average value is much, much
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1 lower.

2 But to get to Dr. Shack's comment,

3 certainly currently a margin term is assigned to -- is

4 used in our current assessment procedure to attempt to

5 account for unknowns and uncertainties that weren't

6 considered in the process that generated the 270 and

7 300 degree limits, and that's certainly an appropriate

8 reason to use a margin term, is to account for things

9 that we believe to be outside of your analysis.

10 Certainly we believe we've tried to do a

11 much more comprehensive job in setting these bounds,

12 but also in the process of building any model, you

13 never have perfect knowledge,a nd so there are always

14 judgments that you have to make along the way, and so

15 at the end in assessing this type of screening

16 procedure and whether you believe that an additional

17 margin needs to be attached or not, to kind of put it

18 in perspective, I think it's appropriate to look at

19 the residual conservatisms in the model and the

20 residual non-conservatisms in the model.

21 DR. WALLIS: This is where it would be

22 useful for us to look at the actual technical reports.

23 MR. EricksonKIRK: That's right.

24 DR. WALLIS: If we look at, say, the model

25 of RT shift due to embrittlement, I remember there was
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1 a lot of stuff in your technical details which was

2 interesting on that subject --

3 MR. EricksonKIRK: That's right.

4 DR. WALLIS: -- in the previous report,

5 and I didn't find any of it this time.

6 MR. EricksonKIRK: In the mysterious

7 missing 18 minutes of report, yes. And we'll be

8 discussing these over the next few days, but certainly

9 it's at least my personal view -- I think it's a view

10 that's held by most of the staff -- that both the

11 number of conservatisms in the model and their

12 magnitude far outweighs the non-conservatisms that are

13 left.

14 So I personally would be pretty

15 comfortable with using these risk based limits and the

16 proposed calculational procedures to get plant

17 specific points without having to add an additional

18 margin term because --

19 DR. WALLIS: Why is the heat transfer

20 model non-conservative? Actually for the worst case

21 it doesn't matter anyway, does it?

22 MR. EricksonKIRK: For the worst case it

23 doesn't matter anyway. Dave can go into detail. The

24 placement of any one of these words on either side is

25 obviously a matter of judgment. So this is biased by
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1 the person that made the slide.

2 However, in Chapter 9, the use of the heat

3 transfer model that was proposed by Professor Catton,

4 I think, showed a factor of three increase in through

5 wall cracking frequency relative to the one that we're

6 using for the 12 dominant transients in Palisades.

7 So that was my basis of putting it there.

8 As you all know, I'm not a heat transfer expert. So

9 if you folks decide it belongs over there or to be

10 completely scrubbed, I'd be happy to make that

11 modification.

12 MR. SIEBER: Do we have this slide in our

13 package?

14 MR. EricksonKIRK: No, you don't.

15 MR. SIEBER: Could you provide us with a

16 copy?

17 MR. EricksonKIRK: Yes, we will. I'll

18 have to get together with Dr. Shack to find out

19 exactly what's missing and we'll provide you with a

20 complete finalized set.

21 I guess this was the most major

22 modification, and the reason being is we got Dr.

23 Murley's comments yesterday, and one of his comments

24 was he said, "I see your nice list of conservatisms.

25 To be fair, guys, you really need to have a list of
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1 non-conservatisms, too, because I know they're in

2 there."

3 And so we've gone through and tried to do

4 our best job at listing or at providing a balanced

5 view.

6 MR. ROSEN: Go back to the slide that

7 Murley commented on and let me torture you some more

8 on that, but only in the stuff above where he

9 commented.

10 MR. EricksonKIRK: Okay.

11 MR. ROSEN: Well, now, you see, that's

12 different from what I have in my package.

13 MR. EricksonKIRK: What's that?

14 MR. ROSEN: I was going to ask about in my

15 package it says -- it's the third bullet that says the

16 results are not much different at the end of the

17 license renewal period, and I assume that's referring

18 to this chart on the right.

19 MR. EricksonKIRK: That's right.

20 MR. ROSEN: Which, by the way is at EOL 32

21 effective pull power years.

22 MR. EricksonKIRK: That's right.

23 MR. ROSEN: Which is not the license

24 renewal period, which is why they made that comment on

25 the earlier version of the slide.
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1 MR. EricksonKIRK: Okay.

2 MR. ROSEN: Now, moving ten to 20 degrees

3 Fahrenheit closer to the screening limits and EOL, I

4 guess, is what I was seeking, to get a sense in the

5 slide package that was handed out, the statement that

6 their results are not much different isn't

7 particularly helpful, I mean, at the end of the

8 license renewal period because this committee spent so

9 much of its time on license renewal.

10 MR. EricksonKIRK: Right..

11 MR. ROSEN: What happens to these through

12 wall cracking frequencies? What happens to the bulk

13 of these plants when you go out to 60 years?

14 MR. EricksonKIRK: Yeah. If you look in,

15 and I can pull it up on the screen, but if you have

16 the summary report, if you got to -- there's a

17 histogram of that in Chapter 11, of the summary

18 report, and if I can look at it, I can describe it to

19 you.

20 CHAIRMAN SHACK: You go to your

21 scatterplot and just move the points ten or 20 degrees

22 over, and they're not going to move very far.

23 MR. EricksonKIRK: In other words, you

24 don't get --

25 MR. ROSEN: But characterize it in words.
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1 Mark, work with me on this one. Just look at the

2 slide on the upper right-hand, what you're showing

3 now, on through wall cracking frequency. What happens

4 to the bulk of those plants? Do they move half an

5 order of magnitude or less than half an order of

6 magnitude?

7 MR. EricksonKIRK: About half.

8 MR. ROSEN: About half?

9 MR. EricksonKIRK: About half.

10 MR. BISHOP: If you go back to your Slide

11 14, Mark, you've got a lot of the through wall

12 cracking, which is the reverse of Part A, and Part A

13 is one of the ten or 20 degrees, and you get back for

14 the worst axial flaws.

15 MR. SIEBER: Could you use the microphone,

16 please?

17 MR. EricksonKIRK: I'm sorry, Bruce.

18 Fourteen?

19 MR. BISHOP: That right there. You can

20 just see ten or 20 degrees. Those degrees are --

21 MR. SIEBER: You have to use the

22 microphone.

23 MR. EricksonKIRK: Okay. What Bruce

24 Bishop from Westinghouse is pointing out is that

25 actually the slopes on these lines are all very close
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1 to each other. So if you look at changing 20 degrees

2 on any one of these lines, you're looking at

3 increasing the through wall cracking frequency by half

4 an order of magnitude or less.

5 MR. ROSEN: Okay. That's very helpful.

6 MR.. EricksonKIRK: And, indeed, that's

7 what you'd expect because you're getting out, you're

8 using up the embrittlement in the vessel. It's

9 starting to plateau. It's not getting much worse.

10 MR. ROSEN: So, now, let's extrapolate.

11 If you wanted to go 100 years for the plant or 500

12 years --

13 MR. EricksonKIRK: Or perhaps 1,000.

14 MR. ROSEN: -- you're saying at some point

15 it's just not going to change anymore. The vessel is

16 not going to become limited because of physical --

17 MR. EricksonKIRK: Well, from a materials

18 viewpoint you reach a physical limit on embrittlement

19 where it's just not going to get any worse.

20 Now, whether the driving force is low

21 enough to keep you from failure, that's another issue.

22 MR. ROSEN: But the vessel material just

23 gets as bad as it's going to get, and that's all it

24 is.

25 MR. EricksonKIRK: That's right.
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1 MR. HISER: Hold on one second. This is

2 Allen Hiser from the Engineering Branch of Research.

3 You've got to watch out because our

4 understanding of fluence effects on embrittlement,

5 there's after a certain level of fluence, we don't

6 know what happens outside of those. There may be

7 there are postulates of additional embrittlement

8 phases and mechanisms that kick in. So we need to

9 stay in the box, if you will, with the data that we

10 have before we extrapolate too far.

11 MR. ROSEN: I wasn't really advocating a

12 1,000 year plan.

13 MR. HISER: I'm not sure that 100 gets us

14 there either.

15 MR. EricksonKIRK: Okay. Just one more

16 slide. Since we're already behind schedule, so for

17 the remainder of the briefing, we've structured the

18 briefing to parallel the summary report which you have

19 received, fortunately. So the next thing we're going

20 to go through are our fundamental assumptions which

21 you'll find in Section 3.3.

22 We'll then go on to address significant

23 changes that we've made in our models since we last

24 briefed you, and in some cases talk about significant

25 peer reviewers' comments and, of course, changes in
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1 our models.

2 That will take us up to lunchtime, and

3 then after lunch we'll be briefing you on our baseline

4 calculations which are in Chapter 8, generalization to

5 all plants, and Chapter 9, reactor vessel failure

6 frequency acceptance criteria, and Chapter 10, Chapter

7 11 on PTS screening criteria, and then a summary.

8 And then tomorrow morning we'll go into a

9 more detailed discussion of the peer reviewers'

10 comments. And at least on some of the slides you'll

11 see indices to sections, figures, chapters in your in

12 your detailed reports so that you can see where we're

13 getting the information from.

14 That's all I have on this section unless

15 there are any more questions.

16 (No response.)

17 MR. EricksonKIRK: In that case I'll ask

18 Donnie Whitehead to join me up front. Donnie is from

19 Sandia National Laboratories an has performed a

20 probabilistic risk assessment.

21 MR. WHITEHEAD: Good morning. My name is

22 Donnie Whitehead, and I'll be making a presentation on

23 at least the PRA/HRA aspects of this analysis.

24 The first topic that we want to cover this

25 morning has to deal with basically the fundamental
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1 assumptions that have been made as it relates to the

2 PRA aspect of the project, and basically there's two

3 types of assumptions that we've made.

4 If you will, the typical type assumptions

5 that are always generally made within the PRA work,

6 things like, you know, the example given here, in the

7 actual plant system configuration is represented by

8 the as-built, as-operated information that's

9 documented.

10 What I'd like to concentrate more so this

11 morning though is on the assumptions that we've made

12 specifically for the PTS analysis, and those basically

13 can be categorized into seven different sets of

14 information.

15 The first one is Project Execution, and

16 basically by that I mean just what kind of lessons did

17 we learn ad we went through our analyses. The first

18 plant that we dealt with was the Oconee plant, and

19 the analysis that was done for that plant was a very

20 detailed exhaustive analysis where we look at

21 basically all types of initiating events. We look at

22 all types of system and equipment response and try to

23 identify, you know, any possible combination of

24 equipment failures and/or successes that might lead to

25 conditions that would produce thermal stress in the
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1 reactor vessel, ultimately leading to failure from

2 PTS events.

3 We then used the information that we

4 learned from the Oconee analysis to modify what we did

5 for the two subsequent analyses, both the Beaver

6 Valley and the Palisades analyses, and so basically

7 we used information that we learned like what thing

8 were showing up to be important, what things were

9 showing up to be not important to modify the rest of

10 the analyses as a means of saving resources for the

11 project.

12 The next issue that we dealt with has to

13 do with initiating events. There are basically two

14 types of initiating events that we didn't look at or

15 actually didn't analyze. We did look at them, but we

16 screened them from our analysis.

17 The first one is basically the anticipated

18 transient without SCRAM EVENTS. We eliminated that

19 type of event because typically these generally begin

20 with severe under cooling. In essence, there's

21 actually too much power for the cooling that you have,

22 and so we used that plus the frequency that typically

23 occurs with these events to eliminate them from

24 further analysis.

25 The other initiating event that we removed
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1 from the detailed analysis was interfacing system loss

2 of coolant accidents. While we recognized that these

3 could involve over cooling from the start of the

4 event, it was also recognized that significant

5 ISLOCAs often fail or are assumed to fail the various

6 mitigating equipment in the PRAs, which ultimately

7 would lead to an under cooling event rather than an

8 over cooling event.

9 So we used that argument to eliminate

10 them from our detailed analysis.

11 One other thing that we did was we had to

12 deal with the fact that we're looking at both at power

13 and hot-zero power initiators. We decided that the

14 best approach for that was to look to see basically

15 what fraction of time plants are at hot-zero power as

16 opposed to being at power operation, and to look to

17 see if there were any evidence associated with an

18 increase initiating event frequency for various types

19 of initiators depending upon whether you were at power

20 or whether you were at hot-zero power.

21 And what we found was that the only type

22 of initiating events that were typically more prone to

23 occur to occur at hot-zero power than at full power

24 were those involving reactor or turbine trips.

25 And what we did was look at the
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1 information and made an estimate that, you know, about

2 a factor of ten increase in those types of frequencies

3 would bound the information that we were seeing.

4 And so what we did was we multiplied the

5 fraction of time that plants are typically at hot zero

6 power by this factor of ten, and resulted in a

7 multiplier of .2 for an initiators that initiate at

8 hot-zero power and involve either reactor or turbine

9 trips.

10 MR. ROSEN: Donnie, let me ask you about

11 your definition of hot zero power.

12 MR. WHITEHEAD: Yes.

13 MR. ROSEN: Is that a critical condition

14 or is it just normal operating pressure and

15 temperature and not critical?

16 MR. WHITEHEAD: It would be normal

17 operating temperature and pressure and basically not

18 critical. Zero --

19 MR. ROSEN: Okay. This is Mode 3

20 basically?

21 MR. WHITEHEAD: Yes, basically.

22 MR. ROSEN: Rather than Mode 2 because Mod

23 2 you're in a very, very short time.

24 MR. WHITEHEAD: Yes, that is correct, yes.

25 MR. ROSEN: And then Mode 3, it's possible
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1 a plant might linger in Mode 3. Point, oh, two is the

2 number you're using.

3 MR. WHITEHEAD: That's correct. . That was

4 based upon the information that we had for the typical

5 type of outage that plants might be in.

6 MR. ROSEN: So that's like seven days, as

7 long as, right?

8 MR. WHITEHEAD: Something like that, yes.

9 MR. ROSEN: That's probably conservative,

10 too.

11 MR. WHITEHEAD: Actually we found that the

12 real number that we actually looked at is somewhere

13 around one and a half to one and three quarters

14 percent. Here's one of the areas that Mark would talk

is about where we have, you know, essentially some small

16 conservatism built in. Instead of calling it, you

17 know, one and a half percent, we just simply rounded

18 that to two percent.

19 MR. ROSEN: Well, you're effectively

20 saying the plant is going to stay at normal operating

21 pressure at temperature during any given year for

22 seven days, and I think that's conservative. I don't

23 think plants will do that unless some very unusual

24 circumstance.

25 A more typical number might be in the

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



68

1 hours range really, and some years they won't be in it

2 at all.

3 MR. WHITEHEAD: That's correct. I mean,

4 this is based on, you know, looking at multiple

5 refueling type outages and things like that, and so,

6 you know, again, this is an area where we would expect

7 there to be some conservatism in, but again, it's an

8 assumption that doesn't significantly or does not

9 affect the overall conclusion that we've been able to

10 reach, that is, that, you know, there appears to be

11 sufficient room to warrant maybe a modification to

12 the PTS rule.

13 In the area of scenario development, there

14 were a couple of things that we want to talk about.

15 As Mark has alluded to there were some of the classes

16 of initiating events where we basically did not take

17 any credit for any type of operator actions or

18 anything like that. These consist mainly of the large

19 break and medium break LOCAs.

20 They were basically just the initiating

21 event frequency, and that was then passed to the

22 thermal hydraulics people with the appropriate break

23 sizes, break size spectrums that we looked at for the

24 various breaks.

25 The reasons being is that at this point in
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1 time if you have a medium or large break LOCA there is

2 really nothing that the operators can do other than,

3 as someone else pointed out, turning off the injection

4 equipment that will affect the outcome of the

5 scenario, and so basically we just simply assumed that

6 equipment would respond as appropriate, and so

7 therefore, we didn't really take any credit for some,

8 you know, small, .99 multiplier that you might use to

9 reduce the frequency for high pressure and low

10 pressure systems' injection failures.

11 Another issue that we dealt with was the

12 status of pressure operator relief valves and the SRVs

13 on the pressurizer. We assumed that the failure of

14 these types of valves or the demand for these types of

15 valves would be unimportant for small LOCA scenarios.

16 The basic reason for that is if you have a LOCA event

17 occurring, you're going to have a pressure drop within

18 the system, and, therefore, this should preclude the

19 demand for the opening of any primary side PORV or

20 SRV.

21 And then the third bullet basically says

22 that there are some things that we just simply didn't

23 include in the models because they didn't really have

24 any impact or had very little impact on PTS risk, and

25 those were things like pressurizer sprays and
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1 heaters.

2 Continuing with scenario development,

3 we -- and this again goes to one of the points I made

4 for the large break LOCA and medium break LOCA -- is

5 that we simply assume the function for certain SSCs,

6 for certain scenarios. We assume that the

7 accumulators would object if conditions warranted

8 their injection.

9 We did not include the failure probability

10 associated with the check valves failing to open. So,

11 I mean, instead of multiplying something by .999 that

12 the injection valves would not open, we just simply

13 assumed that they would do so. You know, very small

14 conservatisms, but we wanted to point those out.

15 Another issue that we dealt with was the

16 importance of when operator actions occur or when a

17 piece of equipment changes state due to various issues

18 associated with PTS. We looked at a limited set of

19 important operator actions, for example here, we have

20 operator fails to throttle high pressure injection,

21 and equipment state changes, stuck open, pressurizer

22 safety relief valves, that either remain open or that

23 subsequently reclose.

24 We included those into our analysis.

25 Things that had long-term effects on
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1 scenarios we typically tended to not include those

2 into our analyses, such as heating and ventilation

3 failures were ignored because typically those failures

4 show up long term several hours into various types of

5 scenarios, and that time frame is such that any PTS

6 issue would long be decided and the failure of those

7 types of systems would just simply not be important.

8 There were a few cases where we used

9 engineering judgment to determine failure

10 probabilities for various SSCs. Typically we tried to

11 be conservative when we had to make these estimates.

12 An example that I've already given is the

13 fraction of time associated with being in not-zero

14 power condition. We used the value of two percent,

15 where in reality the data that we were looking at

16 showed something on the order of maybe one and a half

17 percent.

18 But there were a few other cases where we

19 had to use that information.

20 Human reliability analysis. We had two

21 types of human actions that we looked to. These were

22 the pre-initiator human failure events. For the

23 Beaver Valley and Oconee model, we did not include

24 these explicitly within our model. They were assumed

25 to be in the industry-wide data that was used to model
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1 system unavailabilities.

2 The Palisades model is different. The

3 approach there was different in the sense that this

4 was an existing utility model that was modified to

5 address various PTS issues that we had identified, and

6 basically we just simply left as is any of the human

7 failure events that they had in their model because

8 most of these were events that simply wouldn't have

9 any real impact on what we were doing, and we felt

10 that there was no real need to examine those or to

11 make modifications to them in detail.

12 Now, for the time at which operators

13 performed the actions on the, if you will, post

14 initiator actions, we typically look at, at least for

15 the ones that were important, we looked at a spread of

16 operator actions, that is, the earliest time at which

17 an operator action could occur and the latest time at

18 which an operator action could occur that might

19 possibly have some impact on the PTS progression of

20 the event itself.

21 And we would then sometimes choose an

22 intermediate value, one in between those two, just to

23 see if something in between might have some impact.

24 Another issue was what do we do with the

25 human actions when we're at hot shutdown or hot-zero
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1 power. The human reliability analysis that was done

2 is one that's typically based upon the ATHENA

3 approach, and using the ATHENA approach, we did find

4 that there were some cases where it might be that

5 because of what was going on in hot shutdown and so

6 forth, that the human error probabilities could

7 increase somewhat. And so we did account for that.

8 In the PTS bin development, obviously as

9 you're aware of, you know, we would have --

10 DR. BONACA: Excuse me.

11 MR. WHITEHEAD: Sure, yes.

12 DR. BONACA: The human reliability

13 analysis, you didn't mention any operator actions

14 during secondary site events for breaks.

15 MR. WHITEHEAD: Yes, we did include those.

16 Typically those would have been things like the

17 operators controlling the steaming from the bad

18 generator, making sure that either feedwater or

19 auxiliary feedwater level was controlled.

20 DR. BONACA: So you did include that?

21 MR. WHITEHEAD: Yes, we did include those.

22 Those types of actions were included, yes.

23 In the bin development, there were large

24 numbers of potential PTS scenarios that were actually

25 generated for the Oconee analysis, and smaller numbers
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1 for the Beaver Valley and the Palisades analysis as we

2 became smarter and, you know, had a better

3 understanding of what was potentially important.

4 What we were faced with was obviously

5 there's no way that we could have done thermal

6 hydraulic calculations for the literally tens of

7 thousands of individual scenarios, and so what we were

8 faced with was trying to bend the scenarios into a

9 more limited number of calculation or bins that we

10 could actually then pass to the thermal hydraulics

11 people for calculations.

12 And basically what we did was if we as the

13 PRA analyst judged that a scenario's response would be

14 similar to existing TH calculations that we already

15 had, then we would bin that into the existing

16 calculation. If we judged that a scenario's response

17 could be significantly different than what we had as

18 existing calculations, then we requested new TH

19 calculations and we created new bins.

20 So obviously, there's judgment associated

21 with this and, you know, it was a process of

22 identifying what we believed to be, you know,

23 scenarios that could fit into things that we already

24 had, the various types of calculations that we had

25 already done, thermal hydraulically, and also then
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1 looking to see whether or not we -- you know, if the

2 scenario development was sufficient different that we

3 needed to see what would happen, you know, if we did

4 a new TH calculation.

5 And that was a matter of give and take on

6 the PRA people wanting, you know, typically to do all

7 of the calculations and the thermal hydraulic people

8 saying that, you know, we can do only a certain number

9 of calculations.

10 MR. ROSEN: Well, you're implying that

11 there was a give-and-take. That means you met with

12 the thermal hydraulic people and --

13 MR. WHITEHEAD: Yes, yes.

14 MR. ROSEN: -- discussed these scenarios.

15 MR. WHITEHEAD: Yes.

16 MR. SIEBER: Now, you know, in the

17 presentation you indicate all of this spinning, and

18 the reason I keep asking questions about the secondary

19 side break is really for B&W plants. I mean, there is

20 a significant difference between a steamline break in

21 a B&W plant and a steamline break in a C plant where

22 you have a huge inventory of water.

23 In a B&W type of plant you have, like

24 Oconee, you have essentially no inventory in the steam

25 generator. So you're feeding steam water and flashing
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1 and cooling down at much faster rates so that the

2 intervention of an operator is much more important at

3 some point to stop the cool-down.

4 So I'm having a hard time in seeing the

5 generalization of the treatment for all of these types

6 of plants when I see such a significant difference

7 between, on one hand, Beaver Valley and the Palisades

8 and, on the other, the Oconee plant.

9 MR. WHITEHEAD: Okay.

10 DR. BONACA: But you deal with that issue.

11 MR. WHITEHEAD: I think we'll talk about

12 that in the generalization issue, but let me just add

13 that what you pointed out is absolutely correct, and

14 that is actually reflected in some of the human error

15 probabilities that were assigned to the same type of

16 action depending upon whether it was at, say, Oconee

17 rather than Beaver Valley. Because at Oconee the

18 operators are much more sensitive to what happens on

19 the secondary side than necessarily is the case at the

20 other plants with the larger inventories in the steam

21 generators because they know that there's time

22 available for them to respond.

23 So those types of issues and conditions

24 were considered, looked at, and incorporated into the

25 analysis.
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1 DR. BONACA: Yes, because, again, you

2 know, the elimination of secondary side as

3 consideration is acceptable to me. I mean, it's

4 obvious for the Westinghouse and C type of steam

5 generator, but the burden, it's higher in eliminating

6 those scenarios from the B&W type plants.

7 MR. WHITEHEAD: Yes, but even --

8 DR. BONACA: Because you have to assume,

9 you know, and I believe it's possible and we discussed

10 it a long time ago, regarding the effectiveness of the

11 operator to follow procedures and to isolate and to

12 terminate the event.

13 But that is why it was such a limiting

14 event for BRW plants when it was originally analyzed,

15 because they assume continuous feeding of water and

16 all, but as an intervention.

17 MR. WHITEHEAD: Right, and as we're all

18 aware, assuming that the operators will do absolutely

19 nothing is not necessarily the best course of action

20 to take.

21 MR. SIEBER: How many bins did you end up

22 with?

23 MR. WHITEHEAD: Typically we ended up

24 with, let's see, you know, in the tens of bins.

25 Oconee, I'm trying to remember off the top of my head.
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We had, you know, 40 or 50 bins.

MR. SIEBER: And each one represents a

different thermal hydraulic analysis?

MR. WHITEHEAD: Yes, it represents a

thermal hydraulic analysis that we, both the PRA and

the thermal hydraulics people believe was sufficiently

different enough that it warranted its own bin, yes.

MR. SIEBER: Okay, and the bins were

different depending on the manufacturer of the plant?

MR. WHITEHEAD: There could be some

differences in the bin, though typically there tended

to be quite a bit of overlap because the response of

the plant would be the same.

For example, the bins that dealt with

LOCAs, the medium break LOCAs and the large break

LOCAs, I think in each plant we had three medium break

LOCA bins and one large break LOCA bin because the

thermal hydraulic response could be characterized by,

you know, that set of bins both for the medium and

the large break LOCA.

And so you know, we ended up with

essentially the same number of bins, though there

could be some small variation in break size and/or

equipment response depending upon what was

particularly important at one plant versus another.
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1 MR. SIEBER: Yeah, and the ultimate result

2 was a cool-down curve for each bin?

3 MR. WHITEHEAD: That is correct. Both a

4 minimum downcomer temperature, the pressure plot, and

5 the heat transfer coefficient plot.

6 MR. SIEBER: Okay. Thank you.

7 MR. WHITEHEAD: Yes. And let's see. The

8 way the bin development process occurred was we, as

9 the analyst, looked at minimum downcomer temperature

10 as our primary means of making a determination as to

11 whether or not we needed a new bin or not, and if the

12 minimum downcomer temperatures were approximately the

13 same, then we typically tried to fit the scenarios

14 into the ones that had the higher pressure.

15 So, I mean, given the same minimum

16 downcomer temperature profile, we then looked to see

17 what kind of variations we were seeing in pressure

18 response and, you know, as long as the pressures

19 response was not substantial, then we typically tried

20 to pick the one that had the highest.

21 Obviously if the pressure responses were

22 vastly different, then that was one of the keys that

23 we had to go and request, you know, additional

24 information, different calculations for the expected

25 equipment response, the expected temperature, pressure
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response for the various sets of operating conditions,

equipment failures, successes, operator successes,

failures.

So I mean, you know, basically we looked

at temperature first and then as a deciding factor, we

looked at pressure response.

I believe that is mine. Any other

questions?

MR. SIEBER: Thank you.

CHAIRMAN SHACK: All right. Forty minutes

behind already. I'd like to propose we take a break

for ten minutes and then we'll come back.

(Whereupon, the foregoing matter went off

the record at 10:11 a.m. and went back on

the record at 10:27 a.m.)

CHAIRMAN SHACK: We can hear about plumes

finally.

MEMBER SIEBER: There aren't any. Thank

goodness.

(Laughter.)

MR. BESSETTE: Yes, there aren't any.

CHAIRMAN SHACK: And if they are, they

don't make any difference anyway.

MR. BESSETTE: Yes. And if they are -- if

there aren't any, and if they were they wouldn't make
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1 any difference.

2 (Laughter.)

3 I'm going to talk about the basic

4 assumptions in the thermal hydraulics analysis, and

5 it's -- first, it's that we've done an adequate number

6 of calculations to resolve the accident space or the

7 spectrum of accidents.

8 And we have a corresponding level of

9 detail between the thermal hydraulic calculations and

10 the PRA bins, and that RELAP5, which was the basis for

11 all of the analysis, is able to adequately predict

12 downcomer temperature, pressure, and heat transfer

13 coefficient, and that multi-dimensional effects, in

14 particular in the cold leg and downcomer, are

15 adequately represented by RELAP.

16 I shouldn't say adequately represented,

17 but are not significant to the answer.

18 MEMBER RANSOM: What about the heat

19 transfer coefficient? Because isn't it what really

20 governs the thermal stress in the wall?

21 MR. BESSETTE: Well, it's really the heat

22 flux.

23 MEMBER RANSOM: Well, the heat flux,

24 right.

25 MR. BESSETTE: And which is a combination

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



82

1 of temperature -- fluid temperature and heat transfer

2 coefficient.

3 MEMBER RANSOM: Right.

4 MR. BESSETTE: Our starting premise, which

5 has held true throughout the analysis, was that you

6 have these three factors. The most important is

7 temperature and pressure and heat transfer

8 coefficient. So it's not that heat transfer

9 coefficient is inconsequential. Effects can be seen

10 in any results, but that -- we understand the

11 magnitude of these effects, and we've looked at these

12 effects.

13 MEMBER RANSOM: One thing that I don't

14 recall is why you're able to make these other plots

15 with RTndt as the governing parameter, as far as the

16 material. But then, you know, to relate that to the

17 stress in the wall, which is -- I guess there's an

18 assumed pressure, but also the cue is the other

19 factor, like you mentioned.

20 MR. BESSETTE: Well, as you know, you have

21 to do -- let's say your thermal hydraulic boundary

22 conditions have to be, in effect, individually

23 deterministic, because it's the whole temperature

24 history or the whole heat flux as a function of time

25 that gives you the temperature distribution in the
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1 vessel wall.

2 MEMBER RANSOM: But the previous plots we

3 saw are sort of generalizations of a lot of

4 transients, and apparently there must be some of these

5 effects that are common.

6 MR. BESSETTE: I think -- you know, I

7 think one thing we can say is we've covered such a

8 spectrum of transients that we've covered all -- all

9 possibilities that can happen.

10 MEMBER RANSOM: Okay.

11 MR. BESSETTE: I wanted to show the PRT

12 that we -- we based -- in effect we based our work on

13 to illustrate a point. First of all, we did a PIRT to

14 try to identify the dominant features of the plant

15 design and the physical models in RELAP.

16 And this is color-coded, so that the green

17 are items that form part of the RELAP input deck or

18 the RELAP plant model that was used in the analysis.

19 And the blue are the physical models in RELAP, and the

20 red is a combination of boundary condition and

21 physical modeling.

22 And the interesting thing about when you

23 do this PIRT is that most of the important features of

24 the analysis relate to the input deck, how the plant

25 is modeled. And as well as how the plant is modeled,
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1 it's the actual event sequence, the initiating event,

2 and things like tripping the reactor coolant pumps,

3 and so on, and operator actions.

4 So when -- in the previous slide when we

5 talk about plant behaviors resolved adequately, what

6 we try to do is take these -- this PIRT, and since so

7 many of these things are actually a definition of the

8 event sequence, it is to evaluate these features by an

9 adequate number of individual RELAP calculations.

10 So, for example, for break location, we

11 looked at breaks in the hot leg and cold leg, the

12 break -- main steam line -- main steam line breaks can

13 be either upstream or downstream of main steam

14 isolation valve.

15 This is an important aspect, because a

16 break downstream of the valve or outside a

17 containment, reactor coolant pumps don't trip, whereas

18 if the steam line breaks inside containment it

19 generates an isolation signal which would result in a

20 trip of the reactor coolant pumps.

21 For example -- and this was discussed a

22 little bit earlier -- we did a large number of

23 calculations on hot, full power, repeated them at hot

24 zero power, to look at the effect of decay heat. The

25 pressurizer -- class of events of pressurizer SRV
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1 stuck open, which we closed. We basically -- we

2 looked at -- broke that down into they reclose at

3 3,000 seconds, 6,000 seconds, or never.

4 And, in addition, in response to a request

5 from Dr. Murley, we did a more complete spectrum of

6 reclosure times to characterize a whole range of

7 possibilities.

8 And as Donnie was saying, like operator

9 actions, we looked at variations in the timing of HPI

10 throttling, the feedwater isolation, to cover

11 basically the spectrum of possibilities.

12 And this is a continuation of the PIRT.

13 Again, you can see that most of the features are

14 boundary conditions. We did do sensitivity studies on

15 the wall heat conduction, which I'll talk about today

16 or tomorrow.

17 This we can't represent in RELAP -- ECC-

18 RCS mixing in the cold legs and downcomer. But we

19 looked quite a bit at experimental data. This look at

20 the effects of thermal stratification in the cold leg

21 and temperature distribution and downcomer we feel --

22 we have a story on that, which we'll tell you --

23 MEMBER WALLIS: Well, doesn't RELAP just

24 bring everything to equilibrium in a node? It doesn't

25 have two different temperatures and things. It just
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1 brings everything to a --

2 MR. BESSETTE: That's right. This is a

3 single fluid temperature, a single liquid temperature

4 and a single vapor temperature.

5 MEMBER WALLIS: So they're not necessarily

6 the same.

7 MR. BESSETTE: They're not necessarily the

8 same. But you only have one liquid temperature.

9 MEMBER WALLIS: One liquid temperature.

10 MR. BESSETTE: Yes. So there's no

11 possibility of representing thermal stratification in

12 the cold leg.

13 MEMBER WALLIS: There's no possibility of

14 a plume.

15 MR. BESSETTE: There's no possibility,

16 really, of --

17 MEMBER ROSEN: Which is plumes are

18 important.

19 MR. BESSETTE: Yes. So thatIs why we

20 spent a fair amount of time worrying about do plumes

21 exist, and how large are they.

22 MEMBER WALLIS: Well, you have these

23 wonderful pictures where you have red dye plumed,

24 which are really spectacular, obviously are there.

25 MR. BESSETTE: Well, actually, I guess you
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1 might say --

2 MEMBER WALLIS: When you do thermal

3 hydraulic, you do the thermal study, and they don't

4 seem to be there. They're there when you visualize

5 them, but they're not there when you --

6 MR. BESSETTE: Yes, but I think the

7 thermocouple is more accurate than the eye.

8 So this speaks to item 1, whether we have

9 adequate resolution of plant behavior. And when we

10 looked at the results, we see that the range of

11 thermal hydraulic conditions in a given bin, as finely

12 as we discretized plant behavior, is large compared to

13 the uncertainty --

14 MEMBER WALLIS: I was a bit surprised by

15 this factor of 10 range in break size within a bin.

16 The break size doesn't make that much difference,

17 then, so you can bin it?

18 MR. BESSETTE: Well, I'll get to that. We

19 break -- first of all, we take LOCAs and we break them

20 down into four, say, "uber bins," you know, a small

21 break, medium break, large break, and very small

22 break.

23 MEMBER WALLIS: That's your factor of 10

24 range.

25 MR. BESSETTE: So when I speak of a factor
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1 of 10 range in a bin, I'm talking about this "uber

2 bin." And then, we further break down this uber bin

3 into -- I call them sub-bins or bins. So we

4 discretize, let's say, small break LOCAs into five

5 RELAP calculations, and intermediate breaks into three

6 RELAP calculations, and large breaks into one.

7 And we feel that this is about as finely

8 as it makes sense to break these bins down, because of

9 the -- how accurately you can define the frequency of

10 a small break LOCA. And you can't -- if you have a

11 small break LOCA classified as a break 1.54 inches,

12 it's hard to say, "Well, within that total frequency,

13 this is how the frequencies of a 2-inch break, 2.5-

14 inch," and so on. So I don't think that the PRA

15 knowledge exists to break these bins any finer than we

16 did.

17 As Donnie said, there was a close

18 relationship between the PRA bin process and the

19 thermal hydraulic uncertainty analysis where we met

20 periodically and had a lot of discussions on what

21 calculations to run.

22 And in our uncertainty analysis, we looked

23 at both the -- in RELAP space can be broken down into

24 a code input deck, which is defining the boundary

25 condition to the thermal hydraulic problem, and the
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1 physical models and numerical solution methods in

2 RELAP itself.

3 CHAIRMAN SHACK: But does your first

4 bullet imply that you're telling me that the second

5 sub-bullet in your last bullet really is sort of

6 encompassed by the first bullet? Is that the

7 implication?

8 MR. BESSETTE: Yes. I'm trying to say --

9 from this bullet, I'm trying to say that this

10 uncertainty range you get from here is small compared

11 to this uncertainty range.

12 CHAIRMAN SHACK: So you're really only

13 going to sample from the code input model.

14 MR. BESSETTE: Well, we tried to cover all

15 the bases.

16 CHAIRMAN SHACK: Oh, you did.

17 MR. BESSETTE: Yes. In our uncertainty

18 analysis.

19 DR. NOURBAKHSH: Can you tell -- being

20 that it has the characteristics of plume is more

21 important -- for example, if other loops are -- you

22 have fluid in other loops, there is more possibility

23 of breakage. So have you made a bin that

24 characterized to maximum potential for a strong plume?

25 Then, based on the frequency, we can --
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1 MR. BESSETTE: Yes. Well, it's probably

2 -- I should that defer that to the plume discussion,

3 but --

4 MEMBER WALLIS: Essentially, I think we're

5 learning that RELAP is surprisingly absolutely

6 accurate compared with all these other variations.

7 MR. BESSETTE: Yes. Actually, I'm going

8 to get to that in a second. As you say, RELAP is

9 amazingly accurate. This comes from a RELAP agnostic

10 or a CODAC agnostic.

11 I was surprised when I saw these results.

12 We looked at -- in support of this study, we did 12

13 integral system test, assessment cases, and we chose

14 sequences or event sequences from ROSA, ROSA-IV,

15 ROSA/AP600, APEX, LOFT, and MIST.

16 Now, these -- ROSA, APEX, LOFT -- are

17 basically configured to Westinghouse CE designs, and

18 MIST was modeled according to a B&W design.

19 And we did do some statistical

20 comparisons, just summarizing the assessment results

21 here. And where I use 12 tests, on the average RELAP

22 is within four degrees of the experimental data. And

23 the -- when you talk about an average of a standard

24 deviation, it works out to -- the typical standard

25 deviation is about 10 degrees K.
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1 MEMBER WALLIS: Is this in the final

2 report, this table?

3 MR. BESSETTE: I'm not sure if it got in

4 there or not.

5 DR. NOURBAKHSH: You discuss qualitative,

6 Chapter 6 maybe.

7 MEMBER WALLIS: Because in the final

8 report there's all kinds of comparisons with --

9 between RELAP and all sorts of experiments. And it

10 didn't seem to be pulled together into where they gave

11 me some sort of a metric on how well RELAP is doing.

12 This seems to be doing that.

13 MR. BESSETTE: That was the intent, yes.

14 CHAIRMAN SHACK: Yes. The four-degree

15 number is quoted everywhere.

16 (Laughter.)

17 MR. BESSETTE: Well, I guess the bottom

18 line might have been, but --

19 CHAIRMAN SHACK: Yes. That you see

20 everywhere.

21 MR. BESSETTE: So that -- this, to me, was

22 amazing when I saw it.

23 MEMBER DENNING: Help us a little more in

24 the interpretation of this in terms of, is this -- if

25 you look at the temperature transients, is this the
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1 maximum difference, or what is -- what is the left-

2 hand column, and then what's the right-hand column on

3 the standard deviation?

4 MR. BESSETTE: We have maximum and minimum

5 differences, which I didn't present here. This is an

6 average difference over the course of the experiment.

7 So if the experiment runs for 3,000 seconds --

8 MEMBER WALLIS: That's the average.

9 Because some of these experimental -- it's in

10 Chapter 6 of the final report. There are some really

11 big spikes in the RELAP model, which obviously aren't

12 shown here.

13 MR. BESSETTE: Yes. Well, the standard

14 deviation is going to capture the -- I mean, you can

15 get a small average by being above half the time or

16 below half the time.

17 MEMBER WALLIS: That's that an average is.

18 MR. BESSETTE: Yes.

19 MEMBER WALLIS: Almost.

20 MR. BESSETTE: But standard deviation will

21 -- captures how -- in general, how far off are you.

22 MEMBER WALLIS: But the actual -- the

23 worst deviation may be 100.

24 MR. BESSETTE: Well --

25 CHAIRMAN SHACK: Yes.
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1 MR. BESSETTE: -- yes. So this is one

2 sigma, so you --

3 MEMBER WALLIS: Right. So that is pretty

4 big there, isn't it?

5 MR. BESSETTE: For this one, within -- at

6 the two signal level, it means 90-some percent of the

7 time you're within 50 degrees K of the experiment.

8 CHAIRMAN SHACK: Were your time chops of

9 the downcomer temperature sort of calibrated with the

10 penetration depth of the wall? I mean, so that any

11 spike within this thing that I missed really wouldn't

12 affect the overall temperature transient very much?

13 MR. BESSETTE: Well, most of these

14 comparisons are fairly -- these are very fine

15 temperature fluctuations, like on the order of one

16 second, don't penetrate sufficiently to --

17 CHAIRMAN SHACK: Right.

18 MR. BESSETTE: -- to be a factor. You

19 have to stop worrying about temperature fluctuations

20 of the order of 10 or a couple of tens of seconds.

21 CHAIRMAN SHACK: Well, that's myquestion.

22 Is this -- were these histories that you derived these

23 from fine enough to capture all of that? I mean, you

24 didn't do it every second, but did you do it

25 frequently enough to capture everything that would be
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1 of interest to the wall?

2 MR. BESSETTE: Well, I think the way we

3 did it -- you know, it -- typically, in the

4 experiments you have recording frequencies of about

5 1 Hertz or so. And so we would have done it on that

6 frequency.

7 MEMBER WALLIS: But if you look at the

8 ROSA data, the biggest numbers you get in a standard

9 deviation there are for ROSA. ROSA data showed a

10 downward spike in the temperature in the data. So

11 there's something real there in terms of a quenching

12 of the wall in ROSA.

13 MR. BESSETTE: Well, it -- yes, see, some

14 of these experiments, in particular ROSA, include

15 these like bifurcations -- bifurcating events, which

16 is like the opening of the automatic depressurization

17 system. And so if RELAP -- and the timing of the

18 opening of the ADS is key to the level in the core

19 makeup tank.

20 And so if you're off a little bit on

21 timing, you'll get a big error in your calculation.

22 And also, you have -- you know, an opening of ADS

23 valve causes a dramatic change in the event sequence,

24 where you can get sudden changes in temperature.

25 MEMBER RANSOM: Are these data all for
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1 prototypical initial temperatures and injection

2 temperatures?

3 MR. BESSETTE: Pretty much. LOFT, MIST,

4 and ROSA start from prototypic initial conditions.

5 APEX is somewhat reduced. It starts at about 400

6 degrees Fahrenheit instead of 550.

7 MEMBER RANSOM: Well, wouldn't it be

8 better to use a non-dimensional temperature and make

9 a comparison on that basis rather than absolute

10 temperatures?

11 MR. BESSETTE: In the end, yes. But

12 since, you know, I considered APEX was sufficiently

13 close to these others or that -- it really wasn't

14 worth the additional complication or simplification,

15 particularly when you look at it.

16 MEMBER WALLIS: Well, also, what was

17 missing from the discussion in Chapter 6 was there are

18 all kinds of data shown. There's MIT pressurizer and

19 Semi-Scale, UPTF, and so what does this have to do

20 with the scenarios of real interest for PTS?

21 MR. BESSETTE: That's one of the missing

22 links.

23 MEMBER WALLIS: It is.

24 MR. BESSETTE: The separate effects cases

25 were chosen to explore what we felt were the most
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1 significant physical modeling features.

2 MEMBER WALLIS: Well, we know that RELAP

3 does a pretty good job on lots of things. The real

4 question is: how good is it for the kinds of

5 scenarios which are most important for PTS?

6 MR. BESSETTE: Yes.

7 MEMBER WALLIS: It's not clear that this

8 kind of a matrix or table covers that at all. Are

9 these LOFT tests relevant at all to PTS?

10 MR. BESSETTE: Well, that's why this

11 particular list was chosen from the --

12 MEMBER WALLIS: Because it's not relevant?

13 MR. BESSETTE: No, to be of most

14 relevance. These were chosen as representative

15 scenarios --

16 MEMBER WALLIS: Can there be some output

17 in the report, this connection between these scenarios

18 and the PTS scenarios?

19 MR. BESSETTE: It can be in it. It will

20 be.

21 MEMBER WALLIS: But the MIT pressurizer

22 test has nothing to do with PTS.

23 MR. BESSETTE: Well, it does -- it does in

24 the sense that you have this class of events that

25 involve repressurization. And what you want to know
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1 -- is RELAP doing a reasonable job under

2 repressurization conditions? Which is what the MIT

3 pressurizer test gives you.

4 MEMBER WALLIS: So could this be spelled

5 out in the final report? This is the question we're

6 asking, and this is the sort of degree of effect that

7 we need in order to answer this question, and, yes,

8 we've got it, or whatever?

9 MEMBER SIEBER: Yes. But this is just a

10 demonstration that RELAP5 can model certain

11 transients.

12 MEMBER WALLIS: Oh, yes.

13 MEMBER SIEBER: Okay. Well, it's nice to

14 put it down in your report.

15 MEMBER WALLIS: It may model 99 percent of

16 all of these transients, but the one which is most

17 critical for PTS, it may not model well at all.

18 MEMBER SIEBER: Yes, and you may not be

19 able to determine it from the series of tests.

20 MEMBER WALLIS: Unless they cover somehow

21 the typical scenario that leads to a PTS.

22 MEMBER SIEBER: Well, one would hope

23 there's some continuity from one test to another.

24 MEMBER DENNING: What about scaling

25 questions here, too? Most of these are clearly much
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1 smaller than the real system, which would affect

2 things like plumes and stuff like that. Is there some

3 discussion of that?

4 MR. BESSETTE: Well, I'll get into that.

5 I think the most important scaling factor in terms of

6 these integral system tests from the perspective of

7 PTS is a power-to-volume scaling. And that was one of

8 the basic principles used in all of these facilities.

9 This power-to-volume scaling gives you the right

10 energy inventory behavior.

11 MEMBER SIEBER: Okay.

12 MEMBER WALLIS: Does that necessarily

13 model how far a plume penetrates?

14 MR. BESSETTE: No, that's a separate

15 issue. And there you have to look at all of the

16 available data, and I'll get into that later.

17 MEMBER WALLIS: You'll get into --

18 MR. BESSETTE: It's probably best to --

19 MEMBER WALLIS: Is there a theory of

20 plumes which is used, or is it just looking at data?

21 MR. BESSETTE: Well, we started off

22 looking at the theory of plumes and then decided that

23 what we were dealing with was not decay of plumes. It

24 was something quite different.

25 MEMBER WALLIS: Are you going to get into
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1 that?

2 MR. BESSETTE: Yes. Okay. So this is a

3 similar result with the same set of experiments, now

4 looking at the pressure statistics. And, again, the

5 comparison is -- absolute comparison is quite good

6 within RELAP -- is within 10 psi of the data, which

7 is --

8 MEMBER WALLIS: Just follows the whole

9 system pressure, doesn't it?

10 MR. BESSETTE: Yes, within -- it's an

11 absolute comparison. So within the context of system

12 pressure it's -- the difference is trivial.

13 DR. NOURBAKHSH: UPTF is here as far as

14 pressure constant, but for temperature you didn't show

15 it -- the previous slide. UPTF is missing as far as

16 temperature.

17 MR. BESSETTE: Yes. This is --

18 DR. NOURBAKHSH: UPTF is relevant to --

19 MR. BESSETTE: This UPTF test is a

20 condensation test. I don't know really -- it was --

21 it was intended to be run as kind of a steady-state,

22 but it ended up being a -- kind of a transient. But

23 basically what we're looking for is to try to see if

24 -- how well RELAP was doing, but condensation during

25 ECC injection gives us an important factor in
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1 determining downcomer temperature.

2 So the bottom line is RELAP compared well

3 to the experiments, and basically the reasons are that

4 pressure and temperature are global parameters

5 representing basically the energy of the reactor

6 coolant system. And RELAP5 -- the code itself is

7 based on conservation of mass and energy, solution to

8 the conservation equations. And that what this says

9 is that you can look upon your reactor coolant system

10 as a control volume problem.

11 MEMBER WALLIS: There's no momentum in

12 there. When you start putting momentum flux in the

13 downcomer, you get weird and wonderful behavior.

14 MR. BESSETTE: Yes. So far we're only

15 talking about conservation of mass and energy. We'll

16 get to momentum later.

17 And so, basically, as a basic thermal

18 hydraulic control volume problem, it's characterized

19 by its initial condition and then its boundary

20 conditions. And the point I made before is that

21 integral system test facilities are directly

22 instructive, because they're based on power-to-volume

23 scaling.

24 Now we get to the heat transfer

25 coefficient, and the issue here of course was the
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1 possible underprediction in RELAP since it did not

2 model buoyancy opposed mixed convection conditions

3 that you get in a downcomer, which is based -- you

4 have an annulus with heated walls on both sides and a

5 colder fluid moving downward past the heated walls.

6 And in those conditions, you expect an

7 enhancement to heat transfer -- to, let's say, the

8 heat transfer you get from an ordinary forced

9 convection model, which is what RELAP had. The base

10 case RELAP includes Dittus-Boelter for turbulent

11 forced convention and Churchill-Chu for free

12 convection.

13 MEMBER WALLIS: I would think that you

14 might get a stagnation point where the hot plume rises

15 up the wall and the cold fluid comes down, and at some

16 point they balance each other and the fluid comes off

17 the wall.

18 MR. BESSETTE: You get these

19 instabilities, yes.

20 MEMBER WALLIS: Well, there might be some

21 region where those aren't --

22 MR. BESSETTE: I think what you find is

23 that --

24 MEMBER WALLIS: -- neither natural

25 convection nor forced convection is happening. One is
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actually stopping the other.

MR. BESSETTE: Yes. I think basically the

down flow wins out over these boundary jets.

MEMBER RANSOM: Well, one thing I would

think you'd want to try to quantify to some degree

would be local effects. You know, the RELAP5 models

are basically fully developed heat transfer

coefficient models for both natural convection and

forced convection.

And I guess you'd worry that you might

somewhere have an interaction between two flows into

the downcomer that may create a local scrubbing effect

and higher turbulence and higher heat transfer

coefficient. And I'm wondering how big that variation

might be, or maybe we'll see that you've taken that

into account some way.

And most of the experiments that you show,

of course, they don't measure enough heat transfer

information to ever reveal these kinds of things.

MR. BESSETTE: Yes. Well, I think the

first -- of course, the first thing is you wanted to

know if we got the average temperature right, which I

think we can --

MEMBER RANSOM: Right.

MR. BESSETTE: -- we've demonstrated that
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1 we did. And then, the second thing then is to know

2 whether -- how non-uniform are the conditions in a

3 downcomer?

4 MEMBER RANSOM: Right.

5 MR. BESSETTE: So this is what's -- the

6 basic models in RELAP that get applied to the

7 downcomer during these PTS transients are a

8 combination of Dittus-Boelter and Churchill-Chu, and

9 RELAP takes the -- calculates heat transfer both ways

10 and takes the higher of the two.

11 So under natural circulation or flow

12 stagnation conditions, Churchill-Chu gives a higher

13 value of heat transfer than Dittus-Boelter, and so

14 that's what gets applied. We had this -- of course,

15 the suggestion was that we -- of course, that we ought

16 to look at mixed convection, and so we implemented --

17 what we did is we implemented the Petukhov -- test my

18 pronunciation -- Gnielinski -- Gnielinski, is that

19 right?

20 MEMBER WALLIS: And what is this for?

21 This is for mixed --

22 MR. BESSETTE: This is -- so Petukhov-

23 Gnielinski is pretty similar to Dittus-Boelter. It

24 has some slight corrections on it, but we did hand

25 calculations and we did calculations as implemented in
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1 RELAP. And it gives results pretty close to Dittus-

2 Boelter over the range of --

3 MEMBER WALLIS: So Churchill-Chu is for

4 flow going up the wall, and Dittus-Boelter is for flow

5 coming down the wall. It seems to me rather strange

6 that you don't try to model what really happens by

7 using fluent or something, where the flow is coming

8 down on the outside but maybe going up near the wall.

9 MR. BESSETTE: Yes. But Churchill-Chu

10 actually seems to be surprisingly -- well, actually,

11 it's fairly --

12 MEMBER WALLIS: These are then compared

13 with APEX or something, are they?

14 MR. BESSETTE: Well, what we did is we

15 compared it against -- what we did is we compared it

16 to the -- what Swanson and Catton did, you might know

17 why we did this particular comparison -- was they ran

18 some experiments back in the late '80s and looked at

19 annular geometry. And they suggested that the use of

20 the multiplier, rather than doing a free convection

21 type of correlation, they -- they suggested using a

22 multiplier on Petukhov, which is this equation here.

23 So we implemented a combination, and they

24 related it to a multiplier. Their multiplier is -- so

25 this term here is this one here. And so this is their
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1 multiplier, and we implemented this in RELAP, and we

2 did a number of calculations.

3 MEMBER KRESS: These heat transfer

4 coefficients are assumed to be, in effect, 360 degrees

5 around the vessel, right?

6 MR. BESSETTE: Yes.

7 MEMBER KRESS: And to be substantially

8 more important at the midline, the baseline, or the

9 midpoint of the vessel where the wells are, where the

10 high fluence is.

11 MR. BESSETTE: Yes. I mean, we're really

12 only worried about the region of the vessel adjacent

13 to the core.

14 MEMBER KRESS: Which is almost a region of

15 well-developed flow prior to the L over D annulus.

16 I'm trying to get to a state where I can say, okay,

17 it's a well-developed flow --

18 MR. BESSETTE: Oh, I see.

19 MEMBER KRESS: -- and you're being a bit

20 conservative, because you're applying it only around

21 the vessel.

22 MR. BESSETTE: Yes. Well, I think --

23 well, I'll get to that. I think -- I don't know if we

24 -- if we ever -- at what point we get the fully

25 developed flow at the downcomer. In fact, I think the
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1 flow is sufficiently complex where it -- and varying

2 with time, but fully developed is an approximation.

3 MEMBER KRESS: But there are a lot of L

4 over D's.

5 MR. BESSETTE: Yes. Oh, yes. This -- in

6 terms of the -- that this -- well, in other words,

7 whether we have enough to get the fully developed flow

8 -- it's certainly several L over D at least.

9 MEMBER DENNING: I think the problem with

10 that argument, Tom, is that we don't know what's going

11 around azimuthal perhaps.

12 MEMBER WALLIS: It's a very short L over

13 D azimuthally. It's going around. It's very squat.

14 So it's never fully developed azimuthally.

15 MR. BESSETTE: Well, going around --

16 actually, you could probably get more L over D's going

17 around --

18 MEMBER WALLIS: Are you going to tell us

19 you get stratification, is that what's going to make

20 everything uniform in the downcomer?

21 MR. BESSETTE: That we don't get

22 stratification.

23 MEMBER WALLIS: Don't get stratification.

24 MR. BESSETTE: That we have fairly uniform

25 downcomer temperatures.
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1 MEMBER WALLIS: Now, aren't these heat

2 transfer coefficients so big that it doesn't matter

3 anyway?

4 MEMBER KRESS: Yes. It's the penetration

5 in the wall that governs that seems to --

6 MR. BESSETTE: Well, that's one of the

7 issues we looked at, because, of course, going back to

8 1980 or so, people have looked at the BO number in

9 this situation and decided that is conduction control.

10 But along the way we've gotten the results that popped

11 up which show some sensitivity to heat transfer

12 coefficient, more than you might expect when you look

13 at the BO number.

14 And so the reason for that was sort of

15 what was coming up a little bit earlier, is that the

16 flaws when you do the FAVOR analysis or the analysis

17 that was done in the 1980s -- I forget the name of the

18 fracture code then -- the flaws that cause the vessel

19 to fail are located near the inner surface, in the

20 first inch or less.

21 And so when you do a BO number analysis,

22 of course, you have to choose a length term when you

23 do the BO number analysis. And if you choose one

24 inch, let's say, or -- instead of the whole vessel

25 wall thickness, you get a much different result which
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1 shows that you're no longer conduction controlled.

2 So we had this -- we had -- we're dealing

3 with a potential non-conservatism in the heat

4 transfer.

5 MEMBER WALLIS: Are you going to explain

6 why you have now a good heat transfer coefficient

7 rather than just the fact that there are four

8 theories?

9 (Laughter.)

10 MR. BESSETTE: Well, you know, as I said,

11 by itself Petukhov-Gnielinski gives results that are

12 similar to Dittus-Boelter. And references I've looked

13 at say that for the conditions for which they are

14 developed they have accuracy, good accuracy, and --

15 MEMBER WALLIS: Petukhov is a Russian

16 reference? It doesn't have any kind of NRC quality

17 control or anything, and yet you believe it?

18 MR. BESSETTE: Well, I mean, it's --

19 there's been comparisons with data that showed good

20 agreement, and 90 percent of that data is within plus

21 or minus 20 percent.

22 CHAIRMAN SHACK: So they both agree when

23 they're tested under the appropriate conditions, but,

24 again, are the conditions which you need here.

25 MR. BESSETTE: Well, that's where Swanson
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1 and Catton come in, because they -- they developed

2 their correlation based on the experiments they ran,

3 which were the appropriate conditions. And so they

4 apply a multiplier to -- to Petukhov, and which is

5 what we used.

6 MEMBER WALLIS: Is your Petukhov right?

7 It looks very, very strange. Is the number

8 proportional to the Reynolds number? Is that -- I

9 guess it could be, because of the CF over 2. I guess

10 it would --

11 MR. BESSETTE: It's basically the same

12 formulation. It's just a little bit added term.

13 They're all --

14 MEMBER RANSOM: Well, they still have a

15 friction coefficient apparently. I don't know if you

16 can have applied friction correlation or --

17 MR. BESSETTE: Well, it's based on -- yes,

18 well, you have to calculate the Reynolds number with

19 RELAP.

20 MEMBER RANSOM: But then you have to get

21 an actual C sub F.

22 MR. BESSETTE: Oh. Yes, that's calculated

23 through RELAP.

24 MEMBER DENNING: Does the fact that the

25 correction factor makes the difference which is -- has
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1 a Grashoff number in it, it implies that there is some

2 sort of recirculation that's going on in that annulus

3 that's of significance, a natural convection-driven

4 circulation added on to the general downflow?

5 MR. BESSETTE: Well, I think it's a little

6 bit -- it deals with it more locally than that. It

7 deals with the -- the fact that you have these wall

8 boundaries, these buoyant wall boundaries, which are

9 counter to the predominant flow, which was downwards,

10 and that increases the -- basically, the turbulence,

11 the local turbulence, and, therefore, it gives you

12 more heat transfer. On top of that you may have

13 large-scale flows, too.

14 MEMBER RANSOM: That's kind of a strange

15 correlation, though. It has the Grashoff number times

16 the Reynolds number. If you had stagnant flow, there

17 would be no natural convection, which is counter to

18 intuition.

19 MR. BESSETTE: Well, there's kind of a

20 Grashoff over Reynolds squared that -- basis that

21 Catton used as kind of determining what -- how much of

22 your total behavior is, you know, buoyancy controlled

23 versus bulk flow controlled.

24 MEMBER WALLIS: Well, Petukhov just looks

25 like a Reynolds analogy. That's all it is. Why don't
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1 we move on.

2 MR. BESSETTE: What we did, we applied

3 this new heat transfer model to -- based on Palisades.

4 We chose the 12 risk-dominant transients for

5 Palisades, and we ran sensitivity studies with the

6 default heat transfer, which is Dittus-Boelter,

7 Churchill-Chu, and with Petukhov -- I call it the

8 Petukhov-Catton model.

9 And then, in addition, we applied on top

10 of that to cover residual uncertainty -- well, we

11 applied multipliers of .7 and 1.3 to the values

12 obtained using Petukhov-Catton.

13 MEMBER WALLIS: But this Petukhov is for

14 flow in a pipe, isn't it?

15 MR. BESSETTE: Yes.

16 MEMBER WALLIS: So what has it got to do

17 with the downcomer?

18 MR. BESSETTE: Well, that's the Swanson-

19 Catton. I mean, the Swanson-Catton correlation was

20 determined from the --

21 MEMBER WALLIS: That's the only one that's

22 related to downcomers, right?

23 MR. BESSETTE: Yes, determined from the

24 downcomer experiments they ran. So it's an

25 enhancement over pipe flow.
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1 These are the 12 cases -- I told you we

2 ran 12 -- the 12 Palisades risk-dominant sequences,

3 and these are the 12 cases that we ran. There was a

4 range of --

5 MEMBER WALLIS: Did you check -- did you

6 run them to -- use them to predict some APEX results

7 or something? Why did you sort of validate the

8 method?

9 MR. BESSETTE: Validate the models, do you

10 mean, the heat transfer models or --

11 MEMBER WALLIS: Well, you ran RELAP and

12 all these things. Didn't you run them against some

13 experiment at APEX or something to see which of these

14 things you show on slide 13 worked? Or you just ran

15 them?

16 MR. BESSETTE: Well, they both work in

17 this. I mean, the reason we know they work is that we

18 -- we know that in terms of the fluid temperature, the

19 heat transfer from the wall to the fluid does not have

20 a strong effect.

21 MEMBER WALLIS: But the Reynolds number is

22 just the flow rate averaged over the whole downcomer,

23 is that what it's based on, the velocity?

24 MR. BESSETTE: It is determined by a

25 velocity and the hydraulic diameter.
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1 MEMBER WALLIS: So it's a mean velocity

2 over the whole downcomer.

3 MR. BESSETTE: Well, it's determined in

4 each node, but --

5 MEMBER WALLIS: But it's a one-dimensional

6 node.

7 MR. BESSETTE: Yes. But you do -- you

8 still have a hydraulic diameter of RELAP.

9 MEMBER RANSOM: How was the downcomer

10 modeled for these transients, just one single pipe?

11 MR. BESSETTE: No. It's six channels and

12 about 10 axial elevations.

13 MEMBER RANSOM: Were they cross-linked,

14 then?

15 MR. BESSETTE: Yes, it's a --

16 MEMBER WALLIS: So it's a 2D model.

17 MEMBER RANSOM: So it does give you sort

18 of a 2D --

19 MEMBER WALLIS: It's a 2D model? I

20 couldn't figure out from the report whether you had a

21 2 or iD model of the downcomer. Sometimes it seems to

22 be 1; sometimes the other.

23 MR. BESSETTE: Well, we did those kind of

24 sensitivities, too.

25 Bill, I can't -- I'm not entirely sure.
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1 Did we use a iD downcomer for this, or 2D? 2D. So we

2 used a 2D model, base -- the basic model. But as you

3 can see, we ran a range of these. These 12 dominant

4 cases in Palisades include a number of different

5 sequences -- the stuck-open valves on the secondary

6 side, stuck-open valve on the primary side, main steam

7 line break, and a spectrum of LOCAs.

8 MEMBER WALLIS: You did them all with

9 these different models?

10 MR. BESSETTE: Yes. We did them all with

11 the different models.

12 We checked Petukhov-Gnielinski -- or I'll

13 call it Petukhov-Catton for simplicity -- against the

14 heat transfer predicted by the base case RELAP. And

15 overall it increases heat transfer by about 20

16 percent, heat transfer coefficient by about 20

17 percent.

18 So we checked that both through some spot

19 checks, hand calculations, but also as implemented in

20 RELAP.

21 MEMBER WALLIS: Suppose the heat transfer

22 coefficient is infinite. What does it do?

23 MR. BESSETTE: Eventually -- well, it has

24 -- of course, like I say, it has some effect on the

25 probability of vessel failure. The probability of
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1 vessel failure -- the tendency is to go up as heat

2 transfer increases.

3 MEMBER WALLIS: Well, it must level off at

4 some point.

5 MR. BESSETTE: You reach an asymptotic

6 limit, and we looked at that in the past. Eventually,

7 you reach an asymptotic limit.

8 MEMBER WALLIS: You need to convince us

9 that you're close enough to that already, and you're

10 not going to be too concerned about the heat transfer

11 coefficient.

12 MR. BESSETTE: What we can do is show you

13 the sensitivity.

14 So Petukhov-Catton, we've got an increase

15 in CPF by a factor of 3.2 over base case RELAP.

16 MEMBER WALLIS: Are you going to tell us

17 what the heat transfer coefficient is typically?

18 MR. BESSETTE: Well, of course it has a

19 range. It starts off at about 25- to 30,000 watts per

20 square meter degrees C when the pumps are on. And

21 then, under natural circulation it drops down to about

22 in the range of 2,500 or so watts per meter degrees C.

23 And then, under flow and stagnation conditions it's in

24 the range of 1,000 to 2,500.

25 So this gives you an idea of the -- and
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1 then, on top of that, we applied factors of .7 to 1.3

2 on heat transfer, and we got changes in CPF of .3 and

3 2, respectively.

4 MEMBER WALLIS: You used those multipliers

5 because you had some idea that that's how accurate it

6 is?

7 MR. BESSETTE: Yes. I mean, based --

8 MEMBER WALLIS: You could have applied

9 numbers -- factors of .5, whatever.

10 MR. BESSETTE: Well, looking in the

11 literature, a number like 1.2 or 20 percent

12 uncertainty is -- is what's often quoted.

13 MEMBER WALLIS: Well, that's for when

14 you've got a lot of data, like pipes. And for

15 downcomers you've got very little data.

16 MR. BESSETTE: Yes. So we used -- instead

17 of 20 percent, we used 30 percent.

18 So this is -- the first bullet here is

19 temperature and pressure are determined from

20 conservation of mass and energy, and these are global

21 parameters.

22 Even under flow stagnation conditions,

23 there's still a fair amount of flow present in the

24 system. It just means you no longer have loop flow,

25 but you still have flows driven by the break, by ECC
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1 injection, by in-vessel natural circulation processes

2 where you've got mixing occurring at the downcomer,

3 and so these -- the fact that you still have these --

4 a lot of flows being driven by natural processes

5 precludes pronounced variations in temperature and --

6 MEMBER WALLIS: You don't get any boiling

7 on the surface of the downcomer?

8 MR. BESSETTE: Yes.

9 MEMBER WALLIS: You do.

10 MR. BESSETTE: We do. Well, we know what

11 RELAP tells us, because these -- like Dittus-Boelter,

12 and so on, they're for -- they're not -- they're for

13 convection processes, not like nuclear boiling

14 processes. So we checked that for these various

15 transients, and typically you find we're in convection

16 rather than boiling in a downcomer.

17 MEMBER WALLIS: Do you sometimes get it?

18 MR. BESSETTE: Say again?

19 MEMBER WALLIS: Do you sometimes get

20 boiling, or you don't?

21 MR. BESSETTE: Yes. Sometimes we'll get

22 to saturation or nuclear boiling in the downcomer.

23 MEMBER WALLIS: Then the heat transfer

24 coefficient goes up a lot?

25 MR. BESSETTE: It goes up a lot, and
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1 you're using a different correlation.

2 MEMBER WALLIS: Right.

3 MR. BESSETTE: You no longer have this

4 uncertainty or this proposed uncertainty about mixed

5 convection versus free convection.

6 MEMBER RANSOM: Are those cases generally

7 when the pressure is dropped, I assume?

8 MR. BESSETTE: Yes. You tend to see it

9 more for larger break LOCAs when the whole system

10 pressure and energy are coming down so fast. You tend

11 to stay closer to --

12 MEMBER WALLIS: Don't you get some

13 subcooled boiling then?

14 MR. BESSETTE: You can get subcooled

15 boiling sometimes, yes.

16 MEMBER WALLIS: I would think the worst

17 case would be when you get the pressure going --

18 shooting down, pouring this cold water, and you get

19 subcooled boiling, which quenches the wall like

20 throwing a piece of hot steel into -- quenching an

21 ingot or something. You actually get boiling on the

22 surface of it.

23 MEMBER SIEBER: Right.

24 MEMBER WALLIS: It's the worst case, isn't

25 it?
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1 MEMBER SIEBER: Yes.

2 MEMBER RANSOM: It's worse from the

3 thermal stress point of view. But by that time, the

4 pressure has dropped, so presumably --

5 MEMBER WALLIS: Yes, but that's the worst

6 case is when you have the big break and you have the

7 -- essentially the thermal stresses dominating,

8 because the temperature differences are so big.

9 MR. BESSETTE: Well, I mean, I guess it's

10 -- are you speaking now of like a bubble growth and

11 collapse on the wall or --

12 MEMBER WALLIS: I just want to see that

13 you've covered the water found, that your analysis

14 includes the cases where there is boiling, and that

15 your RELAP runs put in boiling when there should be

16 boiling and calculate a reasonable heat transfer

17 coefficient. That's all I'm trying to find out.

18 MR. BESSETTE: Yes. Well, that's -- I

19 don't -- nobody -- I think a couple of factors come

20 into that, of course. You have to know if RELAP is

21 correctly the right bulk fluid conditions and if has

22 the right -- it's one thing to say it has the right

23 subcooled boiling model, which I don't think is in

24 question, but also, is it invoked at the right time?

25 Which is, I think, the more basic question.
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1 MEMBER WALLIS: So RELAP does have these

2 boiling models in it, it has criteria for when boiling

3 happens and when it doesn't.

4 MR. BESSETTE: Yes. It has -- it has

5 models for the entire, you know, heat transfer regimes

6 from -- you know, everything. It covers -- it has

7 models for the whole spectrum of heat transfer

8 regimes.

9 MEMBER RANSOM: Saturated boiling and

10 subcooled boiling. I'm sure it covers that entirely.

11 MR. BESSETTE: It has distinct models for

12 subcooled boiling versus saturated boiling.

13 MEMBER WALLIS: Well, did any of these

14 experiments that you cited earlier with your table --

15 was the boiling in any of those experiments?

16 MR. BESSETTE: There probably was. I

17 didn't look at it in that much detail.

18 So now that -- item 3 is adequacy of a lD

19 code for modeling potentially non-uniform fluid

20 temperatures. And what we see in all of the

21 experiments that they showed earlier is that there are

22 large temperature gradients in the cold leg, but

23 there's little temperature variation in the downcomer.

24 And this is from looking at UPTF, LOFT, ROSA, and

25 APEX, the same list of experiments I showed earlier.
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1 So I'll cover these in turn. We looked at

2 -- there's one mixing test run in UPTF, and that was

3 Test 1. And actually -- this actually comprised five

4 individual experiments.

5 So UPTF is a full-scale test. In this

6 test, they put -- injected HPI water into one of the

7 four cold legs, and the system, the cold -- the rest

8 of the system was filled with stagnant hot water.

9 Now, UPTF doesn't have all of the steam

10 generators and all of that, but it had the vessel and

11 the cold legs and the hot legs.

12 Initial system temperature was, you can

13 see here, 456 K, which is 360 F, and it was at a

14 pressure of 260 psi. And the injection was in the

15 cold leg, too, and the injection temperature was

16 90 degrees Fahrenheit, so you had a delta T of

17 270 degrees.

18 They covered the range of injection rates

19 that you might expect from HBI and accumulator. What

20 I'm going to show is one case.

21 This is -- let's see, showing data from

22 three locations in the downcomer, in the upper

23 downcomer. This is the -- away from the -- this is in

24 the downcomer away from the cold leg that had

25 injection, and this is in the upper downcomer

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234.4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com. .



122

1 immediately below the cold leg that had the ECC

2 injection.

3 And these are the RELAP calculations for

4 this experiment at two -- two locations. You know,

5 they had the parallel channels. These are two

6 different channels in the downcomer. So you can see

7 that in RELAP you have a small variation but a -- it

8 falls midway between the upper and lower temperatures

9 you get from UPTF.

10 MEMBER WALLIS: So somehow the 150-degree

11 difference in the cold leg has become a 20- or 30-

12 degree difference in the downcomer. Is that what has

13 happened?

14 MR. BESSETTE: That's right. Yes. So

15 you're starting off at 270 degrees delta T, and the

16 maximum plume -- here you do see some evidence of a

17 plume, but the maximum plume strength is about --

18 MEMBER WALLIS: 30 degrees, right?

19 MR. BESSETTE: It's about 30 degrees.

20 This is at the top of the core elevation. You can see

21 by the time you get to the bottom part of the mid-core

22 elevation, the plume, such as it is, is disappearing.

23 MEMBER WALLIS: But there is still some

24 plume, right?

25 MR. BESSETTE: Yes. But as you might
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1 expect, you're getting a decay -- plume decay.

2 So it's about 20 degrees K in the upper

3 downcomer, and it's down to about 10 to 15 K in mid-

4 plane. RELAP is falling to between -- which is

5 probably what you would expect of RELAP -- is to

6 predict the average.

7 I'll show you the results from a LOFT

8 test. This was a four-inch break in the cold leg, and

9 LOFT starts with prototypic initial conditions. Core

10 power in this case was about 50 megawatts. Its whole

11 system pressure and temperature, the ECC injection was

12 89 degrees Fahrenheit. So we're starting off with

13 460 degrees delta T -- 480 degrees delta T.

14 And the reactor was tripped just prior to

15 the opening of the break, and the pumps were tripped

16 when the break was open.

17 MEMBER SIEBER: Pretty stable.

18 MR. BESSETTE: Now, this is what's going

19 on in the cold leg. So you're seeing temperature

20 stratification of 100 to 200 degrees K. Initially,

21 it's as much as 200 degrees K, then decreasing it with

22 time. So you're getting a lot of thermal

23 stratification in the cold leg, and --

24 MEMBER WALLIS: What's all the bouncing

25 due to?
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1 MR. BESSETTE: All this here?

2 MEMBER WALLIS: Well, RELAP is bouncing,

3 but also the thermocouple is bouncing. Green.

4 MR. BESSETTE: RELAP is -- well, let's

5 see, RELAP is the red and black.

6 MEMBER WALLIS: RELAP is presumably that

7 black one. It bounces all over the place there.

8 MR. BESSETTE: This is -- I think this is

9 when the accumulator comes in. This is a sharp drop.

10 MEMBER WALLIS: Right. It's a squirt of

11 cold water coming in.

12 MR. BESSETTE: You're seeing the squirt of

13 cold water, and I suspect this is -- these bounces

14 here are probably due to condensation, particularly

15 down here.

16 MEMBER WALLIS: Later on it looks like

17 some kind of regular oscillation.

18 MR. BESSETTE: Yes.

19 MEMBER WALLIS: Well, I guess we can move

20 on. It's --

21 MR. BESSETTE: Yes.

22 MEMBER WALLIS: -- a feature of that

23 picture.

24 MR. BESSETTE: This shows the temperatures

25 in the downcomer, and this is LOFT at two thermocouple
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1 rates in the downcomer. One was near the intact cold

2 leg, and one was near the broken cold leg, and --

3 MEMBER WALLIS: Wait a minute. That's

4 RELAP, that bottom thing there. There's a RELAP --

5 MR. BESSETTE: Well, two of these are LOFT

6 thermocouples.

7 MEMBER WALLIS: But they're the top one.

8 MR. BESSETTE: The green and the blue --

9 MEMBER WALLIS: Are LOFT.

10 MR. BESSETTE: -- are LOFT. And the black

11 and the red are RELAP. And the difference between the

12 two is we ran this both ways, with a 2D downcomer and

13 a iD downcomer. So, basically, RELAP is getting

14 somewhat lower temperatures in here, if you can

15 imagine this down here.

16 These are part of the statistics I showed

17 in terms of the accuracy of RELAP for predicting

18 downcomer temperature. This experiment was included.

19 But it shows --

20 MEMBER WALLIS: What about when it sort of

21 wiggles like this, is this what fed that into the

22 thermal hydraulic analysis for pressurized thermal

23 shock? Are you actually looking at all at these

24 oscillatory temperatures like that?

25 MR. BESSETTE: Well, they would be if --
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1 if a plant calculation had these same particular

2 phenomena occurring, it would be feeding into these

3 wiggles.

4 So this one is the upper downcomer, and

5 this is the intact loop, and this is the broken loop.

6 So one of the things that shows is that this, at least

7 in LOFT, is no evidence of a plume.

8 MEMBER WALLIS: Well, I don't quite know

9 what the green -- what's the green thing?

10 CHAIRMAN SHACK: The green is the data.

11 There's three RELAP calcs there.

12 MEMBER WALLIS: That saturation is

13 essentially the --

14 MR. BESSETTE: Oh, yes. Yes.

15 MEMBER WALLIS: -- saturation temperature

16 corresponding to the pressure.

17 MR. BESSETTE: So what this is saying is

18 that the data are at saturation.

19 MEMBER WALLIS: Right.

20 MR. BESSETTE: And to look at the

21 comparison of the broken loop and the intact loop --

22 MEMBER WALLIS: It could be saturation,

23 yes. It could be because it's boiling.

24 MEMBER SIEBER: The blue and the green.

25 MEMBER RANSOM: The blue triangles are not
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1 actually a calculation I guess. They're just the

2 saturation temperature?

3 MR. BESSETTE: Yes.

4 MEMBER RANSOM: From the RELAP prior

5 pressure.

6 MR. BESSETTE: Yes.

7 MEMBER WALLIS: Is that because it's

8 flashing or something, or the data is at saturation?

9 MR. BESSETTE: Well, what this says is

10 that it looks like the water in the downcomer, the

11 saturation, was --

12 MEMBER SIEBER: That's not unreasonable.

13 MEMBER RANSOM: Well, I guess the RELAP5

14 calculation is showing some subcooling, right?

15 MR. BESSETTE: Yes, it's showing some

16 subcooling.

17 MEMBER WALLIS: So what's the bottom line

18 here? You're showing us that temperatures aren't

19 going to be very different, that 20 or 30 degrees

20 doesn't matter? Is that the bottom line?

21 MR. BESSETTE: Well, I think the bottom

22 line, you know, since we look at such a -- since our

23 PTS analysis encompasses such a range of conditions,

24 the best we can show you is to take a range of

25 representative experiments and show the comparison
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1 between RELAP and the data, which showed that on

2 average RELAP is very accurate. And then, secondly --

3 MEMBER WALLIS: Well, it depends what you

4 mean by "accurate." And here it's not very accurate.

5 So you're really telling us that 30 degrees inaccuracy

6 doesn't matter?

7 MR. BESSETTE: Well, I -- over the scheme

8 of things, you can't focus on one particular

9 inaccuracy and say, well, the worst is always going to

10 happen.

11 MEMBER WALLIS: Well, you see, maybe what

12 matters is D temperature/D time, in which case RELAP

13 is showing a much bigger quenching D temperature/D

14 time at one point than the data.

15 MR. BESSETTE: Yes.

16 MEMBER WALLIS: Does that matter or not

17 matter?

18 MR. BESSETTE: That's not --

19 MEMBER RANSOM: Well, there's a lot more

20 to that than you would think, I believe, because the

21 -- I assume those measurements are near the wall. For

22 example, if you're in subcooled boiling, the wall is

23 seeing essentially a saturation condition, whereas the

24 bulk fluid, which is the RELAP5 calculation, is

25 actually somewhat subcooled.
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1 MR. BESSETTE: Another thing is you can't

2 -- you can't say if something matters or not until you

3 run it through FAVOR, because FAVOR is the bottom

4 line. I mean, sometimes you'll see 30 degrees doesn't

5 matter at all when you run it through FAVOR, and

6 sometimes you'll see it makes a difference.

7 But you don't know -- you can't tell just

8 from looking at thermal hydraulic calculations if

9 something matters or not. I mean, you can get some

10 general -- you get some general ideas, but you don't

11 know how much it matters until you run it through

12 FAVOR.

13 MEMBER WALLIS: That's why I have trouble

14 with the conclusions of this RELAP part of the report,

15 which says RELAP is good. Now, on what basis is it

16 good?

17 MR. BESSETTE: Well, it's good as far as

18 we can define it.

19 MEMBER WALLIS: But is it good enough?

20 What's the -- how good does it have to be?

21 MEMBER ROSEN: That's almost a

22 philosophical question.

23 MEMBER WALLIS: No, no, that's the key

24 question. That's an engineering question always: is

25 it good enough?
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1 CHAIRMAN SHACK: Well, doesn't that go

2 back to your argument that the change you get from the

3 boundary conditions sort of covers this whole range of

4 histories that you're getting?

5 MR. BESSETTE: That's right. Since we

6 covered the whole --

7 MEMBER WALLIS: The whole claim?

8 MR. BESSETTE: Since we covered the whole

9 map, we -- we had to have found the worst thing that

10 can happen, because we've covered everything you can

11 think of.

12 CHAIRMAN SHACK: But I guess the other

13 thing from that graph is, you know, the fact that it

14 really doesn't seem to make any difference which side

15 of the loop you're on, I mean, whether you're under

16 the --

17 MR. BESSETTE: That's the other point.

18 What I'm trying to show in these experiments is that

19 from the experiments we look at we don't see -- the

20 worst -- the worst plume we see is UPTF, which was

21 about 20 degrees K. And we'll show you later on that

22 doesn't matter again with a sensitivity study.

23 MEMBER RANSOM: Well, from a PTS point of

24 view, what part of that transient is most important?

25 You know, the early part or the later part?
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1 MR. BESSETTE: Well, the whole -- I mean,

2 the whole thing really is important, because the whole

3 thing gives you the temperature profile through the

4 vessel as a function of time. You have to have the

5 whole transient.

6 MEMBER RANSOM: How long does it take for

7 that profile to develop?

8 MR. BESSETTE: But when I say that, within

9 that whole scheme, obviously something -- when you see

10 something like this, that's potentially important when

11 you run it through FAVOR, because it's a sharp -- it's

12 a large, sharp drop. So we know from -- from looking

13 at a bunch of RELAP analyses and a bunch of

14 corresponding FAVOR analyses, this is probably

15 important in terms of FAVOR.

16 MEMBER RANSOM: Would you say it's also

17 conservative?

18 MR. BESSETTE: Well, in this case,

19 obviously, RELAP is conservative, yes.

20 CHAIRMAN SHACK: I'm going to let you run

21 until lunchtime at noon, but you've still got a lot of

22 slides to get through. So --

23 MR. BESSETTE: Yes, I've got to go a

24 little faster.

25 Now we turn to ROSA. And, again, this
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appears on that list I showed you earlier. I'm going

to show you a test from a one-inch cold leg break.

MEMBER WALLIS: Are you going to get to

APEX sometime today?

MR. BESSETTE: Yes, right after ROSA.

In these tests, you had potential for

three cold plumes. You had the PRHR, this passive

residual heat removal system, feeding cold water

through one of the cold legs, and you had direct

vessel injection at two locations in the vessel where

cold water from the core makeup tanks came directly

into the downcomers. You would have no potential for

pre-mixing.

I'm going to show you, again, this is the

kind of thermal stratification you get in the cold leg

as a result of the passive residual heat removal

system.

MEMBER WALLIS: That's huge.

MR. BESSETTE: You can see it's quite

large, about 100 to 200 K.

This is the PRHR loop. You can see you

end up with stratification in the other loop, too.

Even though you don't have any injection into this

loop, you get backflow from the downcomer into this

loop. So despite that large thermal stratification,
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1 it doesn't -- in the cold leg, it doesn't show up in

2 the downcomer.

3 This is -- again, ROSA has two

4 thermocouple stalks --

5 MEMBER WALLIS: We're just looking at

6 RELAP versus data, right?

7 MR. BESSETTE: Yes.

8 MEMBER WALLIS: There's no measurement

9 here of -- I mean, there's almost stratification.

10 MR. BESSETTE: Well, you're looking at the

11 two -- you're looking at two thermocouple breaks in

12 the downcomer, and the noisier one is the data, and

13 the black one is --

14 MEMBER WALLIS: Is RELAP.

15 MR. BESSETTE: -- is RELAP. And here

16 again, the data -- red is data, and black is RELAP.

17 And RELAP is a little bit high, and we think that's

18 due to -- we can trace that back to the modeling in

19 IRWST, get the wrong temperature or too high a

20 temperature.

21 When we compared the data for the two

22 thermocouple stalks, we see a difference of about

23 7 degrees K from one side of the downcomer to the

24 other.

25 MEMBER WALLIS: RELAP is predicting that

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



134

1 because it's 2D RELAP?

2 MR. BESSETTE: Yes, it's 2D RELAP. Yes.

3 MEMBER SIEBER: What's the disturbance at

4 the 5,000-second point?

5 MR. BESSETTE: This is when the IRWST

6 starts to come in, so at this point you're down to

7 containment pressure roughly.

8 MEMBER SIEBER: Okay.

9 MR. BESSETTE: And you're getting a

10 different flow rate from the gravity drain of the

11 refueling water storage tank.

12 MEMBER SIEBER: So the different -- the

13 shift between the temperatures is --

14 MR. BESSETTE: It might --

15 MEMBER SIEBER: -- some volume scaling

16 someplace?

17 MR. BESSETTE: Well, during this part of

18 the transient, pressure is decreasing very slowly.

19 And if you're just a little bit off in RELAP, you can

20 get a significant difference in the -- you can see --

21 you can end up with a several hundred second

22 difference in the kind of --

23 MEMBER SIEBER: Right. Okay, thanks.

24 MEMBER DENNING: Excuse me. Do we believe

25 the -- the thermocouple data, that's a real effect,
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1 rather than -- I mean, that's real. Is it noise, or

2 is it --

3 MR. BESSETTE: Oh.

4 MEMBER DENNING: -- really responding that

5 rapidly to some really rapid change in temperature?

6 MR. BESSETTE: Yes. I think what you're

7 seeing is the flow of eddies is kind of going past the

8 thermocouple. So I think this is real -- these are

9 real temperature variations the thermocouple sees.

10 And let's see, this is at the lower

11 downcomer. Again, this -- you know, generally, you'll

12 see excellent agreement between RELAP and the data and

13 no evidence of plumes.

14 APEX -- APEX has the best downcomer

15 measurements of the various integral system tests that

16 we looked at. One of the advantages of APEX is it has

17 a very good aspect ratio, so you're getting -- in

18 terms of multi-dimensional mixing effects, you should

19 be doing better.

20 MEMBER WALLIS: Now, APEX did some salt

21 mixing tests, which were not consistent with the

22 thermal tests. They seem to have been thrown out of

23 the report all together.

24 MR. BESSETTE: I think so. You know, the

25 original intent of those was just some visual tests.
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1 MEMBER WALLIS: Well, they look very

2 interesting. They showed plumes and everything else

3 and --

4 MR. BESSETTE: Yes.

5 MEMBER WALLIS: Now they've been thrown

6 out?

7 MR. BESSETTE: That's because you didn't

8 like them.

9 MEMBER WALLIS: I didn't like them. Okay.

10 (Laughter.)

11 MR. BESSETTE: So, again, we --

12 MEMBER WALLIS: Selectively presenting the

13 evidence here, and they're not presenting the salt,

14 because you didn't like it? Or was there something

15 wrong with the tests or --

16 MEMBER SIEBER: Didn't get the right

17 answer.

18 MR. BESSETTE: Yes, yes. We seem to be

19 getting too much mixing for some reason. They

20 couldn't interpret them, really, when it came right

21 down to it, with their minimal measurements. Too much

22 uncertainty in interpretation.

23 Again, you see that the same -- in all

24 these different facilities, you see the same kind of

25 characteristic thermal stratification occurring in the
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1 cold leg due to the injection. We're getting about 50

2 to 150 K, which, given the fact that it starts at a

3 colder temperature is --

4 MEMBER WALLIS: This temperature

5 difference disappears in the first one diameter or

6 something when it falls out of the cold leg? Because

7 this stuff is cold when it comes out of the cold leg

8 on top of the --

9 MR. BESSETTE: Well, that's right. This

10 is -- this stuff you see down here is what's flowing

11 toward the downcomer.

12 MEMBER WALLIS: Oh. It comes out of the

13 cold leg.

14 MR. BESSETTE: Yes.

15 MEMBER WALLIS: How does that temperature

16 difference disappear?

17 MR. BESSETTE: Well --

18 MEMBER RANSOM: That's top to bottom, is

19 that right?

20 MR. BESSETTE: Yes.

21 MEMBER RANSOM: Across the cold leg?

22 MR. BESSETTE: Yes. This is top to

23 bottom. This is the three-and-a-half-inch pipe, so

24 you're getting this much temperature --

25 MEMBER WALLIS: What pours out of the cold
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1 leg is that cold stuff on the bottom.

2 MR. BESSETTE: That's right. So what's

3 going on in the downcomer is you're getting a lot of

4 mixing at that change in the -- at the down turn, and

5 on top of that you're not dealing with a free plume.

6 You're dealing with large eddy circulation.

7 MEMBER RANSOM: In fact, is that some of

8 that at the top of the cold leg actually backflow?

9 MR. BESSETTE: It could be. It probably

10 is.

11 MEMBER KRESS: If you --

12 MR. BESSETTE: Generally, you do see

13 backflow toward the -- when you look at the

14 experiments, you generally see backflow coming from

15 the upper downcomer into the cold leg, and then from

16 the ECC is flowing underneath in the opposite

17 direction toward the downcomer.

18 MEMBER KRESS: If you assume that flow

19 coming in, or the cold water in the downcomer,

20 instantaneously mixed 360 degrees around, would you

21 get that kind of temperature in the next curve?

22 MR. BESSETTE: Yes. Well, that's the

23 thing. I've looked at all of the data --

24 MEMBER KRESS: That's what it looks like

25 to me. It looks like -- it looks like it's just
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1 mixing almost instantaneously all the way around the

2 360 degrees.

3 MR. BESSETTE: And this is the most

4 persuasive set of experiments for me, because it has

5 the most complete measurement system in the downcomer.

6 MEMBER WALLIS: That's what puzzles me,

7 because then you have this purple plume which looks

8 very intact. At some point it isn't cold and it mixes

9 instantly --

10 MR. BESSETTE: Yes.

11 MEMBER WALLIS: -- as far as the

12 thermocouples go. But the purple plume doesn't seem

13 to mix at all. It comes down --

14 MR. BESSETTE: Which one is --

15 MEMBER WALLIS: Figure 1136 is a

16 beautiful, purple plume.

17 MEMBER KRESS: Which one are you looking

18 at?

19 MEMBER WALLIS: I'm looking at the APEX --

20 the APEX report.

21 MEMBER KRESS: Oh.

22 MEMBER WALLIS: I just can't reconcile

23 this business of the -- thermally, it's perfectly

24 mixed. But when it's colored water, it doesn't seem

25 to mix at all.
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1 MEMBER KRESS: Well, the question I would

2 have is: if the mixture is by strictly eddies --

3 MEMBER WALLIS: It'll mix up the color,

4 too.

5 MEMBER KRESS: -- you're mixing up -- it's

6 going to be the same.

7 MEMBER WALLIS: It is going to be the

8 same, yes.

9 MR. BESSETTE: You're referring to this --

10 MEMBER KRESS: If I transfer some way --

11 MR. BESSETTE: You're referring to those

12 Finnish experiments?

13 MEMBER WALLIS: I'm just referring to the

14 APEX report, which is part of the package we got.

15 MR. BESSETTE: Well, I think -- so one of

16 the things I conclude, because you do see -- well, I'm

17 not sure that I place any faith in colored plumes.

18 MEMBER WALLIS: But it's the same thing,

19 it's mixing.

20 MEMBER KRESS: It's only the same if your

21 mixing is by eddies.

22 MEMBER WALLIS: Well, it is by eddies.

23 There's no mixing by diffusion. That's infinitely

24 slow.

25 MEMBER KRESS: Yes. But the temperature
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1 may influence the eddies.

2 MEMBER WALLIS: No way that you can mix

3 the fluid, the temperature --

4 MEMBER KRESS: The fact that you actually

5 have temperature differences is going to influence the

6 eddies, and you don't really have that influence in

7 the --

8 MR. BESSETTE: Well, one of the

9 conclusions is that, you know, back in the '80s we ran

10 a lot of experiments in these separate effects mixing

11 experiments, like Creare, and in Finland, and so on,

12 and Purdue. And those experiments -- of course, they

13 were in these -- they were not in full system

14 geometries. They were -- typically had a sector of

15 the downcomer, like Creare had a 90-degree sector of

16 a downcomer unwrapped, so it was a slab.

17 So they didn't include a lot of the flow

18 processes, which I think you see in these integral

19 system tests. You didn't have typically break -- you

20 didn't have break flow, constant pressure, basically

21 a -- you had a mixing cup environment, which is not to

22 say that's incorrect, but it had -- it didn't have the

23 full integral system test in terms of break flow,

24 in-vessel bypass flow. You didn't have heated cores.

25 MEMBER WALLIS: So you're saying there's
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1 some large eddies in the downcomer which are stirring

2 things up, keep from getting it well mixed.

3 MR. BESSETTE: Yes. And you had the

4 additional boundary conditions, because you only had

5 90 degrees of the downcomer with the wall. You had

6 additional wall boundary conditions that you don't

7 have in the 360-degree geometry.

8 MEMBER KRESS: I think that's your answer

9 right there.

10 MEMBER WALLIS: So in that case, this

11 would --

12 MEMBER KRESS: Your initial conditions of

13 flow in that are --

14 MR. BESSETTE: So I conclude that the

15 separate effects tests that were done in the '80s have

16 missed some things that we're picking up in integral

17 system tests.

18 MEMBER WALLIS: With those big eddies

19 stirring up and mixing the fluids, then this is also

20 going to affect the heat transfer, and it's not going

21 to be governed by Dittus-Boelter or Petukhov, or

22 anything. It's going to be governed by these big

23 eddies.

24 MR. BESSETTE: Yes. Well --

25 MEMBER WALLIS: So you count it both ways.
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1 You can mix it up very, very quickly and not have that

2 affect the turbulence level, which affects the heat

3 transfer.

4 MR. BESSETTE: Well, RELAP -- if RELAP is

5 calculating -- under Dittus-Boelter, of course, RELAP

6 is calculating a Reynolds number, which is -- I mean,

7 basically what you have to do is calculate the right

8 velocity to get the right answer.

9 MEMBER WALLIS: Well, the Reynolds number

10 characterizes the turbulence.

11 MR. BESSETTE: Yes.

12 MEMBER WALLIS: And if you've got these

13 big eddies, then it would seem to me they're bigger

14 than the thick -- than the width of the downcomer.

15 MR. BESSETTE: Yes.

16 MEMBER WALLIS: So you've got the wrong

17 dimension in there. You should bring the azimuthal

18 dimension in there, so that the width of the

19 downcomer --

20 MEMBER KRESS: Yes, I think I'd -- rather

21 than do these as eddies, I think we're thinking the

22 flow coming straight down the downcomer everywhere at

23 360 and going up, but it's not. It's coming in and

24 spiraling around, and coming up, and that's the eddy

25 we're talking about. And that -- that may or may not
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1 be much different than the Dittus-Boelter type

2 equation.

3 MEMBER RANSOM: Well, the other thing is

4 these --

5 MEMBER KRESS: We're talking about well-

6 developed flow anyway in this --

7 MEMBER RANSOM: -- cold leg connections

8 here impinging directly on a wall across from the

9 pipe, which undoubtedly you get eddies created from

10 that.

11 MEMBER KRESS: Yes. And that tends to

12 make you spread out also.

13 MEMBER RANSOM: Yes.

14 MR. BESSETTE: But, yes, I've looked at

15 all the APEX data. It all looks like this. I'm going

16 to show --

17 MEMBER RANSOM: But could I ask you:

18 where are those temperature measurements? That first

19 bullet down there, it's not quite clear. It says at

20 0, 1.3, 8 cold leg diameters axially. Do you mean

21 down the downcomer wall?

22 MR. BESSETTE: Yes. Well, you see, 1.3D

23 or 8D, that's -- that's 1.3 cold leg diameters down --

24 MEMBER RANSOM: Down the downcomer.

25 MR. BESSETTE: -- and 8 means 8 cold leg
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1 diameters down.

2 MEMBER KRESS: These are sort of in the

3 middle of the annulus?

4 MR. BESSETTE: Well, this includes --

5 unless I -- we let that -- we include thermocouples

6 immediately below each cold leg, and then away from

7 the cold leg --

8 MEMBER RANSOM: Where are the "away from

9 the cold leg"?

10 MR. BESSETTE: Let's see.

11 MEMBER RANSOM: Because those are the ones

12 that I think would show these plumes that you're

13 talking about.

14 MEMBER WALLIS: Are you going to show us

15 the circumferential variation?

16 MR. BESSETTE: Right. That's --

17 MEMBER WALLIS: In the APEX report,

18 there's some nice pictures of the circumferential

19 variation of temperature.

20 MR. BESSETTE: Yes. Well, I picked these

21 out -- I mean, basically, when you look at all of

22 these -- the tests, and you look at circumferential

23 variation, you see this. And when you look at axial

24 variation, you see this behavior. You just don't --

25 the maximum non-uniformity I could find was about five
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degrees K.

MEMBER WALLIS: Yes, five to eight

degrees.

MEMBER RANSOM: Well, are the lowest

temperatures under the cold legs?

MR. BESSETTE: Yes. In fact, that

includes temperatures just this 1.3 diameters below

the cold leg. So when you travel down one cold leg

diameter, it's already mixed.

MEMBER WALLIS: It doesn't seem to be

anything like the usual plume.

MR. BESSETTE: No, that's what I'm saying.

It's --

MEMBER WALLIS: What's happening?

MR. BESSETTE: It's nothing like --

MEMBER WALLIS: What's happening? There's

something --

MR. BESSETTE: This is not like the plumes

we've come to know and love, you know?

MEMBER WALLIS: Something different is

happening.

MEMBER KRESS: You'll recall the flow rate

of the plume going down is overwhelmed by these other

things.

MEMBER WALLIS: What are these other
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1 things, though?

2 MEMBER KRESS: I think it's spiral flow in

3 the downcomer.

4 MR. BESSETTE: This is showing -- I can't

5 -- this is showing -- for example, the green is

6 directly under Cold Leg 4 -- under Cold Leg 4. The

7 black is 1.3 diameters down, and 2 diameters away.

8 And I don't know if you can see -- the red is 1.6

9 diameters down and 1 diameter away.

10 So we looked at all possible combinations

11 of thermocouples trying to search for plumes and non-

12 uniform effects. I'm just showing a couple of

13 representative cases here. But basically this shows

14 either top of core elevation, plus or minus one and

15 plus or minus two diameters away from this -- in this

16 case Cold Leg 4.

17 And this is just showing a direct

18 comparison between RELAP and the data, and so it shows

19 on the average we're getting things about right with

20 RELAP.

21 Now, this is the COMMIX calculation of

22 H.B. Robinson two-inch break. And you can see that

23 generally what COMMIX shows is you're getting the

24 downflow regions -- still, you have downflowing

25 regions beneath cold legs, but upflowing regions in
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1 between.

2 MEMBER WALLIS: So it shows definite

3 plumes there.

4 MR. BESSETTE: It shows something, but

5 it's -- but I think -- I tried to use this to

6 illustrate the fact that COMMIX seems to support this

7 idea of a large -- basically, on a large-scale basis,

8 these large eddy flows, and then undoubtedly you get

9 smaller eddies if you had more complete velocity in

10 that.

11 MEMBER RANSOM: Could you tell us a little

12 bit about the nodalization? How many nodes across the

13 downcomer?

14 MR. BESSETTE: This was seven nodes across

15 the downcomer, and so it's about a 4,000-node

16 downcomer model. And so it's coarse in terms of

17 today's standards.

18 MEMBER WALLIS: What sort of velocities

19 have you got here compared with the average velocity?

20 You're using Dittus-Boelter based on some average

21 velocity. It seems to be completely wrong, because

22 you've got local velocities here which are far bigger

23 than the average.

24 MR. BESSETTE: Yes. What we're showing

25 here are velocities of basically something very small,
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1 up to about 1 meter a second.

2 MEMBER KRESS: This is a steady-state

3 calculation after you run the thing for a long time?

4 MR. BESSETTE: I think so, yes.

5 MEMBER WALLIS: It's got a big -- I would

6 think those things would wobble around, especially if

7 it --

8 MR. BESSETTE: Yes. This is a point in

9 time, but, you know, Oregon State ran CFD calculations

10 in some of their experiments, which showed these

11 meandering plumes, and what not.

12 MEMBER WALLIS: Right. That's what

13 bothered me, too. I saw those pictures with those

14 colored plumes wandering around.

15 MEMBER ROSEN: Well, you know, figures lie

16 and -- but pictures never do. Is that -- the picture

17 that Graham is --

18 MR. BESSETTE: Well, thermocouples we know

19 are accurate within one degree Fahrenheit. Color is

20 not so well defined that --

21 MEMBER WALLIS: Well, see, if you look at

22 that picture there, you've got some cold water coming

23 in and flowing pretty rapidly right down to the

24 bottom, and yet it's never detected on the

25 thermocouple. It's very strange.
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1 MR. BESSETTE: Well, like some of those

2 thermocouples show that when -- when you look at the

3 data, you see -- you do see fluctuations. If you

4 recall the noise, you're seeing fluctuations of maybe

5 10 degrees.

6 MEMBER KRESS: Are the thermocouples on

7 the wall itself, near the wall?

8 MR. BESSETTE: These are normally in the

9 -- these downcomers in these experiments are typically

10 about two inches wide with a thermocouple in the

11 middle.

12 MEMBER KRESS: Oh, I see. So they're

13 looking at fluid in the middle.

14 MEMBER WALLIS: So now we've got some

15 bigger plumes, a plume strength of 100 degrees F?

16 MR. BESSETTE: Well, now that I've shown

17 you all this evidence that plumes are weak or non-

18 existent, I'm going to show you what would happen if

19 we did have plume.

20 MEMBER WALLIS: Ah, okay.

21 MR. BESSETTE: This is a study we did --

22 where we did a plume calculation using REMIX, and

23 that's this middle line. And then we basically

24 doubled and have this plume strength, and we fed that

25 into an early version of FAVOR. We had -- so we had
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1 a plume, and we had a nominal ambient that was

2 calculated by RELAP.

3 So we used -- we imposed this plume

4 strength on top of the nominal RELAP calculation. And

5 we applied it to an area of 30 -- basically 30 percent

6 of the upper circumferential weld. This is a

7 reasonably conservative approximation of, if you did

8 have a plume, how much --

9 MEMBER SIEBER: Would it cover.

10 MR. BESSETTE: -- would it cover.

11 And so what to focus on is -- or Case 1,

12 which is case RELAP; Case 2, which is nominal REMIX

13 plume imposed on the upper weld. And you'll see it's

14 just about the same as Case 1.

15 Case 5, which we doubled the plume

16 strength, so that's a pretty severe plume compared to

17 what we've been looking at. And you can see maybe 10,

18 20 percent increase in CPF.

19 And we did this back around 1997, and this

20 is one of the things that led us to say, well, we've

21 got to keep checking as much as we can upon -- about

22 this plume stuff, but it doesn't seem to effect the

23 result too much.

24 MEMBER SIEBER: What's Case 4?

25 MR. BESSETTE: Oh. On top of that, we did
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1 some heat transfer sensitivities, which Case 4, which

2 was -- we lowered the heat transfer coefficient I

3 think by a factor of 2, and then Case -- this would be

4 where we doubled the heat transfer coefficient,

5 Case 3.

6 MEMBER WALLIS: Do you have a factor --

7 it's a factor of two, or so?

8 MR. BESSETTE: Yes. In fact --

9 MEMBER WALLIS: Well, a factor of two on

10 probability of failure is not insignificant.

11 MR. BESSETTE: No. But it's kind of a

12 similar effect that what we -- what I showed you,

13 these factors of two to three that we found in our

14 more recent calculations, where we varied heat

15 transfer coefficient. So I would say our recent heat

16 transfer studies look to be consistent with these.

17 MEMBER WALLIS: Did you put in an infinite

18 heat transfer coefficient?

19 MR. BESSETTE: There's another study where

20 we did that.

21 MEMBER WALLIS: And you could do that and

22 forget about all this stuff. Just put it in and show

23 that it's conservative and that --

24 MR. BESSETTE: Well, you could do that,

25 but you keep getting these incremental increases in
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1 heat transfer, in CPF when you do that.

2 MEMBER WALLIS: Yes. But it's still

3 tolerable.

4 MR. BESSETTE: In fact, well, I think we

5 could define how much of an increase you get, you

6 know, the worst it could possibly be.

7 MEMBER WALLIS: That would give you an

8 upper bound, which would give everyone a lot of

9 security, instead of having to talk about we don't

10 quite understand the eddies, and we don't understand

11 whether Dittus-Boelter really applies, give us an

12 upper bound.

13 MR. BESSETTE: I guess that's something we

14 could do is put in the very --

15 MEMBER WALLIS: It's the first thing you

16 ever do, isn't it, usually, before you do anything

17 else?

18 MR. BESSETTE: Well --

19 CHAIRMAN SHACK: You call it your 95th

20 percentile, and sample from it, right?

21 MR. BESSETTE: So I think I -- on the

22 average, RELAP predicts --

23 MEMBER WALLIS: See, that's not -- that's

24 not a true statement. It predicts things which are

25 within 20 or 30 degrees, which for the purpose of this
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1 analysis is insignificant. It doesn't predict it

2 accurately.

3 MR. BESSETTE: I accept your words.

4 (Laughter.)

5 MEMBER SIEBER: Good move.

6 MR. BESSETTE: These large -- we

7 consistently see large thermal stratification in the

8 cold leg, but that doesn't translate to non-uniform

9 conditions in the downcomer.

10 MEMBER WALLIS: We don't know why.

11 MR. BESSETTE: Well, the -- like I said,

12 I think even when you go back to these facilities like

13 Creare, the plumes in Creare were typically only about

14 23 degrees Fahrenheit, thereabout. The fact that they

15 don't seem to exist in these integral tests I believe

16 is due to the additional mixing processes that seem to

17 be present in an integral facility compared to these

18 separate effects tests. So I think the results from

19 the -- all of the separate effects tests are

20 conservative.

21 MEMBER KRESS: That's just another way of

22 saying that the interim tests are --

23 MR. BESSETTE: Are more --

24 MEMBER KRESS: -- are not the same as the

25 separate effects tests.
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1 MR. BESSETTE: That's right, yes.

2 MEMBER KRESS: But you don't explain what

3 these mixing processes are exactly.

4 MR. BESSETTE: Well, I gave some examples

5 -- the fact that you have break flow, the fact that

6 you have a heated core.

7 MEMBER KRESS: Yes. But you don't

8 translate those into action, things that would create

9 this non-mixing, or would create this mixing. You

10 need to translate those some way, I think.

11 MR. BESSETTE: Yes. There's an existing

12 study on UPTF Test 1, which shows that you had to

13 account for the bypass flow from the upper plenum to

14 the downcomer. That has a significant effect on

15 downcomer temperatures. So we know that in-vessel

16 circulation has an effect.

17 And I'm going to talk about this further

18 on -- when you look at the sensitivity of CPF due to

19 the heat transfer coefficient, you see these factors

20 of two or three. This is still small compared to the

21 variations we get in the -- from the boundary

22 conditions where they've been given a bin, because of

23 the importance of the bulk fluid temperature.

24 CHAIRMAN SHACK: Can you speed it up?

25 MR. BESSETTE: I'm done.
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1 CHAIRMAN SHACK: You're done.

2 (Laughter.)

3 That's fast.

4 MEMBER ROSEN: He did all of that in a

5 microsecond after you said it.

6 CHAIRMAN SHACK: Time for lunch.

7 MEMBER KRESS: Lunch.

8 MEMBER ROSEN: Okay. We can all agree on

9 that.

10 CHAIRMAN SHACK: Back at 1:00.

11 MEMBER KRESS: Lunch for the bunch.

12 (Whereupon, at 11:59 a.m., the

13 proceedings in the foregoing matter

14 recessed for lunch.)

15 CHAIRMAN SHACK: Can we come back into

16 session? Mark, onward.

17 MR. ERICKSONKIRK: Yes, did Allen discuss

18 with you making Nathan's presentation?

19 CHAIRMAN SHACK: He's going to follow you.

20 MR. ERICKSONKIRK: Right. Right now we're

21 going to go through the item on PFM fundamental

22 assumptions. And then I'm going to move directly to

23 PFM changes and methodology.

24 We've already done thermal hydraulics

25 methodology. In terms of PRA methodology we have one
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1 slide that says there have been no methodological

2 changes in the last two years.

3 So we can skip that presentation. So on

4 with PFM fundamental assumptions. The fundamental

5 assumptions are first and foremost that a linear

6 elastic fracture mechanics model is appropriate for

7 analyzing this problem, that we can ignore the effects

8 of sub-critical crack growth both due to environmental

9 mechanisms and due to fatigue.

10 And finally, that we can eliminate a

11 priori as a contribution to through wall cracking

12 frequency of certain flaws and transients. And I've

13 just got a few slides on each of these.

14 The details on these are in section 3.3.3

15 of NUREG-1806. And they're also a separate chapter in

16 NUREG 1807. So, in terms of LEFM applicability, the

17 first graph here shows the toughness, the aleatory

18 distribution of initiation fracture toughness that we

19 sampled from.

20 And that's represented by the red, green,

21 and blue line. So we're drawing randomly from

22 toughness values within that. And then what we've

23 over plotted on that is from FAVOR simulations where

24 each little dot represents a crack initiation.

25 So the point that we're trying to make
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1 here is that the applied K at crack initiation never

2 gets very high. They're all hugging the bottom of the

3 distribution.

4 And we can translate that in this graph

5 into a --

6 MEMBER WALLIS: Is that because you have

7 a lot of cracks?

8 MR. ERICKSONKIRK: That's simply because

9 the driving force can't get that high.

10 MEMBER WALLIS: It never gets high enough.

11 MR. ERICKSONKIRK: Yes, the combination of

12 thermal stresses and pressure stresses is never

13 sufficient to get the applied K -- I'm sorry, the

14 combination of stresses and the crack sizes that we

15 sample from is never enough to get the applied K

16 above, you know, like 45, So ksi root inch.

17 So you can use that information on applied

18 K along with material properties to construct what we

19 have on the right hand size, which is a cumulative

20 probability distribution of plastic zone sizes.

21 And now, of course, this depends upon the

22 yield strength of the material involved. But, looking

23 at the range of yield strengths, both for lightly

24 irradiated materials and heavily irradiated materials,

25 we can say that the plastic zone size ranges from 30
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1 mils to .13 inches, and also, of course, in general

2 that as the plants become more damaged by irradiation,

3 that increases the yield strength, and so therefore

4 will decrease the plastic zoning size.

5 The general rule of applicability or the

6 general test of applicability of linear elastic

7 fracture mechanics is that the size of the plastic

8 zone should be very small relative to all relevant

9 structural dimensions.

10 And certainly .03 to .13 inches satisfies

11 that bill with the additional note that as we get out

12 to the conditions that we care the most about, which

13 are the more highly embrittled conditions, the plastic

14 zone size is tending towards the smaller end of that

15 range, rather than the latter.

16 So, if we have an error in using LEFM,

17 it's made in regions where the yield strength is low

18 and irradiation is low. So we believe LEFM is

19 applicable as a general methodology.

20 And I've just got a few slides here that

21 show -- and this of course goes back to the late

22 1980's -- I'm sorry, late 1970's, early 1980's where

23 the NRC sponsored several series of large scale

24 experiments at the Oak Ridge National Laboratory to

25 apply thermal shocks and pressurized thermal shocks to
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1 cylindrical vessels.

2 And obviously whole presentations can be

3 made on this. In fact, we briefed this committee some

4 time ago bringing in Richard Bass and Claud Pugh from

5 the Oak Ridge National Laboratory, and went through

6 this in detail.

7 But, suffice it to say, we conducted

8 experiments where we applied prototypic thermal shocks

9 and pressurized thermal shocks to vessel materials.

10 And we found that, using the LEFM

11 technique such as those that had been programmed into

12 FAVOR, allowed us to predict the run, arrest, re

13 initiation, and re-arrest of cracks through thick-

14 walled vessels well.

15 We find that the toughness values that we

16 would infer from those initiated and arrested cracks

17 agree well with the scatter bounds predicted from

18 small specimen data, which is where we get our

19 aleatory distributions of crack initiation and crack

20 arrest toughness.

21 And also, these experiments, both thermal

22 shock and pressurized thermal shock, validated the

23 principle of warm pre-stress. And that's all that

24 slide says, again, for the pressurized thermal shock

25 test.
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1 So, we have what I would call scientific

2 proof that you should expect LEFM methodology to work

3 well in general for these type of loading conditions,

4 flaws, vessels, toughnesses.

5 And we perform mock-up experiments on

6 vessels subjected to thermal shock loadings and found

7 that we predicted the results well using the FAVOR

8 type techniques.

9 The next major assumption is that sub-

10 critical crack growth is sufficiently small that we

11 can ignore it. And you see this assumption manifest

12 by the fact that the flaw distribution that we sample

13 from was constructed based on data and based on expert

14 opinions on initial fabrication flaws.

15 We don't attempt to grow those flaws by

16 either a fatigue mechanism or an environmental

17 mechanism. So, that means that when we conduct an

18 analysis at 32 effective full power years, and when we

19 conduct an analysis at, let's just say, a large

20 effective full power years, the flaw distribution

21 we're sampling from is the same.

22 It's not time dependent. In terms of

23 fatigue, all of the pressurized water reactors now in

24 service were designed to satisfy ASME Section three,

25 fatigue design rules.
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1 Several studies have been conducted

2 recently by the industry which show that neither

3 fatigue initiation nor propagation of fatigue cracks

4 from pre-existing flaws is anticipated over 60 years

5 of nominal operation.

6 In terms of the non-occurrence or non-

7 significance of environmental sub-critical crack

8 growth, first, of course, you've got a barrier to

9 environmental crack growth of the ferritic steel.

10 And that's the austenitic stainless steel

11 cladding. That's why it's there. Presuming that you

12 could get a flaw in the austenitic stainless steel

13 that would allow ingress of the reactor vessel

14 environment to the ferritic steel we can note that SCC

15 requires three things to be present: the aggressive

16 environment, which you'd get if you had a flaw in the

17 cladding, a susceptible material, and significant

18 tensile stress.

19 The low oxygen content to the coolant

20 water during operation keeps the electrochemical

21 potential sufficiently below that of the ferritic RPV

22 steel to generally preclude SCC.

23 And, during outages, it certainly proved

24 that the oxygen content increases, which would

25 therefore increase the probability of SCC. But the
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1 temperature is down.

2 So, under all likely conditions, I think

3 we can say that we're --

4 MEMBER ROSEN: It's a good thing Dr. Ford

5 isn't here. That's all I can say.

6 MR. ERICKSONKIRK: It's a real good thing.

7 And I'd just defer to him, of course.

8 MEMBER SIEBER: At load temperatures,

9 general corrosion though is taking place.

10 MR. ERICKSONKIRK: But that's going to

11 require a long period of --

12 MEMBER SIEBER: Yes.

13 MEMBER ROSEN: It's on the wrong slide,

14 but that's okay.

15 MR. ERICKSONKIRK: Maybe Dr. Ford could

16 give me better words to use.

17 MEMBER SIEBER: He certainly could, a lot

18 of them.

19 MR. ERICKSONKIRK: I'm sure he could.

20 Okay. And then, just for purposes of computational

21 efficiency, when we're running the FAVOR code, we

22 still calculate many, many more zeroes than we do

23 numbers that are positive.

24 But we try to eliminate from the analysis

25 calculation zeros, just so that we can, you know, get
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1 answers in this century. One of the things we do is

2 that, in FAVOR, we simulate a flaw is equally likely

3 to occur in any position through the vessel wall

4 thickness.

5 But, because at least the crack initiation

6 is driven by thermal stresses, it's only the cracks

7 that are very close to the inner diameter of the

8 vessel that play any role in crack initiation.

9 In FAVOR there is a logical gate that says

10 if the flaw is simulated to occur deeper than three

11 eighths of the way into the vessel and three eighths

12 of the thickness, we just pass that and go on.

13 What we had Terry do was to make this

14 graph, which shows the percentage of flaws that are

15 predicted to initiate plotted versus their location.

16 And what we find out is that by ignoring everything

17 beyond three eighths T we haven't eliminated any

18 significant contributors.

19 In fact, we can probably back the limit up

20 and still not change the calculated results. The

21 other thing, and this is something Donnie has alluded

22 to before, is based on experience, previous experience

23 performing calculations of this sort, we had decided

24 that if the minimum temperature developed by the

25 transient didn't get below 400 degrees Fahrenheit,
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1 there wouldn't be sufficient combined driving force

2 and load toughness to generate any crack initiation

3 probability.

4 When all was said and done, we went back

5 and we looked at our calculations. And we found out

6 that we could have actually set the limit about 50

7 degrees Fahrenheit lower and still not eliminated any

8 contribution to through-wall cracking.

9 MEMBER KRESS: You don't really mean

10 percent axis, do you?

11 MR. ERICKSONKIRK: Percent wall -- yes, it

12 could be fraction, yes. Okay. So that's the summary

13 of PFM assumptions. And I should say we call these

14 fundamental assumptions because these are the big ones

15 that you make in starting the analysis.

16 obviously there are a lot of modeling

17 judgments, all sorts of things that go on. But if you

18 don't buy off on these three or four, we may as well

19 just stop here.

20 Let's see, going to PFM procedure, what

21 this section is going to do is not go into the

22 procedure in detail because we've already briefed

23 that.

24 And, indeed, we wrote a report about it

25 which didn't get out. But, to provide a high level
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1 overview of the PFM model, show you how it interfaces

2 with the PRA and TH models, and highlight significant

3 changes that have been made to the model since we last

4 briefed you.

5 And, in most cases, those changes -- or I

6 should say in some cases those changes have resulted

7 from the more significant of the peer group comments.

8 So we're also going to highlight those.

9 So this just shows the overall PFM model. We take the

10 input from PRA, gives us the event sequence, RELAP

11 then tells us the pressure temperature and heat

12 transfer coefficient variation.

13 That's an input into the crack initiation

14 model as well as what the distribution flaws is, what

15 the fluence loading on the inside of the vessel is.

16 All that goes into crack initiation model.

17 The crack initiation model predicts the probability

18 that a crack will initiate given this loading, these

19 flaws, this fluence loading, and also it should have

20 the material and composition information.

21 That initiation probability then goes

22 through the through-wall cracking model, which

23 assesses the probability that that now initiated crack

24 can make it all the way through the vessel wall.

25 MEMBER ROSEN: Is there some significance

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



167

1 to why you did this backwards?

2 MR. ERICKSONKIRK: Backwards? Oh, you

3 mean going left to right rather than right to left?

4 MEMBER ROSEN: As Hebrew is written, for

5 instance.

6 MR. ERICKSONKIRK: I must have woken up on

7 the wrong side of the bed.

8 MEMBER ROSEN: Oh, okay.

9 MR. ERICKSONKIRK: No, there's no

10 significance.

11 MEMBER SIEBER: Turn it upside down.

12 MR. ERICKSONKIRK: Okay. I'll turn it

13 around. Okay, so now what I'm going to do is have one

14 slide each on the four major sub-models in the PFM

15 model.

16 So, with regards to the flow distribution,

17 there have been no changes since we briefed you last.

18 Just to say a few things, relative to the flow model

19 that was used in the old calculations, both in SECY-

20 82-465 and in the IPTS studies, this flow distribution

21 has many, many more flaws than we had before.

22 Those flaws are generally smaller,

23 although not entirely so. The big difference is that

24 the huge majority of these flaws are buried, rather

25 than being on the surface.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



168

1 And we believe that's justified based on

2 both physical and empirical observations. And also,

3 another important factor is that all the weld and the

4 cladding flaws have orientations, I'm sorry, that are

5 tied to the welding direction.

6 We view the flaw distribution as being

7 either an appropriate or a conservative representation

8 of the flaws in any PWR for a number. Obviously we

9 can't justify that on an empirical basis, that's

10 absurd.

11 But, based on the support of physical

12 models and their incorporation into the flaw model,

13 and by the fact that as we constructed the flaw model,

14 obviously you go through and you don't know certain

15 things.

16 Every time we had to make a judgment, that

17 judgment was made systematically in a conservative

18 way. And the one big one I'll point up is that all

19 NDE indications were treated as flaws, whereas many of

20 the NDE indications are, of course, volumetric and

21 therefore not deleterious to the vessel.

22 With regards to the nucleonics model,

23 again, no changes since 12/02. We estimate the ID

24 fluence per Reg Guide 1.190 procedures. And then that

25 irradiation damage is then attenuated through the wall
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1 using Reg Guide 1.99 procedures.

2 And that will be called out later as an

3 implicit conservatism. We have had changes in the

4 crack initiation model. I'll say what those are. But

5 just the significant features of the crack initiation

6 model is that the conservative bias in RTNDT is

7 removed on average.

8 The material uncertainty modeled is

9 conservative relative to any plant specific

10 variability, which is to say that when we constructed

11 our distributions that we sample from on unirradiated

12 transition temperature, copper, nickel, phosphorous.

13 All of those distributions that we sample

14 from were based on large populations of material and

15 different heats of material. So, unquestionably, the

16 uncertainty that would be characteristic of any plant

17 specific analysis would be smaller.

18 We've modeled the aleatory uncertainty in

19 initiation fracture resistance. We have had a bug fix

20 since 2002 that came out of the FAVOR V&V process that

21 had to do with an improper allocation of weld or plate

22 properties to flaws located on the fusion line.

23 So that's something that came out of V&V

24 that was fixed. That didn't have any numerical effect

25 on the results of Palisades or Oconee, but it had a
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1 big numerical effect on the results at Beaver Valley

2 because, of course, they have the highly embrittled

3 plates.

4 Since then we've also implemented

5 temperature-dependent thermoelastic properties rather

6 than using valene values. Based on one of the results

7 from -- I'm sorry, one of the comments from our peer

8 reviewers, Dr. Schultz, we realized somewhat

9 embarrassingly that we had not modeled the effective

10 crack-face pressure.

11 And so we put that in. That, however,

12 turned out to have a small effect. But it was

13 important to have it in just for the sake of

14 completeness.

15 And this is not new since 2002, but we've

16 accounted for the effects of warm pre-stress. Moving

17 on to the through-wall cracking model, we've modeled

18 the effect of embrittlement on the separation of the

19 arrest and initiation toughness curves.

20 In the previous calculations, meaning

21 SECY-82-465 error, the initiation and arrest

22 transition fracture curves were assumed to have the

23 same temperature separation independent of the level

24 of material damage.

25 And that was an assumption that didn't
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1 agree at all well with either physical understanding

2 or published data. We've modeled the aleatory

3 uncertainty in arrest fracture resistance.

4 We've allowed the arrest fracture

5 toughness to exceed 200 ksi root inch. And that's

6 premised on -- I'll show you the graph on that.

7 That's based on data from wide plate experiments,

8 thermal shock experiments, pressurized thermal shock

9 experiments.

10 And that's new since 2002. We've modeled

11 through-wall material property gradients and we've

12 also now allowed for the possibility of failure of the

13 vessel in a ductile mode on the upper shelf.

14 And that's also new since 2002 and comes

15 out of one of our peer reviewer comments from Dr.

16 VanWalle.

17 MEMBER SIEBER: A quick question on the

18 Beaver Valley vessel. You said that the plate is

19 highly embrittled at Beaver Valley.

20 MR. ERICKSONKIRK: The plate is more

21 embrittled than the welds, yes.

22 MEMBER SIEBER: Well, my understanding of

23 the major problem with Beaver Valley is that they used

24 copper clad welding rod, so the copper content is

25 higher than most plants.
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1 MR. ERICKSONKIRK: Yes.

2 MEMBER SIEBER: But that wouldn't affect

3 the plate, that affects the weld.

4 MR. ERICKSONKIRK: That affects the weld.

5 And I might defer to Bruce, but my -- certainly the

6 data that's in orbit shows that the plates are also

7 high copper. Isn't that correct Bruce?

8 (No verbal response.)

9 MR. ERICKSONKIRK: Yes.

10 MEMBER SIEBER: Okay, for the record, he

11 answers yes.

12 MR. ERICKSONKIRK: Yes.

13 MEMBER SIEBER: Okay.

14 MR. ERICKSONKIRK: So what I was -- I

15 already said this. Two of these changes were

16 motivated by comments made from the review group, that

17 being the inclusion of crack-face pressure, which, as

18 I said, was important to include for the sake of

19 completeness, but didn't really change the results

20 because the only transients -- didn't change the

21 results significantly -- because the only transients

22 where pressure is an issue is, of course, the stuck-

23 open valves.

24 And there was already enough pressure in

25 the model. There was already enough stresses
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1 generated by pressure in the vessel wall to cause

2 those cracks, once initiated, to go through virtually

3 100 percent of the time.

4 So that didn't really make a major

5 difference. But we have also included the possibility

6 of failure on the upper shelf, which can be anything.

7 I just wanted to show you some of the new

8 aspects. One is that, before in our previous -- in

9 the FAVOR calculations that we reported to you

10 previously and indeed in all previous probabilistic

11 studies done in the United States, the arrest

12 toughness was capped at 200 ksi square root inch due

13 to -- initially -- due to lack of data above that

14 showing that the arrest transition curve went up

15 higher.

16 In the 1970's and 1980's the NRC did a

17 number of wide plate tests, pressurized thermal shock

18 tests, thermal shock tests to generate data in that

19 regime.

20 However, that data was never cycled back

21 for use in the PFM model. So we've done that here.

22 And now what this says is that as the vessel, as a

23 crack is propagating through-wall, you actually can

24 generate stable arrest at applied K's above 200 ksi

25 root inch.
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1 But what you also find out happening, and

2 this was -- these two things were actually linked.

3 This was the reason why we needed an upper shelf

4 model, is this graph now shows the transition fracture

5 toughness behavior of a typical RPV steel, both before

6 irradiation and after irradiation, and then the

7 variation of upper shelf toughness.

8 And what we find out is that -- this is

9 again fairly typical -- is that on the upper shelf --

10 I'll go to this slide -- on the upper shelf, over the

11 range of temperatures of interest or reactive service,

12 200 ksi root inch represents, if anything, an upper

13 bound to the toughness distribution, not a lower

14 bound.

15 So, by allowing crack arrest at higher

16 applied K's, it was also incumbent upon us to

17 calculate the possibility of ductile tearing and

18 subsequent vessel failure on the upper shelf.

19 Now I'll defer to the Chairman on this

20 one. I have a few more slides describing some of the

21 basics of the upper shelf model because it's new.

22 We can go through that or we can just skip

23 on through to --

24 CHAIRMAN SHACK: No, I think we aught to,

25 because that is one of the major changes since the
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1 last time --

2 MR. ERICKSONKIRK: Okay.

3 CHAIRMAN SHACK: -- we've been here.

4 MEMBER SIEBER: And before you rush on,

5 let me ask, there's been a curtailment in the heavy

6 section steel research in the NRC budget, as I

7 understand it.

8 Does that interfere, or provide you with

9 a lack of data with regard to establishing certainty

10 here?

11 MR. ERICKSONKIRK: Yes, we could always

12 use more money for more data. Now, after that little

13 commercial advertisement --

14 MEMBER SIEBER: That's a not a good - -

15 MR. ERICKSONKIRK: No, no. The

16 information that we used to develop this model is all

17 data that was previously available through --

18 MEMBER SIEBER: Right.

19 MR. ERICKSONKIRK: -- multiple years of

20 testing both on our parts and internationally. The

21 peer reviewers have seen this. And, as we pointed

22 out, this is indeed a new model and somewhat of a

23 break from the past, not just in terms of what's

24 included in PTS, but in terms of toughness models in

25 general.
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1 I think it's fair to say that the peer

2 reviewers were generally happy to include this type of

3 model. But one of the comments they made is that a

4 continuing effort should be made to collect more data

5 to further validate it.

6 I am also aware that the IAEA is

7 considering launching a program to develop further

8 data to validate this type of model.

9 MEMBER SIEBER: Okay, thank you.

10 MR. ERICKSONKIRK: That was sort of a

11 roundabout answer, which is to say we've got good data

12 but more is always better.

13 MEMBER SIEBER: Yes, I like the second

14 answer better than the first one.

15 MR. ERICKSONKIRK: Okay. So, we started

16 out by saying once we lift the cap on crack arrest

17 toughness, and so we can potentially develop stable

18 arrests at very high applied K's as you move through

19 the wall.

20 But what's going to happen next is that

21 that applied K is above the crack initiation toughness

22 on the upper shelf, the crack will most certainly

23 start to tear and may go all the way through the

24 vessel wall.

25 So we start -- this just shows how a
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1 ferritic steel will behave on the upper shelf. You'll

2 start to what's called blunt, you'll start by blunting

3 the crack.

4 And then you'll begin to tear the crack.

5 So the crack actually initiates here at a value called

6 J 1c. And then the other characterization parameter is

7 the slope of -- this is called the JR curve -- is the

8 slope of the JR curve that's characterized by this

9 parameter N.

10 So the two things that we need to

11 characterize is the value of JIC and the value of N,

12 and the variation of those values with temperature and

13 irradiation.

14 So we started off by collecting together

15 the data that we could find both in our own testing

16 programs and in the literature. And what we show here

17 is just a plot of J1c, that's the applied driving

18 force at which a crack will begin to tear on the upper

19 shelf, and how that varies with temperature.

20 And we've got a bunch of different

21 materials on here. The blue and the red specs are

22 reactor pressure vessel steels, both irradiation and

23 unirradiated, both welds and plates and forgings.

24 It's all on there. And just for -- well,

25 both for scientific interest and sort of to test the
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1 bounds of the model -- we've also included on here

2 some ferritic steels that are different.

3 We've got A710 steels and HSLA steels,

4 which are all copper precipitation hardened steels

5 that are used in naval surface ship hull construction.

6 And we've also got something even more

7 different, an HY-80 steel, which is of course a

8 martensitic steel, a different crystal structure. So

9 obviously there's a lot of scatter here.

10 What we wanted to see as a first cut is to

11 see if there's a consistent variation of J1c with

12 temperature. And so what we did to try to normalize

13 out the material-to-material variability and just look

14 at the aleatory uncertainty, since we were focusing on

15 reactor steels, and since in all the irradiation

16 programs everyone always did tests at the PWR

17 operating temperature, we said, okay, let's try

18 normalizing all these data by the average value of any

19 given data set at 550 degrees Fahrenheit or 288 C.

20 And when we done that -- and as I flip

21 here I'll note that the vertical scale on this is the

22 same -- you find out that much of that scatter

23 compresses out, and that we now do see a very

24 consistent trend with temperature.

25 Those of you that aren't too sleepy after
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1 lunch will notice that I've also scrubbed off the HY-

2 80 data because what we found is that the temperature

3 dependency here very much mirrors that of flow as

4 predicted by dislocation motion.

5 That's the equation that you see, and that

6 you would not expect that same temperature dependency

7 to hold for a non-ferritic steel. But, for all

8 ferritic steels that we've seen, this temperature

9 dependency holds very well -- both for irradiated,

10 unirradiated, welds, plates, and forgings, and indeed

11 for things that would be considered in terms of their

12 basic hardening mechanism very metallurgically

13 different from ferritic steels.

14 So, this is what we use, this is what we

15 sampled from to establish the aleatory uncertainty of

16 initiation fracture --

17 CHAIRMAN SHACK: Why would I expect a

18 precipitation hardened steel to have the same

19 temperature dependency?

20 MR. ERICKSONKIRK: Because the only thing

21 that controls the temperature dependence is the

22 lattice structure. Only the lattice is able to --

23 it's the lattice atom vibration that can impede --

24 that controls the flow strength, right?

25 All the other -- the precipitation
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1 hardening elements, the interstitials, all of that,

2 those are all --

3 CHAIRMAN SHACK: I would have just thought

4 the precipitation hardening mechanism would have

5 overwhelmed.

6 MR. ERICKSONKIRK: We see this -- it's a

7 consistent theme with what's happening in transition.

8 You're a master curve man, right?

9 CHAIRMAN SHACK: Right.

10 MR. ERICKSONKIRK: Okay. And all ferritic

11 steels, irrespective or irradiation damage, basic

12 hardening mechanism, fit the same temperature

13 dependency.

14 It's the lattice structure. It's got

15 nothing to do with any of the things that make the

16 steel stronger, weaker, work hardening, none of it.

17 Okay, so then -- okay, so we've got the temperature

18 dependency of the curve on the upper shelf.

19 Now the question comes, how do we or can

20 we hook that onto the transition curve? Or, another

21 way to look at it is, where do we truncate the

22 cleavage fracture toughness curve and start going into

23 the ductile fracture toughness curve?

24 So what we did is, now that we know the

25 temperature dependency of cleavage fracture, toughness
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1 and transition, and we know where to put that based on

2 To, and now that we know the temperature dependency on

3 the upper shelf, we define just the temperature where

4 those two curves cross.

5 And what we found is a very strong

6 correlation between To, which is estimated in a

7 roundabout way in the probabilistic code via an

8 artifice called RTndt.

9 So, anyway, in the data we found a very

10 strong correlation between the cleavage fracture

11 transition temperature and the temperature at which

12 the upper shelf and transition curves cross.

13 And we presented this at a meeting in

14 Europe in September a year ago where Kim Wallin was

15 present from VTT in Finland. Of course, he's the

16 gentleman that developed the master curve.

17 And he became interested in it, went back

18 to his laboratory, looked at datasets he had on VVER

19 steels, both irradiated and unirradiated, and even a

20 ferritic stainless steel, and found that they all fit

21 the same trend.

22 And, having looked at materials data and

23 materials correlation for years and years and years,

24 all I can say is that's the best trend I've ever seen

25 based on that variety of materials.
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1 So, what this gives us an ability to do

2 now is, in our FAVOR simulation we know -- we've

3 estimated the transition fracture index temperature.

4 We call it RTndt. On this slide it's called To.

5 But, in any event, we've estimated a

6 temperature that is placed the cleavage fracture

7 transition curve. What we can do now is use this

8 relationship to tell us how far out we have to go

9 before we hook on the upper shelf master curve.

10 And we've already established temperature

11 dependency of that based on data several slides back.

12 So that's what we're using. And all of that -- sorry,

13 all of that was developed and presented in a recent

14 EPRI Materials Reliability Program Report, number 101,

15 which you can get Stan Rosinski.

16 To use that information in the FAVOR model

17 we needed to add a few more things. We needed to

18 quantify the scatter in the upper shelf toughness,

19 which we did by just developing this variation of

20 standard deviation on JIc from the mean curve as a

21 function of temperature.

22 And we also needed to have some

23 information which EPRI hadn't developed yet on the

24 temperature dependency of the JR curve exponent. And

25 so we used data that was produced in NUREG, I think
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1 it's 4880 by McGowan on a variety of RPV plates and

2 welds, irradiated and unirradiated, to establish that

3 temperature dependency and that scatter relationship.

4 I think we're onto summary. So we've made

5 some changes to the PFM model used and reported to you

6 two years ago. The changes were motivated by both

7 reviewer suggestions and by staff and ORNL initiatives

8 to improve the model.

9 And we believe that overall those changes

10 have improved the physical realism of the model,

11 reduced our dependency on empirical correlations.

12 Overall, both of these changes have had overall a

13 small affect on the through-wall cracking frequency.

14 However, they have had larger effects on

15 the prediction of what material regions are

16 responsible for vessel failure. We're tending to see

17 a better order than we have before.

18 CHAIRMAN SHACK: What exactly does that

19 last bullet mean?

20 MR. ERICKSONKIRK: What exactly that last

21 bullet means is, when we presented the results to you

22 in the 12/02 report, there was no upper shelf model.

23 Shortly after that we put in an upper

24 shelf model. But the positioning of the upper shelf

25 is all based on Charpy correlations. We used the
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1 Charpy upper shelf energy values from RVID to attempt

2 to place the upper shelf.

3 The comment that we got -- and we ran

4 those calculations. That was an intermediate set that

5 never got reported outside of the NRC. One of the

6 difficulties, one of the curious things we were seeing

7 in those prediction was, for example, in Beaver Valley

8 we were seeing materials that had lower values of RTfldt

9 contributing more to the through-wall cracking

10 frequency than materials that had higher values of

11 RTndt -

12 And the reason for that was that the

13 materials that had lower values of RTndt had simulated

14 values of upper shelf fracture toughness that were

15 higher because there was no linkage between the upper

16 shelf energy and the RTfddvalue.

17 Whereas, when we went back and looked at

18 the data motivated by Dr. VanWalle's comment, we saw

19 a very consistent relationship in toughness data that

20 wasn't apparent in the Charpy data.

21 And so, once we wired that in, now what

22 you see is in the model. Everything is indexed, all

23 the toughness values, initiation fracture toughness,

24 arrest fracture toughness, and upper shelf fracture

25 toughness.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



185

1 It's all indexed RTndt. And so now things

2 are coming out consistent. Any other questions?

3 MEMBER SIEBER: Time for lunch.

4 MR. ERICKSONKIRK: Time for lunch, snack

5 time.

6 MR. ERICKSONKIRK: Okay. So now I have a

7 very few -- 72 slides on the, what we've called the

8 baseline results. These are the results -- oh, sorry.

9 Oh, Nathan is here. Sorry.

10 Now we'll have Nathan. No, no, I could

11 use a break.

12 MEMBER ROSEN: Nathan will wake us up.

13 MEMBER SIEBER: That's tough.

14 MEMBER ROSEN: Remember, Nathan, what they

15 say about sleeping dogs.

16 MR. SIU: I'll try to say as little as

17 possible. How's that? Good afternoon. My name is

18 Nathan Siu, Office of Research. With me is Mike

19 Junge, who has been very helpful, as I was pulled off

20 this project a while ago to work on other things the

21 Committee has heard about.

22 Mike has helped pick up some of the pieces

23 and take care of -- has taken care of some of the

24 comments that have come through since the Committee

25 was last briefed.
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1 And, since I don't think Mike's been

2 introduced to the Committee before, I'll ask him to

3 just say a few words about himself.

4 MR. JUNGE: My name is Mike Junge. I'm a

5 new hire to Probabilistic Risk Assessment Branch,

6 working with Nathan. My previous experience was I

7 came from Calvert Cliffs.

8 I was an SSRO there, shift engineer. And

9 the latest position I held there was as an engineering

10 supervisor in the auxiliary system branch in the plant

11 engineering group.

12 MR. SIU: Mark, the slides.

13 MEMBER WALLIS: Is it inside this

14 somewhere?

15 MR. HISER: It's in the package. It has

16 the agenda on the front about 40 percent of the way

17 through.

18 MR. SIU: To save the Committee time, I

19 could just say that nothing has changed since the last

20 time we briefed you. But I don't think that would be

21 good enough. So I'll just give you a few.

22 MEMBER WALLIS: There are so many page

23 ones in here, it's impossible. Could you find it for

24 me.

25 MR. SIU: So what I'd like to cover,
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1 basically just go over quickly the history of this

2 particular activity. Then I'll mention the one result

3 that we came out with, basically a recommendation

4 regarding the risk-informed reactor vessel failure

5 frequency that Mark has already shown you, and some of

6 his earlier slides.

7 I'll mention a few observations that

8 support that result. And then I'll briefly tough on

9 peer review comments. It was mentioned this morning

10 we just got those comments.

11 Fortunately there were very few in this

12 area. And so I can mention what they were and then I

13 think we can wrap up. Okay, back in May of 2002, of

14 course, we wrote SECY-02-0092, which identified

15 potential issues in establishing criteria for the

16 reactor vessel failure frequency.

17 And we identified a number of options. We

18 briefed the Committee, both the sub-Committee and the

19 full Committee in July of 2002 and received a letter.

20 That letter encouraged us to consider an

21 additional option. If you recall that was to consider

22 a reactor vessel failure frequency much less than 10-1

23 per year because of possible concerns with air

24 oxidation.

25 As a result of that letter, we had
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1 performed a scooping study. It's a very qualitative

2 assessment of the potential aftermath of a PTS event,

3 and tried to determine if there was a strong reason to

4 do a lot of analysis in the area of air oxidation

5 events.

6 We briefed the ACRS in February of 2003.

7 That was a fairly extensive briefing. And, in fact,

8 if you want more details, I do have some of the

9 material from that I'll put on the computer.

10 But I hope what I present to you will be

11 sufficient without having to go to that detail. We

12 received a letter from the ACRS. And that basically

13 said that the proposed criteria of 10-6 per year was

14 probably good enough to ensure adequate protection of

15 public health and safety.

16 MEMBER KRESS: I do not recall that

17 letter.

18 MR. SIU: I'm sorry?

19 MEMBER KRESS: I do not recall that

20 letter. Does it have a date on it?

21 MR. SIU: Yes. I do not have the precise

22 date. It was in February of 2003 though. And in that

23 letter you pointed out that the criterion that we

24 employed should be based on LERF, and basically said

25 that the Staff was following that approach.
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1 You made the observation that it was

2 likely that our proposed criterion of 10-6 per year

3 should ensure the PTS risk is acceptably low. Yes,

4 here it is, February l", 2003, Tom.

5 MEMBER KRESS: Yes, I found it.

6 MR. SIU: And it recommended further

7 consideration of late containment failure if rule

8 making is pursued. But that was an optional

9 conditional on the rule making process, which, it

10 sounds like from this morning we're going to go ahead

11 with.

12 So, that was the recommendation we took

13 for future activity. Okay. So practically the only

14 thing that has happened since February 2003 is that

15 we've received comments from industry and incorporated

16 those into the report.

17 And also we've received peer review

18 comments. And I'll touch very briefly on those as I

19 mentioned in just a second. Okay. So, just to recap

20 where we are, we believe the analysis supports a

21 reactor vessel failure frequency criterion of 10-16 per

22 year where the reactor vessel failure frequency is

23 interpreted as a through-wall crack frequency, not as

24 a crack initiation frequency.

25 This is something that is -- of course
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1 it's a metric that's closer to risk, even though it

2 isn't all the way out to risk. And it also is

3 consistent, of course, with how we've been doing

4 things in the past.

5 That 10' per year is consistent with Reg

6 Guide 1.174. And it's looking at the LERF criterion

7 and trying not to have any particular initiator

8 constitute a large percentage of risk.

9 So this is 10 percent of the 10-5

10 criterion. Obviously it's also saying that there's no

11 special consideration here for the possibility of air

12 oxidation events.

13 The reason for that is because we actually

14 believe that there's very little likelihood that

15 you'll get to such events, even should a PTS event

16 occur.

17 We briefed the Committee in February of

18 2003 on the potential forces involved with such events

19 and basically said that the Delta P's, the forces were

20 on the order of the design basis accidents.

21 We didn't expect to see any additional

22 failures of ECCS or containment isolation, certainly

23 not containment sprays. So there's not dependency

24 mechanisms that would increase the likelihood of such

25 failures.
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1 And, therefore, there should be

2 substantial margin between the occurrence of a PTS

3 event and failures to mitigating systems. Therefore,

4 the conditional likelihood of the large early release

5 is low.

6 And that's conditioned on the PTS event

7 occurring, which Mark has also shown you that

8 frequency is very small. And so that the large early

9 release event does include the air oxidation event as

10 a subset.

11 And we presented a qualitative accident

12 progression event tree showing the very small number

13 of sequences that had the possibility even of leading

14 to some large early release events.

15 I think out of roughly 200 sequences we

16 had in that APET maybe four were worth any

17 consideration in terms of likelihood. And even those,

18 once you consider the forces involved, it's really

19 unlikely that we can follow along those paths.

20 MEMBER KRESS: Four out of 100?

21 MR. SIU: Four out of the 200.

22 MEMBER KRESS: Four out of the 200, okay,

23 for an 02 conditional --

24 MR. SIU: If they were equally weighted.

25 And they are certainly not equally weighted.
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1 MEMBER KRESS: They're not equally

2 weighted.

3 MR. SIU: Yes, the likelihoods of going

4 down those paths were very small. That's what -- if

5 you recall from the report -- we use qualitative

6 terms, very low.

7 MEMBER KRESS: So you think the

8 conditional large early release is two orders of

9 magnitude below the through-wall crack?

10 MR. SIU: It could be. Now, we did not

11 do, obviously, any serious quantitative analysis. We

12 did some scooping calculations looking at the

13 deformation of pressure vessels.

14 And then we presented to you the RELAP

15 results looking at the delta P's associated with

16 postulated break sizes and break opening times. And

17 they were not, you know, outlandish.

18 So one would guess that it could be a

19 substantial margin. But, again, we did not do they

20 quantitative analysis.

21 MEMBER ROSEN: So, Nathan, turning this

22 around to an operator in the control room, I take it

23 that you're suggesting that this would look like a

24 LOCA to him, not the vessel failure in this case.

25 MR. SIU: It could be.
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1 MEMBER ROSEN: He wouldn't see anything

2 different in terms of -- which would lead him to a

3 different set of responses.

4 MR. SIU: Yes, in terms of, you know,

5 tearing out ECCS piping, pulling penetration -- no, we

6 didn't think that's going to happen -- don't think

7 that's going to happen.

8 So, if there are failures, these are going

9 to be independent failures, just like you have a

10 normal garden variety PRA. In fact, in some cases

11 you're better off because you probably have electric

12 power and support systems, which is why you've got the

13 overcooling event, because the pump systems are

14 running.

15 Okay. The last point I mention on this

16 slide, that most of the discussion, of course,

17 regarding the PTS rule concerning if this is a reactor

18 pressure vessel embrittlement, and anything that we do

19 to that does not affect the conditional probability of

20 failure of the mitigating systems, including

21 containment.

22 You may affect the frequency of the

23 frequency of the reactor vessel failure. And that's

24 of course what we're talking about here, the criterion

25 on that.
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1 But, in terms of the defense-in-depth,

2 you're not affecting the defense-in-depth through --

3 MEMBER KRESS: Does that assume that the

4 sump blockage issue would get resolved.

5 MR. SIU: That's true. That's a good

6 point. We do bring that on in the report, I believe,

7 that this is conditional on sump blockage being taken

8 care of. And we do not try to address that through

9 this.

10 MEMBER KRESS: Let's not wait until --

11 MEMBER ROSEN: But to me the important

12 conclusion here, which is sort of a surprise, is that

13 operationally we don't really need to change anything

14 if we think through the PTS problem in detail, as has

15 been done.

16 The operators will respond as if were some

17 sort of small break LOCA or a medium size break LOCA

18 perhaps, maybe even large break LOCA. But it won't

19 require them to do anything different.

20 It comes back to the old argument about

21 symptom-based procedures versus event based

22 procedures.

23 MR. BESSETTE: In fact, for a lot of

24 these, the way you get into a PTS risk scenario is you

25 start with a LOCA anyway. So, probably your ECCS is
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1 on, your containment spray is on at the time the

2 vessel fails, for example.

3 MR. JUNGE: They're already in the middle

4 of a scenario through the scenarios that we modeled.

5 MEMBER KRESS: I'm intrigued by your

6 comment that the likelihood of having an air oxidation

7 event with pressurized thermal shock failure is low.

8 How did you arrive at that conclusion?

9 MR. SIU: That's the -- if you follow

10 through the APET, we had labeled the sequences. In

11 fact, on a back up slide here, the last back up slide,

12 this one here, this is a figure in the report.

13 And you notice in the right hand columns

14 there -- it's kind of hard to read.

15 MEMBER KRESS: That's all right.

16 MR. SIU: But this is early core damage

17 possible, large early release possible, and air

18 oxidation possible. And we've identified --

19 MEMBER KRESS: And what's the criteria for

20 air oxidation? Is it that there be --

21 MR. SIU: Simply a big hole, possibly.

22 You see, we're talking -- the break size is here. We

23 had 100 to 1,000 square inches.

24 MEMBER KRESS: You're coming up with

25 actual break sizes.
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1 MR. SIU: Yes. Let me walk you through

2 the tree.

3 MEMBER KRESS: Okay.

4 MR. SIU: Okay. So we had crack

5 orientation, axial circumferential. We had whether

6 the crack extends, and how far it extends. And blow

7 down forces, are they roughly designed basis or

8 significantly beyond design basis?

9 We had whether or not the containment was

10 isolated. So we're accounting for possible

11 dependencies there. We have the containment spray is

12 working, yes or no.

13 Location of the fuel, whether it was

14 spewed outside the vessel or retained in the vessel.

15 Whether ECCS continues to run, and whether the reactor

16 cavity is flooded.

17 Now, it was pointed out in one of the

18 industry comments that maybe some of our logic here is

19 a little flawed in terms of asking this question after

20 ECCS has failed.

21 But I'll leave that alone for the moment.

22 Okay. So the events with air oxidation here, you see

23 we had failure. The large early release, of course,

24 requires that you have failed the isolation

25 containment and that your sprays aren't working, and
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1 that ECCS is not working here.

2 MEMBER KRESS: Okay.

3 MR. SIU: So we've had a core melt, no

4 isolation. And we just simply said it's possible.

5 And if you look at an event where we might have a

6 large early release but no air oxidation, this one

7 here, you recall that -- the difference is this is a

8 small hole in the reactor pressure vessel.

9 So we did not track the flows through the

10 system. We did not model, you know, the real way that

11 the air would go through the system. Again, in terms

12 of a scooping analysis, just a very quick and dirty --

13 MEMBER KRESS: Now, how did you arrive at

14 the break size?

15 MR. SIU: This is parametric, some sense

16 of the length of the crack here. This is the one, the

17 crack, for example, that runs to the circumferential

18 welds and then opens up a little bit.

19 But, again, this is just parametric. You

20 have small, medium, large, and then there was a very

21 large here.

22 MEMBER KRESS: Did you ascribe some

23 probability to that?

24 MR. SIU: We didn't play that up very

25 much. Most of the likelihood assessments were based
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1 on the mitigating systems and the lack of dependent

2 failure mechanisms for those.

3 So, yes. Mark mentioned this morning, for

4 example, that --

5 MEMBER KRESS: The reason I said that, it

6 may be that the probability goes down towards the air

7 oxidation side.

8 MR. SIU: Oh, well, if you look -- again,

9 looking at the forces involved, saying, do you really

10 feel that you would bias it towards the larger

11 openings, it's not clear to me why you would?

12 Now, I haven't done the analysis, so we

13 can't say. But I wouldn't as my first choice bias it

14 down towards the larger sizes.

15 MEMBER KRESS: The reason I am going on

16 like this is because I feel like you need at least two

17 orders of magnitude on the LERF acceptance criteria

18 compared to the one times 10-6.

19 You need two orders of magnitude to make

20 up for the air oxidation. And, you know, you're

21 saying that the probability of air oxidation is .1 and

22 the probability of containment failure also is .1, you

23 get that two orders of magnitude. But I need to see

24 some definitive --

25 MR. SIU: Yes. The one thing I'll say,
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1 you know, again, we hadn't done a numerical analysis.

2 But, in the end, the acceptance criterion saying 10-1

3 is being applied to the reactor vessel failure.

4 So that's saying that -- that was the

5 point that Mark raised earlier, that --

6 MEMBER KRESS: That's right.

7 MR. SIU: -- it's equating the through-

8 wall crack frequency, LERF.

9 MEMBER KRESS: Right. So I need these

10 other orders of magnitude to come out of the

11 conditional probability.

12 MR. SIU: Right. And we think -- let me

13 say, I personally think you'll get there if you

14 actually do the numerical analysis, just by looking at

15 the things that have to fail to get you to that.

16 MR. BESSETTE: Yes, there are only a few

17 ways to get there. You've got fail containment spray.

18 You've got to fail to isolate containment. You've got

19 to fail ECCS or you've got to break the vessel in two

20 pieces.

21 Because, if you have, even if you have a

22 fairly large axial crack, if you have ECCS on, even if

23 you don't have adequate core cooling throughout the

24 top of the core, if you have enough steam generation

25 so that you can't get air ingress.
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1 You've got pretty high velocities out the

2 break, I'd say 50 miles-an-hour or so.

3 MEMBER KRESS: Yes, but, by the time

4 you're getting ready to get the air coming in, you

5 don't have those -- you've gotten rid of most of this

6 steam. You're at low velocity and --

7 MR. BESSETTE: But, you sort of have to

8 fail ECCS to get air ingress.

9 MEMBER KRESS: I do not know that.

10 MEMBER DENNING: Well, he was saying that

11 he has ECCS on, and that water has to go out the

12 break, even though it's not getting to the core, if he

13 has ECCS on.

14 MEMBER KRESS: Those are statements I need

15 to see some sort of technical reason. But we know

16 that in our oxidation source term we probably increase

17 the prompt fatalities by a factor of 100.

18 That's where I get my two orders of

19 magnitude. And I can see that it's likely you could

20 get two orders of magnitude out of these conditions.

21 But my problem is, it's --

22 MR. SIU: Yes, it is qualitative. There's

23 no doubt. And it was that way back in 2003.

24 MEMBER BONACA: This event tree, again,

25 it's only addressing LOCA, right? No secondary site
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1 breaks. And the concern I had that I expressed this

2 morning was mostly the B&W type of this the pass-

3 through steam generator.

4 Now, the reason why I bring it up, I

5 notice in the follow-up slides here there are some

6 comments, in fact, and answers to peer review

7 questions.

8 MR. SIU: Yes.

9 MEMBER BONACA: Okay.

10 MR. SIU: I'll mention it in a second.

11 But, again, the hole size refers to the PTS induced

12 hole. So we're coming in here whatever way. It could

13 be from the transient.

14 MEMBER BONACA: Right, post-event.

15 CHAIRMAN SHACK: And again, Tom, although

16 his acceptance criterion might be one times 10-6, if

17 you look at their actual frequency of through-wall

18 cracking, I think it starts at 10-7 and goes down from

19 there at the end of license renewal.

20 MEMBER KRESS: Yes, but that doesn't

21 affect acceptance criteria. I mean, it just saves you

22 -- the one --

23 MR. SIU: It sort of says --

24 MEMBER KRESS: If you had to meet one two

25 orders of magnitude lower, that wouldn't be so good.
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CHAIRMAN SHACK: No, but it says the

likelihood of this thing happening is pretty remote.

MEMBER KRESS: There's a point there.

MEMBER DENNING: And, Nathan, the

acceptance criterion is interpreted as a mean?

MR. SIU: Yes, that is correct. That was

the recommendation as well, and just to be consistent

with how we do other acceptance criteria. Okay, this

slide talks to the initial set of peer review comments

we got.

And we got two. One concerned air

oxidation and basically said, while it was recognized

as a potential issue, the reviewers didn't think that

it was a good use of resources to pursue this in any

great depth and that the PTS project wasn't the

project used to look at establishing different

guidelines in LERF.

I'm just saying what the comment was. And

the second comment we got was basically, it was a

question about documentation. I guess at the time

they hadn't been able to review the full chapter.

And so they just wanted to see how we

documented the analysis. Since these two interim

comments have gotten the -- I guess we would

characterize them as draft comments. Mark, is that
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1 right?

2 MR. ERICKSONKIRK: Draft final.

3 MR. SIU: Draft final, okay. And, again,

4 there were two comments. Basically one reviewer said

5 that the 10-6 was reasonable and appropriate. And the

6 other one said that basically he agreed with the

7 framework for addressing these issues.

8 But there was no similar concern about the

9 air oxidation expressed by the members of the peer

10 review committee. So that's what we have now. And

11 that's all I had to say. Are there any questions?

12 MEMBER KRESS: When they -- the peer

13 review comments, when they made their comment that

14 they didn't think it was cost beneficial, I guess, to

15 go after the air oxidation part, were they aware, do

16 you think, that the prompt fatalities could be

17 increased by a factor of 100 when they said that?

18 (No verbal response.)

19 MR. SIU: Mike, is he nodding yes?

20 MR. JUNGE: Yes.

21 MEMBER KRESS: They were aware of that.

22 MR. JUNGE: I believe it is still written

23 in chapter 10. It does discuss the number increase

24 that we would see with air oxidation.

25 MR. ERICKSONKIRK: I apologize, we've had
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1 another slide copying mix up. So --

2 MEMBER SIEBER: Turn to page one.

3 MR. ERICKSONKIRK: Yes, turn to page one.

4 You don't have these slides yet. Shah is trying to

5 get them to you as quickly as our copy center will

6 accommodate him.

7 In the meantime you have the ignominity of

8 having to look at me.

9 MEMBER SIEBER: You may want to move that

10 water bottle.

11 MR. ERICKSONKIRK: Oh, yes I may. Okay.

12 So, in these slides I'll be reviewing the information

13 that's presented in chapter eight of NUREG-1806 where

14 we discuss the plant-specific analyses we have

15 performed at Beaver Valley, Palisades, and Oconee.

16 The overview of this set of slides is that

17 we're going to start by discussing the through-wall

18 cracking frequency estimates and their distributions.

19 And then we're going to talk about the

20 material features that contribute or not to TWCF and

21 the transient classes that contribute or not to TWCF.

22 First I'll just start with a table. This

23 is sort of a -- stop looking, you don't have them.

24 You don't have these. That was a mix-up. If you find

25 them, you really win, like getting the white M&M.
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1 And, if you do have a printed copy or an

2 electronic copy of NUREG-1806, on as many of these

3 slides as I could think to do it, up in the title

4 you'll see the section number that the information is

5 presented in.

6 In any event, this table shows sort of the

7 high level results coming out of FAVOR. So we've got

8 analyses of Oconee, Beaver Valley, and Palisades at

9 four different embrittlement levels.

10 I put RTpt, on there, not because I like

11 it, just as sort of a reference and then the values of

12 frequency of crack initiation and through-wall

13 cracking frequencies that have been calculated.

14 I'd like to make two observations. One is

15 that the TWCF is very low for the current lifetime and

16 into the period of license extension ranging from E to

17 minus 11 to E minus eight failures per year.

18 And that was the reason of having the RTpt,

19 column on here. If you look at RTpt, numbers at the

20 current screening limit -- and you have to sort of do

21 some mental interpolation to get to 270 -- you'll find

22 out that the current screening limit per these

23 calculations corresponds to a yearly through-wall

24 cracking frequency in the E to the minus nine range,

25 not five times 10', which is the result of the
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1 previous calculation.

2 So, that comparison just gives you some

3 sense regarding the level of conservatism, or some

4 would call it margin in the --

5 CHAIRMAN SHACK: Five times 10-6, right?

6 That was what you were aiming for.

7 MR. ERICKSONKIRK: I'm sorry, yes. You're

8 right. Five times 10-6. It's still a big difference.

9 CHAIRMAN SHACK: Still a big difference.

10 MR. ERICKSONKIRK: Okay. Throughout --

11 and I've mentioned this before, and I think used this

12 slide before. Throughout the bulk of our presented

13 material, we talk about through-wall cracking

14 frequency as if it's a single number.

15 And we're always recording mean values.

16 I just wanted to point out here that those mean values

17 are drawn from distributions that are both highly

18 skewed and very broad.

19 And those -- the distributions are that

20 way simply because there are many, many situations

21 where we sample a flaw, we sample embrittlement, we

22 sample a transient, and we come up with a calculated

23 failure probability that's zero.

24 So, you know that the physical underlying

25 processes are producing these distributions where
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1 you've got a big tail on the lower end. And I call

2 your attention to the scale.

3 The vertical scale on my little graph is

4 the percent contribution to through-wall cracking

5 frequency. And the vertical axis only goes up to one

6 percent.

7 So the values of merit, the mean values

8 that we're drawing from these distributions are all

9 way up here in the upper tails. And this graph makes

10 that point, I think, a little bit better.

11 We looked at the mean values that we were

12 recording and figured out what percentile of the

13 distribution they corresponded to. And I said this in

14 my introduction, that these mean values correspond to

15 something like the 9 0th percentile or greater of the

16 distribution.

17 So, that is the end of the overview on

18 just looking at through-wall cracking frequency

19 values, and not trying to draw any causal

20 relationships about what materials cause the frequency

21 or what transients cause the frequency.

22 So now we'll go into the discussion of

23 what materials cause the frequency. So, just to --

24 sort of a fundamental tenant of flaw analysis or

25 structural integrity analysis.
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1 In order to correlate or predict failure

2 of a component, you need to know what the toughness

3 properties are at the flaw location. And, in this

4 analysis, and this is a common approach, we use a

5 reference temperature to characterize what those

6 toughness values are.

7 And, as we discussed earlier, the

8 reference temperature indexes the location of the

9 cleavage fracture initiation toughness curve, the

10 arrest fracture toughness curve, and indeed of the

11 upper shelf fracture toughness curves.

12 And the aleatory scatter of those three

13 different toughness metrics about those curves has

14 been quantified, sampled from in every case, and is

15 shown to be the temperature dependency of those

16 curves.

17 And the scatter about those curves has

18 shown to -- has been shown to be, I'm sorry,

19 consistent for all the materials that we're interested

20 in.

21 So, if you know the reference temperature

22 at the flaw location, then you know everything you

23 need to know about the toughness of the material to

24 perform an assessment as to whether that flaw at that

25 location will fail or not given a certain loading
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1 challenge.

2 So then, given that, what we need to know

3 is where are the flaws? And that gets back to a graph

4 which I showed you before, and the basis of our flaw

5 distribution, which is that we have embedded weld

6 flaws that follow the weld fusion lines.

7 This is not to say that all flaws in welds

8 are on the fusion line. Certainly you can have

9 porosity, entrapped slag, blah, blah, blah. But, the

10 ones that get you are invariably the crack-like

11 defects which are lack of fusion defects, which are,

12 logically enough, preferentially oriented along the

13 fusion lines, which are axial for axial weld and

14 circumferential for circumferential welds.

15 So, all the flaws associated with axial

16 welds are axial. All the flaws associated with

17 circumferential welds are circumferential. And all

18 the surface breaking flaws that are postulated to be

19 generated, even though we never observed any, are

20 postulated to possibly exist between the passes of the

21 austenitic stainless steel cladding, are oriented

22 circumferentially.

23 Our destructive analyses of plates showed

24 that plate flaws have no preferred orientation. So in

25 FAVOR we simulate a coin toss. 50 percent of them go
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1 in as axial, 50 percent of them go in as

2 circumferential.

3 Oops, I'm sorry. One thing I forgot to

4 point out is, so now we know where the flaws are.

5 They're either -- they populate the weld fusion lines,

6 or they occur somewhere out here in the bulk.

7 And so, now we know where the flaws are.

8 We also have our fluence map, which tells us what the

9 level of irradiation is at those locations. And so

10 those are several steps towards calculating the

11 reference temperature at those locations.

12 MEMBER SIEBER: When these vessels are

13 fabricated, are these welds machine welds?

14 MR. ERICKSONKIRK: I'm sorry, are the weld

15 preps machined?

16 MEMBER SIEBER: No, the weld itself.

17 MR. ERICKSONKIRK: Yes. The fabrication

18 welds are invariably automatic. The repair welds are

19 invariably stick. Repair welds characteristically

20 will have larger flaws because that's more likely in

21 a manual process.

22 And we've included those flaws in our flaw

23 population. However, it's also important to point out

24 that stick processes don't have the copper problems

25 that the automated processes did.
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1 MEMBER SIEBER: Right.

2 MR. ERICKSONKIRK: So that's another

3 implicit conservatism in our analysis, is we sample a

4 small number of the larger flaws associated with the

5 weld repair process.

6 But those large flaws can have high copper

7 because we're using the composition of the fabrication

8 welds, not the repair welds, whereas that just simply

9 can't happen in practice.

10 MEMBER SIEBER: Did you go back to the

11 fabrication documentation to look at individual

12 characteristics of individual vessels? Or did you

13 just make general assumptions about --

14 MR. ERICKSONKIRK: No, only in the sense

15 that, for the vessels that we destructively evaluated,

16 we did that. But, no, in terms of placing repair

17 flaws into our three plant specific analyses, those

18 repair flaws were smeared out.

19 They were part of the general flaw

20 population that was sampled from. So, the repair

21 flaws can be simulated to occur anywhere on the

22 vessel, which means -- let's see, let me think about

23 that.

24 Unless you happen to be so unlucky as to

25 have the repair located smack dab at the peak fluence
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1 location, I'd argue that that procedure is generally

2 conservative.

3 MEMBER SIEBER: Okay, thank you.

4 MR. ERICKSONKIRK: Yes, Bruce?

5 MR. BISHOP: Bruce Bishop at Westinghouse.

6 I know that the expert panel that was involved in

7 addressing some of the flaw distributions and so

8 forth, and some of the questions they were asked were,

9 you know, what's the probability of large flaws, small

10 flaws occurring during different fabrication

11 processes.

12 And they actually went back and got

13 retirees and people that actually helped fabricate

14 some of the vessels, and tried to take maximum use of

15 that advantage -- you know, take advantage of that

16 information.

17 And so, while it wasn't specifically, you

18 know, destructively, or taken into account, it was, in

19 fact, factored into the general distributions that

20 were -- they subdivided into small and large.

21 And there were specific factors that

22 applied to account for some of that variability based

23 on their experience.

24 MR. ERICKSONKIRK: Thank you. The other

25 thing that we'll get to when we talk about sensitivity
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1 studies, which will either be much later today or

2 tomorrow, is I know a concern that people frequently

3 had is that somehow we've give short shift to the

4 larger repair defects.

5 But, when you look at the defects that are

6 responsible for the Lion's share of the through-wall

7 cracking frequency, it's not the big flaws that get

8 you, it's the smaller flaws.

9 Obviously there's a limit to that. They

10 can be so small they won't initiate at all. But, if

11 we were to pour in five times more large defects, it

12 wouldn't have a big effect because once you get a

13 large defect, you've got to go down farther in the

14 vessel to get the thermal shock.

15 And the driving force just isn't there.

16 This slide points out the reason that axial flaws

17 contribute so much more to the through-wall cracking

18 frequency than circumferential flaws.

19 This is a plot for a particular flaw that

20 this is for. These are all either 360 degree

21 circumferential or infinite length axial. But, what

22 you see is the driving force for crack initiation of

23 both a circumferential flaw and an axial flaw of the

24 same initial depth is the same.

25 So, given all the same conditions,
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1 circumferentially and axial flaws are equally probably

2 to initiate. But, as you ago through the vessel wall

3 out to the eight inch thickness, the driving force

4 produced by thermal shock loading steadily climbs to

5 reach a peak only very close to the back wall for an

6 axial flaw.

7 Whereas it reaches a peak very early on

8 and then starts to drop off toward the circumferential

9 flaw. So, circumferential or cylindrical vessels

10 subjected to thermal shock loading have essentially a

11 natural crack arrest mechanism when it comes to

12 circumferential flaws.

13 So, I said before that, if you're going to

14 do the defect assessment right, if you're going to

15 hope to correlate the through-wall cracking

16 frequencies, if you're going to hope to predict what

17 transients are worse than other transients, you need

18 to have flaw locations, specific reference

19 temperatures to characterize all these things.

20 So we've come up with a couple. And I

21 promise these are -- I think these are not only the

22 worst equations I'm going to show, they're also the

23 only equations I'm going to show.

24 MEMBER SIEBER: Good.

25 MR. ERICKSONKIRK: Good, yes good. But,
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1 I'll jut put them all up. What we've done is we've

2 come up with reference temperatures for flaws and

3 axial welds, reference temperatures for flaws in

4 circumferential welds, and reference temperatures for

5 flaws in plates.

6 And, even though the specific formula is

7 different, the idea behind calculating all of these is

8 the same. And that's to say let's look at the axial

9 weld.

10 If you've got a flaw in an axial weld, you

11 want to find the location of highest fluence along

12 that axial weld fusion line. And then, since an axial

13 weld can have either -- it's got a potential of one or

14 two material properties, the properties associated

15 with the weld or the plate.

16 So you calculate the irradiated RTfldt at

17 that worst fluence for the weld in the plate, and you

18 take the higher of the two. And that's the reference

19 temperature for that axial weld.

20 Now, the axial welds can have fluences

21 that aren't the peak fluence of the vessel, depending

22 upon how the welds line up with the core flats.

23 Whereas, the reference temperature for the

24 circ welds and the plate is much easier to calculate

25 because, you know, ignoring vertical variations
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1 influenced, within the core region essentially the

2 circ welds will somewhere see the peak fluence, as

3 will the plates.

4 So, calculating the reference temperature

5 for the circ welds and the reference temperature for

6 the plates is a simple matter of figuring out what the

7 peak fluence is in the vessel, calculating what the

8 irradiated RTndt is for all the plates and all the circ

9 welds in the belt line and just picking the maximum

10 value.

11 And that way we get a metric that is

12 associated with the worst conditions that a flaw could

13 see at these various locations. And those are the

14 values that we then use to correlate the through-wall

15 cracking frequencies.

16 So, what can be said about the failure

17 probabilities of these flaw populations, just by

18 inspection, before we run any analysis. So the axial

19 weld flaws are generally larger than the plate flaws.

20 They can be up to two inches deep,

21 although very rarely, whereas the plate flaws can only

22 be up to half an inch deep, again although very

23 rarely.

24 So they are generally larger than the

25 plate flaws, and they are axially oriented so they
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1 have the high through-wall driving force. The circ

2 weld flaws, since they are weld flaws, are from the

3 same population as the axial weld flaws.

4 They are the same size. In all likelihood

5 the circ weld flaws are burdened with a higher

6 fluence because they have to see the maximum fluence

7 in the vessel, whereas the axial welds don't.

8 However, the big thing, again, to

9 differentiate circumferentially weld flaws from

10 axially oriented weld flaws is the difference in the

11 through-wall driving force.

12 The plate flaws you've got two differences

13 going on. First, they're half circ half axial, so the

14 circ ones effectively don't matter. The plate flaws

15 are much smaller than the axial flaws.

16 But, again, if we use Beaver Valley, which

17 is the most interesting case because it's got welds

18 and plates that sort of compete for what's driving the

19 through-wall cracking frequency.

20 And what you find out is that as you go to

21 higher and higher levels of embrittlement in Beaver

22 Valley the higher -- and I'm using Beaver Valley as an

23 example.

24 The higher fluences that occur in the

25 middle of the plates overwhelm the smaller flaw size
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1 of the plate flaws. And so you start to get

2 contributions of those plate flaws through the

3 through-wall cracking frequency at the higher

4 embrittlement levels.

5 At the lower embrittlement levels the flaw

6 size dominates the axial welds. So I showed you this

7 graph before, which now, I guess hopefully will make

8 a little more sense.

9 The statistics that come out of FAVOR tell

10 us not only what the through-wall cracking frequency

11 is, but it's, you know, it's something I dream of

12 being at home.

13 Something breaks and I look at my seven

14 year old son and my 11 year old son and say, who broke

15 it? And they both say I didn't. But FAVOR gives me

16 statistics saying who broke it.

17 And it will tell me when the axial weld

18 flaws are responsible and when the circ weld flaws are

19 responsible, and when the plate flaws are responsible.

20 And what we see here is that when we

21 correlate those failure frequencies, which are

22 calculated by FAVOR and plotted on the vertical axis,

23 with these three reference temperatures, calculated

24 using the equations that are designed to give us the

25 reference temperature of the worst location of the
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1 axial weld, circ weld or plate, we find we get a

2 pretty reasonable correlation between the different

3 vessels.

4 And, again, point out that in general

5 terms, at an equivalent level of embrittlement, axial

6 weld flaws are responsible for 100 times more the

7 through-wall cracking frequency than are plates.

8 And then circ welds are 50 at reduction

9 even on that.

10 MEMBER DENNING: Before you go on, could

11 you go back two view graphs to the equation and show

12 us -- I missed the, what looks like an averaging on

13 the axial. What's the --

14 MR. ERICKSONKIRK: Yes, what -- and that's

15 been pointed out before. And that's something that,

16 you know, probably deserves a little more thought.

17 The axial welds can be -- well, lets go with circ and

18 the plate.

19 The circ and the plate always have the

20 highest fluence in the vessel. Whereas the axial weld

21 flaws, depending upon how the core is oriented with

22 respect to the welds, can have sometimes different

23 levels of fluence along each axial weld fusion line.

24 So the averaging is an attempt to take

25 that into account. The fact that you might have one
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1 axial weld fusion line at a much higher fluence than

2 another axial weld fusion line.

3 MEMBER DENNING: And the L-prim is what?

4 MR. ERICKSONKIRK: I'm sorry, the L is the

5 length.

6 MEMBER DENNING: The length.

7 MR. ERICKSONKIRK: The length of it.

8 Because, obviously, if you have a very short weld,

9 it's going to have less flaws than a very long weld,

10 because the number of flaws scale the length or the

11 fusion line.

12 MEMBER DENNING: And this is preferable to

13 looking at every one of the flaws in its location?

14 That's what I'm missing here. Why do you do an

15 averaging?

16 I mean, what's the logic of doing an

17 averaging rather than looking at ever flaw?

18 MR. ERICKSONKIRK: Well we fundamentally

19 can't look at every flaw because there are thousands

20 of them. But, what we're trying to do is construct a

21 metric to represent the level of embrittlement of the

22 vessel based on things that you can know without

23 having performed a probabilistic analysis.

24 But, the intent of the averaging is to

25 take into account the fact that, again, depending upon
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1 the core orientation, you might have one axial weld

2 that's at a much lower fluence than another axial

3 weld.

4 And, for example, if you had an axial weld

5 that's at a fluence trough and another axial weld

6 that's at a fluence peak, the axial weld at the

7 fluence trough is going to contribute much less to the

8 through-wall cracking frequency.

9 MEMBER DENNING: And you -- but I'm still

10 -- it sounds to me like you're averaging something

11 that you don't want an average value of, that you

12 really want to look at a -- do you actually use the

13 RTaw in the FAVOR analysis?

14 MR. ERICKSONKIRK: No, this is all --

15 MEMBER DENNING: Oh, this is just a --

16 MR. ERICKSONKIRK: This is post-

17 processing. This is -- we use the RTawcw and plate to

18 effectively characterize the level of embrittlement

19 for post-analysis correlations.

20 In the same way that you would use, you

21 could calculate these values for any vessel that's out

22 there. And I think perhaps the general comment is,

23 you know, maybe you want to think about this, or maybe

24 you want to try other relationships.

25 You know, yes that's probably so. And
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1 certainly of all these three, in terms of

2 implementation, this is the most complex to calculate.

3 So, if we could do something simpler just

4 by taking a maximum and get an equally good

5 correlation, that would be a good thing. And that's

6 probably something to look into.

7 MR. ERICKSONKIRK: I thought you were

8 actually using this in the analysis.

9 MR. ERICKSONKIRK: No, this is a post-

10 process, because, remember, before meeting and current

11 regulations, we have one metric that tries to

12 characterize the embrittlement of the entire vessel,

13 RTndt,

14 And we get that by taking the worst

15 fluence in the vessel, and the worst chemistry in the

16 vessel, and the worst unirraidated toughness in the

17 vessel and combining all those things together,

18 despite the fact that all those things might not

19 physically be possible to have at the same time, and

20 there might not be a flaw there anywhere.

21 So what we're trying to do is to develop

22 sort of flaw location specific metrics. But no, this

23 is an input to FAVOR. This is calculated after the

24 fact.

25 MEMBER ROSEN: But thinking about this in
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1 terms of if I were to send you out there to a vessel

2 and say find me the most -- the worst threatening

3 flaw, it seems to me you'd go and look at the axial

4 intersection of the -- the axial weld intersection

5 with the circumferential weld.

6 And right at that, on the axial weld

7 itself, though, right above the circumferential

8 intersection -- I think you've got a slide there, a

9 cartoon that shows this.

10 MR. ERICKSONKIRK: Yes.

11 MEMBER ROSEN: And you'd say, if I find a

12 significant flaw there -- a two inch flaw two inches

13 into the material -- on the axial weld, on the fusion

14 line of the axial weld, but very close to the

15 circumferential, that would probably be a very serious

16 flaw.

17 MR. ERICKSONKIRK: Yes.

18 MEMBER ROSEN: That would be -- and I

19 could go looking around all the rest of the vessel,

20 and I probably couldn't find anything more serious

21 than that. Is that one way of looking at it?

22 MR. ERICKSONKIRK: Possibly. But, I have

23 to say it depends. Because, for example, in Beaver

24 Valley they've intentionally located all of the axial

25 welds at the fluence troughs.
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1 And so, even though I might be able to

2 find a much -- and I know I could find much larger

3 flaws along the weld fusion lines irrespective of if

4 it's at the circ intersection -- sometimes the smaller

5 flaws out at the fluence peaks would be more damaging.

6 So it's not --

7 MEMBER ROSEN: Okay.

8 MR. ERICKSONKIRK: This is one of those

9 cases where it's not just size that matters.

10 MEMBER ROSEN: But if a plant hadn't taken

11 that precaution?

12 MR. ERICKSONKIRK: Yes. But, I mean, I

13 agree. Just in terms of the reasons flaws are where

14 they are, if you have an intersection of two welds,

15 yes, it's more likely to find a flaw there.

16 And it's more likely it will be bigger.

17 Although, if I went to my inspection record and I

18 found where the repairs were, I'd actually start

19 looking there.

20 But, those repair flaws, even though they

21 are large, are associated with low copper materials.

22 And so, they probably have a higher toughness. And I

23 want to hasten to point out that these are all things

24 that the analysis has considered probabilistic.

25 You've got finite probabilities of having
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1 very large flaws. You've got finite probabilities of

2 having very high coppers. And that's essentially all

3 in here.

4 It's not incumbent upon us to find the

5 worst flaw or the worst location. Even if you did,

6 that's not going to drive the through-wall cracking

7 frequency.

8 It's not going to make it one. Okay.

9 That ended the presentation -- excuse me, the part of

10 the presentation on materials. So now I'm going to go

11 into what's the most lengthy part of this discussion,

12 which is, what are the classes of transients that

13 control through-wall cracking frequency?

14 What are their characteristics? What's

15 important, what's not? So, in our analysis we

16 considered both primary system faults, secondary

17 system faults, and indeed something this slide doesn't

18 say, which is combined primary and secondary system

19 faults.

20 Primary system with the pipe breaks, stuck

21 open valves are later re-closed. Feed and bleed

22 secondary system faults, main seam line breaks, stuck

23 open valves, steam generator tube rupture, and pure

24 overfeed.

25 These graphs like this are in the report.
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1 This shows -- and I just want to draw one impression

2 from this, and then I'll take it away. On the

3 horizontal axis it shows all of the different

4 transients in this case that were analyzed for Oconee.

5 And on the vertical axis it shows the

6 percent contribution to through-wall cracking

7 frequency. And there's one line for each

8 embrittlement level we analyze.

9 And the main thing I wanted you to take

10 away from this is that, again, we calculated an awful

11 lot of zeroes even though we a priori eliminated way

12 more transients than we've ever analyzed.

13 We still -- our screening criteria for

14 what gets into the analysis isn't so -- we don't

15 assume that we know so much more that we're

16 eliminating things that actually contribute.

17 We're still calculating an awful lot of

18 zeroes. And what we find out is we perform -- we

19 analyze 30 to 60 transients. And invariably a handful

20 to two handfuls are the ones that are dominating the

21 through-wall cracking frequency. And the rest just

22 don't matter at all.

23 MEMBER ROSEN: Could you go back for a

24 minute?

25 MR. ERICKSONKIRK: Oh sure.
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1 MEMBER ROSEN: I've taken away another

2 piece of information from that. And that is that in

3 some cases going to 60 EFPY -- I was going to say

4 shows like it matters.

5 Let's take a look at the right hand peak,

6 my right hand, at SO 1.65, I guess.

7 MR. ERICKSONKIRK: Yes.

8 MEMBER ROSEN: That one says what to you?

9 MR. ERICKSONKIRK: Well that says that --

10 okay, that's a stuck-open valve. It stays open for

11 6,000 seconds, re-closes, operator doesn't throttle

12 until you get full system re-pressurization.

13 At 32 EFPY it was over two thirds of the

14 through-wall cracking frequency. But, by the time you

15 increase the embrittlement level to what we've called

16 extended levels of embrittlement to avoid using

17 ridiculous numbers of EFPY on slides, the through-wall

18 cracking frequency of that transient at the extent of

19 embrittlement level has continued to climb.

20 The absolute contribution has gone up.

21 But, the percent contribution is now highest for the

22 LOCAS. And we see that very consistently. And Bill

23 pointed that out before, that, at lower levels of

24 embrittlement, you need the over-pressurization

25 associated with stuck-open valves that later re-closed
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1 to punch the crack through the wall.

2 Once you get to the higher levels of

3 embrittlement, what people often call thermal only

4 transients, or transients with a small pressure

5 component, the vessel is sufficiently brittle that

6 those cracks can go all the way through.

7 So, just looking at -- and remember, we've

8 analyzed for each of these vessels a spectrum of

9 embrittlement levels, and indeed taken it out to

10 embrittlement levels that are just ridiculous, not to

11 say that those embrittlement levels are likely or even

12 achievable, but just to say that the transients that

13 matter -- you can't just look at one snapshot and say,

14 oh, it's main seam line break, oh, it's a stuck open

15 valve.

16 You need to look at the whole

17 embrittlement spectrum in order to get a good feel for

18 the types of transients you contribute. So, to

19 summarize that, dominant transients -- and this is

20 looking across the embrittlement spectrum.

21 The transients that contribute 80 percent

22 or more to the through-wall cracking frequency are

23 either medium or large diameter pipe breaks -- and by

24 that I mean four to five inches and above and stuck-

25 open valves in the primary side but later re-closed.
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1 Secondary system faults only play a minor

2 role, and then only at very much higher levels of

3 embrittlement, again because in a secondary system

4 fault you can get a really fast cooling rate.

5 Because the primary is still sealed you

6 can have that really fast cooling rate in combination

7 with pressure. But, the temperature's just not low

8 enough to drop the toughness enough to allow the

9 vessel to fail.

10 But, at higher levels of embrittlement we

11 do get some contribution to main seam line break. And

12 we'll talk about that. And then everything else is

13 essentially negligible or zero.

14 Small seam line break, small breaks, pure

15 overfeeds, feed and bleeds, those all fell into the

16 transients and contributed next to nothing or

17 absolutely nothing to any of our calculations.

18 So, in the following sets of slides, we're

19 going to present a more detailed examination of both

20 the dominant and the minor transient classes. And my

21 aim in this is to be very boring.

22 I'm going to go through this in exactly

23 the same way each time for each transient class.

24 We're going to start with a general description of the

25 transients in that class, how they progress, what the
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1 operator actions that could be take are.

2 What are the operator actions that we've

3 modeled? In the next part we'll discuss how we've

4 modeled this transient class. Then in the third part

5 of the discussion we'll discuss the relationships

6 between the system characteristics and the thermal

7 hydraulic response.

8 We'll then go on to tie those thermal

9 hydraulic responses to PFM results. And finally, at

10 the end of each presentation on each dominant class of

11 transients, we'll discuss how the model that we've

12 adopted in these calculations is either similar to or

13 different from those previously employed.

14 And we'll be contrasting both our current

15 results with both those that we presented in February

16 of 2003 and those that were used to establish the

17 basis for the current PTS rule.

18 Okay, so we're going to start with primary

19 site pipe breaks. In primary site pipe breaks you've

20 got two cooling mechanisms. The major one at the

21 beginning of the transient is of course the rapid

22 depressurization because of the break that causes a

23 rapid temperature drop.

24 It's the only thing that matters for the

25 very large breaks. And it's what's dominating early
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1 on for any break size. But then later on you start to

2 get injection of colder ECC water.

3 The injection temperatures can range from

4 -- actually that should be 40 degrees if the water is

5 stored in an external tank in the winter up to 120 if

6 you exhaust what' sin the RWST and you start to pull

7 from the sump.

8 The temperature of the injection water can

9 become an important factor, but only for the smaller

10 break diameters, because only those last long enough

11 to see the warmer injection water.

12 And also, the break location can be a

13 factor. For example, cold legs for given break size,

14 cold legs tend to be somewhat less sever than hot legs

15 because you can lose injection water flow out of the

16 cold leg break, so it's not going into the downcomer

17 and it's not cooling,

18 The minimum -- I've got another error, it

19 should be 40. But, the minimum temperature is

20 controlled primarily by the ECC injection temperature.

21 Which means it can go down to the

22 temperature of the water stored in the external tanks,

23 which of course can vary with seasonal conditions.

24 But that eventually you exhaust that water

25 supply and you have to start pulling from the sump, at
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1 which point you're pulling in something that's like

2 120 degree Fahrenheit water.

3 And we've modeled that where it's

4 appropriate. The cool down rate as I'll show you when

5 we get to the thermal hydraulic part is controlled

6 primarily by the break size.

7 And then it is moderated by the secondary

8 factors, which is the total RWST inventory, safety

9 injection pump set points when you switch over to sump

10 and so on.

11 In terms of our initiating event

12 frequencies, the graph shows the initiating event

13 frequencies we used for the PRA bins as a function of

14 break diameter.

15 And, for all practical purposes, there are

16 two populations here. There are the larger breaks,

17 four inches and above, that have an initiation

18 frequency of something like one times 10-5.

19 And then there are the breaks four inches

20 and below where the initiating frequency is something

21 like one times 10-4. As we mentioned before, we've

22 modeled no operator actions here because safety

23 injection --

24 MEMBER WALLIS: Why does the trend go like

25 this for palisades, 16, and goes up again?
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1 MR. ERICKSONKIRK: I'll have to defer to

2 Donnie to answer that specific question. But, I'll

3 just point out --

4 MEMBER WALLIS: Is this a surge line, or

5 what is that 16?

6 MR. ERICKSONKIRK: Donnie? It should be

7 point out --

8 MEMBER ROSEN: The palisades surge line is

9 not 16 inches.

10 MR. ERICKSONKIRK: Palisades is different

11 from the other two because Palisades did its own

12 analysis.

13 MR. WHITEHEAD: Yes. As I said earlier

14 this morning, there were two cases that we dealt with.

15 The Beaver Valley and Oconee analyses were done in-

16 house.

17 The Palisades analysis was done by the

18 utility using their model with adaptations necessary

19 to account for the issues that we were interested in

20 for PTS.

21 The Palisades model actually modeled four

22 break sizes, a small break size, a medium break size,

23 a medium-large break size, and a large break size.

24 And the difference that you see for the

25 event here, the 16 inch diameter break, has to do with
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1 the way in which we collapsed their four break sizes

2 and the frequencies that they assigned to them to our

3 three classes of break sizes.

4 So, there's just a -- there's a small

5 variation in frequency that was used for the two types

6 of analysis, the one done in-house and the one done by

7 the utility.

8 But that frequency, if I'm remembering

9 correctly, was, you know, typically on the order of

10 maybe a factor of two, possibly a factor of three

11 difference in the overall frequency.

12 And we did not believe that it was

13 necessary to force them to use the numbers that we

14 were actually using for our initiating event

15 frequencies.

16 So it's just an artifact of the

17 differences in the models, basically.

18 MEMBER WALLIS: Did the 16 cover the main

19 -- RCS piping, it's --

20 MR. BESSETTE: The main diameter, or the

21 diameter behind Palisades is about 30 inches.

22 MEMBER WALLIS: But Palisades is even

23 bigger.

24 MR. BESSETTE: Palisades is about 30

25 inches.
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1 MEMBER WALLIS: Sixteen is covering that

2 as well, it's an average?

3 MR. BESSETTE: Yes. You know, we did

4 break spectrum. And we analyzed ourselves breaks up

5 to 22 inches. But we found the answer wasn't changing

6 between eight and 22 inches.

7 MR. ERICKSONKIRK: Bruce, did you have

8 something?

9 MR. BISHOP: The Palisades hot leg is much

10 larger than any of the other plants because they only

11 have two hot legs and four cold legs.

12 MR. BESSETTE: Yes, the hot leg might

13 actually be 36 inches and the cold leg about 30

14 inches.

15 MR. BISHOP: The OD is around 40

16 something.

17 MR. ERICKSONKIRK: What we'll get to in

18 the PFM results is -- you and David alluded to this --

19 is once you get into break diameters, half a foot and

20 above, the thing that's controlling the cooling rate

21 of the vessel, and therefore the thermal stress of the

22 vessel is the vessel itself, not the rate at which it

23 can deliver water.

24 So now we get into the part where we can

25 look at different system characteristics and how they
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1 control the thermal hydraulic response.

2 CHAIRMAN SHACK: Does that mean you're

3 really governed by the four to eight inch break then,

4 because they're just so much more likely?

5 MR. ERICKSONKIRK: I'm not sure I can

6 answer that. We get big contributions from both

7 medium breaks -- which are four to six -- and large

8 breaks -- which are six and above. I do not remember

9 the relative percentage.

10 CHAIRMAN SHACK: Because based on the

11 elicitation that looks like an awfully high frequency

12 for the 16 inch break.

13 MR. ERICKSONKIRK: I haven't gotten the

14 new numbers from the elicitation. So, if they wish to

15 drop their numbers, I'll add them. I do not know.

16 That's something where -- and it's

17 relevant to the rest of your briefings this week. Rob

18 and I need to get together to make sure that I'm using

19 his -- well, I know that I'm not using their final

20 results right now.

21 So, if you're saying their numbers are

22 lower, that's a good thing.

23 CHAIRMAN SHACK: I mean, your numbers look

24 like, what is it, 35 to 50 percent, the INEL numbers.

25 MR. WHITEHEAD: Donnie Whitehead again.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



237

1 The local frequency numbers that we used in the PRA

2 analysis actually were the numbers that were provided

3 to us in an interim letter, memo that I think came in

4 somewhere around the middle of 2002.

5 I do not have the date on the top of my

6 head. But, it was a reflection of what was believed

7 at that time to be the numbers that were coming out of

8 the consensus group that was looking at initiating

9 event frequencies for breaks.

10 MR. ERICKSONKIRK: Yes. That's correct.

11 We got interim results from the internal expert

12 elicitation. And we've not yet synched with Rob on

13 what those frequencies are.

14 But that's just a post-processing -- I

15 should say just, calculationally it's easy because

16 it's post-processing step. And we do intend to

17 synchronize that.

18 So there won't be an inconsistency between

19 the information you're getting on large break LOCA re-

20 evaluation and the information you're getting out of

21 this.

22 CHAIRMAN SHACK: Yes. With their targeted

23 adjustment, which I think is their best estimate for

24 a 14 inch pipe, they get like three times 10-7.

25 MR. ERICKSONKIRK: The screening limit
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1 just went up.

2 CHAIRMAN SHACK: Good.

3 MR. ERICKSONKIRK: Okay. So we'll be

4 looking at the effects of break diameter, break

5 location, season of the year, and makings and plant-

6 to-plant comparisons to look at how sensitive or non-

7 sensitive the thermal hydraulic response is to these

8 variables.

9 So, first off, just looking at a complete

10 break size spectrum, this being for Beaver Valley, you

11 see other ones in the -- in NUREG 1806. And,

12 obviously, reducing the break size considerably

13 reduces the cooling rate.

14 And what you also see out here is that, as

15 you go out in time for the larger breaks, you can

16 completely drain the reactor water storage tank. And

17 so, in order to continue safety injection you have to

18 switch over to the sump.

19 And that's why you get this pop here

20 between the low temperature stored in the external

21 tank and the water that's in the sump. But you see

22 this very nice gradation of very rapid cooling rates

23 with eight and 16 inch breaks, and then becoming much

24 more gradual as you go up to the smaller break sizes.

25 Looking at pressure, same transients, the
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1 one point I'd like everybody to take away from this

2 graph is -- except for the very largest of breaks --

3 it takes a very long time to get to pressures that can

4 truly be regarded as negligible.

5 And I think this is in part a contribution

6 to the reason why large breaks, large medium size

7 breaks which weren't previously considered to be LOCA

8 contributors are.

9 It's because the old experiments where we

10 severely thermally shocked the vessel at Oak Ridge,

11 and we found that the cracks could go almost all the

12 way through, but not -- but, at unequivocally no

13 pressure.

14 And that's just clearly not case for a

15 real vessel. I should skip anything on heat transfer.

16 MEMBER WALLIS: Wait a minute.

17 MEMBER SIEBER: Just keep flipping.

18 MR. ERICKSONKIRK: Heat transfer

19 coefficient is at this scale similar irrespective of

20 break size.

21 MEMBER WALLIS: Would it be used for --

22 per hour per foot-squared?

23 MR. BESSETTE: That's the units that are

24 coming of relip.

25 MEMBER KRESS: It's on the back.
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1 MEMBER WALLIS: It's pretty low. You

2 multiply by 3,600. It's still pretty low. Okay.

3 MR. ERICKSONKIRK: Okay. Now, looking at

4 break location effects, and I need to orient myself,

5 the surge line break is the red curve, whereas the

6 cold line break are not the red curves.

7 Thank you. So, to compare the same size,

8 a four inch surge line and a four inch cold leg,

9 compare red to green. And what you find out is that

10 the surge line is cooling more rapidly because all of

11 the injection water is going into the downcomer,

12 whereas, with the cold leg, you're starting to lose

13 injection water.

14 It's not all getting to the downcomer.

15 The other thing I want to -- so, you do see some

16 differences between surge lines and cold lines in this

17 intermediate break size.

18 But the other thing I wanted to point out

19 is that, you know, here's a four inch surge line,

20 here's a four inch cold leg. They're still in

21 basically the right -- back up.

22 Break location effects are still -- should

23 be considered secondary to break size effects because

24 both four inch breaks are still being bounded on one

25 size by 2.8 and on another side by a 5.7.
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1 So, it's an effect. It can be important

2 in the intermediate break size. But, by and large,

3 break size is still the controlling factor. Seasonal

4 effects, let's see, everything here is winter, except

5 for the green is summer.

6 And, again, summer is somewhat less

7 severe, but not out of the break size order. And now

8 some cross plant comparisons. Here we will just do a

9 spectrum of break sizes going from large to small, and

10 comparing the various plant analyses.

11 So, very large breaks, 16 inch and eight

12 inch, not much difference plant-to-plant. You get

13 differences out here in terms of when you switch over

14 to sump and how hot the water is in the sump.

15 But the cooling rates are still very

16 similar.

17 CHAIRMAN SHACK: Now, is the Palisades

18 also a surge line, or is it a different line?

19 MR. ERICKSONKIRK: I can't tell you based

20 on what's on -- I can tell you, but I can't tell you

21 based on what's on this graph.

22 MR. BESSETTE: Well, for 16 inch, I think

23 we switched the break location from the surge line to

24 the hot leg.

25 MR. ERICKSONKIRK: This is eight inch.
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1 MR. BESSETTE: Oh, eight inch surge.

2 MR. ERICKSONKIRK: Palisades is call.

3 CHAIRMAN SHACK: So all eight inch breaks

4 look alike.

5 MR. ERICKSONKIRK: Eight inch breaks looks

6 alike. Four inch break similar, 2.8 inch breaks.

7 Given a certain break size and a location, we've got

8 very good similarity plant-to-plant.

9 So, looking at the conditional probability

10 of through-wall cracking, so conditional means,

11 assuming the transient occurs, what's the probability

12 of through-wall cracking.

13 And this is what David was referring to.

14 The larger diameter breaks pose a very consistent

15 challenge from plant-to-plant because under those

16 situations the steel can't cool as rapidly as the

17 depressurizing water.

18 So it's in what's been called a conduction

19 controlled situation. And that means the thermal

20 stresses are controlled solely by the thermal

21 conductivity and the vessel thickness, and nothing

22 else matters.

23 MEMBER WALLIS: Presumably the temperature

24 of the water.

25 MR. ERICKSONKIRK: But the temperature of
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1 the water --

2 MEMBER WALLIS: It is the driving force.

3 It may take time to penetrate. It didn't have any

4 cooling. You wouldn't have any thermal stress. It's

5 got to be the proposed --

6 MR. ERICKSONKIRK: Well, yes. If you were

7 injecting water at 212 it would be different. But the

8 injection temperature of the water is also very simple

9 situation.

10 So, with those provisos the details of the

11 transient become unimportant.

12 MEMBER WALLIS: As long as it is

13 depressurized and cooled down?

14 MR. ERICKSONKIRK: Yes. Go to smaller

15 breaks and now the transient properties, more of the

16 secondary effects can become important. Because, in

17 this situation the steel vessel can cool as rapidly as

18 the depressurizing water.

19 And so, it's the water that's controlling

20 the cooling rate and the thermal stresses in the

21 reactor coolant system.

22 MEMBER WALLIS: If the vessel cooled as

23 rapidly as the water it would be uniform temperature

24 and there wouldn't be any stress in it. It cools

25 comparably or something.
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1 MR. ERICKSONKIRK: Yes.

2 MEMBER WALLIS: The resistance to heat

3 transfer is --

4 MR. ERICKSONKIRK: Yes, you're right. I'm

5 sorry. But, of course, the thing to point out here

6 overall is --

7 MEMBER WALLIS: The outside of the vessel

8 doesn't cool in any of these transfers.

9 MR. ERICKSONKIRK: No. As you get to

10 these smaller breaks the through-wall cracking

11 frequent becomes much, much lower than for the larger

12 breaks.

13 Looking at break location and seasonal

14 effects, at the intermediate break size we see that

15 they can be important, you know, to the order of

16 magnitude or to --

17 CHAIRMAN SHACK: What degree of

18 embrittlement are we talking about here?

19 MR. ERICKSONKIRK: This is at 60,

20 Palisades at 60, which would be beyond the current

21 limits. Some other sort of interesting facts, if you

22 will, in terms of break time, if the breaks occur --

23 break time on the left hand side of the screen.

24 If the breaks occur, they occur very early

25 in the transient. And so, you know, again, some of
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1 these things tend not to matter. For example, we at

2 one point thought we had made a terrible over

3 conservatism by not including the higher temperatures

4 of re-circulation from the sump.

5 We thought if we did that that the large

6 break frequencies or the large break failure

7 probabilities would go way down. It turned out it

8 didn't change at all.

9 The thing we weren't paying attention to

10 is that, for the large breaks, the failures occurred

11 long before you ever get to switch over to sump. So

12 it doesn't matter.

13 And also, as I pointed out before, over

14 here, that while pressure is certainly not a dominant

15 factor in controlling the through-wall cracking

16 frequency of these transients, it's not zero.

17 There is some finite level of pressure

18 there. So, if the thermal part of the transient is

19 sufficient to propagate the crack to vary near the

20 back wall of the vessel, the lining pressure is

21 sufficient to fail.

22 MEMBER WALLIS: You're not showing the

23 stuck-open valve here.

24 MR. ERICKSONKIRK: No, because that's

25 next. So, to summarize, primary site pipe breaks,
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1 there are several factors that suggest the

2 applicability of these results to PWRs in general.

3 First, there's no influence of operator

4 action. So differences in training, protocols and so

5 on plant-to-plant can't be a factor. It's the large

6 diameter breaks -- five inches and above -- that

7 dominate the pipe break through-wall cracking

8 frequency.

9 Five inches and above contributes 70

10 percent to the pipe break portion of the TWCF on

11 average. And then it's just the four inch breaks that

12 contribute most of the remainder of that.

13 And everything else smaller you may as

14 well forget it. So, you know, the take away here is

15 that the transients that dominate the pipe break

16 through-wall cracking frequency of the class are the

17 least dominated by plant specific factors.

18 And that's a good thing for

19 generalization, which is why I think that when we plot

20 the through-wall cracking frequency that's due to the

21 class of primary site pipe breaks, versus a reference

22 temperature derived from where the falls are, we find

23 a fairly consistent trend plant-to-plant because the

24 level of challenge is fairly consistent plant-to-

25 plant.
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1 Okay, so differences from previous

2 analysis relative to our December '02 results,

3 obviously our specific numerical results are somewhat

4 different.

5 But the general trends are the same.

6 Relative to the analysis that establish the tech basis

7 for the current rule, there's a big difference because

8 medium to large diameter pipe breaks were included a

9 priori from those analyses due to the erroneous

10 assumptions made regarding the need for significant

11 pressure to fail the vessel.

12 CHAIRMAN SHACK: Do you track which of the

13 failures actually involve tearing?

14 MR. ERICKSONKIRK: Yes, we do. Terry, yes

15 we do?

16 PARTICIPANT: Yes.

17 MR. ERICKSONKIRK: Yes. And no, I haven't

18 looked at that. But I will. Yes, that's part of the

19 statistics that come out. Okay, so now stuck-open

20 primary valves, because this of course involves re-

21 pressurization components.

22 So we begin with a demand on an SRV. The

23 open SRV depressurizes the primary with a rate

24 equivalent to something like the two inch diameter

25 pipe rate.
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1 So we've got relative to large break LOCAS

2 a very slow cooling. ECC injection accelerates the

3 cooling by direct injection of cold water. At some

4 time later the valve recluses.

5 The continued safety injection will now

6 begin to refill the primary. Right after the valve

7 re-closes throttling will probably not be satisfied

8 because of combination of factors.

9 And, of course, the throttling criteria

10 different plant-to-plant. But generally right when

11 the valve re-closes there will be no sub-cooling. And

12 the pressurized level will be too low.

13 After about 15 minutes the pressurizer

14 will be full. The throttling criteria will be met.

15 And now, unless the operator acts very promptly, the

16 system will rapidly re-pressurize to full system

17 pressure or to a safety valve set point unless the

18 operator throttles.

19 So that's the general -- in very generic

20 terms, that's what we're trying to model.

21 MEMBER ROSEN: How long does he have

22 before he has to throttle typically?

23 MR. ERICKSONKIRK: He needs to do it

24 within a minute to stop re-pressurization.

25 MEMBER ROSEN: A minute from the beginning
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1 of the transit?

2 MR. ERICKSONKIRK: No, I'm sorry. A

3 minute from the time that his throttling criteria is

4 met. When the valve re-closes -- and we'll see some

5 thermal hydraulic transients in a minute.

6 Once the valve re-closes he can't throttle

7 because the pressurizer lever is too low and there's

8 no sump cooling. So you're going to start to slowly

9 refill the vessel.

10 Temperature and pressure are going to

11 start to rise slightly. But, once you collapse the

12 bubble, pressure is going to go through the roof very

13 quickly unless you throttle.

14 And what the calculations show is that

15 unless you show catch it very quickly, you're going to

16 go to full system pressure.

17 MEMBER ROSEN: So, any kind of look at the

18 HRA involved would say it's very unlikely he's going

19 to catch it?

20 MR. ERICKSONKIRK: We'll go into that.

21 MEMBER ROSEN: Okay.

22 MR. ERICKSONKIRK: So our model of stuck-

23 open primary valves, we've looked at initiations of

24 these types of transients from both full power and

25 from hot zero power.
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1 We of course stick -- the number of valves

2 that stick open we've looked at. We've re-closed the

3 valve at either 50 or 100 minutes. And I'll talk

4 about why we believe that's an appropriate

5 discretization of the complete possibility of re-

6 closure times.

7 We've considered that the operator might

8 throttle, might never throttle, might never get to it,

9 might throttle one minute or ten minutes after their

10 throttling criteria is met.

11 And then we've looked at other minor

12 variations on theme. More than one valve open, less

13 than the total number of valves open re-closing,

14 summer versus winter, and so on.

15 Looking at the initiating event

16 frequencies, which is shown by the histogram and just

17 for purposes of comparison, show those relative to the

18 initiating event frequencies for large diameter breaks

19 and small diameter breaks, we find that these

20 transients are just a little bit less likely than the

21 primary site pipe breaks in our model.

22 So, looking at - - now on to the part where

23 we look at thermal hydraulic response. We're going to

24 look at the effect of the timing of valve re-closure,

25 the power level at transient initiation, and the
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1 timing of operator action to throttle charge once

2 throttling is allowed.

3 Okay. We're going to start off, these are

4 plots. And here I'm using for example plots from

5 Oconee. We've looked at the plots from the other

6 plants.

7 The same trends exist. So you've got a

8 temperature on the left hand side of your screen,

9 pressure on the right, and valve re-closure at 3,000

10 seconds.

11 So the valve is slammed shut here. But

12 what you see is you've got about another 1,000 seconds

13 before re-pressurization is going to occur. But,

14 during that time it's only at the end of that time

15 that the operator would be allowed to throttle. So

16 what you see here is --

17 MEMBER WALLIS: Does the pressurizer fill

18 or something? Or why does it --

19 MEMBER SIEBER: Yes, it fills. And then

20 the flow goes to zero and the pressure goes to the

21 shut-off --

22 MEMBER WALLIS: There's no pressure and

23 the pressurizer is the problem. The water is too

24 cold. Isn't it?

25 MEMBER SIEBER: Say again.
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1 MEMBER WALLIS: There's no vapor pressure

2 in the pressurizer because the water is too cold.

3 MEMBER SIEBER: Right.

4 MEMBER WALLIS: It goes up till it hits

5 the roof.

6 MEMBER ROSEN: It's called no bubble in

7 the pressurizer.

8 MR. BESSETTE: Basically the steam bubble

9 collapses and then you go quickly to the PORV set

10 point because the whole system is water solid.

11 MEMBER WALLIS: That's right, because

12 there's no hot water.

13 MR. BESSETTE: There's no compressibility

14 anymore.

15 MR. ERICKSONKIRK: So, what you see is --

16 if I were to put a 16 inch or an eight inch pipe right

17 here you'd see a very much faster cooling rate.

18 But you wouldn't have that late stage re-

19 pressurization. And what you see from these three

20 curves is that, unless the operator throttles within

21 a minute of meeting the criteria, you can't prevent

22 re-pressurization to full system pressure.

23 And also, I might point out from a

24 fracture perspective -- and I know I'm getting a

25 little ahead, but, once you get -- when you get the
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1 full system pressure, it doesn't matter that he saved

2 it out here, because you went to full pressure at a

3 time when the temperature was low.

4 Dropping the pressure out here when the

5 temperature is higher, if the vessels failed, it will

6 already have been gone at that point.

7 MEMBER SIEBER: But throttling at that

8 point in time, if the system is solid and tight -- in

9 other words, the PORV is closed -- you can't control

10 pressure by throttling because there's no flow.

11 MEMBER WALLIS: It's controlled by the set

12 point.

13 MEMBER SIEBER: No, you can't do that.

14 You have to shut the pump off.

15 MEMBER WALLIS: It's the valve that

16 controls the pressure.

17 MR. ERICKSONKIRK: Okay, so now I'm going

18 to overlay --

19 MEMBER SIEBER: Yes, the PORV does.

20 MR. ERICKSONKIRK: So the title of the

21 slide was looking at valve re-closure time. So I'm

22 now going to wipe and show what happens at 6,000

23 seconds.

24 And now we can have fun and go back and

25 forth. So you see that at 6,00 seconds, looking at
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1 temperature, just continues to cool until about,

2 again, 1,000 seconds after the valve re-closes.

3 And then we see the same thing happening

4 again. Unless the operator throttles very rapidly,

5 you'll go back to full system pressure.

6 CHAIRMAN SHACK: Mark, where are we in

7 your presentation?

8 MR. ERICKSONKIRK: We're at Viewgraph 42

9 of 72. You want to get to the end of this, of stuffed

10 valves and take a break or --

11 MEMBER WALLIS: I think we're about 6,000

12 seconds.

13 MEMBER SIEBER: Page 22.

14 MEMBER ROSEN: What's this NRC New with

15 Chicken at the bottom?

16 MR. ERICKSONKIRK: That's me.

17 MEMBER ROSEN: You're the chicken?

18 MR. ERICKSONKIRK: But I took away -- the

19 chicken is the logo. But I took the logo away because

20 __

21 MEMBER ROSEN: Oh, that chicken.

22 MR. ERICKSONKIRK: It's an eagle.

23 MEMBER WALLIS: It's only a chicken when

24 it's at Sandia.

25 MR. ERICKSONKIRK: that's it. And no more
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1 questions about the logo.

2 MEMBER KRESS: That was uncalled for.

3 MR. ERICKSONKIRK: That's right. So later

4 valve re-closure produces lower temperatures at re-

5 pressurization. Here, at 3,000 seconds when we re-

6 pressurize, the temperature was up here.

7 Whereas now we've re-pressurized and the

8 temperature is considerably colder. And that would

9 tend to make the transient worse. But you've also got

10 lower stresses at re-pressurization because the

11 temperature -- you're starting to get out of the

12 transient, and the cold is soaked into the wall.

13 So, at least without performing the

14 fracture calculations, you couldn't necessarily say

15 which of these is worse. Now looking at valve re-

16 closure time, first we'll note that the valve can re-

17 close at any time after the transient begins.

18 And we haven't attempted to model causal

19 factors here. As we just said, the competing effects

20 of thermal stress, which tend to go down as the re-

21 closure time goes out, which reduces the severity of

22 the transient, and minimum temperature, which again

23 goes down, but increases of the transient compete to

24 give us situation where re-closure -- almost immediate

25 re-closure yields very low through-wall cracking
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1 frequencies, and long time re-closure yields lower

2 through-wall cracking frequencies.

3 And there's sort of a, you know, a worst

4 of all possible times where re-closure could happen.

5 However, after about two hours we don't really

6 consider re-closure, because after this long a period,

7 if you're that far into a transient, the operators

8 would have initiated new procedures.

9 And so you wouldn't be in this type of

10 transient anyway. And we haven't modeled that. And

11 so --

12 CHAIRMAN SHACK: So your scale is wrong

13 there, that's seconds rather than minutes.

14 MR. ERICKSONKIRK: Absolutely.

15 CHAIRMAN SHACK: I thought that was a

16 pretty long transient.

17 MEMBER ROSEN: After two hours.

18 CHAIRMAN SHACK: Nine thousand.

19 MR. ERICKSONKIRK: There we go. Okay,

20 seconds. Sorry. So after two hours something else

21 would have happened. So that's beyond the scope of

22 this model.

23 And so, what we've done is we've divided

24 this part, which is important to us, into two bins.

25 We've modeled valve re-closures after 3,000 seconds
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1 and after 6,000 seconds.

2 And the thing to point out here is that

3 what we're trying to do is we're trying to represent

4 this entire continuum of a through-wall cracking

5 frequency using only two re-closure times.

6 So, at least in my view, it's not terribly

7 important that we've missed the peak out here. And

8 it's also not terribly important that we perhaps

9 overestimated things back here, because what we're

10 essentially trying to get is the area under the curve.

11 And it seems that we've done a fairly

12 reasonable job on that. Now, going on to look at

13 power level effects on transient initiation time and

14 of operator actions.

15 Here we've got a transient initiated from

16 full power, re-closure at 6,000 seconds. And what you

17 see is the full power. Of course, if the operator

18 does nothing, you go to full system pressures.

19 If the operator throttles after ten

20 minutes, you go to full system pressure. If the

21 operator throttles within a minute, they are able to

22 delay the time of re-pressurization.

23 But you still go to full system pressure.

24 And you see that consistently in all the analyses,

25 because there's enough heat in the system that you
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1 wind up re-pressurizing.

2 That's not to say that the operator hasn't

3 helped because, by delaying the time that I go to full

4 system pressure by about 1,000 seconds, I've gone from

5 the temperature that's down here, up to a temperature

6 that's almost at the point where I don't care about

7 it.

8 So, transients initiated from full power

9 can't stop the -- at least in our model, within the

10 confines of our model -- throttling within a minute

11 after you're allowed to do so.

12 You can't save yourself from re-

13 pressurization. But you can save yourself -- the

14 operator action does give you some benefit in through-

15 wall temperature.

16 MEMBER WALLIS: But your temperature is

17 only on the surface. You've still got a temperature

18 wave going through the wall.

19 MR. ERICKSONKIRK: That is correct.

20 MEMBER WALLIS: So there may be places in

21 the wall which are still cooling down. So the stress

22 could be actually going to a place where you had a bad

23 flaw.

24 The stress could be rising in a place

25 where you have a bad flaw conceivably, even though the
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1 surface is heating up.

2 MR. ERICKSONKIRK: Yes, you're right. The

3 metal temperature and the metal stresses are going lag

4 that, which is the fluid. Yes, absolutely.

5 MEMBER WALLIS: The wave going in.

6 MR. ERICKSONKIRK: Yes. Whereas, if we go

7 to a transient initiated from hot zero power, the

8 difference that you see between those two plots is if

9 you focus on the red line, which is if you focus on

10 the red line, which is throttling after a minute, in

11 this case there's not enough residual heat in the

12 system.

13 And the throttling within a minute keeps

14 you from re-pressurizing to full system pressure. The

15 other thing to notice is that hot zero power

16 transients are more severe on the front end because

17 the cooling rate is faster and you go to a lower

18 temperature.

19 If you now focus on the temperature side,

20 here is full power, and there is hot zero power. So

21 you've got a more rapid transient, and you're going to

22 a lower temperature, which is going to make the hot

23 zero power transient more severe assuming that the

24 operator is in successful -- modeling.

25 So thermal shock, more sever, but the
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1 operator action is more effective under hot zero

2 power. Throttling within a minute will stop re-

3 pressurization under hot zero power, whereas it only

4 delays it under full power conditions.

5 And throttling within ten minutes is the

6 same as not ever throttling at all. Okay, so looking

7 at plant specific effects, there are some, but they

8 are minor.

9 Okay. I'm sorry, like the number of

10 valves that stick open and fractions of them closing,

11 or perhaps a valve only sticking open 30 percent of

12 the way, those are all really minor factors relative

13 to these three dominant variables that we've just gone

14 through.

15 Let's see now, probability. General

16 observations on vessel failure probability, just the

17 fact that we've re-pressurized doesn't necessarily

18 lead us to conditional probability through-wall

19 cracking that's either non zero or even large.

20 If you re-pressurize, if the temperature

21 is above 400 degrees Fahrenheit nothing happens.

22 However, again, as I pointed out, the re-

23 pressurization makes it a virtual certainty that, if

24 a crack initiates, it's going all the way through.

25 The valve re-closure time, obviously, as
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1 we showed before, influences the through-wall cracking

2 frequency as does the power level of transient

3 initiation.

4 The conditional probability of through-

5 wall cracking for odd zero power transients is

6 approximately 1,000 times that for full powered

7 transients, again, if re-pressurization occurs.

8 And that has to do with the lower fracture

9 toughness and the higher thermal stresses associated

10 with the hot zero power transients. And that in fact

11 generally overwhelms the fact that hot zero power

12 transients occur less often.

13 The increased severity of hot zero power

14 transient overwhelms the fact that it doesn't happen

15 as often.

16 So now a few words on effectiveness of

17 operator action. It's shown in the plots. The

18 operator really has to be on top of things. They have

19 to throttle within less than a minute of meeting their

20 throttling criteria to either delay or prevent re-

21 pressurization.

22 In terms of the credits for operator

23 action in our analysis -- and if you have questions

24 here I'm going to have to direct them to Donnie. But,

25 based on simulator observations, discussion with plant
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1 engineers, we gave credit for Oconee operator

2 successfully throttling approximately seven times out

3 of ever ten.

4 Beaver operators weren't quite as on top,

5 but they basically successfully throttled within one

6 minute 40 percent of the time. Now, Palisades, I need

7 to say this carefully.

8 In Palisades the PRA analysis said that

9 operators would successfully throttle. But that

10 didn't get into the thermal hydraulics model because,

11 by that point, we knew that if the operators were

12 successful, they generally stopped the re-

13 pressurization.

14 And it didn't count anyway, so we figured

15 that was a zero we didn't need to calculate. So, in

16 the end model, even though the PRA said the Palisades

17 operator should be given credit for throttling, in the

18 transients that were analyzed, there is no credit for

19 operator action at Palisades. And that should be taken

20 __

21 MEMBER ROSEN: So even though it's --

22 well, I'm not sure if I agree with that 68 percent and

23 40 percent. But, nevertheless, even though you're not

24 likely to stop the damage, the procedure should

25 require operators to throttle.
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1 MR. ERICKSONKIRK: Oh, absolutely.

2 MEMBER ROSEN: Because they have a chance

3 of doing it. Even if it was a non-zero chance, it may

4 even be a 50 percent chance. So that's absolutely.

5 Yes, the procedure should -- and training

6 and all the rest -- should include this.

7 MR. ERICKSONKIRK: Right. Just because

8 the welds can be made even though you don't inspect

9 them, you should still inspect them. Sorry Bruce.

10 Yes, this is not to say that operator action is a bad

11 thing.

12 MEMBER ROSEN: The flavor as always the

13 operator -- what you've been saying all along, maybe

14 you don't see it, but the flavor has always been well,

15 there isn't much the operators can do.

16 But, quite the contrary. There is quite

17 a bit they can do. They just wouldn't always succeed.

18 MR. ERICKSONKIRK: That's right. And the

19 other thing to mention here is that, you know, indeed

20 saying, you know, that the operators get it right

21 basically half the time, that's effectively saving

22 yourself half the time.

23 But the other thing is, remember that the

24 time when the operator really saved the day was for

25 hot zero power initiation, where they actually could
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1 prevent the re-pressurization, rather than just delay

2 it.

3 So, saying that the big contributors here

4 to the through-wall cracking frequency are stuck-open

5 valves that re-close where the operator hasn't been

6 successful in preventing the -- hasn't throttled

7 within a minute, but the ones that are contributing

8 under hot zero powers, again, is tending to diminish

9 the effect of operator actions in the end result.

10 MEMBER WALLIS: The only thing which would

11 really change these numbers here is putting in

12 elicitation results, which might reduce the Palisades

13 frequency of breaks in large pipes and might have a

14 big effect on the highest number here.

15 MR. ERICKSONKIRK: Yes.

16 MEMBER WALLIS: Let's see what would

17 change these numbers. That's the only thing.

18 MR. ERICKSONKIRK: Well, actually, as it

19 turns out, now looking at this, where we've plotted

20 now the through-wall cracking frequency due to stuck

21 open valves, and this --

22 MEMBER WALLIS: This is valves.

23 MR. ERICKSONKIRK: Yes, all of them

24 agglomerated together. Remember I said Palisades,

25 even though we said -- even though the PRA said they

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



265

1 should get a credit for operator action, that actually

2 didn't get into the final analysis because we figured,

3 you know, why calculate more zeros.

4 So there's no operator action credit here,

5 whereas there is some operator action credit here.

6 And clearly it's not making a huge difference in the

7 numbers whether you include it.

8 So, again, factors suggesting that these

9 results, while they are for three specific plants,

10 have some applicability to PWRs in general. Is it re-

11 pressurization?

12 Is it dominant factors influencing the

13 transient severity? And all PWRs have similar system

14 pressure, so similar loading challenge. And that

15 while we have provided reasonable and appropriate

16 credit for operator actions, the physical factors that

17 control the transient severity limit those effects on

18 through-wall cracking frequency.

19 So, if we were to take them all out, like

20 we did at Palisades, we're not seeing the Palisades

21 with no operator action credit, you know, way up here,

22 relative to these where we've given what we feel is an

23 appropriate level of operator action credit.

24 MEMBER SIEBER: Is it fair to be able to

25 extrapolate the Beaver Valley and the Oconee data?
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MR. ERICKSONKIRK: With the usual provisos

on extrapolation, yes. I mean, I think we're seeing,

you know, the same curve shapes going out. I wouldn't

take it too far.

And certainly, you know, it would be

interesting to test these by going out to get a higher

level of embrittlement on Beaver Valley. But, I, you

know, I'd bet you a beer that it still agrees.

MEMBER SIEBER: Okay.

MEMBER WALLIS: How much is the actual

probability of a stuck-open valve? And this is the

whole story. This is the conditional probability and

the probability of initiating event. This is the

whole story.

probabilit

initiating

it. Here

the whole

MR. ERICKSONKIRK: Yes.

MEMBER WALLIS: How much is the

.y of an initiating event?

MR. ERICKSONKIRK: The probability of the

event -- I need to go back. Yes, that's

we go. On average 106 to 10-5.

MEMBER WALLIS: So it's a large part of

story?

MR. ERICKSONKIRK: Yes, it is.

MEMBER SIEBER: Well, that's one scenario.

MEMBER WALLIS: It's most of the story in
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1 fact.

2 MR. ERICKSONKIRK: If you take the

3 contribution of stuck-open primary valves and a medium

4 and large break LOCAS, you've got 80 percent or more

5 of the through-wall cracking frequency, which means

6 that 20 percent or less is on the secondary side.

7 But after the break that I know the

8 Chairman wants to take, I'm going to tell you that the

9 only reason that the secondary side is 20 percent in

10 Beaver Valley at high levels of embrittlement is we

11 used a conservative analysis.

12 But I do have one or two more slides on

13 stuck-open valves if you'll indulge me, because the

14 last part of the story was -- oops -- how does our

15 modeling now compare with before?

16 And this is the one area on transients

17 where our story has changed from that we wrote about

18 in December of 2002 and briefed you on in February of

19 2003.

20 And we have the egg on our face of

21 thinking that we knew too much, because the previous

22 way we conducted the FAVOR analyses was to start out

23 by performing an analysis of a particular plant at a

24 very high level of embrittlement, figuring out what

25 were the transients that dominated there, taking the
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1 top ten, and just running those at the lower levels of

2 embrittlement.

3 What I've already showed you suggests that

4 was a really dumb thing to do because different

5 transients make their important contributions at

6 different embrittlement levels.

7 So we stopped doing that. And now we

8 analyze all the transients that are given to us from

9 thermal hydraulics and PRA and run them through FAVOR.

10 And so, before we believed that the

11 primary site stuck-open valves were only important in

12 Oconee. And that was an erroneous conclusion because

13 of that flawed methodology.

14 Whereas, what we see now is when we take

15 all of the transients that have been specified by PRA

16 and TH and run them through the PFM model, we get a

17 very consistent plant-to-plant, responds very

18 consistent challenge to this type of transient from

19 all the different plants.

20 So, that's a major change. Previously we

21 thought this was a plant specific effect. And now

22 it's quite clear that it's not. In terms of the

23 differences between this model and that, which

24 establish the technical basis for the current PTS

25 rule, in the previous analyses of Oconee and H.B.
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1 Robinson, stuck-open primary valves weren't really

2 considered at all.

3 They were considered in the previous

4 analysis of Calvert Cliffs using a much less refined

5 treatment than we have here. And when it was

6 analyzing Calvert Cliffs, it was found to be a

7 significant contributor.

8 MEMBER BONACA: Could you go back to that.

9 I don't understand. When you came in here in 2003,

10 you already were telling us. This is nothing new that

11 you should present to us.

12 I don't understand this comparison here.

13 Current technical basis not considered in previous

14 analysis.

15 MR. ERICKSONKIRK: No, I'm sorry. The

16 basis of the current rule.

17 MEMBER BONACA: Okay.

18 CHAIRMAN SHACK: Nineteen eighties vintage

19 tech basis.

20 MR. ERICKSONKIRK: Yes.

21 CHAIRMAN SHACK: It's not a current tech

22 basis.

23 MR. ERICKSONKIRK: yes. Break time?

24 CHAIRMAN SHACK: Time for a break.

25 MEMBER ROSEN: When we come back, you'll
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1 tell us what the impact of this is on 50.46

2 considerations.

3 MR. ERICKSONKIRK: I'll go haul my

4 colleague back down from upstairs.

5 CHAIRMAN SHACK: Back at 3:40.

6 (Whereupon, the above-entitled matter

7 went off the record at 3:26 p.m. and went

8 back on the record at 3:43 p.m.)

9 CHAIRMAN SHACK: Back into session.

10 MR. KIRK: Main steam line breaks. As a

11 result of that, you rapidly depressurize the affected

12 generator through a multiple square foot hole and you

13 depressurize the pressured break location. That

14 causes a rapid temperature drop in the affected

15 generator to the boiling point of water at the break

16 location which is 212 degrees, obviously, the boiling

17 point of water outside of containment for about 250,

18 260 inside of containment because the containment

19 becomes pressurized by the steam escaping from the

20 faulty generator.

21 The temperature in the primary tracks that

22 in the affected generator because of large heat

23 transfer area of the steam generator tubes. The rapid

24 cooling shrinks the primary inventory and so

25 depressurizes. Safety injection would then be
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1 initiated automatically. However, the primary

2 temperature will remain at or above that of the

3 affected generator due to the large heat transfer area

4 provided by the steam generator tubes.

5 Safety injection can then refill and

6 repressurize the primary and at some point later the

7 operators will be allowed to throttle safety

8 injection.

9 So operator actions to isolate the break.

10 If a break is downstream of the MSIV, they simply

11 close the MSIV and the event is over. If the break is

12 upstream of the MSIV, but outside of containment, the

13 operator would close both feedwater isolation valve

14 and the main steam isolation valve. At that point,

15 the generator would boil dry and the primary

16 temperature will now be controlled by the intact

17 generator and the event is over.

18 If the break is upstream of the MSIV, but

19 inside of containment, again, the operator action will

20 be to close the feedwater isolation valve and the main

21 steam isolation valve. However, now we're venting

22 steam into the containment which would cause an

23 adverse containment condition, so the engineered

24 safety features actuation system will automatically

25 isolate containment.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



272

1 That means that the operators are now

2 obligated to secure the reactor coolant pumps, because

3 they have no coolant water and if they don't stop

4 them, they're going to seize. Without the reactor

5 coolant pumps, safety injection water will not be as

6 well mixed in the primary and so the downcomer will

7 become cooler if the break is inside a containment

8 than if the break is outside of containment.

9 MR. ROSEN: Why do you say the operators

10 must act to isolate the break. I thought main steam

11 isolation was automatic on most plants.

12 MR. JUNGE: If you have steam generator

13 isolation signal, 800 pound, yes, they would shut.

14 MR. ROSEN: So you're going to get

15 automatic MSIV closure.

16 MR. SIEBER: On low level.

17 MR. ROSEN: Yes. For a break of main

18 steam, it's going to go to low level faster than the

19 operators can --

20 DR. BONACA: I'm not sure Oconee has

21 isolation --

22 MR. ROSEN: Some don't, but many do. But

23 if you have MSIVs, they have automatic isolation and

24 if you have feedwater isolation valves most of those

25 have automatic isolation too. It's just the point,
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1 the operators don't really have to do it. The system

2 does it.

3 MR. KIRK: Well, then it's virtually

4 assured that warping the head of the fracture

5 mechanics results, it doesn't matter anyway because

6 the vessel will have failed before the operators are

7 able to take any action at all.

8 DR. BONACA: I just want to point out the

9 conversation we had that I think there are significant

10 differences between the B&W design and the particular

11 CE design that has a totally different dynamic in the

12 transience. I don't see how you can lump them all

13 together, draw the same conclusions, etcetera. The

14 Rancho Seco event where they had the cool down for one

15 hour and a half or whatever and could not have been

16 possible in a CE plant, the way I see it.

17 MR. KIRK: But that influences the

18 initiating event frequency, not what happens after.

19 DR. BONACA: I understand that. I'm

20 saying that when we met in 2003, I remember the

21 gentleman was sitting there and gave a very specific

22 description of the B&W response which is different.

23 I mean you have four steam generators with no

24 inventory practically, so you blow down one and you

25 are flashing through and the others are not providing

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



274

1 back any heat to the primary side. The CE plant has

2 these huge pots of water. One of them is blowing

3 down, but still it takes a long time to empty it and

4 the other one provides back heat to the primary side.

5 Therefore, you have a much slower transient and --

6 MR. KIRK: I'm sorry, which plant has

7 slower transient?

8 DR. BONACA: The Combustion Engineering

9 type plant. And all you have to do is go to the FSAR

10 analysis and look at the curves and see that. I'm

11 only saying that I'm not sure you can lump together

12 the secondary side breaks for these two types of

13 analyses. I remember that plants are so fundamentally

14 different and the whole TMI experience shows a

15 different response and other kinds of behavior.

16 I'm not saying that the conclusions of

17 this should not be similar. I believe that the

18 gentleman who spoke there spoke of the fact of the

19 operators were successful, they implement their

20 procedures, they isolate manually and they're able to

21 control the cooldown and to make the likelihood of

22 leading to the conditions for plant initiation and

23 expansion to very low probability.

24 MR. BESSETTE: There are a number of

25 plant-specific features that affect the events. For
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1 example, after the early 1980 study, B&W implemented

2 automatic isolation of feedwater.

3 DR. BONACA: Yes.

4 MR. BESSETTE: Things like that.

5 DR. BONACA: But again, some plants still

6 have main steam isolation --

7 MR. BESSETTE: Yes. Oconee doesn't -- for

8 example, Oconee does not have MSIVs.

9 DR. BONACA: Right.

10 MR. BESSETTE: They just have it -- the

11 stop valves near the turbine.

12 DR. BONACA: That's right. So all I'm

13 trying to say is that even when you compound the

14 probabilities of success of certain actions, etcetera,

15 it makes a difference whether or not you have a

16 treatment and whether or not the system responds one

17 way or the other.

18 I think you have to look at the different

19 behavior of those plants.

20 I see that the peer review raised the

21 issue of the Rancho Seco event.

22 MR. KIRK: And we've -- Roy might remember

23 that response better than me, better than myself, I'm

24 sorry, but in looking through our analyses to find the

25 transient that most closely matched Rancho Seco, even
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1 at the highest level of embrittlement analyze, it had

2 a failure probability of zero.

3 DR. BONACA: I believe that. I'm only

4 saying that you ought to have a solid technical basis

5 that is not arguable.

6 MR. KIRK: I think we need to take an

7 action to better understand, describe the differences

8 between the two plant types.

9 MR. ROSEN: Right, and don't say that

10 operators have to close valves in plants where the

11 valve action is dramatic.

12 MR. KIRK: Right.

13 MR. BESSETTE: I would say the operators

14 will close the valves faster than the signal will get

15 to them.

16 MR. KIRK: Okay. So our model of main

17 steam line breaks, somewhere on this slide I should

18 have big words that say intentionally conservative.

19 As we got to this stage in the modeling process, our

20 preliminary analyses had showed us that as bad as we

21 tried to make main steam line breaks, they were still

22 a small contributor to the total through-wall cracking

23 frequency relative to primary system faults stuck open

24 in valves and primary system breaks.

25 So we didn't refine these analyses as much
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1 as we would have had they made a large numerical

2 contribution. So our model features delayed operator

3 actions relative to what I think most people would

4 consider creditable. For specific examples, we allow

5 feed to the faulted generator for 30 minutes or

6 indefinitely. Certainly, you'd have to have a fairly

7 dumb operator to allow that to happen. And throttling

8 of HPI 30 to 60 minutes after allowed.

9 We include exacerbating equipment

10 failures, MSIVs failed to close, if there are MSIVs

11 and I think at least for me the easiest to understand

12 is because I'm not a systems guy and a very

13 significant conservatism is that we have physically

14 unrealistic minimum temperatures even for breaks

15 inside containment, we haven't modeled containment

16 pressurization. So for breaks inside containment, we

17 allow the minimum temperature to go down to 212 which

18 is clearly too low. It should be about 40 degrees

19 Fahrenheit higher and that 40 degrees can have a big

20 effect on the calculated through-wall cracking

21 frequencies.

22 Again, the initiating event frequencies of

23 all the main steam line breaks, we've analyzed, not

24 trying to separate out plant-specific facts in any

25 way, but as shown by the histogram and again shown
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1 relative to the LOCA break frequencies, so we've got -

2 - excuse me, initiating events that are somewhat less

3 likely.

4 And again, as I said, a conservative

5 treatment, motivated by scoping calculations, shows

6 main steam line breaks have a small effect anyway.

7 So looking at the effect of system

8 characteristics on thermal hydraulic response, we're

9 going to look at power level of transient initiation,

10 break location inside or outside of containment,

11 feedwater flow isolation and timing of --

12 MR. ROSEN: High-head safety injection.

13 MR. KIRK: Yes. Power level effects are

14 minimal. In the cooldown rate, generally, you'd

15 expect the hot zero power transient in red to have a

16 faster cooling rate than the full power transient in

17 black. And indeed, that's true, but remember, this is

18 a big break. This is bigger than any of the primary

19 side breaks we modeled. You're at the point where the

20 temperature is crashing down and so even though you

21 initiate under hot zero power and it cools faster, for

22 the failure frequencies, it just really doesn't

23 matter.

24 DR. KRESS: I'm not sure what you mean by

25 lack of heat on this slide. You mean like a stored
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1 energy or like a heat production due to decay energy.

2 It's stored energy?

3 MR. KIRK: Yes, stored energy, I'm sorry.

4 MR. BESSETTE: Decay heat.

5 DR. KRESS: And decay heat also?

6 MR. BESSETTE: It's primarily decay heat

7 because -- yeah, primarily decay heat. Basically,

8 your initial system energy is quite close, whether

9 you're at hot standby or full power. It's a little

10 bit higher at full power, but you don't have the decay

11 heat component as well.

12 DR. WALLIS: The fuel is a lot hotter.

13 MR. BESSETTE: Yes, but if you look at the

14 total system energy at hot standby versus full power,

15 it's not a lot different.

16 Decay heat is the more important factor

17 here.

18 MR. KIRK: Looking at the break location

19 effects, again, break outside of containment is -- I'm

20 sorry, is less severe than break inside of containment

21 because when you get the break inside containment you

22 have to shut down the RCPs and so you get faster

23 cooling in the primary.

24 Lack of feedwater isolation allows the

25 temperature to continue to drop whereas once you
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1 isolate the feedwater, the temperature starts to rise

2 again, so you're isolating there.

3 And then high head safety injection

4 throttling allow obviously the pressure to drop sooner

5 than it would if you didn't throttle.

6 However, not much of that matters at all

7 because from the fracture calculations we learned that

8 failures occur, if they occur, between 10 and 15

9 minutes into the transient. So going back, 10 to 15

10 minutes is 10 times 60, 600 to 900 seconds. So the

11 second tick mark here, about 1000 seconds, and if you

12 go back through these various effects, the only thing

13 that's happening out to 1000 seconds is the initial

14 cooling. So that means that break inside or outside

15 of containment is going to have an effect as that

16 affects the initial cooling rate, but not isolating

17 feedwater as is it included in our model can have an

18 effect because it's out beyond the time that the break

19 has occurred and similarly with high head safety

20 injection throttling, you're dropping the pressure,

21 but the event is over anyway from a fracture

22 perspective.

23 So that's a very important finding and

24 tends to mean that all these differences in plant

25 design, operator actions, automatic systems and so on
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1 don't really have a big influence on the through-wall

2 cracking frequencies, said the first secondary bullet,

3 but that things have changed the initial cooling rate

4 like the power level and break location can have an

5 effect on the through-wall cracking frequency albeit

6 minor.

7 So again, we've got several factors that

8 suggest the applicability of these results to PWRs, in

9 general. We've got intentionally conservative model

10 which we did not because we're nasty regulators, but

11 simply because we realize it didn't matter much

12 anyway.

13 We've got essentially no effective

14 operator action credits because all the operator

15 actions we've credited didn't happen until after the

16 break had occurred. And it's the rapid cooldown that

17 controls the vessel failure probability. It's so

18 rapid, it's in the conduction limited regime and that

19 really tends to mitigate plant specific factors. So

20 you've got big breaks, intentional conservatisms and

21 even with that, the failure probability is still low,

22 relative to all the primary side events.

23 DR. WALLIS: Why is there just one point

24 for Oconee?

25 MR. KIRK: Because Oconee never got --
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1 that's the Oconee 1000 BFPY analyses. All the rest of

2 the results are down here and they didn't even get on

3 the scale.

4 DR. BONACA: Why didn't they get on the

5 scale?

6 MR. KIRK: Because the embrittlement was

7 so low all the other analyses are down here.

8 DR. BONACA: Okay.

9 MR. KIRK: And the failure probability is

10 zero.

11 Differences from the previous analyses,

12 relative to our previous analyses that we presented in

13 February of 2003, we've got different numerical

14 results with the same general trends, relative to the

15 analyses that establish the basis for the current PTS

16 rule. In Oconee and H.B. Robinson, MSLB was the most

17 important transient, but that's because the medium

18 large break LOCAs and the stuck open valves weren't

19 modeled, so MSLB was pretty much all that was left.

20 In Calvert Cliffs, stuck open primary side

21 valves were modeled and found to be more important

22 than main steam line breaks consistent with these

23 analyses.

24 So now we move on to stuck open valves in

25 the secondary side. So steam supply system contains
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1 several valves to control the pressure. All those

2 valves have opening areas that are much, much smaller

3 than those in the main steam line which means the

4 depressurization rate is going to be smaller and the

5 cooling rate, consequently will be smaller. Other

6 than that, the progress of stuck open valve transients

7 on the secondary side is generally similar to MSLBs

8 with the notable exception that all the valves are

9 outside of containment, another factor that tends to

10 limit their severity.

11 As you can see I'm saying less about the

12 things that matter less.

13 Again, our model of stuck open secondary

14 valves is not a best estimate, motivated by the fact

15 that we thought it didn't matter. We tended to

16 examine bounding cases and also we'll point out that

17 the Palisades -- even though all of these analyses we

18 didn't do a very -- as refined an analyses as we did

19 say for primary side pipe breaks and stuck open valves

20 and Palisades was even less refined than Oconee and

21 Beaver Valley. In Palisades, more sequences were

22 binned together. We needed higher initiated event

23 frequencies as is shown here. And we made a

24 conservative selection of transients to represent the

25 bin.
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1 So that means you'll see some contribution

2 to the through-wall cracking frequency for Palisades,

3 but we believe that's because of the intentionally

4 conservative modeling, not because of anything that's

5 inherently bad to Palisades.

6 Let's see, effects of valve opening area.

7 Okay, so in the following slides, we're going to look

8 at main steam line break transient for reference.

9 Then we're going to look at all secondary valves stuck

10 open, all together, and then one or two secondary

11 valves stuck open. So main steam line break for

12 reference. Here's the comparison of break inside

13 containment, break outside of containment and we've

14 got through-wall cracking frequencies in 10-5 to 10-8

15 regime.

16 overlay on that all main steam safety

17 valves stuck open. We get similar cooldown rate,

18 similar bottom temperature, somewhat lower through-

19 wall cracking frequencies.

20 And then with just one valve stuck open,

21 again, we're stretching out the cooling rate because

22 we're not depressurizing as fast and the minimum

23 temperature is going higher to the point where it just

24 doesn't matter.

25 So to summarize, stuck open secondary side
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1 valves, the through-wall cracking frequency

2 contribution, stuck open secondary valves is

3 negligible, except for that at Palisades where we got

4 a small percentage contribution, but we believe that

5 that contribution is due to the conservativeness of

6 the model, not due to anything in particular at

7 Palisades that makes it different.

8 Factors that suggest that these results

9 apply to PWRs, in general, is that we've got a --

10 we've intentionally done a conservative model and we

11 still get little to no contribution and that even

12 something as bizarre as sticking open all the

13 secondary side valves produces conditional

14 probabilities of failure that are truly negligible

15 relative to that produced by the dominant transient

16 classes.

17 Again, comparison with previous analyses,

18 no real differences from the results we presented you

19 before and relative to those analyses that established

20 the tech bases for the current rule, even though we've

21 done a conservative analysis generally. It's been

22 more refined than what was done before.

23 Okay, so now I've ignored all the other

24 transient classes, just pure overfeed, feed and bleed,

25 steam generator tube rupture and mixtures of failures
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1 in both primary and secondary system. In all cases,

2 a combination of low probability of occurrence and low

3 consequence combined to make the contribution of

4 transients in those classes to through-wall cracking

5 frequency either negligible or zero.

6 Now here's something we could argue a lot

7 about. So I'll put a big disclaimer on it to say that

8 this is an attempt to qualitatively collect together

9 in one slide in what my wife would call a garish color

10 scheme, all the information we presented in the last

11 two hours. So we've looked at the various transient

12 classes and looked at the factors that control the

13 transient severity, the cooling rate, minimum

14 temperature and the pressure and the transient

15 likelihood and just categorized whether those classes

16 of transients made large, small or essentially zero

17 contributions of the through-wall cracking frequency.

18 And you can pour over this and again,

19 these are judgments that are made relative to the

20 information we had before us and we haven't really

21 tried to do anything rigorous, but just tried to

22 condense the results in a form that hopefully

23 summarizes it all.

24 And I think main take away from this is

25 that of the various factors, the minimum temperature
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1 and the likelihood are the most important things.

2 Obviously, if things happen a lot, they're going to be

3 more important than things that don't happen a lot and

4 you need to go down to low temperatures to get failure

5 probability. Then the cooling rate is important and

6 then finally, pressure. But of course, it's the

7 combination of all these things that matter. But

8 again, we've said it before, primary side breaks and

9 stuck open valves that later reclose make up almost

10 everything that's going on. We've got a small

11 contribution to main steam line break because we've

12 used a conservative modeling approach and nothing else

13 matters.

14 So to put all that on one slide and

15 finally now compare the through-wall cracking

16 frequency attributable to the different transient

17 classes. And what I've done here is I've just drawn

18 upper bound curves to the plant-specific results in an

19 attempt to draw a comparison and we find -- we've said

20 all these things before. Primary side events matter,

21 main steam line break matters a little, but we believe

22 only because we've taken a conservative modeling

23 approach. If we were to refine that, I think you'd

24 see the contribution of main steam line break actually

25 go down quite a bit.
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1 And again, those -- the differences

2 between primary side and secondary side is mostly tied

3 up in the fact that you just can't drive the

4 temperature in the primary for a secondary side

S failure below the boiling point of water and remember,

6 all of these have in them the conservatism that even

7 if the break is in containment, we're boiling at 212.

8 This is a slide I used in the intro and I

9 think I said it all already, so I'll spare you me

10 going through it again. But I will focus on the last

11 one in that the next section we're about to go to is

12 what we call generalization. But I do want to point

13 out that even going through the plant-specific

14 analyses, we found factors that suggest strongly that

15 these analyses can be applied to develop a PTS

16 screening criteria that applies to PWRs, in general.

17 And that's because the transients that contribute the

18 most to the through-wall cracking frequency have for

19 all intents and purposes, similar occurrence rates and

20 similar severity across the plants, even though we've

21 modeled operator actions for the dominant transients

22 where they either have no influence or small

23 influence. The PWR designs are similar and we've got

24 a fair number of conservatisms left in our model.

25 DR. BONACA: Yes, I must say that I still
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1 have heartburn on this issue of secondary side breaks

2 for the following reason. We debated it a year ago,

3 again, and the issue that was driven home was a long

4 discussion on the emergency operating procedures, why

5 the operator would not allow the feedwater to continue

6 to run indefinitely.

7 We discussed at length all these issues

8 and those were central to why the main steam line

9 break had become the top dog in 1980, especially for

10 the BLM requirement, had become a no-nevermind issue.

11 Now today on slide 60 says Oconee MSLB was

12 most important because LOCAs and stuck-opens were not

13 modeled.

14 They were not modeled because they never

15 assumed isolation of main feedwater. They kept

16 feeding, they kept cooling, so they made a transient

17 which was very artificial. I agree with that. And

18 therefore they thought the LOCA will never be as

19 severe as that one.

20 So it wasn't they ignored. They simply

21 made the steam line break so severe, so limiting, they

22 couldn't make anything more limiting than that. And

23 that -- and so I listened to this presentation a year

24 ago and I bought it, I bought all these procedures,

25 isolation and so on and so forth. Now I'm told that
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1 that wasn't the issue. The issue is all PWRs behave

2 similarly and all you need is to look at the initial

3 cooldown and that's it. So there is a change in the

4 basis that you're presenting to me and it troubles me

5 a little bit.

6 I really would appreciate it if you would

7 look back in the record.

8 MR. KIRK: Okay, we'll do that.

9 DR. BONACA: To what was presented because

10 it's different from now and I think you have to have

11 a consistent basis for eliminating the most severe

12 transient that has caused 20 years of heartburn in

13 this industry from the board. That's gone.

14 And that's an important issue because if

15 it hadn't gone away, it would still be here giving us

16 problems.

17 Any way --

18 MR. KIRK: The staff can talk afterwards

19 and maybe we'll get a better answer to your question.

20 DR. BONACA: Sure. But again, all you

21 have to do is go back to the record and the

22 presentations we have. The gentleman, I can't

23 remember --

24 MR. KIRK: That was Alan Kolasckowski.

25 DR. BONACA: Exactly.
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1 CHAIRMAN SHACK: And it may be that he

2 included all that in his modeling, thought that made

3 the difference.

4 If you change something and you get a

5 difference, you assume that was the reason for the

6 difference.

7 MR. KIRK: I hope I'm correct in saying

8 that neither Alan nor I have said anything that's

9 wrong and I'm hoping that we're looking at two

10 different parts of the elephant and --

11 DR. BONACA: Maybe.

12 MR. KIRK: We'll try to get a response to

13 that tomorrow.

14 DR. BONACA: He clearly spoke of the B&W,

15 the Oconee plant and in fact, he spoke very clearly of

16 the operating procedures, interviews they had with the

17 operators, the training they're having and all these

18 things being affected negating the event that in 1980

19 became the basis for PTS concern. It was an B&W with

20 assumptions of no isolation of feedwater isolation

21 support.

22 MR. KIRK: I think in all fairness we did

23 mention at that time the fact that just from a

24 fracture perspective the secondary side events have to

25 be less severe simply because you can't go to a lower
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1 temperature.

2 MR. WHITEHEAD: Donnie Whitehead. Let me

3 see if I can answer that, your question a little bit.

4 I think part of what we're seeing here is we're

5 looking at two different aspects of the problems. I

6 think what Alan Kolasckowski was talking about was

7 that the frequency of the occurrence of secondary side

8 problems, main steam line break, if you account for

9 the changes in operational procedures and actually

10 give credit to the operators for being able to perform

11 some of the actions that they can and will perform,

12 that would tend to drive the frequency of the

13 occurrence of what we call the initiator for the PTS

14 bin, that would drive that down, but not only does

15 that happen. And we get lower frequencies than we had

16 originally from the original analyses. But I think

17 we've also found that from a fracture mechanics point

18 of view, we see that the events that are analyzed now

19 are not as important from a fracture mechanics point

20 of view as they were perceived to be during the

21 original analyses back in the early 1980s. And it's

22 the combination of those two that really make

23 secondary side breaks really particularly all that

24 important from a PTS point of view.

25 DR. BONACA: I'm only saying that I think
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1 you have to go back to the record to look at it

2 because I mean you can look around, all these issues

3 that come together, but the event that was the driver

4 of the analysis has been eliminated from the table.

5 And for good reasons, probably. But the reasons that

6 were presented a year ago are different from what I

7 heard today and so I want to make sure that since it

8 is a major step, I mean the very driver of all this

9 pain and suffering for the last 24 years has been

10 eliminated as the driver.

11 I think it's interesting that one of PR

12 comments was essentially focused on Rancho Seco. Why

13 is it gone? And you have some answers there which are

14 different from those even here.

15 But anyway, I think I have belabored that

16 enough, but I think it has to be looked at.

17 DR. NOURBAKHSH: We don't have a hard copy

18 of this presentation.

19 MR. KIRK: That's all right. It's a short

20 one.

21 okay, this is just the intro to what we've

22 called the generalization chapter or Chapter 9. The

23 question that we're trying to address is to what

24 extent can our detailed analysis of pressurized

25 thermal shock at these three specific plants be
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1 required to develop a screening limit that our

2 colleagues in NRR could use to apply, in general, to

3 assess all PWRs operating in the U.S.

4 So our methodology is to perform

5 sensitivity studies on our thermal hydraulics and PFM

6 models, both to assess robustness of those models and

7 to assess the applicability of those models to the

8 assessment of PWRs, in general.

9 We've also looked at plant design and

10 operational features of the three study plants that

11 are the key contributors to PTS risk and seeing how

12 those design and operational features either represent

13 or bound those features in the general PWR population.

14 And finally, we've looked at the question

15 of if there's a significant contribution to PTS risk

16 posed by external initiating events like earthquakes

17 and fires that we've ignored, and I'll spare you the

18 rest of the details because we just said it. But I

19 think it's also important to remember what we just

20 went through and that's that our baseline analyses is

21 already demonstrated that there are many factors that

22 suggest that our results should be expected to apply

23 to PWRs in general. And we've just gone over that.

24 So with that, by way of introduction, I'd

25 like to invite Dave Bessette up to do -- I think Dave
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1 is up first, PRA? Who ever wants to come up.

2 DR. WALLIS: This is on sensitivity

3 studies of thermal hydraulics? Is that where we are?

4 MR. KIRK: Yes. What's on the agenda? I

5 don't have the agenda in front of me. Okay, then it's

6 Don.

7 MR. WHITEHEAD: As Mark indicated what I'm

8 going to talk about is basically the generalization

9 approach that we used.

10 DR. WALLIS: Is this something we have in

11 the handout?

12 MR. ROSEN: It's on the disk they sent us.

13 DR. WALLIS: Which one?

14 CHAIRMAN SHACK: It's in the one with the

15 agenda on the cover.

16 DR. WALLIS: The one with all the pages is

17 in it?

18 CHAIRMAN SHACK: Yes.

19 (Laughter.)

20 DR. WALLIS: It's the second page one?

21 CHAIRMAN SHACK: Yes, the second page one.

22 DR. WALLIS: Generalization. I don't

23 like all these slides entitled judgmental analysis.

24 Maybe you'll explain what that means.

25 CHAIRMAN SHACK: We could be here for a
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1 long time once we hit those.

2 MR. ROSEN: Qualitative PRA.

3 MR. WHITEHEAD: The objective of the

4 generalization approach that we took was basically to

5 determine whether or not the design and operational

6 features that were key contributors to the risks that

7 we identified in the detailed analyses, whether or not

8 those would vary significantly enough amongst the rest

9 of the plants in the industry to whether or not --

10 whether or not they would vary enough such that what

11 we had identified from the detailed studies would no

12 longer be valid for the plants in general.

13 And we did this generalization work by

14 first of all identifying a set of PWRs that have, if

15 you will, they're close to the current rule, the

16 current screening baseline for PTS. And we wanted to

17 look to see whether or not those plants or at least a

18 subset of those plants, if we look at what was

19 important from the detailed analysis plants, whether

20 or not conditions, operator actions, temperatures of

21 various water injection sources, things like that,

22 whether or not they would vary enough that we could --

23 we would have a problem with any generalization plant

24 when it came to trying to extrapolate the results that

25 we had to determine for our plants that we had looked
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1 at in detail.

2 So what we did was we developed a

3 questionnaire that we asked various utility members to

4 provide us information from and for which we were

5 eternally grateful. It was one of the good things

6 about this process was the cooperation that we had

7 from the utilities and I believe it was EPRI who was

8 responsible for helping us to get some of the

9 information.

10 We used that information that we collected

11 from the questionnaires and analyzed it basically to

12 determine whether or not the results from the detailed

13 analyses would be applicable to the additional PWRs.

14 And we finally determined whether the generalization

15 plants could be bounded by the detailed analysis

16 plants.

17 This slide just basically gives you a

18 listing of the plants that we looked at, the ones that

19 we looked at, in detail are in blue; the ones that we

20 looked at from a generalization point of view are in

21 the - -I guess the yellow color. And you can see that

22 we have corresponding plants for each of the vendor,

23 NSSS vendor types. We have three Westinghouse and one

24 each for B&W and Combustion Engineering.

25 So we have plants that are similar from
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1 the NSSS vendor point of view and typically we try to

2 choose plants that were high on the parameter that we

3 used to identify the most important plants.

4 MR. ROSEN: Which was?

5 MR. WHITEHEAD: Which was at this point in

6 time, this was -- this list was generated

7 approximately two years ago was RTndt with an

8 irradiated shift of 40 degrees at -- I think this was

9 done at end of life, is that correct?

10 CHAIRMAN SHACK: End of license.

11 MR. WHITEHEAD: End of license.

12 MR. ROSEN: Wait a minute, RT, a positive,

13 ndt? That was the only criterion? It had to be

14 positive?

15 MR. WHITEHEAD: It's just a ranking.

16 MR. ROSEN: Okay, when I read that report

17 it didn't have all the plants, all the PWRs on it. It

18 only had like 30 of them.

19 MR. KIRK: That's because all the rest of

20 them were lower.

21 MR. ROSEN: Uh-huh.

22 MR. WHITEHEAD: Right. I'm just showing

23 you the ranking here, a list here --

24 MR. ROSEN: You're showing us a list

25 that's even abbreviated from the report list and the
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1 report list was incomplete.

2 MR. WHITEHEAD: That's correct. The

3 reason why we didn't show any of the ones below that

4 was because the lowest one that we looked at was

5 Oconee and the values that we were getting for Oconee

6 were -- from a through-wall cracking frequency point

7 of view

8 -- were extremely small and so it was felt that

9 looking at any plant that would be ranked below Oconee

10 would not give us any new and insightful information.

11 So we tried to pick our plants from the top portion of

12 this ranking because those are the most embrittled

13 plants, if you will.

14 MR. ROSEN: But all the rest of them will

15 still -- this will apply to generalized --

16 MR. WHITEHEAD: Yes. If we can generalize

17 to the ones at the top of the list, then the ones at

18 the bottom of the list should be no problem at all.

19 Basically, in the questionnaire

20 development, we used the insights that we gained from

21 our three plant specific analyses. We focused and

22 collected information on five general event types:

23 secondary breaches, secondary overfeeds, LOCA types,

24 PORV- and SRV-related events and feed and bleed

25 related events.
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1 We requested information on 28

2 generalization issues and we were able to obtain

3 information from that.

4 The process that we used was a two-step

5 process and it is truly a judgmental process. Step

6 one, we produced separate PRA/HRA and then TH

7 judgmental analyses for the information that we

8 obtained and then taking the insights that we gained

9 from that judgmental process, we combined them to

10 produce an overall observation and final conclusion as

11 to the generalization to all of the plants.

12 DR. WALLIS: What is a judgmental

13 analysis?

14 MR. WHITEHEAD: A judgmental analysis that

15 we used was basically to pull together the engineering

16 insights that we had gained from doing the detailed

17 calculations, doing the detailed probabilistic

18 calculations, the PRA calculations, the determination

19 of the frequency of each individual bin, determining

20 from a TH point of view the expected response given

21 the changes that we had based upon the information or

22 the similarity in response that we had given the

23 information that we obtained from the --

24 DR. WALLIS: So it's kind of

25 extrapolation?
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1 MR. WHITEHEAD: It's an extrapolation

2 where we didn't really actually go back and physically

3 run the analyses through the models, except for one

4 case. There was one case where we found that by a

5 combination of both frequency of the bin and the

6 thermal hydraulic response that we couldn't eliminate

7 that one and that one we actually did a surrogate type

8 of analysis on and we were able then to make a

9 judgment, a final judgment as to the importance of

10 that one, but I'll talk about that a little bit later.

11 But this is basically applying engineering

12 knowledge and judgment as to -- given that you have

13 the same types -- for example, for LOCA frequencies,

14 large and medium break LOCAs, the frequencies that we

15 used for the Oconee and the Beaver Valley analyses are

16 generic frequencies. We would expect there to be no

17 reason why those frequencies would be different from

18 one plant to the next. So therefore, we would

19 conclude that from a frequency point of view, all

20 large and medium break LOCAs should be the same

21 regardless of which plant you're looking at.

22 So it was those types of judgments and

23 analyses that were being done. Except only in the one

24 case did we do anything that was, if you will, a

25 detailed calculation.
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1 Let's go through each of the sets of

2 information that we collected. I'll talk about, first

3 of all, the PRA/HRA judgments that were made and then

4 I will go through the process that was used on the

5 thermal hydraulic side and then we will put together

6 both those and see what happens at the end.

7 For the secondary breaches, we had two

8 issues or actually we had only one issue where we

9 thought that there might possibly be some difference

10 between the plants. And this was issue 7 which is

11 basically the auto isolation of the turbine-driven aux

12 feedwater pump. This had the potential to be worse

13 for one of the generalization plants, the TMI plant.

14 However, when we combined that one

15 generalization issue with other issues that were

16 collected, Generic Issue 3 and 4 which are

17 respectively the procedures associated with secondary

18 breaches and the training associated with secondary

19 breaches, we felt that the importance of the potential

20 difference in Generic Issue 7 would be minimal. And

21 so therefore, from a PRA/HRA point of view, we don't

22 really expect there to be any real difference in the

23 secondary breach set of scenarios.

24 In the secondary overfeed, overfeeds and

25 the LOCA-related issues, these were really not PRA/HRA
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1 issues. They more or less dealt with the things that

2 would have affected the thermal hydraulics

3 calculations such thing as main feedwater and aux

4 feedwater capabilities, the nominal steam generator

5 inventory, the different feedwater temperatures that

6 could be introduced into the reactor vessel, things

7 like the injection temperature of the primary water,

8 recirculation temperatures, flows and pressures of the

9 injection sources. Those are not things that we would

10 have looked at from a PRA point of view, but they were

11 looked at on the thermal hydraulic side of the

12 analysis.

13 For the PRV/SRV-related issue, we had two

14 Generic Issues, 20 and 21; 20 being the number, size

15 and operational features of the valves, and 21, the

16 instrumentation indicating the status of the valves.

17 We found a potential difference there. We performed

18 some subsequent investigation and basically found that

19 the potential differences associated with Generic

20 Issue 20 which really affected the probability of

21 sticking open and subsequent reclosure of valve, we

22 found that we could resolve the issue and thus we

23 basically eliminated it from consideration. And so

24 the final judgment for General Issue 21 which is the

25 human error probability that's associated with the
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1 failure probability, the throttle high pressure

2 injection, we found that this possibly could have a

3 factor of at most about a factor of five higher than

4 the one that we calculated for Beaver Valley.

5 Basically, it came down to final -- this

6 one had to do with the fact that there was less clear

7 indication in the information that we got from Salem

8 that would lead us to believe that we would have the

9 same human error probability assigned to the

10 particular event, failure to throttle, than we were

11 able to assign for Beaver Valley.

12 For feed and bleed-related issues, the

13 only one that had any potential of being different

14 would be the one that has to do with the

15 unavailability of the aux feedwater or emergency

16 feedwater and this was only for Fort Calhoun and going

17 through the process of looking at the what the

18 differences were, we found that at most we might

19 expect that the unavailability for aux feedwater at

20 Fort Calhoun might increase by a factor of three.

21 Getting into -- looking at the information

22 from a thermal hydraulics point of view, it was

23 decided because -- well, the thermal hydraulics

24 analysis looked at this in a little bit different

25 light than the way we looked at it from a PRA point of
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1 view. And the reason for that was because it lent

2 itself better to collapsing some of the information

3 into a different grouping that we had actually

4 solicited the information from the utilities. And

5 this was based upon an examination of the dominant

6 types of scenarios that are important. We looked at

7 those in more detail than we did for the scenarios

8 that were less important.

9 The TH characteristics of the scenarios in

10 the group, we had to understand what was the

11 differences amongst the four groups that we collapsed

12 this into and we also had to understand the systems

13 and how those systems determine the downcomer fluid

14 temperature behavior.

15 Basically, we simply collapsed the five

16 general scenarios that we had into four. These were

17 the large break or large diameter pipe breaks, the

18 small and medium diameter pipe breaks, stuck open

19 valves in the primary system that reclosed and then

20 the fourth group were the main steam line breaks and

21 other secondary side failures.

22 Group 1, the large diameter pipe breaks,

23 we really found no differences in the plant system

24 designs that could cause significant differences in

25 the downcomer fluid temperature from a TH perspective.
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1 While it's possible that there will be some

2 temperature variations due to power level, these were

3 not necessarily felt to be particularly all that

4 important for these large diameter pipe breaks because

5 basically what happens with the breaks in this range,

6 they're sufficiently large such that the water that's

7 being injected into the system due to both the high

8 pressure and low pressure injection and the injection

9 from the safety injection tanks will basically largely

10 govern the downcomer fluid temperature.

11 So the injection of water from the higher

12 pressure and low pressure systems and the temperatures

13 associated with those injections that are important in

14 the large break LOCAs, as well as the fact that I

15 believe as was mentioned, we're in a regime where if

16 a blowdown is happening so fast that we're conduction

17 limited in our cooldown.

18 The small and medium diameter group, Group

19 2, the conclusions that we reached for this one is

20 that all generalization plants should basically have

21 depressurization in cooldown rates that are comparable

22 to their corresponding detailed analysis plants.

23 Here, the points that are important there,

24 the break flow and the energy released through the

25 break will govern the rate of cooldown and
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1 depressurization. We do expect for the hot full power

2 cases, the rate of cooldown and depressurization would

3 be slower for reactor systems that operate at a higher

4 thermal power than those that operate at a lower

5 thermal power.

6 However, it's important to note that the

7 flow capacities of the injection systems, the high

8 pressure injection systems, particularly at Fort

9 Calhoun, which has a lower thermal rating than its

10 detailed analysis plant, Palisades, is only half the

11 flow capacity. So we have less energy, but we also

12 have less flow from the systems that are important to

13 determining the cooldown rates.

14 And differences in cooldown and

15 depressurization rates should have less of an impact

16 on the downcomer temperature if the transients begin

17 from hot zero power conditions than they would if they

18 began at hot power.

19 Okay, now feed and bleed LOCAs and LOCA is

20 in quotes here, should have thermal hydraulic

21 behaviors that were similar to the smaller end of the

22 pipe break LOCA category, if you will. So we were

23 able to collapse the feed and bleed LOCAs into this

24 group here and the same things that we've said about

25 the pipe breaks above would be characteristic of the
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1 feed and bleed LOCAs here also.

2 Group 3, stuck open valves and a primary

3 that reclose. Basically, we found that all

4 generalization plants, except for Fort Calhoun, will

5 be warmer than their corresponding detailed analysis

6 plants. And we'll see that Fort Calhoun showed up

7 both here and at TH and it also showed up in the

8 fracture -- the PRA part of it. This is the one that

9 we had to look at in more detail.

10 Group 4, main steam line breaks and other

11 secondary side failures, basically, here for the steam

12 line breaks, the generalization plants should be

13 warmer or about the same as their corresponding

14 detailed analysis plants. For simple overfeeds, the

15 plant-specific analyses show that PTS challenges, that

16 the PTS challenge associated with completely filled

17 steam generators is not significant and that's

18 something that Mark has already alluded to.

19 These types of events, where we just had

20 simple overfeeds, are just simply not important to the

21 analysis.

22 Okay, if we combine both the PRA and the

23 thermal hydraulics observations that we had for each

24 of the groups, for Group 1, we found that there were

25 no real differences expected from a PRA/HRA point of
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1 view. And effectively, that there would be no

2 differences from a TH point of view. We conclude that

3 the generalization plants could either be bounded or

4 represented by our detailed analysis plants. We found

5 nothing to indicate that there would be any real

6 differences for the larger diameter pipe breaks.

7 For Group 2, from the PRA/HRA perspective,

8 no real differences were found. We did find that for

9 the feed and bleed LOCAs, the only difference that

10 might affect the frequency for the Combustion

11 Engineering generalization plant. However, this

12 difference was estimated to be only about a factor of

13 three higher for this particular type of scenario.

14 And it was judged that this factor of three increase

15 wouldn't really affect the overall generalization of

16 the plants based upon the detailed analysis results

17 because feed and bleed LOCAs in our detailed analysis

18 just simply were not particularly all that important.

19 And so even if you increased them by a factor of

20 three, it's not important to begin with, raised by a

21 factor of three is still not going to be particularly

22 all that important.

23 From the TH perspective, all

24 generalization plants should have depressurization and

25 cool-down rates that are comparable to their
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1 corresponding detailed analysis plants. Thus, we

2 would conclude that again, the generalization plants

3 can be bounded by what we -- the information that we

4 have on our detailed analysis plants.

5 Group 3, this one was the interesting one.

6 This one posed the most challenge for us. From the

7 PRA perspective, we didn't find any real difference in

8 the way the accident scenarios could progress.

9 However, we did find that we could have a frequency

10 difference associated with the Westinghouse plant that

11 we looked at, the generalization plant Salem. There

12 could be a factor of five increase associated with the

13 frequency.

14 The importance of this factor of five

15 increase was approximated by taking the detailed

16 analysis plant, Beaver Valley, modifying the failure

17 probability for that particular basic event in the

18 model, requantifying the results. Once you do that,

19 the total point estimate for the Beaver Valley

20 increases by a factor -- 2 percent change. So we

21 didn't -- there was really nothing important there.

22 However, for Fort Calhoun, it was

23 initially a different story. We had both -- for Fort

24 Calhoun, we had an expected downcomer temperature that

25 could be colder than its corresponding detailed
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1 analysis plant at Palisades.

2 We performed a surrogate analysis using

3 the Palisades model and overlaid on the Palisades

4 model the differences in the size of the valves and

5 the differences in the flow rates of the injection

6 systems.

7 Because what we had here was -- we had a

8 case where Fort Calhoun, which is a plant that has a

9 lower thermal rating than its corresponding detailed

10 analysis plant, happened to have larger SRVs so if --

11 than the detailed analysis plant. So if a valve at

12 Fort Calhoun were to open, one would rightfully expect

13 that the cooldown rate would actually be worse for

14 Fort Calhoun than it would be for Palisades.

15 Since the stuck-open valves that reclose

16 was one of the important groups that we had identified

17 from the detailed analysis, we felt it prudent to do

18 a surrogate analysis where we took the Palisades

19 model, modified it to reflect conditions that, you

20 know, we might expect from Fort Calhoun, and then

21 propagate that TH information through FAVOR, again

22 using the Palisades -- the Palisades model in FAVOR

23 and see what would happen with the conditional

24 probability of through-wall cracking.

25 What we found out was that, yes, indeed,
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1 if you look at this particular analysis here for this

2 -- for this set of conditions, that it's having a

3 larger stuck-open valve that subsequently recloses --

4 we found that you could result in much higher through-

5 wall cracking frequencies for Fort Calhoun than you

6 could for Palisades for the same sequences. In some

7 cases, many orders of magnitude greater.

8 However, if you put it all together, the -

9 - in an absolute sense, the through-wall cracking

10 frequency was still low in the approximately 10-8 so,

11 you know, in the end even though you could have some,

12 you know, quite large difference between, you know,

13 one plant and the other, the absolute value, the l0-'

14 value is still low and so basically we assumed that

15 Fort Calhoun can be bounded by Palisades.

16 Group Three -- well, basically, this --

17 that's what I just said. You know we could combine

18 both the PRA for Salem and the thermal hydraulics part

19 for Fort Calhoun -- we basically think that, you know,

20 the plants can be bounded.

21 For Group Four, no real differences from

22 a PRA/HRA perspective. From a TH perspective, we

23 expect that we can bound these. The worst is that the

24 temperature, the downcomer temperatures would be about

25 the same, however, in some cases they could actually
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1 be warmer than the temperatures that we calculated for

2 our detailed analysis plan.

3 Okay, this all put together is looking at

4 both the PRA and the HRA part of it, considering what

5 we did with the Group 3 for the stuck-open valve that

6 could reclose case. Overall conclusion is that the

7 generalization results indicate that our detailed

8 analysis plants can be used to bound the

9 generalization plants that we looked and thus, by

10 inference, all of the remaining PWRs because the ones

11 that we looked were typically the highest ones on the

12 list and so if we can bound those, then we would

13 expect to be able to bound the ones that would be

14 lower on the list.

15 DR. BONACA: I have a question on the HRA.

16 MR. WHITEHEAD: Okay.

17 DR. BONACA: I mean I have already spoken

18 enough about system differences and I must be coming

19 from a different perspective, but the HRA also is an

20 issue, it seems to me -- we talked about the fact that

21 some B&W plants do not have automatic isolation of

22 main feedwater, of steam -- steam isolation valves.

23 And they have to rely on operator action

24 to isolate a steam flow. And I think there are

25 differences of that kind on the feedwater side.
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1 We also know from presentation we had last

2 year that it was significant reliance on operator

3 action consistent with EOPs. I don't think that those

4 are true of other PWRs which are more automatic.

5 So I don't understand how we can conclude

6 that from an HRA perspective no differences were

7 found. I mean -- the significant differences between

8 operator action required in some plants and not

9 required in others, wouldn't it make a difference on

10 the HRA?

11 MR. WHITEHEAD: There obviously are

12 differences in the HRA values that would be estimated,

13 depending upon the different, let's say NSSS vendors.

14 What the generalization process did was look at what

15 was important and what the expected, if you will, HRA

16 human reliability estimates would be within a

17 particular class of plant, that is, if we wanted to

18 look at BNW, we looked at what did we know about the

19 plant that we looked at in our detailed analysis and

20 how did that compare with the information that we

21 collected from our generalization plants.

22 If in looking at that information we saw

23 no reason to see any difference in what we would

24 calculate for an HEP for the generalization plant than

25 we did for the detailed analysis plant, we concluded
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1 effectively there would be no real difference within

2 that plant.

3 Now that's not to say that, you know,

4 there might not be some actual real difference in the

5 human error probabilities that are calculated for B&W

6 versus Westinghouse versus CE plants. But within B&W

7 plants, we think that our detailed analysis plant

8 bounds the one that we looked at in the generalization

9 process.

10 Within the Westinghouse set of plants, we

11 believe that the detailed analysis plant that we

12 looked at bounds the -- I think it's three that we

13 looked at on the Westinghouse side, and subsequently

14 the same thing for the Combustion Engineering. So I

15 mean the generalization process tried to account for

16 the differences in the plants and looked at them

17 within NSSS vendor type.

18 DR. BONACA: But you say it does it by

19 inference that remind them of PWRs. You are making a

20 further step. You're saying that all PWRs pretty much

21 from the perspective of this concern behaves

22 similarly.

23 MR. WHITEHEAD: Again --

24 DR. BONACA: Or the conclusions that you

25 can draw is the same.
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1 MR. WHITEHEAD: The conclusion would be

2 the same within a particular NSSS vendor class and

3 since we believe that all three NSSS vendor classes

4 are bounded by what we did in the detailed analysis,

5 and we looked at the most important plants in the

6 generalization process, we would suspect that the same

7 would hold for any of the other remaining plants in

8 the various NSSS categories that what we looked at

9 would bound them.

10 DR. BONACA: The previous slide, what do

11 you mean the outcome of temperature -- if you could go

12 -- or warmer. At what time? The outcome of

13 temperature changes, as opposed to the transient, so -

14 _

15 MR. WHITEHEAD: Yes.

16 DR. BONACA: Are the same or warmer?

17 When? How? Where?

18 MR. WHITEHEAD: We would expect that the

19 trace, the time history trace that we would have for

20 the downcomer temperature for Westinghouse and

21 Combustion Engineering to be about the same as we had

22 for the trace we had for the detailed analysis plants

23 which, let's see --

24 DR. BONACA: Okay, I see what you mean.

25 MR. WHITEHEAD: And subsequently for the
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1 B&W plant, we actually expect that the trace would be

2 slightly warmer than what we calculated and looked at

3 in the detailed analysis plant.

4 DR. BONACA: So less severe?

5 MR. WHITEHEAD: Less severe, yes.

6 DR. BONACA: By the cooldown rate --

7 MR. WHITEHEAD: The cooldown rate would be

8 less severe, therefore, everything else being equal,

9 you would expect that fracture mechanics-wise, there

10 would be less of a problem for this particular case

11 here, would be less of a problem at the generalization

12 BWR plant than there would be for the detailed

13 analysis plant.

14 DR. BONACA: Thank you.

15 CHAIRMAN SHACK: Other questions? Allen,

16 I was going to suggest that everybody can be here

17 tomorrow, that we actually break at this point and

18 just finish up tomorrow morning. I think everybody

19 would be fresher in the morning.

20 MR. HISER: How much time do we have in

21 the morning?

22 DR. NOURBAKHSH: You have until 11:45.

23 MR. HISER: Because I'm looking at about

24 two hours yet today on the agenda and we had about an

25 hour and a half of the PRA or the peer review, so it's
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three and a half hours there. That would take us

right up to noon.

CHAIRMAN SHACK: Do you want to take

another half hour tonight then?

MR. HISER: I think we should probably get

done what we can tonight.

DR. WALLIS: What is next?

MR. HISER: Dave's -- sensitivity.

MR. BESSETTE: I can do it now since

you're all worn out and thermal hydraulic sensitivity

and then PFM sensitivity.

CHAIRMAN SHACK: We'll take on Dave, you

can take everybody tuckered out.

(Laughter.)

You don't want to do this the first thing

in the morning.

DR. WALLIS: He doesn't want to do it at

all.

MR. BESSETTE: You might have to help me

find my presentation on here.

DR. WALLIS: The last thing we hear before

dinner is what we remember.

(Laughter.)

MR. SIEBER: It helps us digest. More

acid.
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1 MR. BESSETTE: Okay, we did a fair number

2 of sensitivity studies, generally in part, motivated

3 by peer review comments, so this presentation also

4 relates to the last agenda item which is peer review

5 comments.

6 So these studies included heat transfer,

7 which I talked about earlier today. I'm not going to

8 go back to it again.

9 The cooldown rate sensitivity study also

10 combined heat transfer which I will talk about. We

11 looked at comparing 2D downcomer nodalization versus

12 iD downcomer nodalization.

13 MR. SIEBER: Dave, could you speak into

14 the mic?

15 MR. BESSETTE: I'll look at this print

16 instead of that.

17 MR. SIEBER: All right.

18 MR. BESSETTE: The 2D downcomer

19 nodalization versus iD and the use of damping in the

20 cold legs to counteract the numerical effects.

21 DR. WALLIS: Is this where you're going to

22 talk about momentum?

23 MR. BESSETTE: I'm going to touch on

24 momentum here, yes.

25 I just wanted to show this. This is a
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1 point similar to what Mark showed in his presentation.

2 This is a conditional probability of failure versus

3 break size and I just wanted to illustrate again the

4 fact that once you get beyond a break of about 6

5 inches, the CPF remains about constant after that.

6 And the breaks smaller than about six inches, you can

7 see there's quite a large sensitivity, about within

8 that break range. And this kind of -- we felt how we

9 subdivided our three basic categories of small breaks,

10 medium breaks and large breaks, into smaller

11 categories.

12 For small breaks, breaks less than four

13 inches, we represented that range by five individual

14 RELAP runs; four to eight inch by three or so RELAP

15 runs; and beyond eight inch by one RELAP run.

16 One of the points to make here is that it

17 certainly, from this, seems that you're reaching

18 asymptotic maximum of probability to vessel failure,

19 so in a sense you can bound your overall LOCA risk by

20 taking the LOCA probability which is about 10-3 times

21 the probability of vessel failure which 10- and you

22 get a bounding number of about l0-' for risk.

23 DR. WALLIS: You have pretty high LOCA

24 probabilities there.

25 MR. SIEBER: Yes.
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1 MR. BESSETTE: This is for the entire --

2 MR. SIEBER: All kinds of LOCAs.

3 MR. BESSETTE: All kinds of LOCAs and I

4 didn't check to make sure I have the latest. These

5 numbers, I think were accurate as of May. Okay, those

6 are the latest.

7 DR. WALLIS: The latest, large break LOCA

8 5 times 10-?

9 MR. BESSETTE: I think so.

10 MR. KIRK: Those are the same data that we

11 showed earlier. Check the slide.

12 MR. SIEBER: They can only use what's on

13 the record now as opposed to the proposed --

14 CHAIRMAN SHACK: It's a six-inch break.

15 DR. DENNING: What is "uncertainties are

16 bounded"? How are we supposed to really interpret

17 that?

18 MR. BESSETTE: Let's say for small breaks,

19 for example, the results can be sensitive to many

20 things include break size and so on. But these -- you

21 have uncertainties in very small numbers. You might

22 have a large uncertainty in a number that's very small

23 and so rather than worrying about each individual

24 contribution to uncertainty and say how do I know, you

25 know, how do I know that I know this, you can do
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1 something like what Graham proposed.

2 You know, why don't you just use an

3 infinite heat transfer coefficient and bound the

4 result? Well, I'm trying to say here is rather than

5 going into all the details of uncertainty, you can say

6 well, I'll just take this S on top of maximum for CPF

7 multiply it by our probability number and get a

8 bounding number for failure.

9 MR. SIEBER: But you don't know this

10 uncertainty in CPF.

11 MR. BESSETTE: What I'll show, we did a

12 lot of sensitivity studies in this range and nothing

13 seemed to affect the answer because again, the overall

14 event is so dominated by a large flows out the break

15 in the large ECCS flow.

16 DR. WALLIS: It depends what's in there.

17 I mean there's uncertainty in the flaw distribution,

18 things like that.

19 MR. BESSETTE: Well, this is looking at --

20 well, that's true. I think that's what's in here.

21 DR. DENNING: Are you limiting this to a

22 thermal hydraulic perspective in saying --

23 MR. BESSETTE: That's what I'm trying to

24 guess -- it's from a thermal hydraulic perspective.

25. The TH parameters that affect temperature and pressure
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1 and so on, the uncertainties in those parameters don't

2 seem to impact the probability of vessel failure.

3 DR. WALLIS: It's a very simple problem.

4 You just cooldown, you match the pressure pretty well.

5 And the conduction in the steel limits the thermal

6 shock.

7 MR. BESSETTE: Yes. That's the

8 implication is that we get down to a very simple

9 problem.

10 DR. DENNING: But then the part that isn't

11 in there is how well do we really know probabilistic

12 fracture mechanics?

13 MR. SIEBER: Yes, that's the next topic.

14 DR. WALLIS: We're going to get to that.

15 That's the bit that's going to keep us awake.

16 DR. DENNING: But then you're bounded by

17 that 10-4.

18 MR. BESSETTE: The peer review group liked

19 it a look so I thought I ought to show it to you guys.

20 We did sensitivity studies to look at the

21 cooldown rate and we took a stuck-open pressurized SRV

22 transient which is Palisades Case 65 and we

23 represented the cooldown rate by this -- you see the

24 simple exponential decay equation and this, by the

25 way, the Creare people did the same sort of thing in
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1 the early 1980s when they ran their experiments. And

2 they were able to fit their cooldown -- the cooldown

3 data to this thing --

4 DR. WALLIS: By varying beta?

5 MR. BESSETTE: By varying beta. So the

6 bottom line, I'll show you --

7 DR. NOURBAKHSH: That beta was inconstant

8 based on the flow and volume of the mixed volume.

9 MR. BESSETTE: Yes. Now I'll show you

10 what we did. But in fact, to show you again the

11 simplicity of the problem, you can represent the

12 system cooldown, whoops. If you don't want to use

13 RELAP, you can get the approximation of the system

14 cooldown by this equation.

15 This was a study we did. The curve that

16 has some --

17 DR. WALLIS: You can probably get a

18 solution to the temperature of transient in the steel,

19 too.

20 MR. BESSETTE: Yes. The curve that has

21 some squiggles to it is the actual RELAP 5

22 calculation, is beta value of -- here of 0.00029 is

23 the best fit to the RELAP calculation and using that

24 as a basis, we varied the value of beta in both

25 directions. To get a spread and cooldowns that
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1 encompass the uncertainty in the RELAP predictions of

2 temperature that I showed earlier, the RELAP had an

3 accuracy of seven degrees Fahrenheit and a standard

4 deviation of 18 degrees Fahrenheit. So I had a 2

5 Sigma level, this range encompassed that uncertainty.

6 DR. RANSOM: Dave, I have a question.

7 What information is fed to FAVOR to determine the

8 possibility of vessel failure from say the thermal

9 hydraulic calculations? I know you've said the heat

10 transfer coefficient and downcomer temperature, but

11 what about the distribution of temperatures through

12 the wall? Does FAVOR do its own conduction?

13 MR. BESSETTE: Yes, FAVOR does its own

14 conduction solution.

15 DR. RANSOM: Okay, so you trust the

16 gradients that are predicted, I guess.

17 I'm a little concerned about the kind of

18 nodalization they use for the vessel wall?

19 MR. KIRK: FAVOR has been benchmarked

20 against ABAQUS.

21 DR. RANSOM: Pardon?

22 MR. KIRK: FAVOR has been benchmarked

23 against ABAQUS and reported as a NUREG CR.

24 DR. RANSOM: Okay, good.

25 CHAIRMAN SHACK: There's one calculation
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1 one probably believes is the heat conduction in the

2 metal, right?

3 MR. BESSETTE: So using a family of

4 curves, we got -- on top of that we vary heat transfer

5 coefficient by factors of 0.7 and 1.56.

6 DR. KRESS: Those seem like strange

7 numbers to me. Is there a basis for that?

8 MR. BESSETTE: The 0.7 comes with the same

9 basic uncertainty of plus or minus 30 percent that you

10 often see for heat transfer. The 1.56 is 1.2 times

11 1.3. So what it is is the -- if you remember, I said

12 that the Petukhov-Catton gives about a 20 percent

13 higher heat transfer than RELAP, so if I introduce

14 this 1.2 assay as a bias, and then put an uncertainty

15 on top of that, that's where the 1.56 comes from.

16 DR. WALLIS: These numbers aren't very

17 impressive. In the previous slide you said an order

18 of magnitude change?

19 MR. BESSETTE: Yes, I wanted to point that

20 out.

21 DR. WALLIS: The previous slide you've got

22 an order of magnitude change. What was the one that

23 said there was an order of magnitude change?

24 MR. BESSETTE: Yes, okay, for the range of

25 cooldowns we looked at which is on the following slide
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2 DR. WALLIS: This is such a big effect.

3 MR. BESSETTE: We see a variation in CPF

4 between --

5 DR. WALLIS: Factor of 10 from these

6 transients?

7 MR. BESSETTE: Between this bottom curve

8 and the top curve.

9 DR. WALLIS: Factor of 10?

10 MR. BESSETTE: It's a factor of 10.

11 DR. WALLIS: But some transients are much

12 steeper than that.

13 MR. BESSETTE: I wanted to show --

14 DR. WALLIS: Maybe that's what it is.

15 MR. BESSETTE: I wanted to show this to

16 show -- again, to illustrate which I've been saying

17 here and there is that the cooldown transient is more

18 significant than the uncertainty in the heat transfer

19 coefficient.

20 That's why I keep saying in terms of

21 ranking these three parameters as temperature,

22 pressure and then heat transfer coefficient.

23 DR. WALLIS: Assuming that one of those

24 equations is really relevant to predicting heat

25 transfer.
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1 MR. BESSETTE: We also looked at the use

2 of the 2d downcomer nodalization.

3 DR. WALLIS: See, that's the thing that's

4 missing from all. I'd like to see a comparison

5 between these heat transfer correlations and some data

6 for downcomers.

7 MR. BESSETTE: Certainly, there's been

8 comparisons done by Dittus-Boelter with heat -- this

9 type of data which shows good agreement. So RELAP in

10 Dittus-Boelter, they say well, there's no reason to

11 disbeleive RELAP as long as RELAP calculates are

12 anything else correctly. What does it need to

13 calculate correctly? You need to calculate

14 temperature and velocity. Fluid temperature and

15 velocity.

16 DR. WALLIS: Velocity is an average over

17 the whole downcomer.

18 MR. BESSETTE: That's for sort of higher

19 flow rates. Once we get into stagnation, velocity is

20 not even there any more.

21 DR. WALLIS: It predicts no heat transfer.

22 MR. BESSETTE: It's basically temperature,

23 it calculates wall temperature and fluid temperature

24 and it calculates the thermal physical properties from

25 the temperatures.
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1 So in a downcomer issue is RELAP being a

2 one-day code doesn't have cross flow momentum.

3 DR. WALLIS: I think if you put it in, you

4 get into trouble.

5 MR. BESSETTE: So again, we use the same

6 set of 12 Palisades transients I've been talking about

7 and we compare the iD model with the standard 2D model

8 that we use for all the calculations.

9 DR. WALLIS: Is this the one where you put

10 momentum in. You've got a fluctuation of a factor of

11 10,000 or something? Is there some enormous -- where

12 did I read that? In the report, summary report?

13 MR. BESSETTE: I'm not sure.

14 DR. WALLIS: The APEX report.

15 MR. BESSETTE: When we compared to lD

16 results with the 2D results, what is that for a hot

17 side break, for a hot leg breaks, main steam line

18 breaks, we got similar values for a CPF between the

19 two sets of calculations.

20 For the cold leg breaks, we found the

21 lower values of CPF using iD downcomer compared to the

22 2D and I attribute that difference to the difference

23 in the calculated EEC bypass, the iD downcomer has a

24 tendency to bypass more of the flow from the impact

25 cold leg, out of the broken cold leg.
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1 DR. RANSOM: When you say ID, you mean 5,

2 6 stack sources as one?

3 MR. BESSETTE: That's right, one single

4 channel for the whole downcomer versus parallel

5 channels.

6 So we no disadvantages in using a 2D and

7 we see -- we did comparisons with terminal data. This

8 is the same LOFT experiment I showed earlier. The 4-

9 inch cold leg break. It shows the results for ID and

10 2D downcomer.

11 The black is the lD and you see on average

12 it's somewhat warmer than the 2D. In fact, it's on

13 the average of about 10 degrees K warmer than the 2D.

14 If I've got this correctly -- the 2D is colder by 10

15 degrees than the iD.

16 So from that we think that the 2D

17 downcomer is appropriate.

18 DR. WALLIS: Is appropriate?

19 MR. BESSETTE: Is appropriate. Is

20 appropriate to use a 2D downcomer.

21 DR. DENNING: Because it's more

22 conservative? Is that why you said it's appropriate

23 or you think that you've demonstrated that it shows

24 reality?

25 MR. BESSETTE: Well, I think, I'm
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1 convinced that the 2D downcomer is a closer

2 representation of reality than the 1D, particularly,

3 in particular for cold leg break.

4 DR. WALLIS: The test data are further

5 from it. The data must be wrong.

6 I thought all of this PVS analysis was

7 based on a lD downcomer?

8 MR. BESSETTE: No. We use a 2D.

9 DR. WALLIS: This was used in the stuff

10 that Mark was talking about? I thought that was a 1D

11 downcomer.

12 MR. BESSETTE: In all the comparisons I

13 showed earlier were all using the same -- a consistent

14 nodalization between experiment of facilities with

15 what we used for the plant models.

16 And all the statistics on the temperature

17 comparisons and pressure comparisons --

18 DR. DENNING: For the 2D model to have

19 lower values. Does that imply that there has to be

20 bypass, ECC bypass from an energy balance?

21 MR. BESSETTE: Well, you're always going

22 to get some bypass from the -- if you model each cold

23 leg individual which we do, this one cold leg is going

24 to have to break. So the ECC injection into that cold

25 leg tends to be bypassed, but you also tend to get
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1 some bypass from the three intact cold legs. You see

2 similar results between hot leg breaks because while

3 the ECC flow has to go through the downcomer to get to

4 the break, so it results in similar whether they use

5 the iD or 2D nodalization.

6 DR. RANSOM: Well, is a possible

7 explanation of buoyancy with the 2D downcomer, the

8 cold water tends to, by natural convection, reach the

9 lower parts of the downcomer?

10 MR. BESSETTE: I think that's part of it.

11 Yes, because you don't have that degree of freedom

12 when you just have a lD downcomer.

13 Another issue that arose early on, which

14 we noticed in the inial part of the study --

15 DR. WALLIS: Did the 2D downcomer predict

16 the thermal plumes that APEX measured the variation of

17 temperature around the downcomer?

18 MR. BESSETTE: Well, in general, we looked

19 at axial and circumferential variations in the RELAP

20 calculations and in the order of 5 degrees K or so.

21 DR. WALLIS: That was also measured in

22 APEX.

23 MR. BESSETTE: But that's what RELAP says

24 and then you say how close is RELAP to reality and

25 reality is as reflected in the experiments and we see
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1 basically --

2 DR. WALLIS: I saw the APEX report.

3 They've got these flumes. They've got temperature

4 distribution and they've got places which are called,

5 they're underneath the call letters, these plumes.

6 That's something that I didn't see compared with the

7 RELAP projection.

8 Then you'd say ah, RELAP is -- predicting

9 reality as you call it.

10 MR. BESSETTE: Well, this morning, I did

11 show comparisons of RELAP with APEX.

12 DR. WALLIS: The circumferential

13 variation?

14 MR. BESSETTE: Well, circumferential and

15 axial.

16 DR. WALLIS: Are you sure it's

17 circumferential?

18 MR. BESSETTE: Yes.

19 CHAIRMAN SHACK: But he showed the

20 stacking four together, right? You didn't actually

21 have a 360?

22 MR. BESSETTE: Let's see, in RELAP, I

23 think our APEX model was six channels, if I remember

24 correctly and you tend to get more distribution of

25 thermocouples. But we compared, tried to compare pick
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1 thermocouples that fell within particular nodes of

2 RELAP for comparisons.

3 DR. WALLIS: Six channels are supposed to

4 correspond to four coldlegs and two hotlegs?

5 MR. BESSETTE: I'm trying to remember.

6 Did we use a six channel? I'm trying to remember

7 everything.

8 I believe it was six channels to represent

9 APEX because it's four coldlegs and -- so while we're

10 waiting for that. The other thing we were concerned

11 about was we noticed the presence of recirculating

12 flows in the coldlegs when we were looking at Oconee.

13 And when you make a code model and you have two

14 parallel coldlegs those two coldlegs are identical.

15 We only see this in a situation where you

16 have like a two by four arrangement that you typically

17 have in B&W and CE and what you have in a situation is

18 you're connecting an outlet plenum of a steam

19 generator to a downcomer through two parallel paths

20 and as far as the code is concerned is identical

21 friction, identical elevations and so on. But then --

22 I guess I should have Vic explain this, but when you

23 go to the matrix solution you start at one spot and

24 you work your way around.

25 So because of round off errors, you start
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2 that exist that are induced by these small numerical

3 round offerors which tend to accumulate with each time

4 step.

5 DR. WALLIS: So you can flow it around

6 circular. It has no definite.

7 MR. BESSETTE: That's correct, yes.

8 MR. ROSEN: Perpetual motion.

9 MR. BESSETTE: Now the only way we found

10 how to deal with this is to put in damping to

11 counteract the numerics and so what we did was we

12 added damping at reactor coolant pump --

13 DR. WALLIS: This is the only place RELAP

14 does this, too, isn't it?

15 MR. BESSETTE: Certainly you have -- well,

16 I should also say that TRAC does the same thing. And

17 if you swap -- whatever your nodal scheme is, if you

18 just swap the nomenclature, the flow reverses.

19 DR. WALLIS: Solution scheme, it drags the

20 fluid around.

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

22 the only way to deal with it is when you get these

23 flows when there's no physical mechanism to -- where

24 there should be a recirculating flow. I mean what

25 starts to flow is solving things in one node. You
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1 build up a small physical difference like temperature

2 or buoyancy.

3 So you have a physical component to this,

4 but it's actually induced by the numerics.

5 We went back and looked at the 1984

6 reports. We found the same kind of behavior there and

7 they sort of noted it in passing, but didn't worry

8 about it.

9 So we added high loss coefficient and

10 reverse flow direction to provide damping.

11 And we did a comparison with experimental

12 data. This is data from APEX. This is the same

13 experiment I showed earlier today for a downcomer

14 temperature comparison and you can see the effect, we

15 put in the entire loss coefficient.

16 DR. WALLIS: It doesn't look important.

17 MR. BESSETTE: The green is a higher loss

18 coefficient and the red is without it.

19 You get maybe here it's -- it's 8 degrees

20 difference. And so it's not a big effect, but we

21 thought this could be a nonconservatism, so we decided

22 to get rid of it.

23 That's it for --

24 DR. RANSOM: This only occurs, I guess,

25 when you have the 2D representation.
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1 MR. BESSETTE: Of the downcomer?

2 DR. RANSOM: Recirculation.

3 MR. ARCIERI: This is Bill Arcieri from

4 ISL. When we looked at the IPTS study, it was a 1D

5 downcomer.

6 You saw the recirculating flow for the 2-

7 inch break for Oconee.

8 MR. BESSETTE: So whether it was a lD

9 downcomer or 2D downcomer, it doesn't --

10 DR. WALLIS: I thought this was actually

11 seen in an experiment. Was it SPES or something where

12 they actually had a recirculation?

13 MR. ARCIERI: MIST had it.

14 MR. BESSETTE: That's a funny thing.

15 There was actually a MIST experiment that showed a

16 recirculating flow. But it's because there's so much

17 heat loss in the cold leg and MISt that the flow

18 didn't have to go to the steam generator. There was

19 the cold leg acted as a heat exchanger.

20 That's the problem with very small

21 facilities. That's why in SPES they had more

22 temperature compensation for heat loss that their

23 actual decay heat was.

24 DR. KRESS: One way to deal with round

25 offerors is to increase the number of significant
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1 figures. Did you try that?

2 MR. ARCIERI: RELAP was already in double

3 precision.

4 DR. KRESS: It's already in double

5 precision.

6 MR. ARCIERI: That's as far as you can go.

7 MR. BESSETTE: But I guess -- you have a

8 numerical solution scheme. You have to keep an eye

9 out for --

10 DR. WALLIS: It's not a roundoff because

11 of the outgoing difference, something like that. It's

12 not a numerical thing.

13 DR. RANSOM: Well, you have to be careful.

14 When you ignore the momentum flux term you can

15 actually -- that can act as a loss actually. That

16 doesn't show up in the calculation, so it's a

17 nonphysical sort of thing. You're not satisfying the

18 energy equation.

19 MR. BESSETTE: That's it.

20 DR. WALLIS: So what's your conclusion?

21 What's the bottom line of all this stuff?

22 MR. BESSETTE: Well, the bottom, bottom

23 line for us is that in the end, we're not dealing with

24 a highly complex system. We're dealing with basically

25 a consummation of mass and energy.
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1 DR. WALLIS: What's the effect of PTS. Is

2 the message you're doing a few degrees here and there?

3 And the effect on the curves, certainly on the log

4 scale, it's almost invisible -- is that --

5 MR. BESSETTE: I think I showed some

6 examples. I showed for example that the cooldown rate

7 is more important than heat transfer co-efficient.

8 It's not to say that heat transfer coefficient has no

9 effect, but --

10 DR. WALLIS: But do we adjust the Kirk

11 curves that are 10.6? Do we put a fuzziness around

12 that of a factor of 10 or a factor of 1 or 2?

13 MR. BESSETTE: If you look at the dominant

14 character rates, you have basically medium and large

15 LOCAs which experience a rapid cooldown or rapid ECC

16 injection so it's basically being controlled by the

17 inflow and outflow of the system, dominating the

18 energy and inventory.

19 So those are temperature dominating,

20 temperature rate of change dominated. Then the other

21 class of events where these stuck open SRVS are

22 reclosed. There you have a fairly mild moderate

23 cooldown when can get pretty cold if it goes far

24 enough. But at the end, those tend to be pressure

25 dominated. What tends to dominate the transient is

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



340

1 the repressurization to the valve setting and the

2 valve setting is a pretty definite thing. At your

3 reset valve setting, if you don't throttle HPI.

4 So I think you can divide the total risk

5 base into these two groups of transients which I think

6 basically the behavior is pretty well -- can be pretty

7 well understood with thermal hydraulic behavior.

8 DR. WALLIS: What does it mean? I thought

9 this curve, it's a red curve and a green curve and a

10 green curve, all relative resofracture versus RT. How

11 much does this change that bottom line? Does that

12 make it very fuzzy or does it --

13 CHAIRMAN SHACK: He's off the Kirk curves.

14 Off in failure space.

15 DR. WALLIS: Yes, in failure space. Well,

16 maybe Mark can tell us. Does it make much -- how

17 fuzzy do these lines get when you do this?

18 MR. BESSETTE: Well, I think the best

19 indication of that is this --

20 DR. WALLIS: Not your curves, his curves.

21 The failures --

22 MR. SIEBER: Solid as a rock.

23 MR. BESSETTE: Within this kind of

24 variation we see a one order of magnitude.

25 DR. WALLIS: So that sounds significant to
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1 me. I mean we're talking about 10-5 instead of 106?

2 Which way does it go?

3 MR. BESSETTE: Well, I would say it's all

4 -- because we looked at so many transients, you see

5 all these effects are in there.

6 DR. WALLIS: I don't know what that means.

7 MR. BESSETTE: This, you recall is a

8 fairly slow transient. This is a stuck-open SRV.

9 It's a cooldown transient for a stuck open SRV that

10 recloses.

11 DR. WALLIS: He covers his uncertainties

12 by statistical approach and that's the whole idea of

13 his analysis for all the statistics and uncertainties.

14 And you just get one curve at the end of it. But now

15 you're introducing some new uncertainties are you?

16 MR. BESSETTE: Not exactly. I think this

17 is supporting --

18 DR. WALLIS: Where do you figure it into

19 his analysis?

20 MR. BESSETTE: He showed, for example, the

21 effect -- the temperature at closing the valve at 3000

22 seconds versus 6000 seconds.

23 That variation in the valve reclosure time

24 is more important than the uncertainty in the RELAP

25 calculations of downcomer temperatures. So I think
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1 again, this all kind of illustrates the fact that it's

2 really these boundary conditions about when the valve

3 recloses. We chose to categorize it and closes at

4 3,000 seconds, 6,000 seconds or never.

5 DR. WALLIS: But in all the statistical

6 treatments that he does, is this figured into it or is

7 this a separate thing?

8 MR. BESSETTE: Well, you know, the only

9 way thermal hydraulics is captured directly in the

10 bottom line which is the probability of vessel failure

11 is by individual RELAP calculations.

12 DR. WALLIS: Yes, with different plant

13 conditions.

14 MR. BESSETTE: Yes.

15 DR. WALLIS: Is that where we left areas

16 or the uncertainties in RELAP are not figured into the

17 __

18 MR. SIEBER: Each curve has a set of

19 uncertainties associated with it.

20 DR. WALLIS: RELAP is assumed to be

21 deterministic.

22 MR. BESSETTE: That's correct. Each RELAP

23 __

24 DR. WALLIS: Are you telling us here --

25 CHAIRMAN SHACK: But the RELAP boundary
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1 conditions are distributed things, so you get an

2 aleatory uncertainty, so it's the aleatory uncertainty

3 overwhelms the model uncertainty.

4 MR. BESSETTE: That's correct.

5 CHAIRMAN SHACK: He does capture the

6 aleatory uncertainty.

7 DR. WALLIS: Whatever applies.

8 CHAIRMAN SHACK: This is aleatory

9 uncertainty here. His next page has an epistemic

10 uncertainty in his heat transfer coefficient and he's

11 saying 1.38 is less than a factor of 10.

12 MR. BESSETTE: I couldn't have said it

13 better.

14 MR. SIEBER: Just capture that and say I

15 agree.

16 DR. DENNING: But the whole issue is have

17 you really bounded -- I shouldn't say bounded, but

18 have you really covered the true uncertainty range in

19 those epistemic uncertainties and I don't thin you've

20 developed a convincing argument that you have -- I

21 think you're right, but honestly, we don't trust 2D

22 RELAP through the comparisons between RELAP and at

23 least for the examples you're using here with the loft

24 one where you've done your sensitivity study but they

25 don't even look like the environmental results.
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1 I think there are serious concerns that

2 we're not really modeling accurately what's happening

3 in the downcomer and whether they have a big enough

4 effect to be greater than this kind of 30 percent type

5 of uncertainty that you're dealing with. That's the

6 whole issue.

7 MR. BESSETTE: Mark has some graphs that

8 showed the variations in temperature that you get for

9 different sizes of LOCAs and different times of valve

10 reclosure. And I think if you could put those side by

11 side you could see that the range of variation that

12 you get by changing the time at which the valve

13 recloses is much greater than these --

14 DR. DENNING: If you believe that heat

15 transferred the uncertainty and the heat transfer

16 coefficient is 30 percent, rather than a factor of 10.

17 MR. BESSETTE: All I can say is what heat

18 transfer models were in the code, but extensive work

19 to benchmark to assess those. It's correlated against

20 data.

21 DR. WALLIS: That's the flow in pipes and

22 things like that. It's now a downcomer with these

23 weird flow patterns and flumes and all that.

24 MR. BESSETTE: So really don't think

25 there's any question about the correlations that are
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1 in RELAP. You might say the uncertainty comes from

2 these, like you said, the secondary considerations

3 like well, in order a correlation to work properly,

4 what does RELAP have to calculate correctly? It's

5 things like Reynolds number which is velocity. So it

6 really has to calculate things like a fluid velocity

7 and a fluid temperature for the correlation to get the

8 right answer out of the correlation.

9 DR. DENNING: It's a question of flow

10 regime.

11 DR. RANSOM: What's more or less saving is

12 the fact that you're adding cold water at some rate

13 and it cannot instantly become cold. In other words,

14 it's not a step function type of thing. It's more of

15 a dilution curve like you're showing in these

16 parametric results and the rate of cooldown of the

17 vessel wall is related to that rate of drop in

18 temperature and the cooling medium.

19 MR. BESSETTE: If I can get the same

20 cooldown with this equation as I get with RELAP and if

21 I can also know that this equation is going to apply

22 to beta like Creare, how bad can RELAP be? If the

23 cooldown is basically a mixing cup analysis or a

24 backmix volume.

25 DR. WALLIS: See, I have a problem with
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1 this because the Dittus-Boelter flow in a pipe. It's

2 a straight pipe, flows down the pipe. It's a slope

3 flow. Now you're telling me it's a well mixed

4 downcomer and this is sort of an equation for a

5 stirred up downcomer. So I say how can you use heat

6 transfer coefficient based on a one dimensional flow

7 in a pipe to a mixed situation, where the mixing

8 itself is what's creating the heat transfer?

9 MR. BESSETTE: What RELAP has to get

10 corrected is the fluid temperature and the velocity.

11 DR. WALLIS: I don't understand. It's a

12 different flow pattern. A mixed downcomer isn't a

13 flow in the pipe, so Dittus-Boelter shouldn't apply to

14 it.

15 This idea, I forget the Russian's name --

16 MR. BESSETTE: Petukhov.

17 DR. WALLIS: That is a Reynolds analogy.

18 There's a friction factor there and again, it's based

19 on a one-dimensional sort of flow in the pipe. I get

20 the impression that things are going on with these big

21 eddies in the downcomer which are giving this kind of

22 mixing cup behavior. That's not what's in the heat

23 transfer models.

24 I think you have to somehow justify the

25 heat transfer models when the flow pattern of the
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1 downcomer isn't one dimensional flow in the pipe.

2 MR. BESSETTE: Well, I tried to indicate

3 this. This is a second order effect.

4 DR. WALLIS: We don't know that.

5 DR. RANSOM: A lot of this, I think

6 though, is resolved. You took the plus or minus 30

7 percent which is characteristic of what's been

8 observed when you use simple Reynolds analogy type

9 models like Dittus-Boelter and apply them to rather

10 complex situations. Typically, if you know more about

11 this system they can be cut down to less than that,

12 but plus or minus 30 percent, I think, pretty well

13 covers the spectrum other than boiling and phenomenon

14 of that type.

15 DR. WALLIS: It covers it for flow in

16 pipes, but this is --

17 DR. RANSOM: Well, it's used for flow --

18 it was originally for flow in radiators which are

19 pipes.

20 DR. WALLIS: What's the velocity when it's

21 doing something -- the fluid is going down here and up

22 there and around somewhere else. What's the velocity?

23 Dittus-Boelter is simply taking an average

24 velocity over the whole thing which is much less than

25 these local velocities.
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1 DR. RANSOM: I wouldn't argue that it's

2 correct.

3 DR. WALLIS: So you need some data for the

4 heat transfer in the downcomer.

5 I think you have from APEX.

6 MR. BESSETTE: Well, I can say Dittus-

7 Boelter has been compared with the Creare data.

8 DR. WALLIS: How about the APEX data?

9 Does Dittus-Boelter compare with the APEX data?

10 MR. BESSETTE: We didn't have good enough

11 wall temperatures in APEX to make a comparison.

12 DR. WALLIS: The whole idea of APEX was to

13 do enough heat transfer measurements to be useful for

14 PDS work. The whole idea of the experiment.

15 MR. BESSETTE: Yes, but --

16 MR. SIEBER: It failed.

17 MR. BESSETTE: Yes, they put in a lot of

18 money to instrument the vessel in an adequate fashion.

19 DR. RANSOM: I think one thing that I'd be

20 concerned about is they feed the heat transfer

21 coefficient in FAVOR. And I assume FAVOR wants the

22 heat transfer coefficient because it wants to know how

23 much of a gradient is initially produced in the vessel

24 wall and if you just let in the surface temperature

25 equal to the downcomer temperature which implies an
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1 infinite heat transfer coefficient, you break the

2 vessel because of thermal stress or at least track it,

K> 3 you know, initially. And so the results do seem to be

4 quite dependent on how big this heat transfer heat

5 coefficient is that you feed the FAVOR.

6 I don't have much grief with the downcomer

7 temperature. I think it's, just from a mixing cup

8 point of view, you can estimate that quite well, but

9 the heat transfer coefficient is more difficult.

10 DR. WALLIS: I thought it was so big that

11 heat conduction in the wall got --

12 DR. RANSOM: What?

13 DR. WALLIS: Weren't we told that it was

K> 14 so big the heat transfer coefficient and heat

15 conduction in the wall governed?

16 MR. BESSETTE: So like PO analysis.

17 DR. WALLIS: So it was like an infinite

18 heat transfer coefficient?

19 MR. BESSETTE: Yes.

20 DR. WALLIS: Suppose we wrote you a letter

21 saying all this is so uncertain that you ought to

22 assume an infinite heat transfer coefficient. Does

23 that really throw a wrench into the works?

24 MR. BESSETTE: We could do that. There's

K> 25 a study like that done by Terry, I think it was. You
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1 did a study, didn't you, about 1997? Do you want to

2 -

3 MR. DICKSON: Yes.

4 CHAIRMAN SHACK: You showed the 1997 study

5 with a factor of two above and below your best

6 estimate.

7 MR. BESSETTE: Yes. There's another study

8 I didn't talk about, but Terry did.

9 MR. DICKSON: I think there are a couple

10 of studies being talked about here. One study was

11 just to try to find the value of H, conduction

12 convected heat transfer coefficient at which it no

13 longer matters, at which point the stress becomes

14 esentotic and I wrote a letter report, I don't recall

15 off the top of my head, but I'm pretty sure it was

16 considerably higher than the values that we're

17 inputting into these analyses.

18 MR. BESSETTE: I think you were up to

19 100,000.

20 MR. DICKSON: If you made me quote, I

21 would say somewhere around 3,000, 4,000 English units.

22 DR. WALLIS: EDUs per hour per square

23 foot?

24 MR. DICKSON: Yes. Which typically, I

25 think, if you look at the input that RELAP puts out,
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1 that's typically a value at the beginning of the

2 transient, but it decays away pretty quick.

3 DR. WALLIS: That has sort of lost several

4 feet a second. It would seem that this has to be

5 somewhat crisper in terms of rationale and

6 conclusions.

7 MR. BESSETTE: You know, when you look at

8 this kind of result, for example, when you vary

9 increased heat transfer coefficient by a factor of

10 1.56, we get only a 1.38 change in CPF for this

11 particular family of curves.

12 DR. WALLIS: What we're saying is we don't

13 really believe 1.38. Maybe it should be five or

14 something. Maybe the heat transfer coefficient should

15 vary by 5, not by 1.56.

16 MR. BESSETTE: Well, you know, the impact

17 -- when we look at -- I can tell you that -- what can

18 I tell you? Under flow stagnation conditions,

19 Churchill-Chu gives a high value of heat transfer

20 coefficient than Dittus-Boelter, so you're not even

21 applying Dittus-Boelter.

22 DR. WALLIS: The same name, I suppose, it

23 gives you nothing.

24 MR. BESSETTE: You're not even using

25 velocity. We then compare that with Catton-Swanson.
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1 Catton-Swanson gives about 20 percent higher in the

2 end --

3 DR. WALLIS: Catton is based on data from

4 downcomers?

5 MR. BESSETTE: Based on his data from the

6 downcomer.

7 DR. WALLIS: So that's the most reliable

8 correlation, it would seem.

9 MR. BESSETTE: I think so. So if Catton

10 is 20 percent higher than Churchill-Chu, we stick that

11 in to RELAP, we show you the result. I don't know

12 what else we can do.

13 DR. KRESS: I think we need to see the

14 Catton --

15 CHAIRMAN SHACK: That's a fairly

16 convincing sort of thing. It's relevant.

17 DR. KRESS: Show us the test data and how

18 it was run to show we know it's relevant.

19 MR. BESSETTE: I'll give you the

20 references. Yet there's an EPRI report and there's a

21 couple of journal papers he did.

22 DR. WALLIS: Now what does he do, he

23 modifies someone else's correlation?

24 MR. BESSETTE: He puts a multiplier on

25 Petukhov.
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1 DR. WALLIS: Petukhov is very simple-

2 minded. It assumes you know the friction factor and

3 he uses Reynolds analogy, it looks like.

4 MR. BESSETTE: Yes, and he puts this

5 multiplier based on the ratio of Grashoff number over

6 Reynolds number squared.

7 DR. WALLIS: That's reasonable. So ratio

8 of convection to natural to force convection.

9 MR. BESSETTE: Yes.

10 CHAIRMAN SHACK: It's a transverse

11 gradient that he's worried about, right? Across the

12 channel. Is that --

13 MR. BESSETTE: Well, you get more of a

14 velocity rating across the channel under this opposed

15 flow conditions and since you increase the velocity

16 gradient, you're increasing the turbulent exchangers.

17 It gives you a heat transfer enhancement.

18 MR. KIRK: Is this the correlation where

19 we weren't getting stable results out of RELAP because

20 when velocity went to zero, the heat transfer

21 coefficient just bounced all over the place?

22 MR. BESSETTE: We made one attempt in May

23 which we then had or May or June time period which we

24 then had to go back because were getting too much

25 instability in the calculation. So we repeated that
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1 in the July-August time frame. That's what I showed

2 here was the --

3 DR. WALLIS: See, the problem I'm having

4 is you're telling us it's a well mixed downcomer. If

5 I had a pipe and I put in some dye or something, it

6 takes a while to get mixed in. I think it takes much

7 longer to get mixed in than you are mixing in your

8 plumes here.

9 So it appears there's some mixing going on

10 in the downcomer that's more effective than in the

11 pipe.

12 MR. BESSETTE: That's true. I think in

13 the pipe geometry you have more of a tendency to be

14 stably stratified. There's less mixing between the

15 hot layer and the cold layer.

16 DR. WALLIS: This mixing must be due to

17 turbulence which must somehow affect the --

18 MR. BESSETTE: You've got enhanced

19 turbulence in the downcomer.

20 DR. WALLIS: You can't have turbulence for

21 the mixing and not have it again for -- not have it

22 for the heat transfer, the two are really based on the

23 same physical phenomenon.

24 MR. SIEBER: Different orientation, so the

25 buoyancy is different.
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1 MR. BESSETTE: That's what -- Catton's

2 whole thing is you get enhanced turbulence which

3 increases the heat transfer.

4 CHAIRMAN SHACK: But there's clearly an

5 enormous amount of mixing that occurs just at that

6 entrance. As the flow comes in, it hits the flat wall

7 and does all sorts of strange things up there.

8 DR. WALLIS: Does it jump across and hit

9 the inside of a wall, the internal wall --

10 MR. BESSETTE: As best I can tell, the

11 size of the flow stream as it enters the downcomer is

12 about the same size as a downcomer gap.

13 DR. WALLIS: The question of the velocity,

14 does it --

15 MR. BESSETTE: Does it go? That's --

16 DR. WALLIS: Or does it just dribble down

17 the outside wall?

18 MR. BESSETTE: Does it come down in a

19 sheet? I think it kind of

20 DR. DENNING: COMMIX kind of indicated it

21 dribbled down.

22 MR. BESSETTE: I didn't put in that much

23 detail in the COMMIX calculation.

24 It showed us the mid-plane velocities.

25 DR. WALLIS: Well, I think you have
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1 condense all this detail into some really convincing

2 arguments for what's being used to make the

3 prediction.

4 CHAIRMAN SHACK: The Catton experiments

5 sound like a good place to start.

6 DR. WALLIS: This is a report we haven't

7 seen yet.

8 MR. BESSETTE: Well, I'll get copies to be

9 distributed, the EPRI report and the Journal.

10 DR. WALLIS: And I was concerned that

11 APEX, the whole idea of APEX was to do sort of

12 definitive experiments for PTS and they come up with

13 a report which has all kinds of interesting Star-CD,

14 beautiful pictures and stuff. There's nothing that

15 comes out of that which says CDS should use this heat

16 transfer coefficient, this correlation, this so and

17 so. It doesn't do that.

18 MR. BESSETTE: That's because it's very

19 difficult to merger -- I mean to get a good --

20 DR. WALLIS: If Star-CD can predict that

21 flow pattern and things, they can predict heat

22 transfer coefficient, can't they? They can be

23 compared with whatever you want to use. I don't see

24 the connection between the APEX report, which I read,

25 and what you need for your analysis here.
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1 There's all kinds of stuff about mixing

2 the HPI line and mixing in the cold leg, but you

3 haven't used that at all. You just used some

4 qualitative arguments.

5 MR. BESSETTE: I think the objective of

6 the experiment was to look at downcomer mixing.

7 DR. WALLIS: I thought the objective was

8 very clear. It was to give you what you need to do a

9 PTS analysis.

10 MR. BESSETTE: But we weren't intending to

11 look at total heat transfer problem.

12 I'm done. I thought I was done about 20

13 minutes ago, but it turned out I wasn't.

14 MR. SIEBER: You're not sure now either.

15 (Laughter.)

16 CHAIRMAN SHACK: I think we'll close it up

17 for tonight.

18 MR. SIEBER: Good idea.

19 (Whereupon, at 5:48 p.m., the meeting was

20 concluded.)

21

22

23

24

25
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Fundamental Assumptions (PRA)
(3.3.1)

* Two types -

* Typical PRA/HRA assumptions
" For example, actual plant system configuration Is represented

by the as-built as-Voerated documented information)
* PTS assumptions

v Made as part of the PTS analysis
V Consists of seven categories

1. Project execution
2. Possible PTS Initiating events
3. Scenarios development
4. Systems analysis

, S. Data
6. Human reliability analysis
7. PTS bin development

VG I

PRA PTS Assumptions

* Project execution
* Lessons learned from the 1st analysis'(Oconee) and

preliminary results from Beaver Valley and Palisades
probabilistic fracture mechanics calculations used to
simplify subsequent model construction.

* Possible PTS initiating events
* Anticipated transients without scram (ATWS)-

initiated scenarios were screened from the PTS
analyses based on the following:

V ATWS events generally begin with severe undercooling
(i.e., there is too much power for the heat removal
capability) and would likely involve other failures to
achieve an overcooling situation even if it were
possible to do so. - - - -

V ATWS frequency estimates in the E-51yr to E-6/yr
range combined with the need for other failures to
occur before an overcooling situation can occur should
make ATWS scenarios unimportant to PTS risk.

VG 2
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PRA PTS Assumptions (Continued)

* Possible PTS initiating events (Concluded)
* Interfadng system loss of coolant accidents (ISLOCAs)

were not analyzed.
V Could Involve overcooling from the start of the event.
/ However, significant ISLOCAs often fail, or are assumed to

fail, mitigating equipment In PRAs, which ultimately causes
an under-cooling event rather than an overcooling event.

* The factor used to adjust the full power frequency of
inadvertent reactor/turbine trips to hot zero power
conditions was assumed to be 0.2. All others were
adjusted by a factor of 0.02.

/ Review indicated that only reactor/turbine trips Initiators
more prone to occur at hot zero power (HZP) than at full
power.

V A factor of ten Increase in the likelihood of such trips while at
HZP was assumed.

V This resulted in the 0.2 multiplier (10 x 0.02).

VGI
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PRA PTS Assumptions (Continued)

* Scenario development
* Medium and large break LOCAs were modeled as

leading directly to a significant thermal transient
without the need to consider the response of
mitigating systems.

* The status of pressure operated relief valves (PORVs)
and safety relief valves (SRVs) on the pressurizer
(i.e., whether they were open or closed) was
assumed to be unimportant for small LOCA scenarios.

/ The pressure drop resulting from the LOCA initiating
event should preclude the demand to open a primary
side PORV or SRV.

* Certain systems, structures, and components (SSCs)
were not included in the PTS models (e.g.,
pressurizer sprays and heaters) because they
typically were found to have little impact on PTS risk.

VG4
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PRA PTS Assumptions (Continued)

* Scenario development (Concluded)
* The function of some SSCs was simply assumed for

certain scenarios.
/ For example, accumulators were assumed to inject

their inventory if conditions in the primary were such
that injection should occur-failure of accumulator
check valves was not modeled.

* The importance of when an operator action occurred
or when a piece of equipment changed state to the
degree of overcooling experienced during a PTS
scenario was recognized by the analysts.

V A limited set of Important operator actions (e.g.,
operator fails to throttle high-pressure injection) and
equipment state changes (e.g., stuck open pressurizer
safety relief valve recloses) were Incorporated into the
scenarios.

w s

PRA PTS Assumptions (Co'ntinued)

* Systems analysis
* Heating and ventilation failures ignored because of

the relatively slow effects on PTS relevant equipment
(e.g., failure of a pump due to room cooling failure
typically takes a few hours by which time the PTS

-event is most likely over).-;
Data
* Engineering judgment was used to estimate the

failure probabilities for some SSCs.
- These judgments were typically conservative (i.e., the

values were chosen such that potential PTS scenarios
would not be inadvertently eliminated).

VG6
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PRA PTS Assumptions (Continued)

* Human reliability analysis
* Pre-initiator human failure events (HFEs)

' Oconee and Beaver Valley
> Not modeled explicitly.
> Assumed to be induded in the Industry-wide data that was used

to model system unavailabilitles.
/ Palisades

> HFEs were left as-ls' (Iee the existing pre-initiator HFEs
Incuded In the Palisades IRA were not modified, they were
simply left In the model).

* The time at which operators perform an action
v Taken to be either the earliest the action can be performned or

the latest the action can be performed, whichever
exacerbates PTS conditions.

* Given the uncertainty associated with the various plant
conditions that could exist during hot shutdown some
human error probabilities (HEPsy were assessed'to be
greater than their corresponding full-power HEPs.

VG?

PRA PTS Assumptions (Continued)

* PTS bin development
* The large number of potential PTS scenarios (tens of

thousands) were assigned to a more limited number
of PTS thermal-hydraulic (TH) bins (tens) by analyst
judgment.

A If the analysts judged that a scenario's response would
be similar to an existing TH calculation, the scenario
was "binned" into the existing calculation's bin.

/ If the analysts judged that a scenario's response could
be sufficiently different from the existing calculations,
then a new TH calculation was requested, creating a
new bin.

Vc%
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PRA PTS Assumptions (Concluded)
(3.3.1)

* PTS bin development (Concluded)
* Typically, the analysts estimated the impact of the

various equipment and operator combinations on
two parameters

/ minimum downcomer temperature, and
/ primary pressure

* Minimum downcomer temperature was the most
important parameter used by the analysts to decide
whether an existing TH bin could be used or whether
a new TH bin should be created.

* If the analysts determined that a PTS scenario could
"fit" Into more than one TH bin having a similar
characteristic (i.e., minimum downcomer
temperatures approximately the same), the analysts
assigned the scenario to the bin believed to be more
conservative (i.e., the scenario was assigned to the
bin with the highest primary pressure).

Ws

5



Generalization: :Objective

To determine if the design and
operational features that are the key
contributors to PTS risk as identified
during the detailed analyses vary

- significantly enough in the larger
'population of PWRs to question the
applicability of our results'to PWRs in
general.

Generalization Process

* Identify a set of PWRs for which PTS may be
important (based on materials considerations)
and select a reasonable number to examine.

* Develop a questionnaire to elicit PTS-relevant
information.

* Analyze responses to determine whether
results from the detailed analyses are
generically applicable to the additional PWRs.

* Determine whether generalization plants could
be bounded by detailed analysis plants.

cz
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Identification of Plants Used in
Generalization Study
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Questionnaire Development

* Insights from the three plant specific analyses
used during the development of the questionnaire

* Information collected on five general event
scenarios
* Secondary Breaches
* Secondary Overfeeds
* LOCA Related
* PORV and SRV Related
* Feed and bleed Related

* 28 generalization issues (GIs) identified

VG4
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Analysis of Responses

A two-step judgmental analysis process used
* Step 1: Produce separate PRA/HRA and TH

judgmental analyses for the five general event
scenarios

* Step 2: Combine observations from Step 1 to
produce combined observations and overall
conclusion

. .

PRA/HRA Judgmental Analyses

* Secondary Breaches
* Initially, only GI 7 (auto isolation of turbine-driven

AFW pump) had potential to be worse for one of the
generalization plants (TMI).

* However, when GIs 3 and 4 (procedures and
training) are considered in combination with GI 7,
the importance of GI 7 is expected to be minimal.

* Secondary Overfeeds and LOCA Related
* The GIs for these two general event scenarios are

not PRA/HRA issues.t

3
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PRA/HRA Judgmental Analyses (Continued)

PORV and SRV Related
* Initially, aspects of two GIs (i.e., GI 20-number, size,

and operational features of valves and GI 21-
instrumentation indicatin qstatus of valves) were
found to be potentially different.

* Subsequent investigation found that the potential
difference associated with GI 20 (the probability of
sticking open and subsequent reclosure of a valve for
the Combustion Engineering generalization plant,
i.e., Fort Calhoun) could be resolved; thus eliminating
this GI.

* The final judgment for GI 21 (the human error
p robabillty [HEPJ associated with failure to throttle
nigh pressure injeion) was that the HEP at Salem
could be at most a factor of 5 higher than at Beaver
Valley.

lea7
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PRA/HRA Judgmental Analyses (Concluded)

* Feed and Bleed Related
* Only GI 25 (unavailability of AFW/EFW) has potential

to be different and then only for Fort Calhoun. Fort
Calhoun's unavailability could increase by about a
factor of 3.

wGe
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TH Judgmental Analyses

Re-categorized the five general scenarios into
four groups based on
* Examination of dominant types of scenarios in more detail

and less dominant scenarios more globally,
. The TH characteristics of the scenarios in the group, and
* The systems that determine the downcomer fluid

temperature behavior.

* The four groups include
- Large Diameter Pipe Breaks (Group 1)
* Small to Medlium Diameter Pipe Breaks (Group 2)
* Stuck Open Valves in the Primary that Reclose (Group 3)
* Main Steam Line Breaks and Other Secondary Side Failures

TH Judgmental Analyses. (Continued)

Group 1 (Large Diameter Pipe Breaks)
* No differences In the plant system designs found that

will cause significant differences in the downcomer
fluid temperature from a TH perspective.

v It is possible that there will be temperature variations
due to the power level (i.e., MWt).

V However, breaks in this range are sufficiently large
that the water Injected Into the system due to
combined high and low pressure injection and safety
injection tank discharge will largely govern the
downcomer fluid temperature.

VG 10
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TH Judgmental Analyses (Continued)

* Grou 2 (Small to Medium Diameter Pipe
Breaks
* All generalization plants should have depressurization and

cooydown rates that are comparable to their corresponding
detailed analysis plant.

/ Break flow and energy released through the break will govern
the rate of cooldown and depressurization in the reactor
system.

/ For hot full power cases, the rate of cooldown and
depressurizaton Is expected to be slower for reactor systems
that operate at higher powers and faster for systems that
operate at lower powers. (Note: the flow capacity of the high

ure injection pumps at Fort Calhoun Is about one-half
taofPalisades)

/ The difference In cooldown and depressurization rate should
have less of an Impact on downcomer temperature if the
transient begins from hot zero power operation.

* Feed and bleed ULOCAN scenarios have a thermal hydraulic
behavior that is similar to the small LOCA.

cai

TH Judgmental Analyses (Concluded)

* Group 3 (Stuck Open Valves in the Primary that
Reclose)

All generalization plants except Fort Calhoun will be
warmer than their corresponding detailed analysis
plant.

* Group 4 (Main Steam Line Breaks and Other
Secondary Side Failures)
* For steam line breaks or stuck open secondary side

valves, the generalization plants should be warmer
(or about the same) as their corresponding detailed
analysis plant.

* For simple overfeeds, the plant specific analyses
show that the PTS challenge associated with
completely filled steam generators is not significant.

VO 12
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Combined Observations

* Group 1 (Large Diameter Pipe Breaks)
* From the PRA/HRA perspective, no differences were

found.
* From the TH perspective, no differences were found.

V While some temperature variations could be expected
because of the initial power level, breaks in this range
are sufficiently large that the water injected into the
system due to combined high and low pressure
Injection and safety injection tank discharge should
largely govern the downcomer fluid temperature.

* Thus, we expect that the generalization plants can be
bounded (or represented) by the detailed analysis
plants.

,G ,3

Combined Observations (Continued)
* Group 2 (Small to Medium Diameter Pipe Breaks)

* From the PRA/HRA perspective, no differences were
found.

V For the feed and bleed "LOCAs,o the only difference
that was found affected the frequency for the CE
generalization plant (i.e., Fort Calhoun).

> It Is estimated that the frequency for these types of
scenarios could be higher by a factor of three.

> This factor of 3 Increase would not prevent the
generalizations plants from being bounded (or
represented) by the detailed analysis plants.

* From the T-H perspective (both pipe break and feed
and bleed), all generalization plants should have
depressurization and cool-down rates that are
comparable to their corresponding detailed analysis
plant.

* Thus, we expect that the generalization plants can be
bounded (or represented) by the detailed analysis
plants.,.

VG 14
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Combined Observations (Continued)

* Group 3 (Stuck Open Valves in the Primary that
Reclose)
* From the PRA/HRA perspective

/ Progression of the accidents scenarios should be the
same across all plants.

/ However, the frequency associated with these type of
scenarios could increase by at most a factor of 5 for
one of the Westinghouse plants (i.e., Salem).

' The importance of this factor of five increase at Salem
was approximated by Increasing the failure probability
assigned to the operator falls to throttle basic event in
the Beaver Valley model and requantifying the Beaver
Valley results.

v The total point estimate for Beaver Valley Increased by
a factor of 1.02; thus, we conclude that this difference
is unimportant.

VG is

Combined Observations (Continued)

* Group 3 (Stuck Open Valves in the Primary
that Recrose) (Continued)
* From the TH perspective

/ Only Fort Calhoun Is expected to have a downcomer
temnperature that is cooler than Its corresponding detailed
analysis plants Palisades.

/ Given the expected Fort Calhoun results, a surrogate analysis
was performed.

> This analysis used the Palisades TH model, adjusting the model
to account for the differences in thermal power to primary
system volume and size of the relief valve opening s).

> Results from the analysis indicated that Fort Calhoun would have
a lower downcomer temperature.

> The results from the surrogate TH calculation were then
analyzed using FAVOR and the Palisades embrittlement map.

> Results from the FAVOR calculation Indicated an Increase In
conditional probability of through-wall cracking.

> While this resulted in much higher TWCFs for Fort Calhoun than
for Palisades for the same type of sequence the TWCFs were still
small in an absolute sense (low E-08yr or tower range).

> These values are comparable to but not higher than the highest
TWCFs estimated for all types of sequences (LOCAs, SRV
openings, MSLBs, etc.), which are aso in the E-08/yr range.

/ Thus, Fort Calhoun can be bounded by Palisades.
sc ,.
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Combined Observations (Continued)!

* Group 3 (Stuck Open Valves in the Primary that
Reclose) (Concluded)

Combining perspectives from PRA/HRA and TH, we
we expect that the generalization plants can be
bounded (or represented) by the detailed analysis
plants.

I,1

Combined Observations (Concluded)

* Group 4 (Main Steam Line Breaks and Other
Secondary Side Failures)
* From the PRA/HRA perspective, no differences were

found.
* From the TH perspective, we expect that the

generalizations plants can be bounded (or
represented) by the detailed analysis plants.

A The downcomer temperature for the generalization
plants should be about the same (Westinghouse and
CE) or warmer (B&W).

VG ,.
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Generalization: Conclusion

(9.3)

* From these combined observations, the overall
conclusion we reach is that the generalization
results indicate that the TWCF estimates produced
for the detailed analysis plants are sufficient to
characterize (or bound) the TWCF estimates for the
five generalization plants, and thus, by inference,
the remainder of the PWRs.

s it
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Technical Basis to Support Revision
of the PTS Rule (1OCFR50.61)

> Sensitivity Studies, PFM (9.2, NUREG-1 808)

0* Mark EricksonKirk
- Materials Engineering Branch

ACRS Briefing
NRC Headquarters * Rockville, MD * 30t November & 15' December 2004
,G I

Objectives of PFM Sensitivity Studies

* Provide confidence in the robustnessof the PFM
model
* Sensitivity studies performed on credible alternative

models and credible input perturbations

* Provide confidence that the TWCF results for the
three study plants can be aeneralizedto apply to:
all PWRs
* Sensitivity studies performed to assess the influence

of factors not fully considered in our analysis of the
three study plants

VG a
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PFM Sensitivity Studies Performed

• Provide confidence in the robustness of the PFM
model
* Characterization of flaws that contribute most to TWCF
* Weld residual stresses
* Embrittlement transition temperature shift model
* Through-wall chemistry variability
* Crack face pressure
* Upper shelf toughness model

* Provide confidence that the TWCF results for the
three study plants can be generalizedto apply to
all PWRs
* Method for simulating increased levels of embrittlement
* Applicability to forged vessels
* Effect of vessel thickness

%GI

Flaws that Contribute the most to TWCF are ...

X a Very close
1 to the ID

so
6- I

ao 4

0.000 0.125 0.250 0.375
Percent Wall Thickness from ID

.
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Weld Residual Stresses

* Conservatively assumed to not be relieved by
through wall crack propagation.

• Removal of this conservatism alters TWCF < 1%0

6d* ...-. M a.. d.

.Z4

4

0 1 4 6 S 10
2 11D,-U.4. Fa PV b-rSfi. 0.)

VSC

Embrittlement Shift Model

* FAVOR adopts model proposed by Eason [2000]
rather than ASTM E900-02 standard

* Similar but not identical models

* Use of ASTM E900-02 model reduces TWCF by 3x

* New Eason model (not currently in FAVOR) closer
to ASTM E900-02 standard

006
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Through-Wall Chemistry Variability

* FAVOR re-samples weld chemistry at the 1/4, 1/2,

and 3/4 T to simulate the different copper content
possible on different weld spools

* Elimination of chemistry re-sampling increases
TWCF by -21/2x, on average

Crack Face Pressure

* Reviewer (Schultz) pointed out that FAVOR
inored effect of crack face pressure on crack
Trpivin force. This under-estimates the driving
force for through wall crack propagation.

* Crack face pressure loading added to FAVOR
* Increases CPTWC of SO-1 transients by 25-75%
* Increases CPTWc of non-SO-1 transients by 0-60/o
* Increases TWCF by at most 6%

Vsa
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Upper Shelf Toughness Model

* Reviewer (vanWalle) pointed out that FAVOR's
reliance on tenuous Charpy correlations to
estimate upper shelf toughness

* FAVOR modified to adopt a toughness-based upper
shelf model that does not use Charpy correlations

* Effect of model change on TWCF very small (<5%
change).

* Model change did eliminate predictions of failures
of vessel regions having low RTNDT

Simulating Increased Levels of
Em brittlement

11V1

* Realistic modeling reduces D . x
TWCF over realistic., *
lifetimes to E-9 range

* Need TWCF near LERF limit u.
(E-6) to establish screening N 2w-
criteria +

* Artificial means of
increasing embrittlement 1 - A

C Change chemistry - I
* Increase time 0 '
' Increase RTNDT(U) c -

* Time increase used o 50 1t0
* Time and exposure Increase In ReferenceTemperature

variables accounted for
explicitly in embrittlement from 32 EFPY Analysis [rF]
trend curve o-WCFFbioverEY Increae

* More conservative of the -_-TVCFFkio, Palisades, F lncrease
two options -- TMCFP at.Dver.RrWr(u)Irease

-&- TWCFF iob, Palisades. RtNVr(u) Increase
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Applicability to Forged Vessels

* All detailed study plants are plate welded vessels

* Axial weld flaws dominate the TWCF in these
plants

* Forged vessels have no axial welds, so TWCF
should be much less

* However, forgings have their own unique flaw
populations that need to be accounted for
* Forging flaws
* Subclad flaws

YGII

9J

Flaws in Forgings

Forging Flaws
* Based on destructive

evaluation of forgings
performed by PNNL
under NRC contract in
2002

* Similar morphology,
slightly greater density,
than plate flaws

Subclad Flaws
* Form preferentially in

certain forging
chemistries @ high
cladding heat inputs

* Dense arrays of shallow
cracks oriented
perpendicular to the clad
welding direction (axial)

* Density and depth
estimated from review
article [Dhooge 78]
* Density = 80k-flaws/m2

* All have a depth = 2mm

~G 12
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Models of "Forged' Vessels

* Used existing models for Palisades & for Beaver
Valley

* Assigned both plates and axial welds to have
material properties characteristic of forgings

* Properties of most radiation sensitive forgings
taken from RVID
* Sequoyah
* Watts Bar

VG 13

I Forging Sensitivity Study Results

Forging Flaws
* At high levels of

embrittlement (that in a
plate vessel would
produce TWCF close to
1E-6) the forged vessels
.have TWCF that is (on
average) -3% of that in
a plate vessel

* This reduction in TWCF is.
consistent with removing
the contribution ofaxial
weld flaws from the plate
vessel analysis

Subclad Flaws
* Over likely operational

lifetimes (32 to 60 EFPY)
the TWCF of a forged
vessel with sub-clad
flaws increases from
-0.2% to a18% of that
in a comparable plate
vessel

* Over longer operational
lifetimes a more detailed
assessment of a sub-clad
cracking prone vessel
would be needed to
ensure compliance with a
1E-6 limit on TWCF

VO 4
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PFM Sensitivity Study Summary

* TWCF predictions of PFM model as implemented in
FAVOR 04.1 robust to credible changes in sub-
models and credible input perturbations

* Applicability to PWRs in general. Two minor
provisos
* A plant specific assessment of a forging subjected to

sub-clad cracking would be needed to demonstrate
compliance with a 1E-6 TWCF limit should such a
vessel be operated for considerably longer than 60
EFPY

* The TWCF values of the detailed study plants is
systematically lower than that characteristic of the
three thick-walled PWRs at Palo Verde were the Palo
Verde PWRs subjected to equivalent levels of
embrittlement. However; the Palo Verde PWRs all
have very low embrittlement.

VG ,.
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External Events
(9.4)

* Approach
* Determine whether the contribution of external

events to total TWCF is greater than that
calculated for internal events (used CPFs for 60
EFPY)

* The analysis used is purposefullyconservative
to bound the TWCFs from such events.

VSpecific effects are plant-specific
VConsiderable resources would be needed to do

lant-specific analyses (cost not worth the benefit
if the conservative answer is acceptable)

* Conclusion
* Results show that the conservative external

events TWCF estimate is about the same as that
for internal events at 60 EFPY

sGI

Approach / Preliminary Findings

* Reviewed available analyses
e Calvert Cliffs PRA
* Sampling of IPEEEs

* Examined LERs of cooldown events
* The above suggest external events should be a

small contributor to PTS TWCF, but results
inconclusive

* Performed additional generic analyses on
three broadtypes of overcooling scenarios to
boundexternal event contribution to PTS
TWCF (due to seismic, fire, flood...)
* Loss of coolant accidents (LOCAs)
* Secondary anomalies or faults
* Co-existing LOCA and secondary faults

VG2
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Example Analysis: Seismic-Induced SLOCA

* Scenario: 2 cases considered
* Case 1: Assume SLOCA pipe break occurs at 0.3g HCLPF

(high confidence of low probability of failure)
V Review level earthquake (RLE) for most plants
V Hazard curve from H. B. Robinson yields frequency of seismic-SLOCA =

1.6E-4Iyr
* Case 2: Assume SLOCA pipe break occurs at O.5g HCLPF

V Typical of West Coast plants
/ Hazard curve from Diablo Canyon yields frequency of seismic-SLOCA =

SE-4/yr

* Frequency used
* Case 2 because it is higher

* Combined with highest CPFs for SLOCA at 60
EFPY

* Results are conservative because:
* Primary components typically have even higher HCLPFs
* Induced SLOCA probability assumed =1.0
* No credit for possible safety Injection system failures from

seismic event
Vz 3 * No credit for possible operator mitigating actions

Results for Pipe Break LOCAs

Scenario NlaembernrlEvettt blerm(FalItraEnt Adema BDen reC Event
(at Ful Poer) Fvq-rry (yEr) 60 Eo FaY Ijnirl Ennt FrtnMI Ewirt FtrTa Ewe;

IF LOCA u tp to3E5 up to7E-5 up to 2E19 <I 6 regbgbLe

McdiumLOCA upro6E.5 tupto6E-5 upto1E-9 <1&6 nefigble

SmlLOCA up toIE-3 tptolBS i ,pto E-9 5E-4 5F19

Scearino
(at I=

large LOCA up to5E7 C2E-3 <IE-9 C2E4 ngigiSble

NWdiumLOCA tiptoIE-6 <E13 <E-9 Cs rngEgible

SmnIILOCA upto2E.5 <IE-4 4E-9 1E-5 <E1-9

ec4
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Results for Other Primary System Anomalies
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Results for Secondary System Anomalies
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Combined Primary-Secondary Fault Events

* Only reasonable event is a seismic event
* Used highest seismic frequency

* Power = 5E-4/yr
* HZP = 1E-S/yr

* Used 0.1 probability of concurrent significant
secondary fault (e.g., multiple valve openings, pipe
break)

* Used worse case CPFs
* Power = 7E-5
* HZP = 2E-3

* TWCFs
* Power = <4E-9/yr
* HZP = <2E-9/yr

c 7

External Events: Results
(9.4)

' Total best-estimate TWCF from Internal
Events <2E-8/yr

' Total boundingTWCF from External Events
"2E-8/yr

* Conclusion:* ! *: a' .t :i;,' }

'.TUe External: Eventsontnbution to TWCF is not
.... .significantly'worse than that'fromn I'ntem'al '.
-. -; Events L X t,>-;.. - , F .* A ' - ;

* Consideri'ng the bounding nature:iof the External:
Events analyses, the External Events: .- '.
contribution is likely to be considerably lower-,
than theInternal Events contribution... -

vCa
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Risk-Informed Reactor Vessel Failure
Frequency Acceptance Criteria

N. Siu and M. Junge
United States Nuclear Regulatory Commission

P Office of Nuclear Regulatofy Research

11-30-04 ACRS Briefing -- Rockville, MD

VGI

Presentation Overview

* Key.activities
* Summary result and observations
* Peer review comments

V -.

1



R

Key Activities

* SECY-02-0092 (May 2002)
* ACRS July 2002 briefing
* Scoping study
* ACRS February 2003 briefing and letter
* Peer review

* Initial comments
* Final comments

V.3

Summary Result and Observations

Analysis supports an RVFF (defined as
TWCF) acceptance criterion of 1 x 10-6 /ry

* Consistent with RG 1.174 LERF criterion
* PTS events involve low stored energy in RCS =>

ECCS, containment isolation, and containment
sprays unlikely to be affected

* Conditional likelihood of large early release
(including air-oxidation events), given PTS-induced
RPV failure, is believed to be very low

* Changes to RPV embrittlement limits may affect
RVFF but are unlikely to affect the conditional
likelihoods of core damage or large early release

VG4
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Peer Review Comments

#9: Air-oxidation
- Use of resources
- Role of PTS project in establishing LERF guidelines

#10: Basis of TWCF acceptance criterion
- Reasonability of qualitative likelihood analysis
- Documentation

VG .

Backup Slides

3



II

RVFF Acceptance Criteria Options

* Definition
* RVFF a TWCF
* RVFF - VCIF

Numerical value
* 5 x 10-6/ry (current RG 1.154)
* 1 x 10-s/ry (RG 1.174 + Option 3, CDF focus)
* 1 x 10-6/ry (RG 1.174 + Option 3, LERF focus)
* <<1 x 10-6/ry suggested by the possibility of

significantly worse consequences for PTS events (as
opposed to other risk-significant scenarios)

Post-RPV Failure Scenarios Scoping Study

' Aimed to develop initial qualitative assessment.
* Structured to identify technical issues (most

important scenarios for the pilot plants).
* Identified PTS-unique physical mechanisms that

could lead to dependent failures of accident
mitigation features.

* Looked at difference between post PTS induced
RPV failure accident progression and progressions
with non-PTS core damage events.
* Air oxidation
* Blowdown forces
* Missile damage

VC S
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APET for PTS-Induced LER

* Most scenarios do not have LER potential
* Four LER scenarios identified as potentially more likely than others

* All Involve:
" Initial crack In an axial weld that propagates to the circumferential weld, then

Initiates a circumferential crack
v Blowdown forces above those anticipated for design basis accident

' Containment penetration failures due to RPV movement
" ECCS failure due to RPV movement.

* Variations:
/ Crack arrest and sze of hole
* Status of containment sprays

* Conditional probability ratings of these scenarios are very small to
extremely small.
* Containment spray operation Is not expected to be adversely affected due

to PTS event. I
* PTS scenarios Involve low RCS temperature, therefore the stored energy Is

low. -

* RPV movement due to blowdown forces is limited, therefore damage of
ECCS piping or containment penetrations Is not expected.

5
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. . . . . . . . . . . . . . . . .129-172. . .. .. .. .. .. .. . .. . 1912 See Sequences 13-50

173
RPV 174 y.

175
176 Y Y

a9 177

_178
179 Y Y

Y= ~182
184

l t _ 185
' 86 Y y
187

RPV I *18 Y,

189
190 y y. y

Ca'Aty 191
192

itude 1194 . y

RP 195 Y.

_197 y y Y
198
199
200 Y y y

Very Large
t'7M1000i

Y = yes
'Y" = yes, but reduced magni
' .=no
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Peer Review Comments and
Resolution (PRA)

(Appendix -B)

VG1

Comment #2 (Murley)
Comment

*What's clhan ed so adicallY since the 1978 Rancho seco
ovyircooling Ovent that we npw thirlhl such events are. not a
satsety coe argn amnq ~ttlats maniy aptvrimtary system breaks

Reply
- * Short Event Description

g pC power short - los of most control roomh
me on ana erronerus signals to e

Integrated xontroI system ICS) and reactor trip

: auxilary fe es ion by the ICS with
Th T 'Icogdo, icdaused sa qyfe, trf~fuation dTed I msr~e lni u and

bV t oth Ss.
V HPI flow restored pressure to 2000 psig.
V Oerators continued AFWIMFW/HPI due to

u gvaliable or suspect instrumentaion for one hour
and ten miutes

a ubsequent NR/RES anal seI had bd evsnt
happetnvd later in the Dlanrs liteanr a1 flaw ad
exisqe in e vessel, The vessel wou d ave falleJl

W2,.
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Comment #2 (Continued)

* Reply
Changes that reduce the perceived importance of the
even t

P Improvements to ICS designs (more fault tolerant)
> Redesign of the control room instrumentation

including more reliable level indications
> Improved operator training and procedures with

more emphasis on overcooking events
> Fracture mechanics calculations based on current

knowledge of thermal-hydraulic (T-H) conditions,
materials composition, flaw density and flaw
propagation-allowing a more realisic estimation
of the probability that such an event could result
In a through-wall-crack.

V All of the above reduce current estimate of the
importance of the Rancho Seco and similar events.

/ This does not imply that such an event is impossible,
just that its relative importance has been reduced.

VG 3

Comment #2 (Concluded)

* Reply (Concluded)
/ Sequences similar to the Rancho Seco (RC) event were

analyzed for Oconee (also a B&W plant)
> 1) a reactor/turbine trip,
> 2) one or two stuck open relief valves on one or

two steam generators (a little worse than the RC
event),

> 3) continued feed flow to the steam generators,
and

> 4) high pressure injection such that primary
pressure reaches the pressurizer safety relief set
point (a little worse than the RC event).

/ Recent conditional probability of failure (CPF)
estimates were zero even for the Oconee RPV
artificially at 1000 EIPY of operation.
Thus besides plant design and operation changes,
today's fracture mechanics calculations indicate that
such an event would not fail the vessel significantly
beyond EOL.

vc-
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Comment #3 (Murley)

* Comment
* The dominant contributor to TWCF for external events, a
- small LOCA caused by a seismic event, warrants a more

realistic analysis to judge the conservatism, If any, in the
-presumed bounding TWCF estimate of 3E-8 per year.

* Reply-
- Improvements made to Section 9.4 of the Engineering

Summary Report (ESR) providing clearer text and tables
* External event analyses are conservative for the reasons

'noted in the ESR (plant-specific analyses unnecessary [see
below] and too resource intensive),.

* Even with bounding results, the total PTS TWCF can be
approximated using just the internal event results.

* These bounding analyses are acceptable (i.e., final result
does not alter ability to relax PTS rule).

VG I

Comments #4 (Murley) and #16 (Schulz)

* Comment
* Sequences involvjing external fondiPg of the reactor Pressure

vessei cavity, whlctfoccure at inaian Point, were not
consi eren.

* Reply
* Review shows there is a much lower risic when compared with

the events evaluated as part of this project
V Water would contact the vessel Insulation first
v AS the water coptacts the area between the e gse and Insulation,

the hot air wou as the water to steam v 1 J.
v Atequil'brlur, an estimated temperature drop of 50OF between the

steam blank t and tne vessel pur aceiwoulexist vessei outside
surface temperature at an estimateizbZ°F.
r Werm temperatureand loler emaritled outside region of vessel

reue ;tnru wall cracK potenua
V External coolina produces a transient that, at worst, Is only as

severe as a marin steam line break.
- v Results sd)w MSLV transients to be much less severe than any

primary sl e transient.
* Conclusion: the risk of throuqb walLcnacking initiated by

pxternai cooling ot the vessel is suficlent y small that it can be
ignored.

3
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Comment #9 (Murley)

* Comment
Much less study of the consequences of RPV failure
accidents has been done than Is the case for core damage
accidents resulting from undercooling or ATWS events. As
a result the question arises whether vessel failure
accidents could lead to especially large early release
scenarios. In particular the AC.. has raised the issue of
potential Large Early Release Frequency (LERF) source
terms from air oxidation of fuel in some of the most severe
(and unlikely) RPV failure scenarios. I do not think it
would be a wise use of resources to mount a substantial
research effort to try to answer all the questions
surrounding air oxidation source terms. Perhaps a modest
expert elicitation task might produce a consensus on
bounding consequences of such scenarios. In any event
this P15 project is not the place to revise the Commission's
policy on LE RF guideline.

* Reply
* This was discussed at the May 10-12 2004, PTS peer

review group meeting. The NRC staff agrees with the
comment that the PTS project is not the best place to
establish the Commission's policy regarding LERF.

Comment #10 (Murley)

* Comment
* The staff makes a reasonable case that the conditional

probability of a large early release of radioactivity, given a
PTS-induced RPV failure, is small (less than 0.1) to
extremely small (much less than 0.01). Based on their
largely qualitative analyses, the staff suggests an
acceptance criterion of TWCF = 1E-6 / r-y or less. I expect
that the NRC staff will address this issue in the planned
Engineering Summary Report and Executive Summary
Report scheduled for April. I plan to comment further on
this issue in my final report after further review.

* Reply
* The staff discusses this subject in Chapter 10 of the ESR.

The 1E-06 was developed using current NRC guidance for
LERF in RG1.174.

VG I
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comment #15 (Schulz)
* Comment

* Main focus of the event sequences is a range of power
operation from zero power hot stand-by up to 100%0
power. Sequences which may result out of malfunctions or
wrong operator actions during start-up up to zero power
hot stand-by and cool down from zero power to residual
heat removal and test conditions are not included in this
study. The reviewer feels that additional justification is
needed in this respect

*Reply
* Involves situations pertaining to both low temperature

, over-pressure (LTOP) as well as at "hot, zero power"
(HZP), or nearly so, conditions.

* Regarding LTOP situations:
V LTOP involves scenarios with cold conditions In a

primary system that's closed.
/ Analyses forthose conditions are quite different from

the PTS analyses - outside the scope of this work.
V Separate programs deal with LTOP.

Comment #15 (Concluded)

* Reply (Concluded)
* Regarding HZP (or nearly so) conditions:,

V Our assumption that about 2% of the time (per year) is
spent at hot zero power should cover those situations
that are "nearly HZP" as well

> Our plant analyses suggest that plants are at HZP
' more In the range of limo to 1-1/2% of the year.
P By rounding up' to 20% we believe we have

bounded any ,near-HiP" transition states as well.
* Both of these Issues were 'discussed and (the staff

believes) satisfactorily resolved at the May 10-12, 2004
Peer Review Meeting.

OG 20
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Comment #24 (Johnson)
* Comment

* Sincethanayses will sultimte upport a recommendationfrnom t conside tion needsto he made as to
n uilInes or other standards it any, are to e

0 lowe ....
* Reply

* Seems to address requirements that future PRAs performedby
licensees need to meetari whaut requirments tle staff and
Its contractors met in teir own M1v r

/ Iunjeess' future PRAs and the extent PTS sequences need to be

> A RR pfitc iue perhaps to be addressed as part of the
ru fema ing acIon

>RES' role Is to Provid th risk-relatd a is for posilble
rui ma, not to set poilcy or conduct tu e ruema king
actson Itselr.

I Requirements met by the staff and its contractors
> jtartgdp(, before the Issuance of the ASME PRA

9 Project m, embe were aware of heonoingdevelopmentofthe standara 0 otner docu mens dInQ WIn PKA qualityed.I sude 1. 74) and are Pamlilar With the current
vandaRa ana

> While no Item-jiy-it vie of th ana Ises has beer)
condu a ti p Stadar webeliev th, in
gene n nt or e Stanard s been me;

sGcI

Comment #25 (Johnson)

* Comment
* Regulatory Guide 1.174 outlines a framework for

licensees to follow in formulating risk informed
requests. The purpose of RG 1.174, I believe, is to
provide a consistent framework for considering
potential plant or procedural changes that could
impact risk. The PRA work under review, in contrast,
considers a class of scenarios that may or may not be
included in the base PRAs. In any event, RG 1.174
provides a framework to consider changes in risk and
can be used as a guide, at least for scope and
content.

* Reply
* See reply to Comment #24.

9C 1I
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Comment #26 (Johnson)
* Comment

The PRA analyses estimate or bound the through wall crack frequency
(TWCF) due to thermal shock. RG 1.174 on the other hand uses
dhanges In the core damage frequency (YDFl and large eary release
.frequency(LERF) as surrogates to estimate the Impac on public health
risk

* I believe a discussion of the relation between TWCF and CDF and LERF
Is warranted. Small Increases In LERF will be viewed differently than
the same numerical changes In CDF.

* Does a through wall crack result In core damage In all cases?
* One could envision a relative small leak rate from a crack, or a failure

that can be mitigated by plant systems. On the other hand, does such a
crack result In an excessive LOCA," or what WASH-1400 called a vessel
rupture? Such an event might map directly as a contributor to LERF.

* Granted these are questions whose answers are unknown, but the
analysts need to Indude a discussion regarding their state of
knowledge.

Reply
* We have assumed that TWCF= CDF.
* An accident progression event tree (APET) was developed and used to

determine the likelihood of events that may lead to LERF.
* The relationship of CDF to LERF Is the subject of Chapter 10 of the ESR,

and It was also discussed at the Peer Review Meeting on May 10-12,
2004.

wG 13

Comment #27 (Johnson)

* Comment
* It seems clear that near term PRA submittals will

need to meet or discuss the requirements of the
ASME Standard (as well as Regulatory Guide 1.200).
I strongly suspect that the underlying utility PRAs do
not fully meet the Standard. This is probably not a
significant point with respect to their technical
quality. However, the status of the underlying utility
PRAs as well as the RES supported PRA work with
respect to the requirements outlined In the Standard
and RG 1.200 should be made clear in the submittal
to NRR.

* Reply
* See reply to 'Comment #24.

VG lN
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Comment #28 (Johnson)

* Comment
Likewise, the ANS Standard governing the conduct of
external events has only recently been released and
is under review by NRC. How the bounding external
events analyses compare to the draft standard
should be discussed.

' Reply
* See reply to Comment #24.
* It should be noted that the external event analyses

are purposely conservative. So a direct comparison
to any standard is not appropriate, since the analyses
are purposely conservative for an acceptable reason.

v; is

Comment #30 (Johnson)
* Comment

* I am quite interested in understanding how the
information from the PRA portion of the analyses is
"passed" to the thermal hydraulic analyses. The "PRA
Procedures and Uncertainty for PTS Analysis," draft letter
report, October 2003, describes a binning process for the
PRA results. It is not clear how these bins also formed the
analysis boundary between the PRA and the thermal
hydraulic analyses. I will continue to explore this.

* Reply
* Sections 5.2.4 through 5.2.7 of the ESR provide a

description of the binning process.
* PTS scenarios that "matched' or were expected to be

similar to the initial TH runs were grouped into initial TH
bins.

* Different scenarios or uncertain "similarity' - new TH
calculations performed. New bins created if/as necessary.

* This iterative process followed until all potential PTS
scenarios were allocated to TH bins.

vis i
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Comment #76 (Murley)
Comment
* What is the justification for selecting only 3000 seconds and

6000 seconds as the only possible re-closure times for transients
involving stuck open safet valves?

* Why is this rather coarse discretization an adequate
representation of the continuum of possible events?

* Reply
V Valve re-closure Is a random event that can occur at any time
after the transient begins (see Section 8.5.3.2.2 of ESR).

v Analysis discretizes this continuum Into two possibilities: re-closure
at 3000 and 6000 seconds.

b Recognizes that the severity of the transient varies with valve re-
closure time.

v Transient severity Increases as the temperature of the primary
system Is dropping (which reduces the fracture toughness) while
the thermal stresses are still climbing (because the cool-down Is
continuing).

V Once the RCS Is at its minimum temperature (established by the
temperature of the HPI water) the severity of the event begins to
reduce because the thermal stresses will begin to decline.

/ The 6000 second re-closure time approximately coincides with the
time of maximum transient severity.

sG 1,

Comment #76 (Continued)

* Reply (Continued)
* The potential for valve re-dosure In excess of 7200

seconds (2 hours) were not considered
t Operators would have Initiated other procedures including
transition to shutdown from HPI
These actions change the nature of the transient, making It
more benign.

* The 3000 second re-closure time was selected because
V It is not reasonable to assume that all valve redosures will

occur at the worst possible time.
- Represents sufficient time (and hence degree of cooldown) to

begin to be a PTS challenge, especially at HZP.

VdG 1t
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Comment #76 (Continued)

* Reply (Continued)
* Sensitivity study performed based on Palisades Transient 65 at 60

EFPY.
* Transient 65 (the most risk significant stuck open valve/reclosure

case for Palisades) Involves one stuck open pressurizer safety
relief valve that recloses at 6000 sec after the valve sticks open.
Containment spray Is assumed not to actuate, and no operator
actions are credited.

* Valve re-dosure time varied from 3000 seconds through 14000
seconds.

* Effects on the conditional probability of crack Initiation (CPI) and
on the conditional probability of vessel failure (CPF) are illustrated
on the last viewgraph.

* The significant effect of varying reclosure time Is between 3000
and 6000 seconds where an increase in CPF of -200 fold is seen.

* Conversely, the Increase of CPF between 6000 seconds and the
peak value is only an additional factor of -2.

va it

Comment #76 (Concluded)

* Reply (Concluded)
Hence use of just two possibilities (re-closure at
3000 and 6000 seconds) was deemed adequate

V PTS study provides a "best estimate" model, not a
"worst case' model. Enough valve reclosure times
need to be modeled to capture the effect shown in the
graph.

V The time of peak CPF will vary slightly from transient
to transient and from plant to plant though not
expected to be vastly different from Palisades case.

/ Valve re-closure at very long times need not be
considered as discussed earlier.

10



CPI and CPF for Valve Reclosure Time
PFM aulysis results fow

Palisades transient 65 (pmary side vave closae)
evaluated 60 EFPY

for various valve doeme tines

1r_- -C

2M0 amO 6Sw3 M la=o 12^W A tUIOM
a&9rec Curt ie Iscods
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Technical Basis to Support Revision .
of the PTS Rule (1OCFR50.61) F

I- PFM Review Comments, Appendix B _

Mark EricksonKirk
Materials Engineering Branch

ACRS Briefing
NRC Headquarters * Rockville, MD * 30th November & 15t December 2004

WOCI

Comment -Categories

* Comments that led to model changes

* Major comments of clarification
* Minor comments of clarification not discussed here

* Comments pertinent to rulemaking
* Not discussed here

* New (final) comments from reviewers

VG 2
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Comments that led to Model Changes

* 23: Crack face pressure (Schultz)
* Previously not modeled

* 40: Allowance of upper shelf fracture (VanWalle)
* Reviewer pointed out unreliability of correlative

approach, suggested adoption of a physically-based
model [EPRI MRP-101] as both more accurate and
more in line with the project's overall modeling
philosophy

* FAVOR modified (FAVOR 04.1) to incorporate upper
shelf model per reviewer comments

Vas]

Major Comments of Clarification
(Schultz)

* 19: Applicability of the flaw distribution to PWRs in
general, suggests that operators should be required to
demonstrate that flaw distribution is appropriate
* Rulemaking issue & a point of disagreement with reviewer

* 20: Correlation between flaw & chemistry variables
* No credible basis for such a correlation

* 22: Ability to accurately predict multiple run-arrest
events
* Demonstrated in Appendix E
* Point of disagreement with reviewer

* 23: Crack face pressure
* FAVOR model changed

* 73: Use of RG 1.99 R2 attenuation function
* Comment clarified & resolved

2



Major Comments of Clarification
-(VanWalle)

* 37: AFslicablilu ofaespjlts to PWRs in gen ral
(questins o p nt esign, flaws, mate lals)
* Chapter 9

* 38: Treatment of mixea-uncertainties
* Jydement male regarding if uncertainty Is "mostly"

a eatory orepiste ic
* 39:. Crack initiaton & arrest model, especially

sam Jirtq (or not of apparent l ncertaigtyin
em b Itti e~ttremng wVea nd Charpy shirt to
toug ness s o moels. .-
* Figure 9.6 demo strtes that simulation of model

uncertainty wou Idbe double-counting
* Point of disagreement with reviewer

a40: Upper shelf model
* Inaccuracy of correlative approach

V FAVOR model changed
* Interdependence of K1 c and K,-

/ Kept exllstig model (conservative relative to reviewer'ssu gges ion
* Composition gradient model for welds

VG v Factor of 2.5 on TWCF demonstrated In Section 9.2.1.2.5

Major Comments of Clarification
(Murley)

* 74: Deterministic calculations to illustrate
through-wall propagation for various transients
* Appendix F

..
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Final Comments
(Schultz)

* Summary
"The work performed shows clearly advancements
compared to previous studies. It is well founded in most
parts. My major comments are directed to the flaw
distribution and connected requirements to the plant
specific applicability, as well as some reservation
concerning the level of validation of crack arrest."

* Remaining issues
* As noted under "summary"

* Recommends
* Licensees be required to demonstrate appropriateness of

the assumed flaw distribution to their vessels.

Final Comments
(VanWalle)

* Summary
* "The newly proposed PTS-methodology is worked out well and has

a logical and acceptable pattern ... The methodology is very well
established, explained, and documented in NUREG-1806... The
reviewer recommends that... the PFM procedure as implemented
in FAVOR 04.1 shall be used in the overall approach of the PTS
methodology.'

* Remaining issues
* Not sampling correlation uncertainties for embrittlement

relationships and Charpy to toughness conversions
* Difficulty in mathematically representing "mixed' uncertainties.

* Recommends
* Continued in-service inspection to substantiate applicability of

flaw distribution to all PWRs
* Over time, the direct use of fracture toughness measurements

made on surveillance specimens instead of correlative approach.
* Continued I further validation of crack arrest models.

VG
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Final Comments
(Murdey)

General summary
* "The NRCRESstaff is to be congratulated for

producing the breadth and quality of world class PTS
research represented by this material ... While I have
some issues & concerns fregarding the PRA, TH, &
PFM) "analysis, these concerns do not rise to the
level that would seriously challenge the logic of the
overall approach or the general validity of the PRA,
TH or PFM calculational methods."

VG9

Final Comments, Cont.
(Murdey)

New or remaining issues (PFM only)
* Errors in understanding indicating that

improvements in writing are needed
I/ Non-conservatism of RTAw
v Why weld layer model reduces TWCF
/ FAVOR chemistry sampling protocol when multiple

flaws are simulated to exist in the same sub region of a
vessel

* Need for a more thorough discussion of the residual
uncertainties (both conservative and non-
conservative) that underlie the proposed RT-based
screening limits. Discussion would serve as the basis
for determining if "margin" is needed along with the
RT-based screening limits.

/ Addressed in this presentation
* Applicability of flaw distribution to all PWRs

OG 10
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Technical Basis to Support Revision
of the PTS Rule (IOCFR50.61)

i Project Overview

0Oe pto Mark EricksonKirk
Materials Engineering Branch

Donnie Whitehead, Nathan Siu,
Mike Junge

Probabilistic Risk Assessment Branch,
Sandia National Laboratories

David Bessette, Bill Arcieri
Safety Margins and Systems Analysis Branch,
Integrated Systems Laboratory

ACRS Briefing
NRC Headquarters * Rockville, MD * 30th November & 1st December 2004

VI

Overview

* Project background

* Current PTS regulations
* 10CFR50.61 provisions
* Motivations for rule revision

* PTS re-evaluation project
* Conduct
* Guiding principals
* Analysis approach

• Current results

* Outline of the remainder of this briefing

V02
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PTS Re-Evaluation Project Started in 1999
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Project History
U

* 1999-Dec 2002
* Model & uncertainty

process development
* Initial analysis
* Draft report o -

* Dec 2002-now
* Review & comment by

V ACRS
" NRR

Industry (NEI/EPRI)
V External review panel

* Model improvement
* Error correction
* Documentation

improvement
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Engineering and Executive Summary (This Report, NUREG.1806)
I
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Technical Motivations
for Rule Revision
• PRA

d Use of latest PRA/HRA
data 7

* More refined binning
* Operator action

credited
* Acts of commission

considered
* External events

considered
* Medium and large-

break LOCAs
considered

* TH
* Many more TH 1

sequences modeled `C,
* TH code improved \

Technical Improvements
made in the last 20 years
suggest conservatism of

the current rule.
, ...... .... ., , ^ .. . . .. . . ..

* PFM
* Significant conservative bias

in toughness model removed
* Spatial variation in fluence

recognized
* Most flaws now embedded

rather than on the surface,
also smaller

* Material region dependent
embrittlement props.

* Non-conservatisms in arrest
and embrittlement models
removed

Ki��

*
V;7

Regulatory Motivations for Rule Revision

2 Produces unnecessary burden
Technical improvements suggest strongly that current RTN r
limits of 300OF and 2700 F are more conservative than neeld to
maintain safety.

a Does not necessarily increase overall plant safety
Focus on unnecessarily conservative RTNDT limits can divert
resources from other more risk-significant matters.

2 Creates an artificial impediment to license
renewal

Unnecessarily conservative RTNDT limits alter perception of the
safe operational life of a nuclear power plant.

VG U
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Assessment of PTS Risk

What happens
in 'the .vessel;.
as a result?,...

Cooling
Water

Howof te'n do'
PTS initiator s'.'|
occur.?n ,'-''' -1

V, PRAj

VG 9

,What is t~h~e.'.
response of :
the jvessel?'- '' .

. . .PFM
LA --

e Large Early

Tolerable le

F ;c requency?
ID OD

MEsb
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D
Guiding Principle of the Project

Our approach features
* Explicit treatment of-

uncertainties
* Uncertainty

classification &
separation

v Aleatory
/Epistemic

* Uncertainty
quantification

Systematic process
makes uncertainties

"visible' Knowable
Improves (In principa

comprehensiveness
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Materials Factors Controlling Vessel Failure
* Distribution of

* Flaws
* Toughness

varies widely thru vessel

* Flaws that are
* Large,
* Axial, and
* @ high fluence

most damaging

* Vessel failure
controlled
(mostly) by
* Axial flaws, & so

the properties of
i axial welds
V plates

* Properties of circ welds and
forgings of little

M 13 consequence
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Transient Classes Controlling Vessel Failure
1.E-OS *N _ -: g_ : *_1 **- -*

1.E06.

o I.E-07

F" 1.E-a9 _ - - - -

S1.E-10~I.E-0 - -- -- -

C I.E-I0----2_

I.E-14 : B.-L2OC _

100 150 200 250 300 350 400 100 150 200 250 300 350 400t00 150 200 250 300 350 400

Reference Temperature [OF]
Wl15

Transient Classes Controlling Vessel Failure

* Primary side failures
dominate risk (75% or
more)
* Low embrittlement:

stuck open valves that
later re-close

* Higher embrittlement:
medium & large
diameter pipe breaks

* Secondary side failures
* main steam line breaks
* stuck open valves

of much smaller
consequence, & only at
extremely high
embrittlement levels

t 1 IE45-

IFO

IL
( 1.E-07
C
0

trI.E-OS

C

U 1 E-10-
i -

C.

3 3

2

I-

1.E-11 - / I

1.E-12 -
I

1 E-13 - -
1 E-14 ' . I....

100 150 200 250 300 350 400

U
Reference Temperature [OF]
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Transient Classes Controlling Failure

* Secondary side breaks much less damaging than
primary side
* Initial cooling rate similar, scales with break size
* Minimum temperature much higher for secondary breaks

(2120F) than for primary breaks (400F)

* Operator action "credits" have small influence on
overall results
* Pipe break: no operator actions possible
* Stuck-open valves (primary circuit): Only very rapid action

has any effect

* Findings applicable to PWRs in general
* The transients that contribute the most to TWCF have -

occurrence rate and = severity across plants
* Operator actions, though modeled, do not influence

significantly the calculated TWCF
* Similarity of PWR designs
* Conservatisms intentionally left in model

VG 17

Proposed PTS Screening Limits

Plate Welded Plants Forging Plants

45

4M 450 TT
400

250

300 E350
30 300

250 250

200 Curves of 200

IO constant
TWCF 150

100 U. oo0
50 50 -

0....0 .... ... .H..... ...

0 50 100 150 200 250 300 350 -50 50 150 250 250 450 550

RTAW rF] RTcw [F]

VG 18



Assessment of U.S. PWRs Relative to
Proposed PTS Screening Limits

Plate Welded Plants Forging Plants

350

300

250

° 200

IL
150

100

50

350 -

3zzzIiz7�E j
250 -

s 200 -

._ 150-

° 100-

Forged
PWRs
at EOL 0

0

0 00
0

0 0noC

00

oO

50

00
0 50 100 150 200 250 300

RTAW [0F]

-50 50 150 250 350

RTGW [0F]

450

VG 19

Proposed PTS Screening
Limits & Current Plant Status

Plant status
* PWRs all an order of magnitude

away (or more) from 1E-6 LERF
limit

* At least 60OF (& usually much
more) separates any PWR from
the proposed screening limit at
EOL (compare with <10F per
current regs.)

* Results not much different at end
of license renewal period

20

a-
CL
0

0
E
z3

15

10

5

0

I .0 'I % 10 "I ' 4 '4 ' 4
lb ' N % % %

U Known conservatisms underlie proposed screening limitsTWCF
* Conservative binning to account for lack of knowledge
* MSLB min temperatures -40OF too cold
* Infinite length axial flaw propagation assumed
* Full circumferential crack propagation assumed
* Material variability / uncertainty over-estimated (both chemistry and un-

irradiated toughness)
* Conservative neutron attenuation function
* All defects characterized as flaws

VG 20
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Remainder of Briefing

Today
* 3.3: Fundamental assumptions
* 4.2, App. B: Changes since 12-02 / significant reviewer's

comments
* 8: Baseline results from 3 detailed analysis plants
* 9: Generalization to all PWRs
* 10: Reactor vessel failure frequency acceptance criterion
* 11: PTS screening criteria
* 12: Summary

Tomorrow
* App. B: Detailed discussion of reviewers' comments
* Discussion of detailed ACRS questions

VGII
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Technical Basis to Support Revision
of the PTS Rule (IOCFR50.61)

- Fundamental Assumptions, PFM (3.3.3)

/2 ftt% Mark EricksonKirk
a2 Materials Engineering Branch

ACRS Briefing
NRC Headquarters . Rockville, MD * 30th November & Ist December 2004

WI

Overview

* A linear elastic fracture mechanics model is
appropriate

* Sub-critical crack growth is negligible
* Due to environmental mechanisms
* Due to cyclic loading (fatigue)

* The contribution of certain
* Flaws, and
* Transients

to TWCF can be ignored a priori.

I 2
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LEFM Applicability
(Plastic Zone Size Small Relative to Structural Dimensions)

C

(A
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Applied K, [ksiMin0 1

Each is a crack initiation

VG3

.4- * PZS = 0.03
to 0.13-in.

0
LEFM Applicability
(Thermal Shock Experiments)

* Run / arrest / re-initiation well
predicted by LEFM

* Toughness values inferred from
experiments agree with small
specimen data

* WPS confirmed

ii

I I I I I I I

~0-
tS _ene\

01

0. I

I I I I I I I

_r.

VG 4
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LEFM Applicability
(Pressurized Thermal Shock Experiments)

U

U

a

Run / arrest / re-initiation well predicted by LEFM
Toughness values inferred from experiments agree
with small specimen data 0 a | 1 .
WPS confirmed KDATA 0

A rMA1_ OR.L -DI PLATT
30 - V_1.

I _

""40 VdhSlvar

W4

3i0ew m D I I

.RT.., 11
Wi

Negligible Sub-Critical Crack Growth

Fatigue
* PWR vessel design

satisfies ASME SC-III
* Several studies show

that neither
* Fatigue initiation, nor
* Propagation of fatigue

cracks from pre-existing
flaws

is anticipated over 60
years of operation

Environmental
* Austenitic stainless steel

cladding provides a barrier
against SCC of the ferritic
RPV steel

* SCC requires
* Aggressive environment, &
* Susceptible material, &
* Significant tensile stress

* Low 02 content during
operation keeps EC-
potential sufficiently above
that of ferritic RPV steel to
preclude SCC

* During outages 02
increases, but lower
temperatures still preclude

ace SCC

3



A Priori Elimination from Analysis

8-

C 6-0

.4

eXL 4-

A-

o 2

0s

Flaws
* Simulated flaws of depth

> 3/8T cannot initiate a
crack for credible
transients and levels of
embrittlement

I
4

_ . _

Transients
* If the minimum

temperature reached by a
transient remains above
4000F crack initiation
cannot occur for credible
flaws and levels of
embrittlement

:F'AVOR c-alculations show
thatP-CPI - 0 fbr all
transients. havinga

-minimum tmperaure of:
352Ft and above:

0.000 0.125 0.250 0.375

Percent Wall Thickness from ID
VG 7
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Technical Basis to Support Revision
of the PTS Rule (IOCFR50.61)

4 PFM Procedure & Review Comments, Ch. 7

+
*
4' I

h�1�

4
*4*

Mark EricksonKirk
Materials Engineering Branch

ACRS Briefing
NRC Headquarters * Rockville, MD * 30th November & Ist December 2004

461

Objectives

* High level overview of PFM model
* Interface with PRA and TH models
* Inner workings

* Significant changes made to PFM model since 12-
02 report

* Significant review group comments made
regarding PFM model

wi2
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Significant Features
(Flaw Distribution Model)

Prob~blliak
Vrs0ur Mehanics
Medol

1

* Relative to SECY-82-465
* Many more flaws
* Flaws generally smaller
* Flaws buried rather than on

surface
* Weld and cladding flaws have

orientations tied to welding
direction

a Flaw distribution used viewed
as appropriate / conservative
representation of the flaws in
any PWR
* Support of physical models
* Adoption of systematically

conservative judgments in the
face of uncertainty

VG 4

2



I Significant Features
(Crack Initiation Model)

I

I

.1
* Conservative bias in RTNDT removed, on average
* Material uncertainty modeled conservatively relative to

plant-specific variability
* Aleatory uncertainty in initiation fracture resistance

modeled
* Bug fix: Weld fusion line property assignmen New since '02
* Temperature dependent thermo-elastN since '02
* Crack-face pressure modeled s
* vWarm pre-stress effects accounted for



Significant Features
(Through-Wall Cracking Model)

* Effect of embrittlement on separation of arrest and
initiation toughness curves modeled

* Aleatory uncertainty in arrest fracture resistance
modeled

* Arrest toughness allowed to exceed 200 ksin Newsince'0
* Through-wall material property gradients /

relationships modeled
* ,Possibility of upper shelf failure allowed New sinceo'02

Summary of Significant
Reviewers' Comments

* Crack face pressure (Schultz)
* Previously not modeled

* Allowance of upper shelf fracture (VanWalle)
* After '02 staff removed 200 ksilin cap on Kia and

added an upper shelf model based on Charpy
correlations (FAVOR 03.1)

* Reviewer pointed out unreliability of correlative
approach, suggested adoption of a physically-based
model [EPRI MRP-101] as both more accurate and
more in line with the project's overall modeling
philosophy

* FAVOR modified (FAVOR 04.1) to incorporate upper
shelf model per reviewer comments

VG S
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Crack Arrest above 200 ksi\'in

Too 99% 95%

* HSST Plate 02 /
gm0 72W / Z*73W

J Midland Weld ,

500W WP-2/
PTSE /

N TSE A WTSE A, 60%
C 400

Lognormal Model / j * ;

K 27.3a7 i.7vpO.609jB-RTJ1 [ksl4n] .j
300 0 0.34 / /

6%

200 1t

100 _ ._' *

.oo -200 -100 0 100 200

(r TAr? (F) O632OO3J.Ke pol

VG9

Why is an Upper Shelf Model Needed?

* During through-wall propagation, crack driving forces of
150 - 200 ksi.in and above are easily achieved

* Data shows that 200 ksiAin upperbounds the resistance of
RPV steels to crack initiation on the upper shelf

350 Plate 02

300

250 -

200-

15 is Un-Irr: Cleavage
Y A e Un-Irr: Ductile

- 100 A A Irr: Cleavage

89 * A Irr: Ductile
50 - o

0

-250 -50 150 350 550

VGIO Test Temperature rF]



Characterization of Upper Shelf Toughness

800

600

2 400

200

0

1 m .

0.0 0.5 1.0 1.5 2.0 2.5

Crack Extension, Aa [mm]

VG 1i

JIc vs. Temperature
- A// Data (-

1500 -
° Un-Irradiated

1250 - A Irradiated
° Gudas HY-80

°0 Gudas A710
4 1000 - OCzyryca HSLA-100
E 8 0Czyryca A710

2 750 -

_i2 500- Gsi oog

250 -L °

0 I aI

-150 -50 50 150 250

Temperature [0C]
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Normalized J1c vs. Temperature
- Trend Conforms to YS-trend from Dislocation Mechanics *-

Jft(T)-Jk(288 C)=2.09C, -exp[-C2(T+273.15)+C3(T= 273-15).ln(t)]-Oref}

C1 = 1033 MPa
C2 = 0.00698/°K

n 750 \ C3 = 0.000415/0 K
t = 0.0004/sec.

500 creif 3.33 Mpa

*~ 250 -

o O_0

-250

-150 -50 50 150 250

Tem perature [°C]
VG 13

Use the Upper Shelf Master Curve & the Wallin Master
Curve to Define an Upper Shelf Index Temperature

X K ZA TK{JI } withdZA Temp.-Dependence
@ y_ /(mean curve)

s~ Master Curve
0) (median curve) _=D
0

2 ^K{J 1j} measured
at a temperature

U-

Temperature

W414
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For High To Materials US-Starts Closer to
Transition (& JTc is Lower)

250
Fit to Data
TUS = 60.8 + 0.83T, Un5rradiated RPV

5 150 SD = 6.6C
0 R2 =0.99

C, Irradiated RPV

:'50

A Cuppt Hardened

-50

A FLt EPRI Data

n ' | 150
U, -200 -100 0 100 200

01

Temperature

Data Provided by Kim Wallin (VTT) Confirm the
Consistent T,,1 vs. T rend

250

200

150

1005.
0

I--

50 b Xr

0 -

-50 -

-100

-150
-200 -150 -100 -50 0 50 100 150 200

TO [°C]

a Wedern
Unirradia td

A Western Irradiated

rj HSLA

o VVER Unirradiatad

e VVER Iradiatd

la Frritic StainleO

I ANl

-Unear (AIl)
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TuS Links the Temperature Dependency of Toughness in
the Transition and on the Upper Shelf

K{JiCj with
ZA Temp.-Dependence

@ y_ /(mean curve)

s~ Master Curve
0) (median curve) Yu,
0

U. P PI

Temperature

Thie VERYconsistent relationship bewaeen To0 andTo iimplies I
:thatonly a transition fractureinde temperature isL needed
V t predict toug ne shif rough upperishelf.

FAVOR 04.1 Implementation of
MRP-101 Upper Shelf Model

IF 300
* Added model of scatter in -

J, data I50
* Added model of 8

temperature dependency 0 : se ° I
/ scatter in J-R curve
exponent -150 s:

1.0 - __________________.- 300
120

0. -SD = 62.023-EXP(-4.0048T)

AA .2
a090

>0.4 -J60

CJ .,,.. hU .dIUdld UPb t a c 0C 30
* 0.2 * - u.42.Ud OUW fr, I _

. f w o.iUl.l., 0 a 1"

0.0-200 -1 0 10 200 300
-100 0 100 200 300

Temperature rc] Temperature [°C]
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IP
PFM Model: Summary

(Chapter 7)

Some changes to PFM model relative to that used
to develop 12-02 draft NUREG

a Changes motivated by both reviewer suggestions
and by staff/ORNL initiatives to improve model

Changes have
* Improved the physical realism the of model
* Reduced dependency on empirical correlations
* Generally had small effect on overall TWCF
* Generally had larger effects on the prediction of what

material regions are responsible for vessel failure

VG 19
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Technical Basis to Support Revision
of the PTS Rule (IOCFR50.61)

4 Screening Criteria (Chapter 11)

ReQ" Xt Mark EricksonKirk
, Matenals Engineering Branch

* * *.

ACRS Briefing
NRC Headquarters * Rockville, MD * 30th November & 1st December 2004

VG I

Introduction

* Subject to limited equivocation, TWCF values from
the detailed study plants apply to PWRs in general.
This supports development of a materials (RT-
based) screening criteria.

* RT definitions to characterize the TWCF of different
flaw populations

* TWCF vs. RT correlations for study plants

* Use of these correlations to estimate TWCF

* Use of these correlations and the IE-6 LERF limit to
establish RT-based screening limits

* Comparison of all operating PWRs with proposed
RT-based screening limits

VG2
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S
Material Factors Controlling Vessel Failure

* To correlate / predict vessel failure the toughness properties at
the flaw location need to be known

* A reference temperature (R7) characterizes all of the
toughness properties of interest

* So flaw locations are needed to determine the reference
temperature(s) that control the vessel failure probability

VG 3

Locations of Simulated Flaws
* Embedded weld flaws

follow weld fusion lines
* Axial welds + axial

flaws only
* Circ welds - circ flaws

only

* Surface breaking
cladding flaws occur
between weld passes
* Circumferential

* Plate flaws have
no preferred
orientation

VG4
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Flaw Location Specific Reference Temperatures ...

are needed to characterize accurately toughness
properties at the different flaw locations

Materials Factors Controlling. Vessel Failure
_.E-05 - - _

RT __ V r

y = 4E2= 4E.2729= A
* Fe=NROi5 0=.gs R8Thl--y (l

1).E-07 -

_ _6

Cr1-E-08 - -- - - - -

E10

U-

01.E-11-

__ _ A _ /

__I-1 -|----- _ _

1.E-12AA

.C| IAU- - _ 0

A O=0~O 0B.:-,
A P. d._

e I-E-I13 Md. All
'J All .-E pn (AN)

Maeral Fators. Contoll ngVse-alr

550 600 650 700 750 800 650 650 600 650 700 750 800 850 550 600 650 700 750 600 600
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TWCF Estimation Based on
TWCF vs. RT Correlations

TWCFTOTAL =TWCFAML-WELD + OaPL TWCFPLATE + TWCFCRCwLD

TWCF,,J,LELD =4x10-2 6 .exp{0.0585 (RTAW +459.69)}

aor =2 TWCFpLAE =9x10-27 exp{O.0543. (RTp +459.69)}

TWCFaRC-WELD = 4xl 0-29 exp{O.056 1 (RTCV, + 459.69)}

TWCF due to plate flaws1.0
multiplied by 2 to prevent I .E-07 -_

under-estimate of Beaver Valley t
results t

> tE-09 _

* Setting TWCFTOYAL = IE-6 L/
permits derivation of RT-based 150V

screening limits consistent with , ....
LERF limit W! e I ,

VG 7 FAVOR Values of TWCF

Proposed PTS Screening Limits

Plate Welded Plants Forging Plants

450

400 450

400
350

300 350

250 .300
9_ 2250

0 Curves of t 5 200

TWCF 150-
100 IL
100 U.100

50 50

0 50 100 150 200 250 300 350 -50 50 150 250 350 450 550

RTAW [OF] RTcw [0F]

VG8
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Assessment of U.S. PWRs at EOL Relative to
Proposed PTS Screening Limits

Plate Welded Plants

:tt1

0-~ .,.I

Forging Plants
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o c

0 0
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-50 50 150 250 350

RTcw 1°F]
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Proposed PTS Screening
Limits & Current Plant Status ¢

a- 0

20 - *Pl'
at EOL (32 EFPY) ye

-FO
15 -- i VC

* Plant status 0 10 - __

* PWRs all an order of magnitude
away (or more) from 1E-6 LERF E

limit :3 5 __* At least 60°F (& usually much Z
more) separates any PWR from
the proposed screening limit at ° T
EOL(compare with <1°F per '4 '4
current regs.) V V I V IV

* Plants move 10-20°F closer to 4 ' '4 '4
screening limits at EOLE V '4 ' '4 '4

* Known conservatisms underlie proposed screening limits TWCF
* Vessel failure always leads to LERF
* Conservative binning to account for lack of knowledge
* MSLB min temperatures -'400 F too cold
* Infinite length axial flaw propagation assumed
* Full circumferential crack propagation assumed
* Material variability / uncertainty over-estimated (both chemistry and un-

irradiated toughness)
* Conservative neutron attenuation function
* All defects characterized as flaws

VG 10
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Pressurized Thermal Shock
Technical Basis for Rule Revision

PTS Thermal Hydraulic Analysis

David E. Bessette
11/30/04- 12/1/04

I

Fundamental Assumptions
Thermal Hydraulic Analysis

2



Basis of the Thermal Hydraulic Analysis

1. Plant behavior is resolved adequately from the
number of thermal hydraulic calculations and
corresponding PRA bins

2. RELAP5 is able to adequately predict downcomer
fluid temperature, pressure and HTC

3. One-dimensional code adequately models
expected downcomer behavior (no significant 3D
effects)

)

3

Item 1: Resolution of Plant Behavior
PIRT for PTS

Rank Description Comments

I Break flow/size (or valve Importance of LBILOCA has increased,
capacity) pressure is lcss important

2 ECCS flow rate State on/off, shutoff head of pumps,
(accumulator, 'IPT, LP') accumulator initial pressure

3 Operator actions Includes operating procedures, RCIP trip,
IIP1 throttling, feedivater isolation, etc.

4 Tie or stuck valve Pressurizer safety relief valves vhich
reclosure reclose after sticking open

5 Plant initial state Hot full power vs hot zero power
operation

6 Break location Primary LOCA (hot leg, cold leg), NIS1L1
(inside/outside containment,
upstreanil(ownstream, mSIVs), SCTR

7 Unique plant I)ifference in steam generator design, # of
features/design loops, vent valves, etc.

8 Vessel to downcomer Affects the rate at which heat is
fluid heat transfer transferred from the vessel wall to the the

downcomner fluid

4



Item 1: Resolution of Plant Behavior
PIRT for PTS

Ranking Description Comments

9 ECCS temperatures Seasonal/operational variations

10 Sump recirculation ECCS temperature/flow changes after
RWVST is drained

11 Feedwater control (or Post trip main feedwater behavior for
failure) Oconee, steam generator overfeed

events
12 Feedwater temperature Oconee (using emergency feedwater

instead of main feedwater during the
transient)

13 Reactor vessel wall heat Affects the rate at which heat is
conduction transferred from the vessel wall to the

downcomer fluid
14 Loop flow upstream of Scenario dependent, not as important

HPI -for LBLOCAs
15 ECCS-RCS mixing in Affects potential for formation of cold

cold legs plumes in the downcomer.
5

Item 1: Resolution of Plant Behavior

* Range of thermal hydraulic
conditions in a given bin is
much larger than the
RELAP5 physical
modeling uncertainty
- Factor of 10 range in break

size within a bin which
overwhelms other effects

* Uncertainty analysis must
consider
- code input model which

defines the boundary
conditions to the problem

- physical models and
numerical solution methods
that comprise the code

* Close relationship between
the PRA binning process
and thermal hydraulic
uncertainty analysis

6



Item 2: RELAP5 Adequacy for PTS Analysis
Downcomer Temperature Statistics J

Test RELAP - Std Dev
Experiment K [OF]

K [°F]
ROSA-IV SB-CL-18 2 [41 4 [7.2]
ROSA-IV SB-HL-06 -9 [-16] 14 [25]
ROSAIAP600 AP-CL-03 2 [4] 25 [45]
ROSAIAP600 AP-CL-09 1 [2] 10 [18]
APEX-CE-13 -2 [-4] 8 [14]
APEX-CE-05 -5 [-91 7 [13]
LOFT L3-1 -12 [-211 9 [161
LOFT L3-7 15 [27] 4 [7]
LOFT L2-5 17 [301 9 [16]
MIST 360499 11 [19] 4[7]
NIST 3109AA 8 [15] 6 [13]
MIST 4100B2 16 [29] 12 22]
Avg 4 [7]

7

Item 2: RELAP5 Adequacy for PTS Analysis
Downcomer Pressure Statistics

Test RELAP5 - Experiment Std Dcv
MPa [psia] NIPa [psia]

ROSA-IV SB-CL-18 0.14 [20] 0.27 [39]
ROSA-IV SB-HL-06 -0.38 [-55] 0.66 [96]
ROSAIAP600 AP-CL-03 -0.26 [-38] 0.61 [88]
ROSA/AP600 AP-CL-09 -0.07 [-10] 0.28 [41]
APEX-CE-13 -0.04 [-6] 0.17 [24]
APEX-CE-05 -0.15 [-22] 0.05 18]
LOFT L3-1 0.04 [6] 0.18 [26]
LOFT L3-7 -0.43 [62] 0.50 [73]
LOFT L2-5 -0.11 [16] 0.3 [47]
MIST 360499 0.29 [42] 0.40 [58]
MIST 3109AA 0.47 [69] 0.46 [67]

MIIST 4100B2 -0.25 [36] 0.26 [38]
UPTF 6-131 -0.05 [7] 0.10 [14]
Avg -0.06 [-9]

8



Item 2: RELAP5 Adequacy for PTS Analysis

RELAP5 results compared well to the
experiments. Reasons:
- Pressure and temperature are global state parameters

- RELAP5 calculation of pressure and temperature based
on conservation of mass and energy

- Basically a thermodynamic control volume problem
characterized by initial and boundary conditions

- Power to volume scaling used for integral test facilities

9

Item 2: RELAP5 Adequacy for PTS Analysis
Heat Transfer Coefficient

* Possible underprediction due to buoyancy-
opposed mixed convection occurring in the
downcomer (cold fluid flowing downwards past
heated walls).

* RELAP5 computes HTC as the maximum of the
Dittus-Boelter (forced convection), Kays (laminar
convection) and Churchill-Chu (natural
convection) values.

* Effect of uncertainty in heat transfer on
conditional probability of vessel failure (CPF).

I0



Item 2: RELAP5 Adequacy for PTS Analysis
Heat Transfer Models

4/
NiD = 0.023 ReY Prn

Dittus-Boelter

(/ i) (ReD -I 0 00) Pr

NuL = 0.825 + 0.387 (RaL)6

[1 0.492<6]
(Pr)]

Churchill-Chu

N-i = (I+ 450OGrDh Re-2 8 Pr1 2 )0 3 1

NUDhO Dh

Swanson-Catton

No,,

1+12.7 (C1 2 J) (Py - i)

Petukhov-Gniclinski

I I

Item 2: RELAP5 Adequacy for PTS Analysis
Heat Transfer Coefficient Sensitivity Study

* RELAP5/MOD3.3 modified to include the
Petukhov-Gnielinski correlation with the
Swanson-Catton multiplier (Gnielinski modified
Petukhov-Kirillov correlation for use with smaller
Reynolds numbers).

* Petukhov-Gnielinski gives results that are similar
to Dittus-Boelter

12



Item 2: RELAP5 Adequacy for PTS Analysis
Heat Transfer Coefficient Sensitivity Study

* Palisades used for sensitivity study for the 12 risk
dominant transients

* Runs made
- RELAP5IMOD3.2.2gamma with default HTC models

- RELAP5/MOD3.3 with default HTC models

- RELAP5JMOD3.3 with Petukhov-Gnielinski HTC
model with the Swanson-Catton modifier.

- Multipliers of 0.7 and 1.3 applied to HTC values
obtained from the Petukhov-Gnielinski correlation with
the Swanson-Catton modifier.

13

Item 2: RELAP5 Adequacy for PTS Analysis
12 Risk Dominant Palisades Transients

* Two cases involving one stuck-open ADV
* One case involving two stuck-open ADVs

* One stuck-open SRV that recloses in 6000 s
* MSLB with MSIV failure to close
* LOCAs

- 2 inch surge line break in winter

- 4 in CLB in summer and winter (2 cases)

- 4 in surge line break in summer

- 5.656 in CLB in winter

- 8 in surge line break in winter

- 16 in hot leg break with nominal ECCS temperature 14



Item 2: RELAP5 Adequacy for PTS Analysis
Results of the Heat Transfer Study )

Petukhov-Gnielinski heat transfer correlation with
the Swanson-Catton modifier increased the HTC by
about 20 percent.

* Petukhov-Gnielinski heat transfer correlation with
the Swanson-Catton modifier increases CPF by a
factor of 3.2 (RELAP5/MOD3.3 used in both cases)

* Applying factors of 0.7 and 1.3 to the heat transfer
coefficient from the Petukhov-Gnielinski correlation
with the Swanson-Catton modifier changed CPF by
factors of 0.3 and 2.0, respectively.

15

Item 2: RELAP5 Adequacy for PTS Analysis
Global System Response

* Temperature and pressure determined from: conservation of
mass; conservation of energy; equation of state.

* Pressure is a global system state variable.

* Determined by temperature of saturated water and is same
everywhere in the system

* Fluid temperature in the downcomer, to a first approximation, is
a global state variable as well.

* Processes of heat generation in the core, flows driven by the
break, flows driven by ECCS, and natural circulation preclude
pronounced variations in temperature.

* Distributions, or variations, in temperature, are secondary.

16



Item 3: Adequacy of ID Code Models
Thermal Stratification and Mixing

* Experiments show large temperature gradients in cold leg
but little temperature variation in the downcomer

* Data examined from UPTF, LOFT, ROSA, and APEX

17

Item 3: Adequacy of ID Code Models
UPTF Test 1 Run 21

* Full scale test with cold HPI injection water entering one
cold leg in a stagnant, hot water-filled reactor vessel.

* Temperature difference between system and ECCS is 150
K [2700F]
- System temperature is 456 K [361OF] at 1.8 MPa [261 psia]
- HPI injection is to CL2 at at temperature of 305 K [90'F].

* HPI injection rate approximates that experienced in a PWR
at 260 psia from combined HPI and accumulator flow.

18



Item 3: Adequacy of iD Code Models
UPTF Test 1 Run 21
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35CI - -- 170
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a DC Temp at top of core elevation

* About 20 K difference between
CL2 and CLi and HL2

* RELAP5 prediction is at the
average of CL2 and CLI, HL2

* DC Temp at mid-core elevation

* About a 10 to 15 K difference
between CL2 and CLl, HL2

* RELAP5 results between CL2
and CUi, HL2 (closer to CL2) '9

0

Item 3: Adequacy of ID Code Models
LOFT Test L3-1

*10. 16 cm [4 in] diameter break in the cold leg
*Prototypic conditions:

- Core power of 48.9 MW.

- RCS system pressure was 14.85 MNa [2154 psia]
- Hot leg temperature of 574 K [573 0F]

- ECCS injection temperature is 305 K [89 0F]

- Reactor tripped just prior to test initiation.
- RCPs tripped when break was opened.

C,) C
20



Item 3: Adequacy of ID Code Models
LOFT Test L3-1

600 6 ..... . 820

e-tiO-188010000 tRELAP5-1D) * 100 to 200 K [180 to[a ... e mpM88O1W0000 (LAP5-2)
*- -* TE4--0 (Dt BOt, of ipe)
A.- TE-P1 I Mo. Top of PO*) ternal

stratification in the
------ ---------------- 440 cold leg (arrow s).

400 . 260

Intact loop cold leg fluid temp
300 80O0 1 000 2000 300 00

Time (s)
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Item 3: Adequacy of iD Code Models
LOFT Test L3-1

806,. ., 20 e 00 6,' ... ,,r... 20

0G- 1WC OLAP-10) -eVMWOo9DQAPS-iD)
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Ih- A11P4I11 MM(REAPGO,20 SIM) t -- A_411O6O U( ELAP5-2O tW010
550 530 M ..........530 550. . ... 530

. . . ........ ... 4..5 0 ......

450 350 450 , .350

' ',.

400 4002O0 100 2000 300 4000 0 1000 2000 3000 4001° O
TMe (a) Tim (a)

DC Fluid temp - intact loop - upper DC fluid temp - broken loop - upper
downcomer elevation downcomer elevation

* Downcomer temperatures near intact cold leg and broken cold leg
essentially the same despite cold leg thermal stratification. No
evidence of plume formation. e'°
- ECC injected to cold leg on intact loop 22



Item 3: Adequacy of ID Code Models
ROSA/AP600 Test AP-CL-03

* 1/30 volume scaled full pressure representation of
a Westinghouse AP600 PWR

* Included in the RELAP5 assessment because of
behavior common to operating PWRs, including
cold leg thermal stratification

* Test AP-CL-03 is a 2.54 cm [1 in] scaled break in
the cold leg in the CMT loop from full power
conditions. One of two ADS-4 valves failed.

23

Item 3: Adequacy of ID Code Models
ROSA/AP600 Sketch

CL-A CL-B

PRHR

CMI injected directly into
downcomer

24



Item 3: Adequacy of ID Code Models
ROSA/AP600 AP-CL-03

OTEOA.C ,kTop) , ... PlW000 ( i REAP6) -
__0 -41EO9=.CLAp~kk%%-T* 5) *-. =20-L (d i-o)

.Ct-CAA ( d M4 ) A- ITS2'SCt. (Dft d).
_____f TW - O ODid Siofi|t.,)

32j

400 280: < ff~

350 ... 170 35 0 .................. 170

Xt 20tZ0 4000 tl 0° X0 1 tOr 4000 tOO8t
(1) Tl 0 400 aTho i6

Pressurizer Loop Cold Leg Temperature CMT Loop Cold Leg Temperature

100 K to 200 K [180 to 360'F] thermal stratification seen in the cold legs in
the pressurizer and CMT loops.
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Item 3: Adequacy of ID Code Models
ROSA/AP600 AP-CL-03

. 1 120 60 0 ! ' '' ! '..am0 6 20
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Upper DC Temp - Pzr loop Upper DC Temp - CMT loop
Despite the lack of RELAPS capability to predict thermal stratification, the
code predicts the downcomer temperature well

- RELAP5 about 15 K [27F11 higher than test data during first half of transient.
Possibly due to underprediction of PRHR system discharge temp due to thermal
stratification in IRWST (PRHR immersed in IRWST)

- Difference in IRWST behavior accounts for difference in second half
Mean temperature difference of 7 K [13011 between the two downcomer
measurement locations (top of core elevation)

C-Z-1
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Item 3: Adequacy of ID Code Models
ROSA/AP600 AP-CL-03

60 He '620
WO-eRELAPS)

550 530 550 --- ----......... 530
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350 170 380 170

300 -A 0300 8
o 2000 4000 600 0 20 40
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Lower DC Temp - Pzr loop Lower DC Temp - CMT loop

* No evidence of plumes seen in comparing the downcomer temperature
at the two locations and two downcomer elevations

* Good agreement in the downcomer temperature between RELAP5 and
the test data 27

Item 3: Adequacy of iD Code Models
APEX Test APEX-CE-05

* 1/4 height scale 400 psi facility configured to
model thermal hydraulic phenomena in CE plants.

* Aspect ratio is 1:2

* 20 APEX-CE PTS tests run.

* Purpose of APEX-CE-05 is to obtain baseline
mixing data for stagnant coolant loop conditions.

* Test initiated from stagnant loop conditions
- pressurizer pressure of 2.65 MPa [385 psia]

- hot and cold leg temperature of 490 K [423TF]

- ECCS injection temperature of 285 K [540F] c
28
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Item 3: Adequacy of ID Code Models
Cold Leg Thermal Stratification
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Item 3: Adequacy of ID Code Models
APEX Test APEX-CE-05
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* Fluid temperatures at 0, 1.3 and 8 cold leg diameters axially along
each cold leg centerline.

* No evidence of plumes based on the above temperature data
CZt3
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Item 3: Adequacy
APEX Test

I I ! ' ' I ,, .,, I I 440

of ID Code Models
APEX-CE-05

440 I . I I I ' ' ! '
500

450

t400.
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* Fluid temperatures at top of core elevation +/- 1 and +/- 2 cold leg
diameters azimuthally from CL4.

* No evidence of plumes based on the above temperature data 31

Item 3: Adequacy of 1D Code Models
APEX Test APEX-CE-05
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Item 3: Adequacy of ID Code Models
COMMIX Calculation of Downcomer Flow

1.0 ac

0.1 M2 mu 0.3 ISLI

. ~ 'I ... . .. _

11/ \ . js\a ,

Figure -4b COMMIX Unwapped Do Velodliss
at 3000 Second

* Calculation based on a
H.B. Robinson 2-inch hot
leg break

* Flows characterized by
large eddy circulation
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Item 3: Adequacy of ID Code Models
Plume -Effect Study

, Conditional probabilities of failure for cases
10 ' II

120

100'

E
0o.

g 40'

20'

1.6

tGr
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0

I0

0.

U

10.'

1o"

.

I L L

220 240 260 2t0 300 3

- limiting RTNDTs (F)

20
0 60 100 150 200 250

transient time (minutes)
300

* Plume calculated using REMIX
* PFM calculations using early version of Favor (1997) based on

H.B. Robinson vessel
* Plume applied to 30% of the upper circumferential weld

* Difference between Cases 2, 5, and 6 are small (Case 1 is no
plume)
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Conclusions I

* RELAP5 predicts pressure and temperature
accurately.

* Experimental data show large thermal
stratification in the cold legs, but nearly uniform
downcomer temperature distribution.

* Sensitivity of CPF to heat transfer coefficient
uncertainty small compared to the boundary
condition variation within a PRA bin.

35
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Sensitivity Studies
Thermal Hydraulic Analysis
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Sensitivity Studies

* A number of sensitivity studies were performed in
response to Peer Review comments. Studies
included:
- heat transfer coefficient (Petukhov-Gnielinski) - already

discussed

- cooldown rate sensitivity and additional HTC
sensitivity

- 2D vs. ID downcomer model evaluation
- effect of the use of high reverse loss coefficients for

inhibiting recirculating flow in adjacent cold legs in a
2x4 plant

37

Item 1: Resolution of Plant Behavior
Effect of LOCA Break Size
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Sensitivity Studies
Downcomer Cooldown Rate

* Effect of cooldown rate on CPF studied by varying the
temperature profile of a stuck-open valve transient
(Palisades Case 65) using an exponential decay
function.

Tdc (t) = TEcc +(T - TEcc )e-t

* Exponential temperature behavior was observed in
Creare tests

* For the range of temperature transients analyzed, the
CPF varied by an order of magnitude

39

Sensitivity Studies
Downcomer Cooldown Rate
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Sensitivity Studies
Heat Transfer Coefficient

* Using the same family of curves from the previous
slide, the h values from Palisades Case 65 were
varied using multipliers of 0.7, 1.0, and 1.56.

CPFO7h = 0.67 CPF,56 =1.38

CPF, Oh CPFI Oh

* This study showed much greater sensitivity to
cooldown rate compared to heat transfer
coefficient.

41

Sensitivity Studies
Use of 2D Downcomer Model

* Issue is no terms in RELAP5 for cross-flow
momentum

* Study performed on the 12 Palisades dominant
transients comparing iD and 2D downcomer models.

* Overall CPF decreased by a factor of 1.4 when a iD
downcomer was used compared to the 2D model.

* Results for hot side breaks were similar.
* Cold leg breaks had lower CPF when using iD

nodalization. Difference is due to increased ECC
bypass in the cold leg breaks.

42



Sensitivity Studies
LOFT 4 in Cold Leg Break (Test L3- 1) 0

600 620

g-Sm 10030000 MBAPS-1D) * Downcomer temperature
l fjtaf-^f 21o030000 (RE PS-2D)

A I&- AWftmV41SO(RELWAPS2DSat*on) in 2D model about 10 K
5501 .... . ............... ... 530 [180F] colder than ID

model.
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Sensitivity Studies
Numerical Cold Leg Flow Recirculation

* Observed early in the current study that numerically
induced flow circulation in adjacent cold legs in a 2x4
plant were calculated by RELAP5

* Only seen during periods of flow stagnation
* Due to roundoff error in the matrix solution of two

identical cold legs

* Review of IPTS study showed similar behavior for
Oconee

* Damping (high reverse loss coefficient) added in RCP

44



Sensitivity Studies
Cold Leg Numerical Flow

500 , 440.3

* O-2ge * Cases run with and
450 ..... .............. .. 350.3 . without high reverse loss

coefficients (HiK) in the
40 5 RCP in APEX CE-05

i W/O High K * Damping added to
E 3 170.3 Palisades and Oconee

calculations to avoid
With H K 80.3 potential non-conservative

bias.
250 .70 1000 2000 3000 4000 5000

Time (s)

About an 8K [140F] reduction in
DC fluid temperature if High-K is
applied. 45

Peer Review Comment Resolution
Thermal Hydraulic Analysis
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Main Peer Review Group Comments

1. Most parameters in PIRT are system boundary conditions I_
rather than physical models. (e.g break size, ECCS flow,
etc.)

2. Effect of thermal stratification and mixing in the cold leg
and downcomer from ECCS injection (adequacy of 1-
dimensional code)

3. Uncertainty in downcomer fluid to wall heat transfer
coefficient and its impact on conditional probability of
vessel failure (CPF).

4. Use of 2-dimensional nodalization in the downcomer

5. Numerically induced flow recirculation in the cold leg in
2x4 plants (Oconee and Palisades)

47

Peer Review Comments
Transient Boundary Conditions

* Sensitivity studies indicate that system boundary
conditions have the largest effect on downcomer
temperature

* Defined as part of the PRA transient definition

v>
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Peer Review Comments
Palisades Small Break LOCA Spectrum
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Peer Review Comments
Palisades Medium Break LOCA Spectrum
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Peer Review Comments
Oconee 2.8 in LOCA Sensitivity Study Results
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Peer Review Comments
Oconee 5.7 in LOCA Sensitivity Study Results
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Peer Review Comments
Oconee 8 in LOCA Sensitivity Study Results
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Technical Basis to Support Revision
of the PTS Rule (1OCFR50.61) V

4 Baseline Results, (Chapter 8)
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II

i* Overview
I

' TWCF estimates and distributions

* Material features that contribute (or not) to TWCF

* Transients that contribute (or not) to TWCF

VG 3

TWCF Results
(8.3.1)

* TWCF very low for
current lifetime Mean Mean
and into the period Plant EFPY RTpm FCI TWCF
of license [°F] [events/ [events/
extension (E-11 to year] year]
E-8 failures per
year) 32 221 1.29E-10 2.30E-11

Oconee 60 246 1.02E-09 6.47E-11
* Current Ext-Oa 323 1.01E-07 1.30E-09

10CFR50.61 Ext-Ob 329 5.24E-07 1.16E-08
screening limit 32 256 1.32E-07 - 8.89E-10
corresponds to Beaver 60 270 5.19E-07 4.84E-09
approximately E-9, Valley Ext-Ba 280 1.71 E-06 2.02E-08
not 5E-5 Ext-Bb 284 8.87E-06 3.OOE-07

32 294 5.22E-08 4.90E-09
60 313 1.23E-07 1.55E-08

Palisades Ext-Pa 357 7.46E-07 1.88E-07

Ext-Pb 366 4.47E-06 1.26E-06
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TWCF Distribution Ch racteristics
(8.3.2)

* Skewed: the 95th percentile * Ead: > 3 orders of
and mean roughly coincide nitude separate 5k" and

* ... because, the physical nature percentiles
of cleavage fracture produces., .. for all the same reasons
finite minimum toughness listed under skewed'
values Distributions narrow as plant

* Therefore, Pr(lnit or fail) can operating time: because
be, and often Is, zero, .: material embrittles, mitigating(or eliminating) zero-

* However, sometimes (rarely) Pr contributors to the TWCF
(init or fail) Is large

v Severe transients, AND
/ Large flaws AND 1.00r
I High embrlttlement

* These factors produce skewed 2
TWCF distributions 0.75e

0
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0.00

percentle- j' o 0.25.
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TWCF. Distribution Characteristics
(8.3.2)
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distributions are 0
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AN_

Material Factors Controlling Vessel Failure
(8.4) -

To correlate / predict vessel failure the toughness properties at
the flaw location need to be known

* A reference temperature (R7) characterizes all of the
toughness properties of interest

* So flaw locations are needed to determine the reference
temperature(s) that control the vessel failure probability

'i. RV .VG ?,~l.,.
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Flaw Orientation Effects on Crack Driving Force

* Axial and circumferential
flaws have identical
driving force to crac
initiation Beaver Valley transient sequence 7

\ through-wall profiles at time = 11 minutes

* Through-wall driving
force variation makes .,. -

axial flaws much mode . Infinite length Innersurf
likely to fail the vessel 30 breaking flaw
than circumferential 2
flaws

S 200/

507 Kfor clrcumferentlally oriented

360 dearee continuous Inner surface

VGI

Flaw Location Specific Reference Temperatures ...

are needed to characterize accurately toughness
properties at the different flaw locations

}7-*;PRT5 - -'MAX{RT~fa~e > aTx 'ia' ~,st't iirtweld ,,\

RT - ; > Faiure of axal weld flaws controlled by axial
or patetoughne~ss properties & b th-'

i :nceal'on-geeal haxial'we.d'ufisbonilines

YiFai *ur~e of c~r~cw~eflf s c6ontiilledi byirc'Keld or plate -
-ttoughness rproperties &Iby the peak flueiice in the .vessel .'1

aws contrpiieflTd') ,30 4" NDTdu) ""

:Fa-ilureof p~lateflaws controlled by'plate toughness;..a.'^-'
;X-:^9iproperbes &4b-y'thepeak fliuicnce in the.;veessel ;sw *>,

_~~3 ,1 iDS j
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What can be said about the Failure Probabilities
of these Flaw Populations by Inspection

* Axial weld flaws
* Larger than plate flaws
* Axially oriented - high through wall driving force

* Circ weld flaws
* Same size as axial weld flaws
* Circumferential orientation greatly reduces through

wall driving force (at equivalent embrittlement)
relative to axial weld flaws

* Fluence may be higher than that at axial welds

* Plate flaws
* Smaller than axial weld flaws
* 1/2 axial, 1/2 circ
* Smaller size than axial weld flaws reduces crack

initiation probability (at equivalent embrittlement)
relative to axial weld flaws

* Fluence may be higher than that at axial welds
VGon

I-
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What Transients Classes Control TWCF?
(8.5).

Primarv Svstem Faults Secondarv System Faults
* Pipe breaks
* Stuck open valves that

later re-close
* Feed and bleed

* Main steam line break
* Stuck open valves
* Steam generator tube

rupture
* Pure overfeed

VG 13

Oconee: Transients-Classes Controlling TWCF
(8.5).

100

90 Oconee90
. -32 EFPY

80 .o60 EFPY

70 - Ex-O_

060

C

0 5

400
0

20

10

0 ) I 6 i6 6 6 6 6 6 6o~

VG 14
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Beaver: Transients Classes Controlling TWCF
(8.5)

100

90 Beaver
- 32 EFPY

80 -c 6 EFPY_

I; 0 Exl-Ba-

60 -r_

80

(. 30 4

0--1

'o 9 fL
8 M §§ g @: B BB b b 66 b b b6 b 6 6bb

G IS

Palisades: Transients Classes Controlling TWCF
(8.5)

10

*00 Palisades

60 EF
80 EE Pba -

7~ 060

30 so 1~l
40-

20

30

20
011

C_8

8



What Transients Classes Control TWCF?
(8.5) .

-CDomiirnanit Miii

Primary Svstem Faults

T-,. -- -- '7 -- - --. ?L-,� IN . .. � _?, -4d llh"1511'",
- , fa & O.: ..a. RL

Secondary System Faults
* Pipe breaks

* MedhIU
* iSma that

* IFeed and bleed :*,..QZt! 2

' Main steam line break
'* Stuck open valves
* Steam generator tibe 7

ruptUrebr-< f -i<-a

- Pureovfeed..><-''.'f

Now we will present a more detailed
examination of the dominant & minor

transient classes
VG .,

Format of Material-Presented
for Each Transient Class

* 8.5X.1: General description of transients in the
class, how they progress, operator actions, etc.

* 8.5.Z2: How we have modeled each transient
class.

* 8.5a.3: Relationships between system
characteristics and TH response

• 8.5-.4: PFM results

* 8.5X.S: How our model is similar to / differs from
those employed previously

%. Is
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Description of Primary Side Pipe Breaks
(8.5.2.1)

2 cooling mechanisms
* Rapid depressurization causes rapid temperature

drop
$ Dominant for large breaks
/ Dominant early in the transient for all breaks

* Injection of colder ECC water
/ Injection water temperatures from 35- 1200F
/ Important factor for smaller diameter breaks
/ Break location a factor due to ECC loss out of cold leg

breaks

VG 19

&

Description of Primary Side Pipe Breaks
(8.5.2.1)

* Minimum temperature controlled (primarily) by
ECC injection temperature
* 350 F if injected from external tanks
* 1200F when recirculation from sump begins

* Cool down rate controlled (primarily) by break size
* Secondary factors

* Total RWST inventory (influences time of switchover
to sump)

* Safety injection pump start setpoints

VG 20
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Model of Primary Side Pipe Breaks-
(8.5.2.2)

* Break size spectrum from
1.4- to 16-in. diameter

* No operator actions
* SI flow cannot

compensate for diameters
of '2-in. and above

* Break location
* Cold leg-SI flow can be

lost out of break
* Hot leg or surge line - No

SI flow loss
* Season of the year
* Total RWST volume
* Pump start setpoints

I.E-03

0

I .

0

.0
0

1.E-04

I.15-OS

0 Oone

0 5 0

I.E-06
0 4 8 12 16

Break Diameter [in]
20

VdG 21

System Characteristics )- TH Response
(8.5.2.3)

* Break diameter
* Break location
* Season of the year
* Plant to plant comparisons

11
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Break Diameter Effects: Temperature
(8.5.2.3)

550 .~ - -A2.828' (SV-1 14) .3

1.414- BV-002

550 I.. ..... ........... . 22-(V14............. ....................... .......... _3530

E E.
12 2!

K350 ...... <\... A .. ...... .... ............ . 170

3 0 ........* .... .......... ...... ..........S 2 H : : 7

250 i10
0 2000 4000 6000

Tmel (5)\
Switchover to sump

SG 23

K)

Break Diameter Effects: Pressure
(8.5.2.3)

20.0

15.0

2
Cu0.

Ca
2

0.

2901

2178

.11i
'4

1450 2
'2

725

10.0

5.0

0.0 of
0 2000 4000

Time (s)
-

Except for the largest breaks, it takes a long time to
VG24 get to negligible pressures.

6000

iga /
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Break Diameter Effects: HTC
(8.5.2.3)

25000 . . ! 1.22

r-0 160 (eaV-0s)
,. ... o 8.r (BV-07)

20000 . ............................... 4. (BV - ) ....................... . S20000..... A- -A 2.828' (B V-114)
E , . -J2.cr (BV4Ct)

i--1.414'(BV402) m

, 15000 ._0.73w6

E .......... o,10000 .' ............................. ............. . x 0493 e

C 5000 ..... 024

0 0.00
0 2000 4000 600 -

Tkhe (s)

HTC similar irrespective of break size.
852s.

Break Location Effects
(8.5.2.3)

650 . . 710;

.- r 5.r Cold (P.063)

.-- O 4.0t Surge (P064)
4.0 Cold (P4059)

550 -a 2.8Cold (P.06 1)50550 . ............................ ....._.......... 530 C

E450 - ..'...... ---------- ................. 350 E

E . .. E

350 ~! - - .... f. ............. .... ....,, __17

250 ..- 10
0 2000 4000 6W00

Tne (s)

Cold line breaks somewhat less severe, but not
VC26 usually out of break size order.
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Seasonal Effects
(8.5.2.3)

650 ' 710

G-. 5.7 Winter (P-083)L. --- <x 4.0 Winter (P.058)
- 4.0 Surnrner (P-059)

550 .. . . . A- - 2.0 Winter (P-060).530

550 I....... .. ... _......... ......................................... . _3530

3 5 0 ... .... ... . ... ..... 1 7 0E! 40 - j m~~v;{X..,;:- . 30 .

I-A- .

250 -1 0
0 2000 4000 6000

Time (s)

Summer somewhat less severe, but not
VG27 usually out of break size order.

I-)
Cross-Plant Comparison: 16" Hot Leg

(8.5.2.3)

650 . . 710

.e- Beaver Valley (009)
r-.*-a Oconee (156)

- Pabsades (040)

550 .................................. 53...................................................................... 530

2450 350

30 ;

*0 .......... ... .. 17 0

250 -10
0 2000 4000 6000

Time (s)
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Cross-Plant Comparison: 8" Breaks-. .
(8.5.2.3)

650 . 710

., BeaverValey Surge (007)
Oconee Surge (164)

- Palisades Cold Winter (062)

5518... .............................. .................. .................... ......... .................550 530

E 450 .. .. \ -.- ,-. 350 E

E .

350 i- ....I; ......... :....6. ........... . 170
. a...

250 -10
0 2000 4000 6000

Time (s)

vY 29

Cross-Plant Comparison: 4" Cold Leg
(8.5.2.3).

650 ' ' 710

.- e Oconee Cold (172)

.- r-a Paisades Cold Winter (058)
. Palisades Cold Summer (059)

550 .. ..... 530

E 450 ............ .k . . ................. .................. ; 350

E E

350 - - ;.................. .... ........q....*............'?....?. 170

250
0 2000 4000 6000

Time (s)
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Cross-Plant Comparison: 2.8' Cold Leg
(8.5.2.3)

650 . r 710

. . ofBeaver Vaney Cold (II5
* rt ( Palsade Cold (051)

550.. m......... ....................................................................
550 530

a) a)

EE

250
0 2000 4000 6000

TIme (s)

Vw 31

Cross-Plant Comparison: 2" Surge Line
(8.5.2.3)

650 . , . 710

*-. Beaver Valley Surge (003)
. .. 0 Palsades Surge Winter (060)

550< .................................................................................._ 530 ,

450 .............................. : J _................................................. 350

E E

' ' -WA \, .-+1 ................,g,_.,,....,.......
350 ... '..::-.- . ...................... 170

250 -10
0 2000 4000 6000

Time (s)
Va32

'_J
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PFM Results: CP1
(8.5.2.4)

* Larger diameter
breaks pose
consistent challenge
from plant to plant
* Steel vessel cannot
- cool as rapidly as

depressurizing
water

* 'Conduction
controlled'

* Thermal stresses
controlled by
thermal
conductivity and
vessel thickness
only

* Details of transient
unimportant

1.E-05 -

A
A

..0
A *.

A

2Ito

Q.

1--
0.
C.

1.E-06

1.E-07-

1.E-08 -

1.E-09-

IF-1n

A

* Oconee:
Surge/Hot

o Oconee:
Cold

n Beaver
Surge/Hot

o Beaver.
Cold

A Pallsades:
Surge/Hot

, Palisades:
Cold

T0
U
A

U
.. ev

0 4 8 12 16

Break Diameter [in]

r l

Smaller diameter
breaks 1.E-04-
* Steel vessel can

cool as rapidly as
depressurizing
water

* Thermal stresses
influenced by RCS
cooling rate

* Details of transient
important

* CPTWC much lower
than for larger
diameter breaks

1.E-05

A

IS

A.. .

A Uf

C-

0.
C,

1.E-06

1.E-07

1.E-08

a
* Oconee:

Surge/Hot
oOconee:

Cold
a Beaver

SurgelHot
o Beaver:

Cold
A Palisades:

Surge/Hot
& Palisades:

Cold

.12 16

T0 -
U
A

1.E-09 -

I.E-10
.,I

U
Io

4. a

Break Diamete r [in]
we3
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PFM Results: CPTWC, Break Location & Seasons
(8.5.2.4)

* Effects only 1.EE-03
important for
medium to small s 1.E-04 A______

diameter breaks iw
0 1 E-05

*Break location I.E-06 3
effects more o d tE(-.
significant than n 5 s _
seasonal 2 = 1.E-07 Xi Surge/Hot

differences L B
o 1.E-08

X S KPa~lldes
. 1.E-S9Cold

0

I.E-10
0 4 8 12 16

Break Diameter [in]

Vo Is

I-
PFM Results: Break Time and Pressure

(8.5.2.4)

80 a*Oconee: 1000
Surge/-bt

oOconee: _ oOconee
* Cold l . Beaver Valley

at B *eaver: :3 - I Isd
_ 60 Surge/ilot to {, 750 l)!deJ

c a Beaver U 0
Cold0

rr AP 1sade-

LcDSurge/Hot 500-
E &APallsdem to a

UA Cold 250

o 20 A o
C) - E

0 5 10 15 20
0 4 8 12 16 LOCABreak Diameter [inches]

Break Diameter [in]

If breaks occur, they occur Breaks occur at low pressure
early in the transient. (but not at zero pressure)

vsX
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Primary Side Pipe Breaks:
Summary (8.5.2.4)

* Factors suggesting
applicability of these results
to PWRs in general
* No influence-of operator

action
* Large diameter pipe breaks

(5" & above) dominate pipe
break TWCF

/ Contribute '70% to pipe-
break TWCF, on average

* 4W pipe breaks make more
minor contribution

V Contribute -28% to pipe
break TWCF, on average

* <4" diameter breaks
contribute little to nothing
to pipe break TWCF

V

CD

43

a.
4)
I--

IC
CU
0.r

0,

I-

.Transiets that doii.iiati ibrea'k | IE-74

: 'TWCF are'the least influefnced by il :100
-'''.-plant-specifcfactors;'< . i R

t
150 200 250 300 350 400

4ference Temperature [OF]
VG 37

. .

Primary Side Pipe Breaks: Difference from Previous Analyses
(8.5.2.4)

Dec '02 Results
* Specific numeric results

will vary
* General trends the same

Current Tech Basis
* Medium to large diameter

pipe breaks excluded a
priorifrom analysis.
* Erroneous assumption

made regarding need for
significant pressure'to fail
the vessel

* ORNL thermal shock
experiments treated as
surrogates for PWRs

V TSEs had no (zero)
pressure

- V TSEs stiffer than PWRs
(more likely to arrest)

V TSEs (forgings) had
favorable through-wall
toughness gradient not
present in PWR welds

VG 33
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Description of Stuck-Open Primary Valves
(8.5.3.1)

* Demand (real or false) on 1 or more SRVs
* Open SRV depressurizes primary (rate equivalent

to -2" diameter pipe break)
* ECC accelerates cooling by direct injection of cold

water
* Valve re-closes at a later time
* Continued SI begins to refill the primary

* Throttling criteria usually not satisfied
/ No sub-cooling
$ Pressurizer level too low

* Once pressurizer is full
* Throttling criteria should be met
* System will rapidly re-pressurize unless the operator

throttles

I

N-

Model of Stuck-Open
(8.5.3.2)

* Transient initiates from full
power or from HZP

* Valve sticks open
* Valves re-close after 50 or

100 minutes
* Operator throttles x

minutes after allowed: x =
1, 10, or never

* Other minor factors
* More than 1 valve open
* Summer vs. winter
* Less than the total number

of open valves re-closing

w

0.

ma

Primary Valves

12 - 0 no Valve PecbsreI

4

3 r3A

Bin Initiating Ev .e ncy

I .t
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Valve Re-Closure
Time (8.5.3.3.1)

I

r103
- ------ - I

* Valve can re-close at
any time after the
transient begins

* Competing effects of
thermal stress and
minimum temperature
at the time of re-
pressurization produce
a peak in the CPTWC
illustrated here for P-

* After B2hr (7200 sec)
because after this long
operators would
initiate new
procedures, changing
the transient

* All valve re-closures <
2 hours discretized
into 2 times:
* 3000 seconds

G * 6000 seconds

104 _ S

U
C.)

C.)

S

. 6

S
IN,105i i

10-6

10-
0 3000 6000 9000 12000 15000

Valve Re-Closure Time [min]

¾)
r Power Level at Transient Initiation &

Timing of Operator Actions (8.5.3.3.2-3)

11W . . ..... . 0.0 ........... . . . ........... . . . . . . . i........ .. ..20

'= rs^ ;-= |' l Iba 1,|

ToI1s0| ° --- 1. . --- ---..~ d

-- -.-.-.--- I TO 5 -1 .............................. ,

250 20 0 40 00 Woo IW o t a00 X 000 . M 4000 VW n Moo 19 cD

Transient Initiated from Hot Zero Power

*Thermal shock more severe under HZP
Operator action more effective under HZP
* Throttling within 1 minute stops re-P under HZP
* Throttling within 1 minute only delays re-P under FP

* Throttling within 10 minutes never stops re-P
V044

K)
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Plant Specific Effects
(8.5.3.3.4-5) -:

* While plant specific effects are apparent in SO-1
transients, they neither invalidate nor overwhelm
the effects of the dominant variables

T time of valve re-closure
. Plant power level at transient initiation
* Timing of operator actions

VG ff

Vessel Failure Probability for SO-i
(8.5.3.4)

* General observations 10 ' '

* Re-pressurization alone does
not lead to non-zero CPTWC,
the temperature @ re-P must
be below 400F0F 104

* If a crack initiates it will :
almost certainly fail the
vessel

* Valve re-closure time
* Power level at transient .

initiation
* CPTWC for HZP transients

l000x > FP transients (if
repressurization occurs)

/ Lower temperatures 10 __
v Faster cooling rates - 0 3000 6000 9000 12000 15000

Valve Re-Closure Time [min]

VG 6
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Vessel Failure Probability for SO-1,
Effectiveness of Operator Action (8.5.3.4)

* Effectiveness of operator action
* Throttling must be very fast (within <1 < minute of meeting criteria)
* Throttling more effective for HZP transients due to lower system energy

level
V HZP: Re-pressurization prevented
/ FP: Re-pressurization delayed

* Credits for operator action in our analysis
* Oconee: Operators throttle within 1 minute 68% of the time
* Beaver: Operators throttle within 1 minute 40% of the time
* Palisades: Operators never successfully throttle (conservatism)

* But, these credits only influence CPTWC (much) for HZP transients
* Throttling prevents re-pressurization only for HZP, only delays

repressurization for full power
* At full power, minimum temperatures are higher and cooling rates are

slower, both of which diminish the CPTWC even before the operator
action credit

* Since HZP conditions are modeled to exist only 20% of the time, the
actual influence of operator action credits on the risk-significance of
SO-1 transients is small.

VG 4?

*

Primary Side Pipe Breaks:
Summary (8.5.3.4.3)

Factors suggesting
applicability of these results
to PWRs in general
* Re-P is a dominant factor

Influencing the transient
severity. All PWRs have
similar system pressures.

* While reasonable and
appropriate operator actions
have been credited, the
physical factors that control
the severity of these
transients limit the effect of
these credits on the TWCF.

I.E-05

V I.E-06

1. .E-07
U
C

L.-
U-

im I.E-09O
C-a

0)
M" .E-10

= I.E-72 -

A

*AO,
0

0

I0

Os .. r. r-SO-II

=~ ~ | P.1l.de.- Sol 1

Transient severitydriven by systemE LE14f I
characteristi'cs'.; Influ'ence of operator 100 150 200 250 300 350 400

; r. : action is small. -, - - I- Reference Temperature [OF]
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Stuck-Open Primary Valvds: Difference from Previous
Analyses (8.5.3.5)

Dec '02 Results -Current Tech Basis
* Primary side stuck open Not considered in previous

valves only important for- analysis of Oconee and of
Oconee H.B. Robinson

* Resulted from error in. - Considered in previous
our previous approach to analysis of Calvert Cliffs
down-selecting * Coarser treatment than we
transients for PFM have employed here
analysis.

* Removal of error shows
SO-1 transients to be
approximately equivalent-
importance at all three
plants

VG 4

Description of Main Steam Line Breaks
(8.5.4.1)

* The main steam line breaks!

* Rapid de-pressurization of affected generator thru
big (multiple ft 2) hole to the pressure at the break
location
* Causes rapid temperature drop in the affected generator to

the boiling point of water at the break location
/ 2120F for breaks outside of containment
./ -250 0F for breaks Inside of containment because containment

Is pressurized by the escaping steam

Temperature in the primary tracks that in the
affected generator due to the large heat transfer
area of the steam generator tubes
* Rapid cooling shrinks the primary inventory, depressurizes

the primary
/ Safety Injection Initiated automatically, but primary
- temperature remains at or above that of SG due to large HT-

area
* ' CT rpfilk and rP-nrPcciripc thp nrimar

25



Description of Main Steam Line Breaks
(8.5.4.1)

Operator actions to isolate the break

* 1Break downstream of the MSIV
* Close the MSV o

* Break upstream of the MSIV, outside of
containment-
* Close FWIV and MSIV
*Generator boils dryv

* Break upstream of the MSIV,, inside of containm nt
Close FWIV and MSIV - '

* Venting steam inside containment causes "adverse
containment' condition 4 ESFAS automatically isolates
containment

* Operators must now secure RCPs due to lack of cooling
water

VG Si * Without RCPs safety injection water not as well mixed, so
downrnmer hPrnmpq ennlpr-

I

J

Model of Main Steam Line Breaks
(8.5.4.2)

* Delayed operator actions 6

* Allowing feed to the.
faulted generator for 30 co
minutes, or indefinitely s 4 -

* Throttling of HPI 30 or 60
minutes after allowed 2 flJL:

• Exacerbating equipment
failures
* MSIVs fail to close 3 v

* Physically unrealistic 3
minimum temperatures _ L _ In- _ _
* Pressure buildup inside Mean MSLB Initla g Ev

containment not modeled, Freque
so minimum temperatures
are ;,.400F too low

t 1 Consative treatment motivated by scoping calcs.,
showing MSLB contIributions smail refatie ti' LOCA'X S O r
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System Characteristics - TH Response
(8.5.4.3)

* Power level at transient initiation

* Break location (inside or outside of containment)

* Feedwater flow isolation

' Timing of HHSI control

lEt 53

Power Level Effects
(8.5.4.3) ,

MD . . I .I .-. .. . . 1C

* Cooldown &
depressurization from
HZP slightly more rapid
than from FP due to lack

* of heat in the system .i

an

I I

is 0 2 so

_ _ _ _ _ If,__ _

2000 4'0 wo W

.

W 54
*_ I,.
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Feedwater Isolation Effects
(8.5.4.3)

bu - - - - -- - - - - - - -lo

* Lack of feedwater
isolation allows
temperature to continue
to drop because the
affected generator is still
steaming and, thereby,
still cooling the primary

V5 s

i

Ir--. " =: = -�= -f-1: I I Ii I Ii -, - -1.
530

z

S450
3I0

I

MDo

A"

I I

: !- -... L.-.. .. .10

i
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* HHSI Control Effects
(8.5.4.3)

* U '

* HHSI throttling allows
the primary system
pressure to drop 2

50 r~~ ____________1 l:I i iiio I - I ! ,

0 I !
I

-s j ,i ..

: : i
- . -iI

£30

331

170

_10

- .. . I .. I * . I * ' -I'*'.znj I
150' <1 \2178

I .!.tii, 403
.

i-:
I . I -

725

cG ,, 230C 4070 603

MSLB Failure Probability'
(8.5.4.4)

Failures occur (if they occur) between 10 & 15
minutes into the transient
* Changes to system at longer times cannot influence

CPTWC
v Feedwater flow isolation
/ Timing of HHSI control

* Changes to initial cooling rate
V Power level at transient initiation

> CPTWC for HZP < 2x higher than CPTWC for FP
/ Break location (inside or outside of containment)

> CPTWC Inside containment 3x greater than CPTWC
outside of containment

G 058
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Main Steam Line Breaks:
Summary (8.5.4.4.3)

Factors suggesting
applicability of these results
to PWRs in general
* Intentionally conservative

modeling
* No effect of operator action

credits
* The rapid cool-down that

controls vessel failure
probability is in the
conduction limited regime,
mitigating plant-specific
factors.

'U
C)
>9

C)

U.
CI

U-

Ca

.0

If,:-.. ;>'\;:Big break.., -'>- ;.
:;>. ,Intnti~ onal' c6Mserv t~ss':-.M
---Failure probability. stl!:lowgv!&-.:;

SG 51 ._. _ . . ,, _ ,

1.E744I 4-
100 150 200 250 300 350 400

Reference Temperature [OF]

MSLB: Difference from Previous Analyses
(8.5.4.5)

Dec '02 Results
* Different numeric results
* Same general trends

Current Tech Basis
* Oconee and H.B. Robinson

* MSLB was most important
because LOCAs and SO-is
not modeled

* Calvert Cliffs
* SO-I modeled, and found

to be more important than
MSLBs

VG 60
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Description of Stuick Open Secondary Valves
(8.5.5.1)

* Steam supply system contains several valves that
control pressure .

* All of these valves have opening areas much smaller
than the main steam line
* Depressurization rate smaller,
* Cooling rate smaller

* Progress of S0-2 transients similar to MSLBs
* All valves outside of containment (another factor

limiting their severity)

VG St

Model of Stuck Open, Secondary. Valves
(8.5.5.2)

* Model of SO-2 transient
class is not best estimate

* Bounding cases examined
* S0-2 less severe than

MSLB
* MSLB makes only small

contribution to TWCF
* Palisades model less

refined than either Oconee
or Beaver
* More sequences binned

together, leading to higher
bin IEFs

* Conservative selection of
transients to represent bin

.5

0

z

5

4 -

3-

2

:1 I~
- - I S 0 S q

0 0 5 9 0 0
$ 6 '. T v 1 2MU Il it Lu LU ruenc
Mean Initiating Event Frequency

a AU Plants: AIl secondary valves stuck open

8 Oconee:1-2 secondary valves stuck open

I0 Palisades: 1-2 secondary valves stuck open

.ntentionally Conservative Modelin
_ .,,. ! , .,,_, , .''~- .-- s n
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Effects of Valve Opening Area
TH Response & PFM Results (8.5.5.3-4)

The following slides illustrate
* MSLB (for reference)
* All secondary valves stuck open
* 1 or 2 secondary valves stuck open

V5 63

J

)o

Main Steam Line Break
I - I m U I -

* Break inside containment
* CPTWC - E-7 to E-5

* Break outside containment
* CPTWC - E-8
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1 Stuck Open Safety Valve
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Secondary Side Stuck Open Valves: Summary
(8.5.5.4)

* TWCF contribution of SO-2 transients negligible,
except for Palisades, which was modeled even
more conservatively than the other two plants

* Factors suggesting applicability of these results to
PWRs in general
* Intentionally conservative modeling
* Sticking open ALL secondary side valves produces

CPTWC values (E-10 to E-13) that are negligible
relative to dominant transient classes

VG6 6

SO-2: Difference from Previous Analyses
(8.5.5.5)

Dec '02 Results Current Tech Basis
* Different numeric results * Modeling generally coarser
* Same general trends (less bins, less refinedtreatment of HEPs) than

performed here

VG06
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Other Transient Classes
. if -> (8.5.6)

i Pure overfeed * In all cases
" Feed & bleed * Low probability of
* Steam generator tube occurrence and

rupture * Low consequence
* Mixed failure in primary combine to make the

& secondary system contributions of
- transients in these

classes to TWCF
* Negligible, or
* Zero

VG 69

Summary of Factors Controlling Contributions of
Different Transient Classes to TWCF

' Severity and likelihood factors combine to control
TWCF contribution of transients. In general
* Minimum temperature & likelihood most important,
* Then cooling rate,
* Then pressure.

Transient Severity Transient -TWC

Cooling Rate Pressure Likelihood Contribution
. . . Tmperature

PrimarySLde Large Diameter Moderate Large

Pipe Breaks Medium Diameter Moderate Large
Small Dlam eter . -i.MtraeJ

Primary Stuck- Valve Recloses Moderate - r. Moderate Large
Open Valves Valve Remains Open Moderate . Moderate -0

Main Steam Une Break . Moderate -b Small
Stuck Open Valve(s). Seconday Side Moderat0 * -o
Feed and Bleed - -o
Steam Generator Tube Rupture il l -J
MixedPrimary& SecondaryInitiators ; Mixed -o

Color Ky Intermedate
G a__ CW=
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Comparison of TWCF Attributable to
Different Transient Classes

* Primary side failures S.Ei5 Pripary
dominate risk (75% or Breaks
more) .EC B
* Low embrittlement: 1.E-07Stu-Open

stuck open valves that aes 9
later re-close

* Higher embrittlement: IE-Bg

medium & large I.E.09

diameter pipe breaks * / M

| .S10 _ I Main Steam
S a sd f s Line Break

* Secondarysidefailures _://(actualcurmeisloter)
IIS1

* main steam line breaks
* stuck open valves i.-12

of much smaller
consequence, & only at 1.E-73 I
extremely high _ ___X

embrittlement levels I.E- ... . l
100 150 200 250 300 350 400

V 71 Refer &?" MitGfb [OF]

J

Transient Classes Controlling Failure

S Secondary side breaks much less damaging than
primary side
* Initial cooling rate similar, scales with break size
* Minimum temperature much higher for secondary breaks

(2120F) than for primary breaks (400F)

* Operator action "credits" have small influence on
overall results
* Pipe break: no operator actions possible
* Stuck-onen valves (primary circuit): Only very rapid action

has any effect ... no significant credits

* Various factors suggest the applicability of these
findings to PWRs in general
* The transients that contribute the most to TWCF have

occurrence rate and , severity across plants
* Operator actions, though modeled, do not influence

significantly the calculated TWCF
* Similarity of PWR designs
* Conservatisms intentionally left in model
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