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1 P R O C E E D I NG S 

2 [8:30 a.m.] 

3 DR. POWERS: The meeting will now come to order.  

4 This is the second day of the meeting of the Ad Hoc ACRS 

5 Subcommittee on Differing Professional Opinion Issues.  

6 I'm Dana Powers, Chairman of the Subcommittee.  

7 ACRS members in attendance are Dr. Mario Fontana, Tom Kress, 

8 Jack Sieber. Additionally, we will have Ron Ballinger in 

9 attendance as a consultant and a member of this 

10 subcommittee. We also have Professor Ivan Catton, Mr. James 

11 Higgins, as invited independent consultants to the 

12 subcommittee.  

13 Welcome, gentlemen.  

14 The purpose of the meeting is for the subcommittee 

15 to review the technical issues contained in the differing 

16 professional opinion on steam generator tube integrity.  

17 This review was requested by the Executive Director for 

18 Operations to assist him with the DPO resolution path.  

19 The subcommittee will gather information, analyze 

20 relevant issues and facts, and formulate proposed 

21 recommendations for the disposition of the technical issues 

22 contained in the DPO, as appropriate, for deliberation by 

23 the full Advisory Committee on Reactor Safeguards.  

24 The subcommittee will hear from Dr. Joe Hopenfeld and Mr.  

25 Robert Spence today.  
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1 The meeting is being conducted in accordance with 

2 the provisions of the Federal Advisory Committee Act. Mr.  

3 Sam Duraiswamy is the designated Federal official for this 

4 meeting.  

5 Ms. Undine Shoop, a staff member who is assisting 

6 the panel, is also present. We have received no written 

7 comments or requests for time to make oral statements from 

8 members of the public.  

9 A transcript of this meeting is being kept and it 

10 is requested that speakers use one of the microphones, 

11 identify themselves, and speak with sufficient clarity and 

12 volume so they can be readily heard.  

13 Do members of the panel have any comments they'd 

14 like to make before we start on the session today? 

15 DR. CATTON: Just one, Dana, particularly for us, 

16 too, because we won't be at your deliberations. What sort 

17 of format do you want the report in? This is something we 

18 talked about Friday.  

19 DR. POWERS: Well, what I wanted to do, Professor 

20 Catton, is that before you leave on Friday, I would like to 

21 get an oral presentation of your initial thoughts, comments 

22 and whatnot. I don't think we'll hold you to those, but at 

23 least what you think at that time.  

24 Then I'd like to get something in writing from you 

25 and I pretty much leave that to your discretion. What we're 
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1 interested in is understanding the contentions that exist, 

2 the data and analyses that exist to support those 

3 contentions from the staff and the author of the DPO.  

4 Certainly, the extent that you can put it in a 

5 here's the issue, here's one position, here's the other 

6 position, and here's what is available to support each side 

7 of this, especially when the data and analyses are not 

8 definitive, are the ones that are going to be the ones that 

9 are the most difficult for us to handle.  

10 Some of the issues, I think, will emerge that the 

11 case is relatively clear. There is either no data, no 

12 applicable analyses, or there are data and applicable 

13 analyses in sufficient magnitude that the point is really 

14 resolved.  

15 I think those will manifest themselves very 

16 clearly. I think the ones where especially decisions have 

17 to be made with a heavy does of engineering judgment is the 

18 ones that we're going to be most interested in what your 

19 comments are.  

20 Any other questions before we start? 

21 [No response.] 

22 DR. POWERS: At that point, I think I'll turn the 

23 floor to Dr. Hopenfeld. The agenda has various breaks 

24 listed in it, but since you're going to be doing the heavy 
0 

25 lifting today, at any time you think you need to take a 
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break or think it would be useful to take a break, just sing 

out and we'll declare one.  

DR. HOPENFELD: Thanks a lot. Good morning. I 

would like to thank the members of the panel and their 

consultants for agreeing to resolve this differing 

professional opinion, also known as DPO.  

This DPO has gone unresolved for almost ten years 

and it is high time for it to be resolved now.  

I would also like to welcome the public for coming 

to this meeting to listen to my safety concerns regarding 

steam generators. This is the first time that the NRC opens 

the door to the DPO process. I welcome this change and hope 

that it will become permanent.  

I would also like to thank Dr. John Larkins, I 

don't see him here, for allowing me six hours for today's 

presentation. I requested this much time because there are 

many subjects to cover, as Dr. Powers just indicated, and I 

want to make absolutely sure that all my concerns are 

clearly understood.  

Tomorrow, you will be able to judge whether the 

NRC staff addresses my concerns adequately.  

I believe that the likelihood for a catastrophic 

accident from defective steam generators is significantly 

higher; as a matter of fact, a hundred times larger than 

what the NRC predicts.
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1 This is the crux of the DPO. That's all what I'll 

2 be talking today about.  

3 Ten years ago, several plants started exhibiting 

4 severe cases of stress corrosion cracking. This type of 

5 corrosion is nasty, because it's unpredictable.  

6 Standard engineering practice is to select 

7 materials and environments that are not susceptible to 

8 stress corrosion. Nevertheless, when an improper material 

9 selection is made, delaying the proper response is not the 

10 viable option, especially when the component degradation 

11 bears serious safety consequences.  

12 Instead of repairing defective steam generators, 

13 the NRC allowed these units to continue to operate without 

14 adequate safeguards. The recent incident in Indian Point 2 

15 demonstrates that this policy is ill advised.  

16 Safety is very subjective. At one time, I thought 

17 that it was safe to drive over a hundred miles an hour. I 

18 do not believe so now. Maybe a bad example, probably to my 

19 reflexes, but nevertheless.  

20 Because of this, the NRC set a standard which is 

21 based on the proposition that risk to the public must not 

22 exceed ten-to-the-minus-five core melts per reactor year, 

23 roughly once every thousand years.  

24 Since we cannot sense an impeding core melt, we 

25 must rely on inspection and engineering analysis to prevent 
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1 such catastrophic events. To be credible, such analysis 

2 must be based on a solid foundation. Unfortunately, in the 

3 past decade, this principle has been replaced at the NRC by 

4 arbitrary judgments.  

5 My purpose today is to convince the NRC, with your 

6 help, that plants should not be allowed to operate with 

7 defective steam generators, as prescribed by the so-called 

8 alternate repair criteria, ARC.  

9 I recommend that all plants that currently operate 

10 under this rule be shut down and the standard 40 percent 

11 plugging rule be strictly enforced.  

12 These plants obtained their license to operate 

13 under the conditions that tube deterioration would not 

14 exceed 40 percent of weld thickness. This must remain so.  

15 Toward this end, my job today is to pierce the 

16 veil that masks the alternate repair criteria to show you 

17 that it has no technical merit.  

18 I will be talking for the first hour about the 

19 process and the process, to a large degree, is related to 

20 the technical issues. However, most of the day I will spend 

21 on the technical issues.  

22 In the fall of 1991 -- do you have a pointer, sir? 

23 Thank you. In the fall of 1991, the ACRS sent a letter to 

24 the Commission indicating that the 40 percent criteria for 

25 plugging tubes should be revised. That 40 percent 
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1 originally came from waste studies and the committee, ACRS 

2 committee indicated to the Commission that the kind of 

3 phenomena that we see now and that we saw then is different.  

4 It's very shallow, very tight, through the wall or partially 

5 through the wall cracks, and those cracks are so tight that 

6 there is no -- one shouldn't worry about a tube burst 

7 because it really doesn't affect the strength of the 

8 material.  

9 Well, I thought that the ACRS overlooked one 

10 important factor and that was that under accident 

11 conditions, these very tight cracks can open up because of 

12 the various loads that will act on the tube.  

13 So under normal conditions, they're absolutely 

14 right. There's nothing going to happen. That tube is going 

15 to be safe and probably not going to leak.  

16 But these plants were designed for certain what we 

17 call design basis accidents and it became very clear to me 

18 that the load that you're going to have under these 

19 accidents are going to be such that all those little cracks 

20 or partially through the wall cracks are going to open up 

21 and you start losing inventory.  

22 Now, what I mean inventory, for those people who 

23 are not that familiar with the lingo, a reactor is really no 

24 different than a teapot. As long as you've got water in 

25 there, it's not going to burn.  
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1 But you start losing water and you uncover the 

2 core, then you get to a more severe situation, you melt the 

3 core. The difference between the teapot and a reactor is 

4 that when the core melts, you can also burn the city.  

5 There's another subtle difference. In the case of 

6 a teapot, you can hear the steam whistling. In the case of 

7 a reactor, you may not, or when you hear the -- when you see 

8 the steam outside the building, it may be too late and the 

9 instrumentation that we have to warn you about the possible 

10 inventory loss is frequently not accurate enough or it could 

11 provide you misleading information.  

12 So I felt that you can have all these cracks 

13 opening up and you may have many, many pinholes or a lot of 

14 -- hundreds of cracks opening up and the total amount of 

15 inventory loss would be equivalent to more than one tube.  

16 Those that have some sea time or have been at sea 

17 heard stories about the chief engineer walking next to old 

18 pipelines with a cane, these little cracks, little jets 

19 emanating from small cracks could be very, very small, you 

20 can't see them, they could be very abrasive. They could cut 

21 your leg.  

22 So it wasn't only the issue of losing inventory.  

23 It's propagating that accident, and that was my concern at 

24 the time.  

25 There was another issue and it was really brought 
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1 out by Professor Lewis that the instruments that we have 

2 have a certain limitation. They can detect certain things, 

3 but there are limitations, and I do not think that the ACRS 

4 really emphasized that point. They basically said go on and 

5 reevaluate that 40 percent and come up with something 

6 better, and they were absolutely right, but I thought it was 

7 an appropriate time at this to bring the point that it's not 

8 only the tube burst that is of concern, it's the total 

9 leakage and the other mechanisms to cause that.  

10 So we have, the NRC, a process called the DPV, DPO 

11 process. It's a two-step process. The first part of it, 

12 you bring your concern to the division level and if you are 

13 not satisfied with the reply, then you take it to higher 

14 authorities, the EDO.  

15 Just before I came down here, I read the Inside 

16 NRC, where the EDO is being quoted as saying "Well, that DPO 

17 process is not a resolution, it's sort of a consensus thing.  

18 It's a disclosure." 

19 Well, when I wrote that DPV, my purpose wasn't to 

20 come and just raise flags. I just expected a dialogue. I 

21 was really concerned. I thought we should look at it. I 

22 didn't expect anyone to accept my views. I expected, I 

23 think, really to approach it in a professional manner, take 

24 a look at the issue, and see what -- if the guy is crazy, 

25 just tell him so.  
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1 Well, that's not what happened and now I can see 

2 what the EDO says, and I strongly disagree with what he 

3 says. He says all you got to do is just tell us that you 

4 have -- that there is something there and then we'll decide 

5 what happens.  

6 Now, imagine yourself, you're on the assembly line 

7 somewhere in Akron, Ohio and working on the Firestone tires, 

8 and you find that the epoxy mix is wrong. So you tell your 

9 supervisor and all the supervisor listen to you and you go 

10 back to the assembly line and that's about all that happens.  

11 And that's what the EDO tells you. He tells you 

12 really you just tell us what happens and we'll take care of 

13 it.  

14 Now, I don't know of one case, of my own 

15 knowledge, that a serious safety issue has been resolved to 

16 the satisfaction of the submitter at the NRC. What that 

17 really tells me that what he is saying, well, you just tell 

18 us and that really gives an appearance to the public that 

19 we're taking care of it or we consider what our employees' 

20 concerns are.  

21 Well, most professional people, when they have a 

22 differing professional opinion, they're driven by more than 

23 just presenting it. They're looking for resolution, and 

24 it's a normal thing to do. And what he is saying, 

25 basically, is I want dummies and so they want -- just tell 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034



13

1 us what the issue is and go away.  

2 I disagree with that kind of an approach. I hope 

3 we can make it more effective than what the EDO claims.  

4 Well, anyway, going back to this, I wrote the DPV 

5 and submitted it through the channel and the next thing that 

6 happened was that the NRC came back to me and they told me, 

7 look, don't submit a DPO. We ought to make a generic safety 

8 issue out of it.  

9 Well, during that time, though, before the meeting 

10 that we had regarding the DPO, there was another meeting 

11 with Congressman DeFazio, where the NRC management went to 

12 him and told him that we have done a lot of studies and we 

13 are ready to get -- at that time, Trojan was down because of 

14 these cracks and they told him we have evaluated the thing, 

15 there is no problem, we can get it up to power.  

16 Well, what they didn't tell him, they didn't tell 

17 him there was a DPV on the subject. They didn't tell him 

18 there were allegation within Westinghouse that Westinghouse 

19 is providing misleading information to the NRC.  

20 The reactor went on-line, I think, somewhere in 

21 February, beginning of February. When the Research 

22 Division, I think, at that time, the Director was Mr.  

23 Beckjord, he told me come up with a GSI.  

24 Well, as soon as he told me the GSI, my antennas 

25 went up. The GSI is the program that was mandated by 
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1 Congress in 1978 up at TMI and the purpose there was to 

2 address safety issues and resolve them promptly.  

3 But that's not what happened. That program turned 

4 out to be entirely different. It's being used, not to solve 

5 problems, to delay problems.  

6 If you look at your appendix, the last page there 

7 has a summary of all the generic safety issues since '83, I 

8 believe it is, where Congress mandated that we should keep 

9 track of them before, but we didn't have to keep track of 

10 those.  

11 What you see here is that it takes four and a half 

12 years to resolve a safety issue. Four and a half years.  

13 Some of those safety issues, which are really high priority, 

14 takes all the way to like 17 years to resolve them.  

15 Now, what does it say? What does it state? It 

16 states really that safety issues are not a priority item at 

17 the NRC, when you can work four and a half years on the 

18 issue.  

19 And another thing, and I can't give you the 

20 specifics on that, but you can get it, that many, many of 

21 these issues, the technical work was completed way before 

22 the closure date.  

23 And what does that mean? That means it is being 

24 delayed by management. There's just no other way to read 

25 it.  
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1 So what you have, you have this GSI that is not 

2 doing what it was intended to do and if I were a 

3 Congressman, I would really like to know where my money 

4 goes.  

5 To summarize this table, this is a reflection of 

6 the safety culture at the NRC. Anyway, being a good 

7 soldier, I went back and I wrote another report summarizing 

8 the various issues as I saw them at the time to get a 

9 generic safety issue initiated.  

10 The issues that I highlighted at that point were 

11 basically that under certain conditions, you will deplete 

12 the inventory or the refueling tank of water if the leakage 

13 from the primary to the secondary is large enough and that 

14 would lead to a core melt.  

15 And I have pointed out various mechanisms. There 

16 was jet corrosion/erosion there. There were vibrations, 

17 there was MSOB loads. Basically, it didn't go in a very 

18 detailed analysis, but highlighted most of the main points.  

19 And I sent this thing to the Division of Research.  

20 Well, they took that document and they set up a committee to 

21 prioritize this activity.  

22 By the way, John, you weren't here. I would like 

23 to thank you for giving me six hours, because I am going and 

24 going and if I'm rambling too much, you are more than 

25 welcome to stop me.  
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1 So I went back to the Research people and I gave 

2 them that package and they set up a committee to study this.  

3 The number, the risk that I came up with 

4 originally was ten-to-the-minus-four core melts per reactor 

5 year.  

6 Well, this committee had done a much more thorough 

7 study. It was chaired by a very competent man, I believe 

8 the name was Dr. Burda, and he's not with us anymore, but I 

9 remember that there were a lot of serious discussions.  

10 There was help from PNNL on this. There were additional 

11 calculations. They came up with a number like 

12 3.4-times-ten-to-the-minus-four.  

13 I think it's important, I'm pointing this out 

14 because I'm going to come back to this number later on. So 

15 please try to remember this number. Anyway, they also 

16 prioritized this as a high priority.  

17 In September 1992, I provided additional 

18 information. I just didn't have enough time and I started 

19 it and that really relates primarily to severe accidents. I 

20 never thought the severe accidents are as important as the 

21 design basis accidents, but, nevertheless, for completeness, 

22 I have provided that information.  

23 And, again, please, try to remember this, because 

24 I'm going to come back to that September 1992 later on and 

25 it becomes very, very important.  
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1 Well, on November 9, Trojan shut down due to a 

2 tube leak. Well, what happened, at that time, the press got 

3 a hold -- and I don't know how, but they got a hold of the 

4 DPV and some additional material, and they really went after 

5 the NRC for not disclosing that information before.  

6 So what happened, at this point, the generic 

7 safety issue, which was already identified as a high 

8 priority, went to NRR and Research asked NRR for comments.  

9 Now, Research doesn't have to go and usually are 

10 not required to get NRR's blessing on this, but they went 

11 and they sent it to NRR and NRR told them drop it.  

12 Now, at this point, for those people who are not 

13 familiar with how the organization or the NRC, I'll be 

14 referring to NRR and RES many times. So I might as well 

15 tell you my perspective of who they are.  

16 NRR is very, very simple. It's the regulatory arm 

17 of the NRC. They basically think of as somebody has a 

18 licensing action, a relaxation or something else, they would 

19 come to NRR and they'll act on it.  

20 They are like the MVA. I mean, say, if you want 

21 to change your license or you're blind in one eye and you 

22 want to still drive, you go to NRR and that's their 

23 function.  

24 Now, Research is a little bit different and the 

25 reason it's different is because the name research is very, 
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1 very misleading. You do research in industry to stay ahead 

2 of your competition, and in academia, you do research to do 

3 basic studies and produce Ph.D.s.  

4 Research here doesn't do any of that. Originally, 

5 26 years ago, when it split from the AEC, the intent there 

6 was that they will do independent research. In other words, 

7 when they develop all these computer codes, somebody will 

8 have an opportunity to take a look at the code and say this 

9 is an independent assessment of what the licensee is 

10 submitting to us.  

11 But that's not what happened over the years. Some 

12 of these computer codes that NRC has developed were taken by 

13 the industry and modified here and there and they came back 

14 and resubmitted them and the action was taken appropriately.  

15 So it's not -- the independent assessment becomes 

16 very, very fuzzy. Five or six years ago, in a constant 

17 surge to find the mission, the NRC management dictated the 

18 various divisions at Research that they should produce 

19 papers for review at high, good quality journals and they 

20 have to be peer reviewed

21 I don't know how many peer reviewed papers were 

22 produced. I suspect not very many. You can't dictate 

23 overnight and make people world class researchers. Most of 

24 the people that came in have a different background. They 

25 may be expert in many areas.  
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1 So the point here is that the function of Research 

2 is really a support group to NRR. Basically, that's what it 

3 is, and I just want to make somebody, especially from the 

4 public, who may feel -- or may get the impression that this 

5 is an independent research group. It is not.  

6 Now, going back to January '93, remember, Trojan 

7 was down. There was a lot of pressure on NRC to explain, 

8 provide justification for getting that plant back on-line, 

9 and I remember the Research Division produced several memos 

10 and none of them really went very far.  

11 Then Mr. Beckjord pulled Mike Mayfield, Mr.  

12 Mayfield from Christmas vacation and, in two weeks, asked 

13 him basically to put an assessment on the Trojan to justify 

14 operation, future operations.  

15 So we have -- here is somebody from the public.  

16 I've been referring to the public several times. I didn't 

17 know how many people were from the public, but we've got 

18 another one there.  

19 Anyway, so Mike came in and in two weeks produced 

20 a very, very impressive package about the analysis of the 

21 cracks in Trojan, and he had concluded that the leakage 

22 would be between 33 to 1350. The risk was acceptable and 

23 the mean here was about 145 gpm.  

24 Now, that went out on the street and one thing 

25 that I think the Research people forgot is that if you have 
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1 a mean leakage of 135, there may be no risk to the public, 

2 but you cannot meet Part 100. There is just no way that a 

3 plant can meet a 145. You need maybe somewhere between one 

4 to ten gpm, depending on the site. You may meet Part 100.  

5 But there is no way that you could be within the law and 

6 meet 145 gpm.  

7 The people, at that time, were very, very -- at 

8 NRR -- were very, very concerned about this, but it became, 

9 to some degree, academic, because the Trojan management 

10 decided -- and there were several reasons, because of the 

11 cost of electricity and they were able to buy electricity 

12 from Canada, they decided that NRC poses too many problems 

13 here, there are just too many letters, memos running back 

14 and forth, and there was just too much uncertainty that 

15 businessmen cannot be exposed to, so they shut down the 

16 plant.  

17 It wasn't really a technical issue as much as a 

18 straightforward business, and I think these memos going back 

19 and forth didn't help it

20 The reason I'm showing you this is because later 

21 on I'm going to come back to this. I'm going to come back 

22 to this number, because as you see, this two-week effort 

23 became later on an advance study.  

24 In February of 1993, we find additional plants are 

25 being allowed to operate with degraded tubes. In April, 
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1 Congressman DeFazio was very much upset with NRC that they 

2 didn't tell him originally that there were disagreements.  

3 So he wanted to know what was going on here.  

4 They just misled him, that's basically what he 

5 said. You come in here and tell us that we don't have any 

6 problems. Then I find out that you do have problems. He 

7 didn't think that he looked very good in front of his 

8 constituents.  

9 So NRC made a presentation and basically told him, 

10 look, we're going to be very tough on the industry. And one 

11 thing I remember Congressman DeFazio said, look, you're 

12 taking everything what Westinghouse tells you, they are 

13 being sued. These steam generators are defective. They're 

14 being sued and all that you're telling me is that you're 

15 doing what Westinghouse tells you to do.  

16 That did bother me. But nevertheless, we walked 

17 away, I happened to be at that meeting and when we got out, 

18 NRC indicated to him that we're going to be very, very rough 

19 on this thing here. We have a lot of uncertainties. One 

20 limit that we're going to set, we're not going to let 

21 anybody exceed one volt, and I'll come back to that one volt 

22 later on.  

23 Between February and May, there was a task force 

24 at the NRC and basically what the task force did was really 

25 trying to come up with -- explain away basically the 
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1 voltage-based plugging criteria, which was really invented 

2 by Westinghouse.  

3 It was a rationale to allow people to operate 

4 steam generators with defective tubes. That's all it was.  

5 Somewhere around mid-June, that activity was 

6 summarized in a NUREG report, NUREG-1477, which is still, 

7 however, in a draft form. But all that work that was done, 

8 the purpose here was to set the foundation for rulemaking on 

9 defective steam generators.  

10 Now, this is very important, that NUREG report is 

11 very important because I'll be coming back to this, because 

12 it's continuously being used as a justification to indicate 

13 that there is no risk.  

14 So we'll go back to that NUREG-1477 and we'll take 

15 it apart in a technical way.  

16 In 1993, NRR management goes to the Commission and 

17 tells them that we have had hearings with ACRS, we are very 

18 much concerned about the -- so in November 1993, the NRC/NRR 

19 management went to the Commission and told them, look, we 

20 cannot -- we don't have the time, we don't have the 

21 personnel to deal with these steam generator issues on a 

22 case-by-case basis. We want to make a rule and we want to 

23 set a rule on -- we have done our homework and we'll finish 

24 it within a year or year and a half, and the Commission said 

25 go ahead.  
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1 And this was a major activity. It was not a 

2 little thing on the side. It was a major activity at the 

3 NRC.  

4 In 1994, before the rule -- during the rule 

5 activities, NRR decided that we need something as an interim 

6 and as an interim, they took the findings from NUREG-1477 

7 and basically translated it into a generic letter, which 

8 was, at that time, called Generic Letter 95-05, and one 

9 thing that was bothersome about that letter, bothersome to 

10 me, was that suddenly we find more relaxation.  

11 Remember back when they talked to Congressman 

12 DeFazio, they said we're going to go on one vote. Suddenly 

13 we find ourselves two votes, and it looked like the door was 

14 open beyond that.  

15 And there were other technical issues with the 

16 NUREG and with the whole approach, especially in connection 

17 of dose releases to the public violating Part 100.  

18 So I wrote a DPO and the reason is remember when 

19 they originally told me to go and write the generic safety 

20 issue and forget about the DPV, they didn't know how to 

21 dispose of that DPV. So that DPV was still active.  

22 The standard procedures are that when you submit 

23 the DPV, they are supposed to take an action within 30 days 

24 and give you a response. All they told me was go and write 

25 a GSI and you don't know what that meant. That meant let's 
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1 not do anything, and that table says that.  

2 So I felt that I should submit a DPO, take it a 

3 notch above the division level, take it to the EDO, and 

4 hopefully that would be addressed.  

5 Well, before the DPO was going to deliberate on 

6 it, he thought that I ought to present this thing to the 

7 ACRS, and let's see what the ACRS has to do -- has to say 

8 about that.  

9 So ACRS had a meeting, I believe it was September 

10 1 or somewhere around there, and they had endorsed that GL 

11 95-05 as an interim measure and recommended that the SG, 

12 steam generator issue be addressed via rulemaking.  

13 I'd like to take a little bit of time about this.  

14 Now, the Commission takes very seriously what the ACRS 

15 recommends. They should. They are highly knowledgeable, 

16 but they are limited in the time that they can spend on 

17 these issues.  

18 So they rely on what the NRR people or Research 

19 people tell them. They take it on face value many times.  

20 They just can't go and look at what's underneath it.  

21 Well, let me just go, just to refresh -- I hope I 

22 can get it right. I think it is right. Can you see it 

23 well? If you can't, I'll have to tell you what it is.  

24 You remember I told you that we spent a month, 

25 Research spent a month coming up with a risk assessment back 
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1 in March and they came up with a number like 

2 3.4-times-ten-to-the-minus-four. I came up with 

3 ten-to-the-minus-four.  

4 This number really concerned the ACRS very much.  

5 I remember they were really shaking their heads and trying 

6 to find an explanation, what happened here, how do you 

7 justify this. You have a generic safety issue with a high 

8 -- this is more, this is orders of magnitude, order and a 

9 half magnitude, from what the Commission guidelines, 

10 although the Commission guidelines at that time were not 

11 definitive. They were still thinking about it.  

12 Nevertheless, it bothered them. It really -

13 another thing that bothered them, and I'll show you on the 

14 next page, was how the staff calculates how they meet Part 

15 100. That really concerned them.  

16 Well, so when I'm making this presentation, and I 

17 had only five minutes basically, Mr. Mayfield interrupted 

18 me, Mr. Wong interrupted me and they came in and they said 

19 now, hey, we have done advanced studies. You see, we have 

20 done advanced studies here for 1477, which we'll go back, 

21 again, we'll take those advanced studies into pieces and 

22 we'll show you what advanced studies they mean, and we have 

23 done also very serious studies for Trojan and all those show 

24 that these numbers are way too conservative.  

25 We also believe, and if you can read over the 
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1 wording here, it's kind of difficult to exactly understand 

2 what they mean, but you get the impression here that the 

3 ACRS believed that those tubes, also this discussion related 

4 to the outer diameter stress corrosion cracking in the 

5 support plates, and those support -- the cracking is 

6 confined to that region, and they felt that the fact that 

7 those tubes are confined to that support plate, it gives you 

8 additional safety.  

9 In other words, they gave you the impression that 

10 these tubes are really constrained by that support plate.  

11 There is nothing further from the truth. These tubes are 

12 going to go all over the place. The support plates and the 

13 tubes are going to get divulged very fast when you've got 

14 this big blow-down, and we'll discuss that later on.  

15 But nevertheless, that's what the ACRS -- that's 

16 what the impression that, oh, this study was just like done, 

17 some kind of a second cousin kind of approach; well, you 

18 know, did some scoping studies. We've done some very 

19 serious studies here.  

20 Now, why am I telling you all this? I'm telling 

21 you all this because later on, the NRR went to the 

22 Commission and probably to the public, and to the public, 

23 using the ACRS as the justification to operate these 

24 defective steam generators.  

25 In other words, ACRS was the rationale and the 
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1 ACRS did provide the rationale, that's true, but I'd like to 

2 remind you -- I'd like to provide you -- I hope I've got 

3 these things right.  

4 I'd like to remind you that the ACRS just did tell 

5 them go ahead and tell the Commission that everything is 

6 okay, go ahead and justify some of these things.  

7 One of the things that really bothered them, and I 

8 believe that Dr. Powers remembered that very well, because 

9 he brought up that point, justified the dose -- how you 

10 calculate the dose releases and he even submitted an 

11 analysis by himself, and I thought it was a good start.  

12 And another thing that you see here, the word 

13 interim, interim approach. It was just not permanent. It 

14 was an interim. I don't know what the word interim means.  

15 It could be between now and eternity, but what it really 

16 meant behind, I believe it meant within the context of what 

17 happened there, context of that time, what it really meant 

18 was that we are working on the rulemaking and we're talking 

19 about a year or two or three.  

20 Well, I'd like to tell you, this thing is a 

21 permanent feature now. There is agreement about to be 

22 signed with NEI and this is part of it. You don't hear any 

23 interim, but you do hear from NRC management that we went 

24 through the public, we got public approval on this.  

25 Yes, what they got public approval on was on an 
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1 interim basis, because that's the only thing the public 

2 knows, that there was an interim approach here and they were 

3 working on it.  

4 Well, I'd like to -- since I brought this issue of 

5 the advanced studies that Research has done, and that was 

6 the reason, partially the reason for the ACRS agreeing or 

7 going along with this, this is a memo or a letter from one 

8 of the participants, basically, I believe, it's 

9 Westinghouse, one of the participants of the task force 

10 during the preparation of NUREG-1477, and what the expert 

11 says here, he says that the model or the way the 32, the 

12 thousand gpm was calculated and the risk, this is -- here is 

13 the key word -- an arbitrary estimate.  

14 So here we have an expert, not Hopenfeld, but an 

15 expert tells them that this is not an advanced study. This 

16 is very important, because I feel that the ACRS is, to some 

17 degree, being used here as a tool to go to the public and 

18 say, yeah, we've got ACRS looked at it, but they never tell 

19 you what were the caveats behind it.  

20 Okay. Now, on May 20, 1997, we are jumping three 

21 years. Remember that DPO is still there and the NRR 

22 continuously tells the Commission that we're working on it 

23 as part of that rulemaking activity.  

24 DR. CATTON: Joe? 

25 DR. HOPENFELD: Yes, sir.  
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1 DR. CATTON: That excerpt from a letter you put up 

2 there, that was a letter from Westinghouse to who? 

3 DR. HOPENFELD: This was not a -- okay. During 

4 the -- we spent three months preparing that NUREG-1477.  

5 During that time, Westinghouse was making a lot of 

6 presentations regarding what should be or shouldn't be in 

7 that NUREG. One thing, they wanted to keep the voltage very 

8 high, but basically everything what they said was included 

9 in the NUREG.  

10 That letter -- well, as part of this deliberation, 

11 there was discussion regarding the research model and 

12 evidently the Westinghouse people felt very strongly that 

13 that model was just an arbitrary thing.  

14 And my point in bringing this model here was only 

15 to show you that what was referred to in the ACRS letter is 

16 an advanced, a better study compared to what was there on 

17 the record, really wasn't really that, because their own 

18 experts or some other experts really indicated the same.  

19 MR. BALLINGER: Excuse me. Is that Emmett Murphy? 

20 DR. HOPENFELD: Emmett Murphy, yes. It was just 

21 an informal note and my point here really, it's not any 

22 formality of anything, but my point here is just to indicate 

23 to you that I wasn't the only one questioning it.  

24 Westinghouse questioned that, too, that this was not some 

25 kind of an advanced study.  
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1 But nevertheless, on the record, and that's why 

2 the ACRS agreed that this was one advanced study and there 

3 was another advanced study that's in the NUREG-1477, and Mr.  

4 Wong was talking about and we'll talk about that later.  

5 So somewhere in 1977, mid-1977, the -- well. I 

6 believe that you have the -- I believe that one of my 

7 transparencies disappeared here, so I'll just talk off the 

8 top of my -- what I remember. I probably misplaced it or 

9 something.  

10 But before -- I'm terribly sorry about this. Let 

11 me go back and I'll go by memory. Oh, thank you very much.  

12 I think page five here. Yes.  

13 Page five, for some reason, came out in my 

14 transparency. On break, I could take it, but you can look 

15 on your page five and we'll go through this. I'm terribly 

16 sorry about that.  

17 On May 20, 1977, the NRR informs the Commission 

18 that they have discovered potential failures during severe 

19 accidents and, therefore, they would like to drop the 

20 rulemaking activities and, instead, go and resort to a 

21 generic safety issue, GL-95.  

22 Before they informed the Commission that they had 

23 problems with the rulemaking, six months earlier, the NRR 

24 management went to the Commission, and I thought I had 

25 another viewgraph to highlight that, maybe I didn't, they 
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1 informed the Commission that they are just about to get the 

2 rulemaking out and this is going to be a precedent-setting 

3 rule, it's going to be a backfit.  

4 However, six months later, they go to the 

5 Commission and they said there is no cost-benefit in doing 

6 so.  

7 Now, imagine yourself being a CEO, you're going to 

8 the board and you said I have a new product here and I need 

9 some money to work on it. You work on it for three years 

10 and just about when you finish, you say everything is okay, 

11 the trucks are ready to deliver. Four months later, you're 

12 telling I just found out that the bottom line is not there 

13 and, therefore, I've got to drop all the rule.  

14 In between, while the activities under rulemaking 

15 were going on, there was a resentment on the part of the 

16 industry that they felt that the rulemaking was too -- the 

17 rule itself was too complicated and there was an indication 

18 that they didn't like it.  

19 So we now find that suddenly the rulemaking is 

20 dropped and the rationale that's provided, the rationale is 

21 that we found some new problems with severe accidents. One 

22 of the problems that was alluded to was this jet that I told 

23 you before affecting the adjacent tubes.  

24 So now we find an excuse. Now, mind you, that 

25 back in September 1992, there was -- on that DPO, there was 
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1 a discussion on the severe accidents, where I have very 

2 clearly indicted there is a potential problem there.  

3 So here NRR is working for three years on this 

4 major activity and telling the Commission everything is 

5 okay, but then six months later, suddenly disappears. Now 

6 we've got to work on something else. We're going to start 

7 on a generic letter, which is a much lower -- has a much 

8 lower hierarchy in terms of its importance.  

9 So they get an okay to work on the generic letter 

10 and there's a year of activity on that letter and it went 

11 through -- it was so complicated, nobody could understand 

12 and NRR people couldn't figure out what it was.  

13 So finally they decided, well, we're going to drop 

14 that and we're going to a regulatory guide. Now, in June 

15 1999, this regulatory guide, by the way, went for public 

16 comments in the summer of '99 and in June, the industry 

17 requested -- they had a whole list of comments and rationale 

18 that NRC dropped the regulatory guide and the NRC did.  

19 So we have, since 1993 to June 1999, activities 

20 going on relating to all kinds of safety issues regarding 

21 steam generators and what do we have, what's the bottom 

22 line? Nothing. Nothing comes out of all these studies.  

23 Now, we start working together with the industry 

24 to come up with an agreement. Well, the industry didn't 

25 want any of that stuff to begin with.  
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1 So in June 1999, we, again, repeating it, we, the 

2 regulatory guide is dropped out and you have a whole new set 

3 of regulations that are being discussed with NEI and I 

4 understand that the resolution or the agreement is planned 

5 for the beginning of next year.  

6 Meanwhile, while all these activities are going 

7 on, nothing really says much about the DPO, except it went 

8 for public comments and when it came back from public 

9 comments, the NRR people made further changes in their 

10 assessment of it and basically that's where it stands today.  

11 Meanwhile, while all these activities go on, we 

12 see there are another 17 reactors, as of June 1999, allowed 

13 to operate with degraded tubes. We've got all these 

14 assessments going on, but the bottom line is 17 reactors 

15 operating not in accordance to the safety rules or the 

16 safety guidelines that the Commission had set.  

17 At this point, where nothing was happening -

18 well, there was one thing happening which I thought was 

19 very, very significant- Farley came in here for a 

20 relaxation. I think it was to allow them to operate without 

21 a mid-term inspection or mid-cycle inspection.  

22 Now, Farley was very, very significant. It was 

23 the first time, it was the first time that the proposition 

24 was that if they come in for a relaxation, they would have 

25 to do it on the risk -- under the new policy of risk-based 
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1 regulation. So they would have to use some kind of a risk 

2 justification.  

3 One comment that came from the industry in June 

4 1999 was that we do not want to or we do not know how to 

5 assess severe accidents. Take it out. We don't know how to 

6 handle that.  

7 Well, the NRR feared very strongly that they 

8 should assess the severe accidents. So they told them if 

9 you want relaxation, you better come back and address the 

10 issue of severe accidents.  

11 So suddenly, three months later, Farley comes back and makes 

12 an assessment regarding the -- or talks about the severe 

13 accidents, and the staff writes a report and says we believe 

14 that there are no problems.  

15 Well, one problem that came up was going back to 

16 this jet issue, the staff found out that if you have very 

17 small cracks, which you cannot detect, they still could 

18 cause you a potential accident propagation during severe 

19 accidents. They neglected that aspect of design basis.  

20 And Farley evidently had a potential for small 

21 cracks. So they said, well, we believe that there is no 

22 problem.  

23 Now, think about this for one second. Just think.  

24 The severe accident is a very complex scenario. It's 

25 extremely complex. Most people cannot -- it's being used to 
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1 analyze things. You don't design for it.  

2 Well, here the staff tells you that they believe 

3 that there is no problem, and they have experience. They 

4 understand it. But what is your experience to tell somebody 

5 that certain cracks are not going to be there during this 

6 very, very complex scenario? 

7 My answer is none. And this is important, because 

8 we're getting into this phase of risk-informed regulation 

9 which can be very, very subjective and it can be abused, and 

10 I think this is a very good example where you have a 

11 problem, you identify the problem, the people identify a 

12 problem and then when you have to take an action, say, well, 

13 we believe that there is no problem and that's enough, and 

14 that's sufficient to pass and get that plant operational.  

15 Now, I am not arguing about severe accidents. I 

16 personally am not sure that it should be there. But if the 

17 policy is to include severe accidents, then this is a 

18 concoction of a story. This is just -- so I write a letter 

19 to the EDO and the only reason I wrote a letter to the EDO 

20 at this point was because it set the precedent for how we 

21 deal with risk-informed regulation.  

22 If there is no seriousness behind it, then 

23 risk-informed regulation is just a joke. That's all it is, 

24 and that's the reason I thought I would just voice my 

25 opinion.  
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1 The reply I got from the EDO basically said, well, 

2 just we believe that the staff knows what they're doing.  

3 And as the EDO knows, they have the insight and experience 

4 about severe accidents, and I don't know, we haven't had 

5 many, but they know what's going to happen there.  

6 Now, as we go along, I will show you why this is 

7 complete nonsense, because these reactors were not designed 

8 for these conditions.  

9 Okay. I would like to give you my own perspective 

10 on this. I realize that at 40 percent through the wall 

11 criteria, which has been around from day one, imposes heavy 

12 financial burden and we have tried now for ten years to come 

13 up with something better or something different and we 

14 haven't been able to.  

15 So you must conclude that if we haven't come up 

16 with anything better, that we should still go back, that we 

17 should go and retain that 40 percent. It does have some 

18 theoretical basis to it, maybe very little, because we don't 

19 experience -- this is for corrosion, but the probe, the eddy 

20 current probe has a limited sensitivity and some studies 

21 show that it's really limited to 40 percent.  

22 So there is some rationale, whether it's -- it has 

23 served us well. That doesn't mean that it solved the 

24 problem, but it served us well and we cannot go now and 

25 experiment with something that we don't know what we're 
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1 doing.  

2 So the other thing that you get from this several 

3 years of experience, what you get is that what the industry 

4 wants is that they would like to have an infinite -- not 

5 infinite -- wide margin of freedom as to decide which tubes 

6 to plug, which tubes not to plug, but, at the same time, 

7 they want the NRC approving it.  

8 So when Con Edison got stuck recently, the first 

9 thing, they went and said, well, you know, we were right, 

10 NRC approved it.  

11 So there is an interest on their part to have the 

12 NRC ultimate say-so, yet they want to run the whole thing 

13 and they are.  

14 Now, if you look back, again, the decision of 

15 leaving these degraded tubes in place, allowing these steam 

16 units to operate, continue operating with degraded tubes was 

17 made back in 1992, early 1992.  

18 We didn't have any data at that time. I'll take 

19 it back. There was very little meager data that came from 

20 Westinghouse, very, very little. But there weren't any 

21 different -- I'll give you analogy.  

22 If you're taking Firestone tires and putting them 

23 on a tricycle and look at the data, that's what we had. So 

24 now the management, they grabbed that. It was there. They 

25 took that and they said, okay, we believe this is safe 
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1 enough and we'll just let it operate.  

2 And they built a machine, put in place a machine 

3 and they hired people that shared that vision. Most of 

4 those people are not here anymore, but some of them are 

5 here. So the thing is still moving, but there's no 

6 difference as far as this belief that we can operate safely 

7 with those cracks.  

8 Now, again, safety is a very subjective issue and 

9 it could be very well that you can operate this for a 

10 thousand years, but that's not what are our guidelines. We 

11 operate on the basis of risk, and my purpose here today, and 

12 I'll go to the nuts and bolts of this to show you where the 

13 risk is.  

14 Okay. You have to have some kind of a rationale 

15 when you replace something. You have to say, well, I've got 

16 a better mousetrap. So going back to early '92, 

17 Westinghouse invented what's called voltage-based plugging 

18 criteria. In other words, we're not going to measure the 

19 thickness or not going to base our plugging based on that 40 

20 percent wall thickness indication or degradation.  

21 We are going to base this thing on the basis of a 

22 model. But if you trip down everything what they say, it's 

23 a strictly unproven theoretical model. That's all it is.  

24 There is nothing else behind that. It's an unproven 

25 theoretical model.  
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1 So you look into that now, what's behind it.  

2 First, it's very nonscientific. This is very easy to -

3 DR. KRESS: Joe, is it all right to interrupt you? 

4 DR. HOPENFELD: Yes, sir. Please, interrupt me 

5 anytime, because it's easier for me if we talk and if I lost 

6 one slide, I'll go and look for it.  

7 DR. KRESS: When the ACRS reviewed the 

8 voltage-based plugging criteria, I think their view was that 

9 it was strictly an empirical model, without any real 

10 technical basis behind it.  

11 Although they didn't -- the ACRS, as I recall, 

12 didn't have real problems with the empirical model. Their 

13 problem was do you have enough data to support an empirical 

14 model and is that data covering the ranges of things of 

15 interest, such as the pressure difference, the crack size 

16 and the crack characteristics.  

17 So I wouldn't call that a nonscientific model. I 

18 would just call it an empirical model.  

19 DR. HOPENFELD: Let me amplify that, because I 

20 understand that's -- going back to the letter you wrote to 

21 the Commission, that was your view. My view, and I'll 

22 elaborate on that, I'll going detail and elaborate why I 

23 think it is nonscientific and why I don't think it's 

24 empirical.  

25 DR. KRESS: Okay.  

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034



40

1 DR. HOPENFELD: It is not empirical. It's purely 

2 theoretical. Now, I'll tell you, to be more exact, you can 

3 -- some people refer to something like in the literature, 

4 you find references to this as semi-empirical. Now, I don't 

5 know what semi-empirical means. It's not -- let me put -

6 I'll give you -- I'll go back.  

7 Sir, please notice this is my perspective and I 

8 call it analytical and I'm going to back -- I'm going to 

9 tell you why I think it's analytical. It goes back to the 

10 crux of this voltage measurement. Until we get there, it's 

11 difficult, but I understand that was your perspective and I 

12 disagree with that letter.  

13 DR. CATTON: Joe, just to make a comment on this.  

14 A very complicated area is interaction of fields with 

15 heterogeneous media. As soon as this thing has cracks in 

16 it, it's a heterogeneous media, and a real simple example of 

17 how badly you can conclude what's going on is a simple 

18 device, a little heat exchanger.  

19 If you look at the literature on these kinds of 

20 devices for a heat transfer problem, which there it's the 

21 interaction of a temperature field with in-flow and so 

22 forth, you find, in the friction side of it, you'll find 

23 several decades difference, and the primary reason is you 

24 don't have the right variables in the equation.  

25 So what people put on paper is not really an 
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1 empirical relationship that's any good for anything other 

2 than where the test was.  

3 So if you don't describe everything, and this 

4 means geometry, what the interfaces look like, everything, 

5 small changes can make huge differences in what you measure.  

6 And I think this is the same.  

7 DR. HOPENFELD: Ivan, I'm really bringing you -

8 I'll get to the equations of this, so we can see the 

9 parameters that play there, exactly what you're talking 

10 about and any feedback would be greatly appreciated, but 

11 that's exactly the bottom line.  

12 This thing is too complex to call it -- it's not 

13 semi-empirical, but we'll go back. I'll grant you, there is 

14 some empiricism in there, there is some.  

15 I'm sure that you have gone through all the 

16 volumes of material, backup information, and you have to 

17 agree with me that there is a lot of statements there, 

18 assumptions that you don't know where they come from.  

19 The main -- another problem is that all these 

20 things can be easy -- the answer can be easily adjusted and 

21 I will show you that as we go along. And the bothersome 

22 thing, extremely bothersome and makes constraints on us, is 

23 that a lot of that stuff is being stamped proprietary.  

24 Some of that is so obvious. Obviously, there is 

25 no competitor that sits there and they're going to re-derive 
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I am, to some degree, restricted in talking about 

some stuff, because I don't want to get in trouble with any 

of the lawyers. So I'm restricted on giving you any 

numbers, but you have all the information in front of you 

and I will try to point out where the problems are.  

But some of the things, it's ridiculous to call 

this proprietary.  

Now, at this point, I think I'm going to start 

with the technical issue. I mean, enough with the process, 

I think. Unless you want to break, that's fine with me.  

DR. POWERS: We are scheduled for a break. Maybe 

looking ahead at the slides, this would be a good one to 

complete and then it looks like there is a nice place for a 

break on the next slide.  

I think, incidentally, that the committee is 

persuaded of your qualifications to address this issue.  

DR. HOPENFELD: I'm sorry? 

DR. POWERS: The committee is persuaded of your
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F equals MA. But it is stamped proprietary and then you go 

back and you're trying to find what the references are and 

then you have these agreements and the stuff goes out for 

public comments.  

If I was in the public, if I had the time, there 

is no way I could follow what it is, because it's all 

proprietary.
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1 qualifications.  

2 DR. HOPENFELD: I brought it for a different 

3 reason. I brought it for two reasons. Basically, one, I 

4 listed some in my statements. I forgot to list here that 

5 I'm also on the ten most wanted at the NRC. But that's not 

6 really -

7 DR. CATTON: The most important is the fourth 

8 bullet.  

9 DR. HOPENFELD: Yes, that is kind of important.  

10 We're about the same time we got out.  

11 DR. POWERS: I think there's a conflict of 

12 interest here somewhere.  

13 DR. KRESS: What does the UCLA stand for? 

14 DR. POWERS: I thought USBC was getting all the 

15 Nobel Prizes now.  

16 DR. HOPENFELD: I don't know about Nobel Prizes, 

17 but we had a pretty good football team when I was there. I 

18 don't know what they're doing now.  

19 But anyway, going back to that, what I really 

20 wanted to -- the reason I'm really showing this is that I 

21 was personally involved in three different steam generators.  

22 One was the element, the R steam generator, and there was -

23 you had sodium on one side and you had water on the other 

24 side, and then I was involved in advanced fossil power plant 

25 for many years in the design for a program that I want to 
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1 mention.  

2 But anyway, it's high temperature, high corrosion 

3 environment, and I was involved in several PWR testing for 

4 steam -- under steam line break and feed line break for the 

5 MB-2 program, which was really a prototypic -- the first 

6 time anybody took a prototypic steam generator, basically, 

7 and sliced from a steam generator and took a look at it.  

8 What I'm trying to tell you here is that these 

9 various steam generators have certain things in common, even 

10 though their operating conditions are entirely different.  

11 One thing, I remember spending years really 

12 arguing what should be the design basis for the LMFBR. It 

13 was a hockey stick type of a steam generator, what should be 

14 the design; should we use one tube, should we use three 

15 tubes, should we use four tubes, and it was going on and on.  

16 You had all kinds of rationale for it and we 

17 finally came up with, I believe, it was like five, there was 

18 one in the center and the forest around it.  

19 About eight years ago, there was an accident in 

20 Dounray, Scotland, and you know what the -- the steam 

21 generator went. Do you know how many tubes ruptured or got 

22 deteriorated? Forty-eight of 50. And now I can take the 

23 slide off, because that really was my main point here.  

24 What I'm trying to say is that when you do the 

25 design stage, you come up with your best estimate. I hope 
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1 that later on, I'll ask Mr. Spence to talk about that. He 

2 may mention it. We have a steam line break as a design 

3 basis accident. That doesn't mean that a full steam line 

4 guillotine type break is the worst case. It may not be.  

5 What I'm saying is there are uncertainties here 

6 and we shouldn't worship this. And is that time to take a 

7 break? 

8 DR. POWERS: Yes. We'll recess till five after 

9 the hour.  

10 [Recess.] 

11 DR. POWERS: Let's come back into session, and I 

12 will turn the floor back to Dr. Hopenfeld.  

13 DR. HOPENFELD: Thank you. I would like -- while 

14 I was flipping the pages before, one slide came out and I 

15 didn't notice that. I'm not going to harp on this for too 

16 long. I just want to make one point here.  

17 That there was a meeting of the ACRS in November 

18 1996, and the ACRS was echoing really industry concerns 

19 about this whole rulemaking thing. The industry said we've 

20 got this ASME code that already takes care of it, and they 

21 were concerned about it.  

22 But as far as the DPO, I came back and indicated 

23 to you -- in fact, I even said that what was presented to 

24 you previously was really misleading.  

25 And at that time, I believe you stated to the 
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1 Commission, the ACRS stated to the Commission that the NRR 

2 should resolve the DPO and the generic safety issue before 

3 they issue any rulemaking. These should be resolved before 

4 anything else takes place.  

5 And that was the commitment that NRR, the EDO, at 

6 the time, made, that he is going to resolve the DPO and the 

7 GSI and this is going back to 1996. We are four years 

8 later, where do you think the GSI is? We'll tell you later.  

9 DR. POWERS: It goes without saying, the committee 

10 has commented frequently on the pace of resolution of GSIs.  

11 DR. HOPENFELD: Thank you. Yes. That is true. I 

12 was trying to give you that data and I think there is much 

13 more to that data to extract for it and I think we can make 

14 it positive, but I really just wanted to highlight that four 

15 and a half years and the 17 years, which hits everybody, 

16 anybody that looks at it. What's going on here? 

17 I'd like to give you a little bit of feel for the 

18 background, mostly for the public, and I may be boring you a 

19 little bit. But the importance of this accident is really 

20 that you have a heat exchangers, with acres and acres of 

21 land, so there's a lot of surface area. So there's a lot of 

22 problems -- there's a high probability that if you operated 

23 those with a lot of cracks, that something will go wrong.  

24 It's a very important component. It's a 

25 safety-related component, because it -- remember, we have 
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1 three barriers there for safety, cladding, coolant and a 

2 containment. In this case, there's no containment. You 

3 bypass the containment. So you're losing a major barrier 

4 for safety.  

5 And there was an earlier study, I believe it was 

6 in the mid '80s, NUREG-0844, which concluded that really the 

7 steam generator is primarily -- it's a financial concern if 

8 you have -- it's not a safety-related component.  

9 It's primarily what drives the inspection and the 

10 maintenance of that is -- it has no really major safety 

11 implications.  

12 The thinking behind that was that if you operate 

13 with good steam generator tubes, there is justification. If 

14 the unit operates all the time, you don't expect it's not -

15 it wasn't designed to have major disasters, and that was 

16 correct.  

17 So the main difference in opinion between myself 

18 and NRR is that they believe that if you operate with 

19 degraded tubes, the risk is acceptable and the DPO position 

20 is not acceptable, as I said before. It's the crux of the 

21 issue here.  

22 Now, what is this accident? Most of you probably 

23 know. You have, at a given time, at any given time during 

24 the operation, you may have a steam line break and if you 

25 have a steam line break, you depressurize the system. Just 
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1 like when you drive your car and the hose breaks and all the 

2 steam is going to come out. You just depressurize all that 

3 inventory.  

4 And other accidents, we have two separate 

5 accidents which these plants originally were designed to.  

6 They were designed for a steam line break or they were 

7 designed for a tube rupture, but not the two at the same 

8 time.  

9 So you could have a steam line break and you -

10 there's no radioactivity escaping, except a minor amount, 

11 because the safety valves will isolate, but basically it's a 

12 -- the system is designed for.  

13 You also have a tube rupture, and, again, this is 

14 sealed, so you don't have an accident. It's not part of the 

15 design basis.  

16 Now, when you operate with thousands of cracks, 

17 what happens to that design accident? Originally, you 

18 assumed that those tubes are perfect just the way they came 

19 from the mill. Well, they're not the same anymore.  

20 So now what happens is when you have that accident 

21 occurring, you depressurize the system and you put different 

22 loads on those tubes and suddenly you have all those cracks 

23 that you think that they are tight and sitting there opening 

24 up, and when they open up and if the operator cannot control 

25 that accident or cannot depressurize the system, then 
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1 eventually you run out of water.  

2 This is your refueling tanks which keeps the -

3 it's a storage tank. Well, you can say, well, so what, big 

4 deal, you know, I ran out of water, I'll just go and get 

5 some few helicopters, I'll pump some more water in there and 

6 eventually I'll do something.  

7 It's not that simple and the reason it's not that 

8 simple is because this water has to be borated and if it's 

9 not borated, you run the chance of recriticality in the 

10 core. So you can't just get any old water. There are 

11 procedures you have to go and make sure it's borated 

12 properly.  

13 So that was the issue. You see, it's a risk 

14 issue. And that's what we'll be talking today in more 

15 specifics.  

16 So basically, originally, we had -- the plants 

17 were designed for a steam line break, main steam line break.  

18 Okay. That's what you design. You don't worry about a tube 

19 rupture or anything happening at the same time.  

20 And these are basically the criteria for what you 

21 designed it to. Then you design the plant to withstand a 

22 tube rupture, and, again, these are the conditions that you 

23 design to. You can withstand a 600 gpm.  

24 However, there are differences. Notice there are 

25 differences in what occurs during the transient. In the 
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1 steam line break, the depressurization is fast and, 

2 relatively speaking, the steam generator tube rupture, it is 

3 slow.  

4 For one parameter that comes into calculating 

5 off-site doses under requirements of Part 100 is to know 

6 what the iodine spike data is. It's available for SDTR. It 

7 is not available for a main steam line break.  

8 So my first presentation on the subject back in 

9 '92 or whatever it was, '94 maybe, I have indicated to you 

10 that if now we are allowing these plants to operate with all 

11 these cracks, we are not talking about steam line break 

12 anymore, nor are we talking about steam generator tube 

13 rupture. We're talking about a different material. We're 

14 talking about a different accident.  

15 DR. CATTON: What is the MSLB/L? 

16 DR. HOPENFELD: Main steam line break with 

17 leakage. The L stands for leakage. I'm sorry, I didn't 

18 make it clear.  

19 DR. CATTON: You did, I just didn't look at the 

20 slide properly.  

21 DR. HOPENFELD: And I outlined that, I circled 

22 that leakage. So that is really the difference. You have a 

23 fast depressurization and now you have more than 30 gpm 

24 coming out from the primary, and that depends on how many 

25 cracks open up.  
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1 I claim I don't know how many. Maybe none. But 

2 there is a strong support for the proposition there would be 

3 many opening up.  

4 But, again, the point here is if the leakage is 

5 fairly small, the operator can take care of it. There is no 

6 problem. I don't want to scare anybody.  

7 But if the leakage is large, there are so many 

8 things happening, and we'll have an operator talking to you 

9 today, so many things happening here that you will -- there 

10 is a high probability that you'll melt the core, and it's a 

11 question of risk, because there is no way of absolutely 

12 saying that this will happen or not happen.  

13 Now, I have relatively an easier job than my 

14 friends at NRR, because I take the position when I don't 

15 know something and public safety is my main concern, I'm 

16 going to be conservative. I'm going to err on the side of 

17 safety.  

18 Well, if they don't want to take that position, 

19 which is fine, I think the burden on them to come and 

20 explain to you all their beliefs, all their judgments, where 

21 they come from, who are those people, what's their 

22 background. I think you're entitled to know that, because 

23 it's judgment.  

24 Okay. The procedure to justify operation with 

25 degraded tubes is as follows. The main assumption is that 
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1 you are safe to operate if the voltage that the probe reads 

2 during the refueling outage, if the voltage reads, the probe 

3 reads voltages less than two volts, one or two volts, or -

4 and here is the caveat that they have -- or higher, by 

5 special approval, and you know what that means. It can run 

6 to anything, although they have been limiting themselves to 

7 three volts.  

8 Originally, they started with one, then it went to 

9 two, and now we're at three, but it can be more.  

10 Now, how do you decide what happens next is 

11 because these are the voltages during the outage. Now, you 

12 really want to know what happens during the cycle, so you 

13 have to figure out what is going to be the voltage during 

14 the 18 months period that the steam generator is going to be 

15 in service. That's called end-of-cycle voltage.  

16 Then you have the requirements or the 

17 specification says that you should be limited to 150 gpd, 

18 gallons per day, for operational leakage. You're allowed, 

19 per steam generator, 150 gpd. It used to be 500, now I 

20 believe it's 150.  

21 But all that really says, and that 150 has been 

22 around for many years, it really has nothing to do with 

23 operating defective steam generators. It's something that 

24 you can measure whether you exceed 150 or not.  

25 So it's an operational limit. But then you have a 
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1 limit of one gpm under steam line break conditions. What it 

2 says is during a steam line break, you cannot exceed one 

3 gpm. Now, you ask yourself, what kind -- can you measure 

4 that when you have a steam line break? You can't do 

5 anything.  

6 I mean, you don't impose on somebody a condition 

7 where you can't measure, you can't control, you can't do 

8 anything with it.  

9 DR. BONACA: Excuse me, a question. So the one 

10 gpm is the one in the tech specs, right? 

11 DR. HOPENFELD: That's correct. But this is 

12 derived for the steam line break.  

13 DR. BONACA: I understand.  

14 DR. HOPENFELD: At that time, going back to my 

15 table, they were thinking in terms of good tubes. They 

16 didn't have these degraded tubes. So that one gpm, you 

17 could say, yes, it's a reasonable number. But now we have 

18 all these thousands of different cracks and how are you 

19 going to dictate to them that they're going to stay with one 

20 gpm just because you want to. That's exactly what they do.  

21 So the bottom line here is that -- now, the one 

22 gpm can even exceed it if the tubes are confined. Remember, 

23 those support plates, the NRC believed -- or the NRR people 

24 who designed this believed these act like O-rings that will 

25 hold the thing. Anybody with any design, has experience 
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1 with 0-rings, you know that that is not a -- even for a very 

2 simple component, it's not an easy thing to design.  

3 Dirt gets in there and motion, so they believed 

4 they're going to be so tight that the leak is not going to 

5 get out of the support plate region.  

6 So basically, if you look at this, if you really 

7 look at this and please think about this, before we had 

8 degraded tubes, we had basically the same specification as 

9 we have now after a degraded tube, after we allow them to 

10 operate with degraded tubes.  

11 Another thing that's very interesting is note that 

12 in the steam line break, there was one gpm, and I'm not 

13 going to argue whether it's one gpm, ten gpm, whatever that 

14 is, we had one gpm.  

15 Well, let's take a look at what happened at IP-2 

16 or other reactors that had experience with large leakage.  

17 Well, the reactor -- the NRC said they shouldn't exceed one 

18 gpm and that wasn't under steam line break.  

19 If there was a steam line break, obviously, it 

20 would be much more. So this, in a sense, this thing here 

21 has no meaning. You can't measure it. You can't do 

22 anything about it. When that steam line breaks, we're going 

23 to have any leakage that the plant decides is going to 

24 happen.  

25 It depends on what the forces are going to act on 
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1 the tubes and not some dictation by a regulation.  

2 But anyway, that goes back to this, to the risk 

3 that we're talking about. NRC assumes that if they follow 

4 this procedure, this procedure will keep them from putting 

5 the public at risk at a higher than ten-to-the-minus-five 

6 per reactor year, which is the Commission guidelines for 

7 safety. That's what says it's safe or not safe.  

8 Now, whether it's safe or not safe, I don't know, 

9 but that's the standard we have to live to.  

10 DR. BONACA: Let me just ask a question, Joe. At 

11 one gpm, however, it was -- it is a number which is tied to 

12 the dose at the site boundary. It implies also one percent 

13 failed fuel, I believe, in the reactor.  

14 DR. HOPENFELD: Right.  

15 DR. BONACA: So I'm only saying that I don't think 

16 the goal was just the one gpm. The one gpm is an assumption 

17 made in the tech specs that goes with the assumption of one 

18 percent failed fuel, and typically plants run with one 

19 percent failed fuel.  

20 DR. HOPENFELD: I understand that and I'm going to 

21 discuss this. But this is working, you want to make sure 

22 that you stay within Part 100, and that is true. But so 

23 what? It's still -- what drives this thing is not what you 

24 want, what the SRP wants. What drives this thing is what 

25 nature wants.  
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1 DR. BONACA: I understand.  

2 DR. HOPENFELD: So you can say, well, I've got 

3 this Part 100 and it says that I shouldn't exceed five gpm 

4 or whatever, but I'm just showing you that evidently the 

5 system is not interested what the NRC tells them, because if 

6 it was, each time you have a steam generator tube rupture, 

7 you wouldn't see 150 or 200 or I think they've gone as high 

8 as 600 gpm. You wouldn't see that, because this thing 

9 doesn't allow that.  

10 DR. BONACA: That's the question, because thinking 

11 about the -

12 DR. HOPENFELD: I understand where it comes from.  

13 DR. BONACA: The actual limit is there. So in our 

14 estimating that, we have to take account of leakage, 

15 whatever that is. I agree with you. The one gpm just was 

16 an assumption there.  

17 DR. HOPENFELD: But I understand the assumption 

18 and I think it's okay if you stay within what we were 

19 talking originally, a steam line break. But that's why I 

20 put the thing in the third column there. We are not talking 

21 about steam line break.  

22 Unless you can show that these cracks are going to 

23 stay within that region, and that's probably what they're 

24 trying to say and that's what's going to be -- we can argue 

25 it. That's why I'm bringing all this at this point, so 
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1 we'll focus in on that issue.  

2 So there is a need to fix this. If you want to 

3 operate with cracked tubes, you fix this one, because either 

4 you can measure it -- if you can predict it, fine, but the 

5 issue is can you really predict it.  

6 DR. BONACA: I don't want to belabor it, but, for 

7 example, I could say, okay, I am going to fix the amount of 

8 allowable failed fuel not to one percent, but to one per 

9 thousand and then I allow a larger leakage.  

10 DR. HOPENFELD: Right.  

11 DR. BONACA: I'm trying to point out that that 

12 number was part of a product that ended up with the dose 

13 leakage.  

14 DR. HOPENFELD: You're absolutely right. Look, if 

15 you can have perfect fuel with no cladding cracking, it 

16 doesn't matter. But that's not the real world. There is 

17 some cracking.  

18 It probably, and I don't know, it probably -- the 

19 lawyers probably got in there and it's probably in the 

20 warranties going between the fuel manufacturer and the 

21 supplier and the utility. There's probably some verbiage 

22 there that the lawyers put in, but I'm not looking at it 

23 from that perspective. I'm telling you this number doesn't 

24 mean a thing.  

25 DR. KRESS: I'm not quite sure, Joe, I understand 
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1 your last bullet on that slide.  

2 DR. HOPENFELD: Which one, sir? 

3 DR. KRESS: The last one.  

4 DR. HOPENFELD: This one? 

5 DR. KRESS: Yes.  

6 DR. HOPENFELD: Okay. The reason you have all 

7 this procedure of controlling how much leakage you're going 

8 to have or the rationale behind this is you don't want to 

9 exceed the ten-to-the-minus-five core melt per reactor 

10 year.  

11 If you were to say, well, if this is going to be, 

12 say, a thousand gpm, it could very well be that you will 

13 exceed the ten-to-the-minus-five, because the operator is 

14 not going to be able to handle it.  

15 DR. KRESS: Okay. There's more to it than just 

16 that procedure.  

17 DR. HOPENFELD: Correct.  

18 DR. KRESS: There's operational procedures and 

19 frequencies.  

20 DR. HOPENFELD: That's correct.  

21 DR. KRESS: So you're making -

22 DR. HOPENFELD: What frequencies? 

23 DR. KRESS: The frequencies at which this main 

24 steam line break could initiate.  

25 DR. HOPENFELD: Correct. I'll go into that. Yes, 
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DR. KRESS: So you're saying there's a lot more to 

it than just those procedures.  

DR. HOPENFELD: Yes, yes, yes. Absolutely, 

there's a lot more to it. This is ten-to-the-minus-five.  

That's what they are saying. That's their -- you see, the 

NRR people said we -- by doing this, we will guarantee the 

public that we are going to exceed that ten-to-the-minus 

five; we're going to have ten-to-the-minus-seven or whatever 

they said, six-times-ten-to-the-minus-six, and we're going 

to guarantee that.  

Now, how are they going to do that is going to be 

a subject we're going to be discussing this. But this is -

I'm trying to focus on the issue. This is the issue of 

going back to what's safe is safe and the 

ten-to-the-minus-five is a number.  

In order to meet that number, they'll give you a 

rationale tomorrow why they meet it. And I will give you a 

rationale today why they not meet it.  

Now, I have an easier job, because I can err on 

the side of safety and they don't want to err on the side of 

safety. But don't let them out of here and tell them, well, 

we believe, because that's what they told you previously.  

DR. KRESS: I was assuming that there were two
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1 DR. HOPENFELD: Sir? 

2 DR. KRESS: I was assuming that there were two 

3 relatively independent objectives. One was to assure you 

4 didn't exceed the 10 CFR 100 doses and then there was 

5 another objective of not exceeding that value of risk, which 

6 has a lot of other things associated with it.  

7 DR. HOPENFELD: Right. I do have that in the next 

8 slide, we'll be talking about that.  

9 DR. KRESS: Okay.  

10 DR. HOPENFELD: I don't know whether you can 

11 divorce them. In real life, I don't know how you divorce 

12 them.  

13 DR. KRESS: They are related, of course.  

14 DR. HOPENFELD: They are related. I don't know if 

15 you can say, well, today, we're not going to exceed this, 

16 we'll stop as soon as we -- yes, if I had such a mechanism 

17 there, a shutoff mechanism that cuts me off as soon as I go 

18 over that one gpm, yeah, I'm okay, but I don't think we have 

19 anything like that, because nobody ever invented one yet.  

20 DR. BONACA: I had just one more question, which 

21 is more to help me in the review. You pointed out that 

22 clearly if you have large leakage rates, the success of the 

23 operator is much more questionable.  

24 DR. HOPENFELD: Correct.  

25 DR. BONACA: And it becomes even more questionable 
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1 the larger is the leakage rate.  

2 DR. HOPENFELD: Correct.  

3 DR. BONACA: And I've been looking at some of the 

4 sensitivities, again, to make my judgment on, and I've been 

5 looking at this INEL report, that's the 1996 INEL report 

6 with the sensitivities.  

7 DR. HOPENFELD: Right.  

8 DR. BONACA: Is that the right document? 

9 DR. HOPENFELD: I believe it's one, but we're 

10 going to spend a lot of time on the operator action today.  

11 As a matter of fact, since I am not an operator, I asked Mr.  

12 Robert Spence to talk about that aspect of it and he will 

13 answer your question.  

14 I really didn't prepare myself too much about the 

15 operator -

16 DR. BONACA: No, just I'm trying to understand 

17 what -

18 DR. HOPENFELD: Yes. I'll be glad to -- I'm 

19 familiar with the report, but the detail of operation, I 

20 will just give you just an overview of it.  

21 The main point is, focus their attention, again, 

22 they say, well, we are about ten-to-the-minus-five, and I 

23 say, no, ten-to-the-minus-four and the other research report 

24 also says around ten-to-the-minus-four, and that's what 

25 we're going to be trying to -
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1 DR. KRESS: Joe, not to belabor this too much.  

2 DR. HOPENFELD: Sure. We've got plenty of time, 

3 sir.  

4 DR. KRESS: Okay. I understand. What would you 

5 say to a condition where the leakage was such that you 

6 exceeded 10 CFR 100, but the risk was still actually below 

7 ten-to-the-minus-five? I can conceive of that happening, 

8 depending on how -

9 DR. HOPENFELD: Sure. Sure.  

10 DR. KRESS: Is that acceptable or is it -

11 DR. HOPENFELD: Okay. I'll answer the question to 

12 you, because I used to drive very fast when I was younger.  

13 But I think all of us drive 80 miles an hour, okay, and 

14 nobody is going to really worry about it. When you go 200, 

15 you start worrying.  

16 So if you go -- and I think the cutoff number, 

17 depending on how you do this, is something like five gpm, 

18 depending on the site, it's a site-specific kind of thing.  

19 DR. KRESS: It doesn't take much leakage.  

20 DR. HOPENFELD: So if we're talking about five or 

21 ten or 50, we go to 145, 150, that's what the Research 

22 people came out with, remember back to '92, Trojan, they 

23 told him it's going to be -- the mean is going to be 144, 

24 and they probably thought, hey, how am I going to meet Part 

25 100 on that.  
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1 We will have to do a lot of nobbing to get the 

2 thing down somehow. So to answer the question, yes, but I 

3 -- yes. Maybe you should look into the relative risk of 

4 these two, I don't know. I haven't looked at it.  

5 Just to make it clear as to -- I verbally described to you 

6 what they're doing. It may be easier to describe here.  

7 What they do, they have -- they're getting readings from the 

8 field as to what the voltage distribution is on all the 

9 tubes or sample or sample of the tubes, and then they adjust 

10 the thing by voltage growth to the cycle.  

11 Now, I got to -- I'm going to spend some time 

12 about this, because this is a major assumption and those 

13 people who are stress corrosion experts probably would know 

14 that stress corrosion, there are two parameters that operate 

15 in stress corrosion. One is initiation, another is 

16 propagation.  

17 And you, as a rule, really cannot say that the 

18 historical data can be projected into the future. You can 

19 maybe say that in fatigue cracks, where you can count the 

20 number of cycles, but when you talk about stress corrosion, 

21 which is a much more complex phenomenon, it depends on the 

22 environment, it depends on the stresses, it depends on the 

23 chemistry, it depends on the material, you have -

24 The process is so complicated that you cannot say 

25 what happened in the past is going to happen in the future, 
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1 but that's exactly what they say, with something that they 

2 cannot even measure.  

3 So the next thing, what you have is you take all 

4 this thing here and you put some uncertainties in it and you 

5 come up with a distribution at the end of the cycle. And 

6 then after you do all that, you still have to tell somebody 

7 what the leakage is. So you take and you say I'll take my 

8 end of the cycle distribution of defects and I will multiply 

9 by something, some factor to say -- to determine whether I 

10 will or will not have a leakage, and you see these are two 

11 points.  

12 And I see one member here from Research that's in 

13 there and maybe he can help me, if he wants to, is that 

14 basically you can provide -- put any distribution between 

15 these points. You can draw anything you want to.  

16 The NRC, and we'll go to this, claims that they 

17 have a distribution log logistic, and I'm not a 

18 statistician, but he can tell you, one of his contentions 

19 was that the log logistic distribution is not conservative.  

20 What does that mean really? If you wish, he can 

21 tell you later on.  

22 The next thing, what is being done, they take this 

23 -- all this distribution, multiplying by that probability of 

24 leakage, and they put -- go to the data from the laboratory 

25 and they come up with some kind of a leakage rate during a 
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steam line break, and that goes to calculate that Part 100 

and that goes to calculate and they put additional 

uncertainties on it to come up with and tell you what the 

risk is.  

But that, in a nutshell, is illogical. You have 

to go item by item and start probing into really what this 

means, but that's just the overview of the whole picture, 

the way I understand it.  

DR. KRESS: Excuse me, Joe. What's the little 

dots on the middle curve? 

DR. HOPENFELD: Those? 

DR. KRESS: Yes. The ones on the -

DR. HOPENFELD: This is the data. This is whether 

you leak or not.  

DR. KRESS: It's your scale. Okay.  

DR. HOPENFELD: This one, yes, this is the 

voltage. They take specimens and -

DR. KRESS: That's not a data point.  

DR. HOPENFELD: Yes, it is.  

DR. KRESS: It's a data point.  

DR. HOPENFELD: Could you please it explain it 

better? It's a yes or no thing. It's a fail or not fail.  

DR. KRESS: So you have a bunch of data points 

down there and a bunch of data points here.  

DR. HOPENFELD: Right. And this is a logarithmic
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1 scale, so they drive all kind of -- would you like to very 

2 briefly say something about the logistics thing? 

3 DR. POWERS: You need to use a microphone and 

4 identify yourself. It's kind of selfish, but I'd give you a 

5 little break here on my throat.  

6 MR. BUSLICK: Okay. There is no theoretical basis 

7 for using a log logistic curve for this response problem.  

8 So a logical thing to do would be to try to use different 

9 curves, different families of curves, like a Kochi and a lot 

10 Kochi, normal, loss normal, and see how the goodness of fit 

11 for these different curves, families of curves are, when you 

12 use the maximum likelihood estimate of the parameters for 

13 each case.  

14 You want to see how good and see what the 

15 differences of results are. I found that, if I recall 

16 correctly, I could give you a reference, it's in the PDR, 

17 that the log logistic was one of the least conservative, 

18 underestimated the leakage.  

19 That all of the families of curves fit about the 

20 same, the goodness of fit characteristics were about the 

21 same.  

22 In the cases that I examined, if I recall 

23 correctly, the changes in the leak -- in the estimated leak 

24 rate for a typical case, typical set of voltages that were 

25 measured in the plant, may have changed the leak rate by a 
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1 factor of four or so between a more conservative one, maybe 

2 not the most conservative, and the log logistic.  

3 I have the details, I just don't have them with 

4 me, and that's basically what was done.  

5 DR. HOPENFELD: Thank you.  

6 DR. KRESS: I still would like to have you clarify 

7 that middle curve for me.  

8 DR. HOPENFELD: This curve? 

9 DR. KRESS: How were the data obtained? 

10 DR. HOPENFELD: You mean this curve? 

11 DR. KRESS: Yes.  

12 DR. HOPENFELD: I'll tell you how I think, what I 

13 believe, you take a specimen, you subject it to the 

14 pressure, to whatever the steam line pressure differential 

15 would be.  

16 DR. KRESS: The specimen has only the one bobbin 

17 voltage indicator in it.  

18 DR. HOPENFELD: No, I think those -- if I 

19 understand correctly, you take some tubes, which were in the 

20 plant, and you take and you pressurize them.  

21 DR. KRESS: So that tube has a distribution of 

22 readings to it.  

23 DR. HOPENFELD: Yes. The certain -- let's see.  

24 You see whether they leak or not. Go ahead.  

25 DR. POWERS: And please use the microphone and 
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1 identify yourself.  

2 MR. MUSCARA: Joe Muscara, with NRC Research. It 

3 essentially comes from what Westinghouse conducted to 

4 develop the voltage-based criterion. Many of those points 

5 are from tubes removed from service. There are some data 

6 points developed in an autoclave in the laboratory.  

7 What they've done -- there are two aspects of 

8 this. One, is there is a probability that a cracked tube 

9 will leak and, secondly, if it does leak, how much does it 

10 leak.  

11 The middle curve has to do with the probability of 

12 the tube leaking. So they've taken a number of tubes from 

13 the field, they have different voltage response, and tested 

14 it.  

15 And what that graphs shows is whether a tube at a 

16 given voltage responds, leak or doesn't leak.  

17 DR. HOPENFELD: That's what I thought.  

18 MR. MUSCARA: So you have a number of data points 

19 at the bottom, those tubes that did not leak -

20 DR. KRESS: Let me ask you a question about that.  

21 Does this curve say that a tube with all voltage responses 

22 below that level? 

23 MR. MUSCARA: There's data for the specific tube.  

24 I'm assuming -- I assume they took the highest voltage for 

25 that flaw.  
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1 DR. KRESS: That's the highest voltage on the 

2 tube.  

3 DR. SHACK: It's the voltage you measure according 

4 to your specification for how you measure the voltage for a 

5 tube. You have a procedure for doing that.  

6 DR. HOPENFELD: One tube, one defect, one 

7 measurement.  

8 MR. MUSCARA: But there are many voltages along 

9 that crack. So you have to select a voltage from that 

10 crack.  

11 DR. KRESS: But that's the point I was trying to 

12 get at. So one tube, one voltage, one crack.  

13 MR. MUSCARA: Right, and I suspect that that's the 

14 highest voltage noticed for that particular crack.  

15 I think that's -- from what I've read, that's what 

16 they do. They take the highest voltage for a given crack.  

17 DR. KRESS: But the point I wanted, wasn't clear 

18 to me, is if one tube, one crack that you're looking at.  

19 MR. MUSCARA: Or a cracked zone.  

20 DR. KRESS: Or a cracked zone. That clarifies it.  

21 MR. MUSCARA: Some tubes at a given voltage leak, 

22 other tubes at the same voltage don't leak.  

23 DR. KRESS: Yes. Okay. Except that almost looks 

24 like a -

25 DR. CATTON: And these voltages measured in the 
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1 steam generator and then the tube is tested later or are 

2 these voltages measured on the pulled tube or what? 

3 MR. MUSCARA: Yes. That's the voltage that was 

4 measured in situ during operation, the in-service 

5 inspection.  

6 DR. CATTON: So that's what that voltage is.  

7 MR. MUSCARA: That's what that number is. Of 

8 course, they do measure the voltage after the tube is 

9 pulled, but the number that they're providing here is the 

10 voltage response of the tube in-service.  

11 DR. HOPENFELD: Well, let me make a couple of 

12 comments on that. Thank you very much for straightening me 

13 out on this. This is not -- my point here is really there 

14 is a disagreement whether this distribution could or 

15 couldn't be, but the point that I just want to make now, 

16 just in case I forget, you ask yourself what causes 

17 something to leak.  

18 Not the voltage, what causes something to leak is 

19 how deep is the crack and that voltage has nothing to do 

20 with how deep that crack is and what loads are going to be 

21 on the crack.  

22 That goes back to what you said. When they say it's 

23 empirical, it's empirical, but it really doesn't relate to 

24 real world conditions. It's empirical of something, but 

25 that's really was the point.  
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This is NRC.  

MR.  

DR.

HOPENFELD: I'm going to spend a lot of time, 

of the day today on this.  

BALLINGER: Sure. But with respect to the 

curve fitting technique that you use to fit 

HOPENFELD: First of all, this is not me.  

These are these people.  

BALLINGER: I'm using the generic you.  

HOPENFELD: Okay. Sorry.
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But exactly how -- there's another point that 

wasn't mentioned here. When you -- if you measure that 

voltage in the plant and you pull those tubes, many times, 

those tubes get damaged, and I don't know whether you tear 

ligaments or you fix ligaments or whatever, and when you put 

this thing in the test conditions, I don't know what these 

points -- what they really represent.  

I did go back to the database, I couldn't figure 

it out. But it's not really very essential to my points 

anyway.  

MR. BALLINGER: As a point of clarification, 

you're going to, I'm sure, explain to us your issues with 

respect to making the jump to the next step.  

DR. HOPENFELD: Right.  

MR. BALLINGER: That is to say, voltage to leak 

rate.
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1 MR. BALLINGER: That's based on the so-called 

2 engineering judgment part and there are statistical 

3 techniques which identify the goodness of fit.  

4 DR. HOPENFELD: Right.  

5 MR. BALLINGER: And at some point, it's your 

6 choice, the generic you.  

7 DR. HOPENFELD: Right.  

8 MR. BALLINGER: Of which to use.  

9 DR. HOPENFELD: Right.  

10 MR. BALLINGER: So there may indeed be an 

11 empirical correlation between the parameter that you measure 

12 and the depth of the crack.  

13 DR. HOPENFELD: It could very well be.  

14 MR. BALLINGER: It then becomes your choice.  

15 DR. HOPENFELD: Right.  

16 MR. BALLINGER: On how you fit that data and what 

17 relationship that you use, and that relationship may have 

18 absolutely no connection with -- it's just a strictly 

19 mathematical construct.  

20 DR. HOPENFELD: I did talk a lot to our 

21 statisticians and I forgot all my statistics, but I remember 

22 the basic concept, and I understand what you're saying, sir.  

23 The point really is that maybe all that thing is 

24 okay within this laboratory that they're testing all these 

25 things, but, now, what that really means later on, a month 
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1 and a half, a year and a half later in the plant are two 

2 different things.  

3 MR. BALLINGER: But that's a different question.  

4 I mean, in -

5 DR. HOPENFELD: But there is a different question, 

6 but, you see, that's really what I'm after.  

7 MR. BALLINGER: But there is nothing inherently 

8 bad about making a choice of what you use to fit the data.  

9 DR. HOPENFELD: No.  

10 MR. BALLINGER: It could be empirical. The 

11 relationship is empirical and can't be derived.  

12 DR. HOPENFELD: I'm not questioning that.  

13 DR. KRESS: But I'm presuming that's not the full 

14 database that goes into establishing that particular curve, 

15 because I would have never chosen that one for that 

16 database.  

17 MR. BALLINGER: Nor would I, based on the cartoon.  

18 DR. KRESS: It's just a cartoon, I'm assuming.  

19 DR. HOPENFELD: I'm not questioning this. Go 

20 ahead. I'm getting a break here.  

21 MR. BUSLICK: The point is if there is no 

22 theoretical basis for one curve and for probably a family of 

23 curves for probability of leakage or another, then if you 

24 have several families which have equal goodness of fit, the 

25 real question is why choose the log logistic if it tends to 
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1 give one of the lower leakages.  

2 MR. BALLINGER: That's exactly correct. Then you 

3 have to have some other piece of information which may or 

4 may not -- which may be relevant.  

5 DR. HOPENFELD: Really, my main point here was 

6 that -- and I brought it in here really to show you even the 

7 experts, there is disagreement. And it could make a 

8 difference, up to a factor of four, you know, it makes -- it 

9 probably has no meaning as far as the overall risk is 

10 concerned, but when you talk about this legalistic aspect of 

11 Part 100, it may.  

12 DR. CATTON: When you look at this last figure, 

13 what is the range? You don't have any numbers on here from 

14 the bottom of the data to the top of the data. Is that a 

15 factor of four? 

16 DR. HOPENFELD: No. I think what I'm talking 

17 about, if you pick up this distribution -

18 DR. CATTON: Well, I understand -

19 DR. HOPENFELD: -- or pick up a different 

20 distribution and multiply by this, you can come up with a 

21 definition factor, a definition leakage.  

22 DR. CATTON: But just on that last figure, where 

23 you have leakage rate is a function of voltage.  

24 DR. HOPENFELD: Right.  

25 DR. CATTON: If you just blindly plot all the data 
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1 that you can find, what is the scatter? 

2 DR. HOPENFELD: I'll tell you, I'm glad you're 

3 bringing it. I think you have to go back to this 

4 proprietary information, and that's -- you have all that 

5 data in there.  

6 DR. CATTON: Is it decades? 

7 DR. HOPENFELD: It's several orders magnitude, but 

8 I don't know exactly. To answer your question, okay, can I 

9 come back to this? 

10 DR. CATTON: Sure.  

11 DR. HOPENFELD: I would like to come back to that, 

12 because it will become clear.  

13 DR. CATTON: I just want to raise that issue 

14 because this is a problem of a heterogeneous media and 

15 unless you relate to the proper parameters, you never get it 

16 right.  

17 DR. HOPENFELD: Correct. That's my next slide.  

18 MR. HIGGINS: Could you indicate on there, if it's 

19 possible, the one volt, two volts, three volts that you 

20 talked about before? 

21 DR. HOPENFELD: In here? 

22 MR. HIGGINS: Right.  

23 DR. HOPENFELD: I'll tell you, all the data is in 

24 that proprietary stuff and I -- this came in from many years 

25 ago and since then, they have generated a lot more data over 
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1 the years, and I really don't want to quote numbers without 

2 really going back. But all that information is in your 

3 hands and it's all stamped proprietary.  

4 MR. BALLINGER: One last thing, and then I'll drop 

5 the statistical thing.  

6 DR. HOPENFELD: Sure.  

7 MR. BALLINGER: That is, as long as you're doing 

8 interpolation, the goodness of fit works okay. But the 

9 choice of distribution that you use, the choice of 

10 relationship you use makes a big difference when you start 

11 extrapolating.  

12 DR. HOPENFELD: Okay.  

13 MR. BALLINGER: That's where it makes a 

14 difference.  

15 DR. HOPENFELD: But what makes a difference to us, 

16 really, from my perspective, is whether the number they came 

17 up with to calculate their dose releases, what kind of 

18 uncertainty do you have; do you have a factor of four or are 

19 you conservative, what are you, and that's really why I'm 

20 bringing it out.  

21 We'll have an opportunity to talk about this a 

22 little bit more.  

23 Let me go and, again, outline the differences here 

24 between the NRC approach and what my concerns are.  

25 Basically, the whole philosophy is that we have 
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1 this laboratory data which was obtained in simulated 

2 environments under certain conditions and then we have a 

3 specimen, I think these were a tubular specimen.  

4 Anyway, you have some tubes, degraded tubes that 

5 were pulled out from the plant and they were tested at 

6 different pressure rates. When they got up to 2,500, they 

7 observed what the leakage was. Basically, that's all it is.  

8 What my claim is, that the database or all the 

9 database that the industry has generated is irrelevant to 

10 the steam line break accident, because, for one, there is no 

11 physical relation between the voltage and the leakage. And 

12 therefore, laboratory data cannot be used in a different 

13 environment.  

14 There is no reason, physical reason or scientific 

15 reason why there should be any relation between the voltage 

16 and the leakage. These are completely two different 

17 phenomena. Let me say why.  

18 That voltage probe that produces the voltage 

19 reading, I don't remember the rule there, but you run a 

20 current through the coil and it produces magnetic field and 

21 you have secondary currents in the material and then you get 

22 a feedback and you read different voltage, that's what you 

23 read, I think.  

24 But that voltage that that probe reads depends on 

25 the volume of the cracks. Really, that's what it depends 
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1 on. It depends on the crack orientation. If you have 

2 various different cracks, oriented and the spacing between 

3 the cracks, they're going to affect the voltage that you 

4 read.  

5 The geometry of the probe or the field of view of 

6 the probe and the environment, you have impurities in there 

7 and you have a support plate and you have deposits in there 

8 and their physical characteristics is going to affect what 

9 that probe does, and then that probe, you can get away from 

10 some of that by running the probe at different frequencies, 

11 but you see this is not a straightforward kind of thing.  

12 It's not something that I take a voltmeter and 

13 measure voltage of a clean system. It's not. But now, when 

14 I need leakage, the physical parameters that drive leakage 

15 are different. Okay.  

16 What drives leakage is the loads. If you're a 

17 tube, sitting there, and you have some cracks partially 

18 through the wall, what is going to decide whether that crack 

19 is going to open up is the loads on that act on that crack.  

20 All they simulate in these tests are internal 

21 loads or pressure and nobody has shown me that these 

22 internal loads are really the main loads on that specimen.  

23 But that's all you have.  

24 Implied in this, to do the steam line break, all 

25 you have acting on those tubes are the internal loads.  
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1 There are no other phenomena. There's no erosion from these 

2 jets. There is no vibration. There is no bending. All we 

3 have is a nice clean environment where we're testing these.  

4 So that's what the database is.  

5 Plus, and that's another plus, these tests are 

6 conducted in an environment which is entirely different than 

7 the plant environment. They're not testing those 

8 necessarily under the same pressure, same delta P, same 

9 temperature. So what do we have? 

10 We have some conditions that we're simulating, 

11 some, and now we're going to argue whether it's a lot and 

12 semi or part-semi, and we're taking those conditions and 

13 have theoretical models, untested theoretical models. We 

14 apply all that and we come up with a regulatory position.  

15 We say this is safe, and that's what the difference is.  

16 The procedure, practically going back, makes 

17 really no distinction. There is no allotment in here 

18 anywhere in the entire process of this voltage-based 

19 approach, there is nothing in here that really makes a 

20 distinction whether you have a degraded tube or you have a 

21 perfectly good tube.  

22 All you have is some model that tells you, okay, 

23 this model tells you that you're okay, so everything -- it 

24 depends here on the validity of that model.  

25 Again, I'm repeating this, it's the one gpm here 
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1 that you really have no control over. You cannot assure 

2 somebody that under steam line break, you can have hundreds 

3 and hundreds of times more flow, more leakage, if the 

4 mechanism is there, than the one gpm.  

5 So if the industry had come with some kind of a 

6 mechanism, some kind of a shut-off valve, that as soon as 

7 you exceed that one gpm, it shuts off the system, then, 

8 yeah, we can operate with any cracks you want.  

9 But furthermore, even if you don't -- you can 

10 operate in any leakage if you have a genius operator that 

11 will control anything you have. So if you have this perfect 

12 operator somewhere that can control no matter what the 

13 reactor does, then it's fine.  

14 MR. HIGGINS: Joe, does the previous curves that 

15 you showed us, with the leak rate derivation, does that 

16 ensure -- the calculations using that ensure that you stay 

17 below the one gpm? 

18 DR. HOPENFELD: Which one, the -- no, it does not.  

19 Absolutely not. No, it doesn't, because that curve, by 

20 itself, is just -- again, it's a theoretical thing obtained 

21 for certain data within a certain environment.  

22 Now, if it stays within that environment, that 

23 curve, it would be okay, but we're not we're not interested 

24 in that environment.  

25 MR. HIGGINS: I mean if you do your analyses with 
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1 that assumption that that is the leakage rate, will that 

2 keep you under the one gpm? Because you didn't put any 

3 values on it.  

4 DR. HOPENFELD: If you do -- well, let me -- give 

5 me one second and I'll address that, because I'm going to 

6 break the thing item by item. So come back to me and hit me 

7 with this, because I will come back to this.  

8 DR. BONACA: Before you leave it, because you -

9 you know, there was a correlation of voltage measurements 

10 and leakage. And the point I'm making is that for a steam 

11 line break, what you should measure is the residual tube 

12 strength to withstand the steam line break.  

13 DR. HOPENFELD: That's correct.  

14 DR. BONACA: That would be -

15 DR. HOPENFELD: Under steam line break conditions, 

16 under those loads, not loads in the laboratory.  

17 DR. BONACA: That's right. So if you could 

18 measure, by some metrics, the residual tube strength to a 

19 standard steam line break or, let's say -

20 DR. HOPENFELD: You're correct.  

21 DR. BONACA: -- the damage that would not allow a 

22 tube to withstand a steam line break, that would be a 

23 credible metrics.  

24 DR. HOPENFELD: Right.  

25 DR. BONACA: But you're saying that going from 
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1 voltage to leakage, you cannot infer an intermediate step -

2 DR. HOPENFELD: Right.  

3 DR. BONACA: -- that says -

4 DR. HOPENFELD: Let me put it the other way 

5 around. If you were to take a tube and, say, hundreds of 

6 tubes, they all had some cracks in them. And you put them 

7 in the laboratory and you run tests under bending, you run 

8 tests under torsion, you run tests under vibrations, and you 

9 run tests on all these conditions that you can think that 

10 represent real life, and then you see on all these, I didn't 

11 have any of these things, these are super-duper tubes, that 

12 material is unbelievable, it never breaks.  

13 And then you don't have any leakage and I say, 

14 yeah, that's fine, but that is not what's being done. All 

15 they do is take these samples and they internally pressurize 

16 it and then pressurize it under different pressures, 

17 different temperatures that you have in the plant, and then 

18 they generate this data that I was showing you before, and 

19 that's what's being applied.  

20 And what I'm saying, in all the statistics and all 

21 the methodology is fine, as long as you stay within that 

22 laboratory. You go back to your laboratory, all the 

23 statistical things and all the correlations, that's fine.  

24 But it's an entirely different situation when you're talking 

25 about an environment that really has nothing to do with 
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1 this, and that's what I will give you the physics of it, why 

2 it has nothing to do with it.  

3 Okay. To summarize this in a pictorial way, I 

4 realize this is an important thing, so I put a lot of stuff 

5 in here, so we can focus a little bit better on all these 

6 things.  

7 You start, you go to the laboratory and you run a 

8 whole bunch of specimens. Some of them came from U-bends, 

9 some of them may have come from tubes, some may come from 

10 the plant, and from that laboratory, you generate a leakage 

11 versus voltage data.  

12 Now, if you go back to the proprietary 

13 information, it is difficult to understand what's really 

14 behind how the data was generated, because some of those 

15 specimens, especially those that came from the plant, they 

16 were plugged.  

17 See, there's a lot of crud in the system, 

18 especially when you go to shutdown, so some of these things 

19 are plugged. The cracks plug and obviously you don't pull 

20 it at full temperature and full power, so you don't really 

21 know which one is plugged and which one is not.  

22 Many years ago, there were some tests at PNL about 

-23 plugging these cracks and the idea there was they were going 

24 to come up with some rationale for leak before break, and 

25 what they found, it was very interesting, you look in one of 
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1 those PNL reports, indicating very clearly that this 

2 plugging and non-plugging is a very random, unpredictable 

3 situation.  

4 So you don't really know how to interpret that and 

5 whether, looking at the database, and I spent a lot of time 

6 looking to figure out which specimen they're talking about, 

7 and they say this was in there, this wasn't in there, and 

8 you don't know what was included and what wasn't included.  

9 So there's room here to make all kinds of 

10 adjustments about plugging of these specimens.  

11 Then, as I already said before, and Dr. Busnick 

12 discussed it, there is a statistical distribution adjustment 

13 that's to -- which is, again, within this boundary here.  

14 And then you have, which I think is probably more difficult 

15 to interpret, is when you pull those tubes, a lot of them 

16 get damaged. You damage the ligaments.  

17 And I don't know, please go back to the database 

18 and see if you can figure out which was included and which 

19 wasn't included, and, more importantly, if NRC has to have 

20 an audit function, how do you go and audit that stuff? 

21 If a utility comes in here and says, well, here is 

22 our database, we -- how do you know? I mean, you can't 

23 characterize the condition of the tube. You don't even know 

24 whether it's representing the time that you're talking 

25 about, how long it was there, you don't know. You don't 
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1 know anything about those cracks, except you know there are 

2 a lot of cracks, but you don't -- can't characterize them.  

3 So what you do, you get a statistical relation or 

4 some kind of regression curve for the leakage versus 

5 voltage, and that's okay. If you are running these reactors 

6 in these environment, that's fine, as long as you do that.  

7 Now, when you go -- and this was the first thing I 

8 learned at school, that if you go to a different environment 

9 and you know that there is no mechanistic explanation to the 

10 phenomenon that you have, you can show, as I did before, 

11 that the parameters that control leakage are different than 

12 the parameters that control -- the parameters that control 

13 leakage is the length to diameter ratio of the crack.  

14 It's the opening area and the pressure drop. And 

15 that's not what controls what the voltage is read by the 

16 probe. These are two different things.  

17 Now, I'm not saying that you couldn't possibly 

18 have some kind of a correlation. You can always get a 

19 statistical correlation, anything you want, and that's fine, 

20 there's nothing wrong with that.  

21 But you have to stick to that environment and 

22 don't go beyond that point.  

23 DR. BONACA: I have a question.  

24 DR. HOPENFELD: Yes.  

25 DR. BONACA: The question I'm asking is, are they 
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1 isolated and pressurized internally? 

2 DR. HOPENFELD: From what I understand, and I 

3 don't know the exact setup, the experimental setup, I did at 

4 some time, they take the specimen and they apply pressure at 

5 a certain rate. And recently, somebody brought up the issue 

6 of that even the rate makes a difference on the rupture, but 

7 then it was brought out that that difference only occurs 

8 when the crack is very, very deep, and it's a secondary 

9 effect.  

10 In other words, that's not important. What is 

11 important here is that up to ten years of running these, the 

12 industry constantly finds some new phenomena, and you would 

13 expect it. When you run something, you don't know what 

14 you're running.  

15 You're taking some specimen, you test them, and 

16 then you say that's what we've got. So it's not something 

17 that I would -

18 DR. BONACA: But I'm saying so, therefore, 

19 although you do not simulate at this location, that the main 

20 steam line break may bring about in the tubes, they do 

21 simulate the delta pressure that the wall may see in a steam 

22 line break.  

23 DR. HOPENFELD: Some of them do, some of them 

24 don't. Some of them have to operate on the different 

25 pressure.  
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1 DR. BONACA: Okay.  

2 DR. HOPENFELD: So this is the next thing. So 

3 what you have, you go with this data. You also have, as you 

4 saw before, and that's the reason I brought this procedure 

5 that they use, you have this measured voltage distribution 

6 and then you go -- so all this gives you incorrect leakage.  

7 So far, yes, this is all experimental. But now it's all on 

8 the local beyond that point and, obviously, where is the 

9 weight of this thing, what weighs more, the analytical here 

10 or on the experimental, and I'll show you I believe it's 

11 this part -- the analytical part over-weighs those little 

12 laboratory tests they've been doing.  

13 This is not little, I mean, this is many years of 

14 hard work and I'm not trying to minimize it, it's great and 

15 it's good to have this database, but don't worship it.  

16 If industry wants to use it around those steam 

17 generators, they should give you a little bit more 

18 justification than they've been giving you so far.  

19 So the next thing, and I like to call these knobs, 

20 you have pressure and temperature adjustment, because the 

21 pressure may not be the same and the temperature may not be 

22 the same. Some of these were run at room temperature. Some 

23 were run at different pressures.  

24 So you have pressure and temperature adjustment.  

25 Then you have crack growth adjustment. In other words, 
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1 remember, we had these voltage things, you can make a lot of 

2 adjustment there in order because you don't know what the 

3 growth is. So you go into the histogram of the plant and 

4 you adjust it in the adjustment.  

5 Then you have, as we already mentioned before, you 

6 had this probability of leakage adjustment that -- no, I'm 

7 sorry. Then the probability of leakage was already -- then 

8 you have the POD adjustment. So what's the probability 

9 that, since the whole concept is statistical, what is the 

10 probability that you're going to miss some of those cracks? 

11 Well, that is a little bit bothersome and I'm a 

12 little out of my field on this, but if I remember correctly, 

13 the POD, the concept of probability of detection of cracks 

14 really came from single cracks or maybe even from fatigue, 

15 when you were really worried about what the threshold that 

16 you can withstand.  

17 Now, what you have, you don't have a single crack, 

18 really. You have a network of cracks. You have cracks 

19 growing, coalescing, they're linking, they're doing all 

20 kinds of things all together, and I'm not so sure -

21 eventually you do have one crack that starts, but that 

22 doesn't mean that you don't have the next one.  

23 I'm not absolutely sure that the statistical 

24 concept that was originally intended and was developed over 

25 the many, many years, and nuclear is not the only industry 
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1 this is being used. It's being used in the oil industry.  

2 Very common.  

3 So I'm not so sure that this is strictly 

4 applicable. But having said that, we do have some data in 

5 thereabout you'll really have to look at it, and I'll come 

6 back with some numbers later on.  

7 Now, the main one here is then you have damage 

8 adjustment. As I already mentioned before, you have tubes 

9 that are going to be exposed to different loads. They're 

10 going to be exposed to erosion.  

11 What adjustment is there? It's being ignored.  

12 It's not there. It's just completely forgotten. It's not 

13 coming in. So the adjustment, the knob goes from zero.  

14 And then the adjustment in the chemistry of the 

15 iodine spiking. What you do there, you make an adjustment 

16 to come up with what you want. Well, they finally -- you 

17 meet two criteria here, and I don't know whether they're 

18 independent, how they're being used.  

19 One says I'm going to meet Part 100 and another 

20 says my risk is going to be such that it will stay within 

21 the ten-to-the-minus-five core melts per year.  

22 So you see what the methodology is, is that you 

23 take a very small database and you apply all these little 

24 knobs that you have and you come up with any answer you 

25 want. That's really what it boils down.  
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I MR. HIGGINS: Joe? 

2 DR. HOPENFELD: Yes, sir.  

3 MR. HIGGINS: The adjustments that -- theoretical 

4 adjustments that you're describing there, are you talking 

5 about industry calculations or NRC or both? 

6 DR. HOPENFELD: Okay. I'm going to go through 

7 this. This is just the purpose of this slide, is exactly to 

8 address that issue.  

9 The industry -- and this is proprietary 

10 information -- has developed computer codes to make pressure 

11 and temperature adjustments which are to take that data from 

12 the laboratory and adjust this thing to plant operation, in 

13 other words, that data is being corrected.  

14 Some of those are analytical equations, kind of 

15 straightforward. But if you go back, and I'm going to 

16 discuss that, the validity of them is very questionable.  

17 And the analytical equation, I can't go to that, 

18 because it's in your proprietary information, but there is a 

19 computer code, and I don't know if I'm even allowed to say 

20 what the name is, but talks about flow through cracks and 

21 what it does, there are some basic flaws in that computer 

22 code.  

23 Now, how that computer code is used, it's used to 

24 -- it's used to show the analytical equations that they have 

25 derived agreeable with a more sophisticated tool.  

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034



91 

1 But then you ask yourself the question, that tool, 

2 let's call it computer X, that tool, in order for it to show 

3 that your analytical tools are correct, and in order to 

4 calculate leakage on a computer -- on a real flow model, you 

5 have to know the length of the crack.  

6 You have to know the L-over-D of the crack, 

7 because that determines the nature of the flow. Now, how do 

8 you get that information from the voltage data? And I think 

9 you ought to go back, I was going to spend some time, but 

10 we'll have to close the doors, if you go back to your 

11 proprietary information, there is a description as to how 

12 they're doing all that stuff.  

13 DR. CATTON: This proprietary information you're 

14 talking about, I don't know about the rest of you, but what 

15 I have is just figure titles. So I really don't know 

16 anything about this proprietary data.  

17 DR. HOPENFELD: Well, you may-- I don't know if 

18 they have given you all those -- the database that discusses 

19 how the data is being -

20 DR. CATTON: They gave me a lot of stuff, but 

21 wherever it referred to proprietary, all I had is a figure 

22 title.  

23 DR. HOPENFELD: I don't know how they're handling 

24 this, but the description of the computer code and the 

25 thermal hydraulics through those cracks is in that code, and 
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1 I just don't want to go into that, even though I think it 

2 shouldn't be classified as proprietary, but I thought it was 

3 proprietary and I'm not ready to go into the details of 

4 this.  

5 But I'll tell you one thing, though.  

6 DR. CATTON: Is that the code called Crack Flow or 

7 something? 

8 DR. HOPENFELD: Yes. Well, you said it. I don't 

9 even want to mention it.  

10 DR. CATTON: You mean even the name is 

11 proprietary? 

12 DR. HOPENFELD: No, it's not, but I am -- I am 

13 under tremendous pressure in this area, so I'm trying not to 

14 -- I don't know what -- I'm not a lawyer and I don't know 

15 what proprietary or what's not proprietary.  

16 I wanted to have this meeting open to the public 

17 so I can go through to a more -- be free to explain the 

18 general things that I am going into, the minute two-phase 

19 flow, but although I did mention it.  

20 It's flawed, the model is flawed, and later on, 

21 you will see there is some recently data or another model 

22 developed at Argonne and it's completely different and I 

23 will talk about this a little bit later.  

24 So the point here is that when they tell you that 

25 we have all these computer codes, we have all these tools to 
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1 extrapolate, it's not really -- there are a lot of flaws in 

2 them.  

3 One thin that I found was missing there, and I 

4 couldn't find any description of these, is that when you 

5 deal with flow at high pressure, high velocities, it takes 

6 time -- take this again.  

7 See, it takes time for the fluids to flush into 

8 steam. Again, those -- we have liquid under water at 2,500 

9 pounds and you have, on the secondary side, the atmosphere.  

10 So now you have that 2,500 pounds, up to 2,500 pounds, 

11 water, getting out of the tube and flushes into steam.  

12 Now, these are very thin tubes. It's 40 mils. To 

13 give you a feel for mils, a mil is your hair. One hair is 

14 one mil. So 40 mils. These are not big, huge, one-inch 

15 tubes. They're very thin tubes.  

16 So you have residence time. It takes time to 

17 become -- to turn into steam. So the order of magnitude for 

18 this is ten-to-the-minus-four, and for these kind of 

19 experiments, you see the liquid comes out of the pressurized 

20 nozzle and then the two-phased region really develops 

21 further, depending on what the L-over-D on that tube is.  

22 But it's on the order of ten-to-the-minus-four.  

23 So now if we have all these complicated situations you 

24 mentioned, the computer code Crack Flow has a two-phase flow 

25 model in it. They flow -- they have characteristics for the 
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1 distinction between flows and an equilibrium flaw, but 

2 there's no distinction between what the stability of the 

3 thing, whether you're going to -- you will have -- depending 

4 on the thickness or the tightness of the crack, the flow in 

5 there is going to be different.  

6 Now, the answer is different, too.  

7 DR. CATTON: What gives you the highest flow rate? 

8 DR. HOPENFELD: I think it gives you one-phase 

9 when you have liquid.  

10 DR. CATTON: Frozen form.  

11 DR. HOPENFELD: Yes, but frozen would be 

12 two-phased.  

13 DR. CATTON: It would go all the way through.  

14 DR. HOPENFELD: But they have it two-phased in 

15 both cases. That's not the way they defined it. They 

16 defined the frozen flow, it's either two-phase. In either 

17 case, it's two-phase, it's not liquid.  

18 DR. CATTON: It's liquid inside the tube, isn't 

19 it? 

20 DR. HOPENFELD: It's liquid inside the tube, yes, 

21 but when they say frozen, they don't mean that you have -

22 DR. CATTON: Frozen, you maintain -

23 DR. HOPENFELD: I think frozen -

24 DR. CATTON: -- the state through the crack.  

25 DR. HOPENFELD: No. I think what they mean in 
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1 there, I've tried to figure that out, I think what they 

2 mean, frozen, is you have -- it's just like in a chemical 

3 equation. You can either have equilibrium, if you're 

4 freezing by that composition, but the basic assumption is 

5 the Henry model, using frozen in terms of a two-phase or 

6 it's an equilibrium between the phases.  

7 That's what they're discussing. What I'm saying, 

8 there is no where in there that this criteria of stability 

9 of the thing appears in the code, and you can go look for 

10 yourself. I was looking for it and it's not there.  

11 DR. CATTON: What role does this play? 

12 DR. HOPENFELD: It plays the role -

13 DR. CATTON: You showed a previous diagram that 

14 says we go from the laboratory test and then some things 

15 that should be done, but a lot are not, to a conclusion.  

16 DR. HOPENFELD: Right.  

17 DR. CATTON: No where in there did I see anything 

18 about the modeling.  

19 DR. HOPENFELD: Right. What roles this play is in 

20 there, when they -- remember back, I told you that there is 

21 a pressure and temperature adjustment. They have a 

22 theoretical model and I'm questioning the validity of the 

23 theoretical model.  

24 DR. CATTON: Okay.  

25 DR. HOPENFELD: And what I'm saying, if you have a 
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1 theoretical model, that's fine. But first tell somebody 

2 what you have and all they have is a two-phased flow in 

3 those cracks.  

4 Now, then Argonne comes the other day and if you 

5 look in the very recent ones, they just completely don't 

6 have any two-phase flow. They just use -- they don't even 

7 have an LED over there. They're just using plain orifice 

8 flow equation, and they called it a new -- I'll go back to 

9 that.  

10 Anyway, the point is here that there is -- it 

11 takes time to nucleate, although there are probably plenty 

12 of nucleation sites there, it takes time to flush into steam 

13 and that depends on what kind of crack you have.  

14 So if you have a very, very tight crack, it could 

15 very well be that you have a two-phased flow and the 

16 equation, the Henry equation that he developed in 1971, are 

17 applicable.  

18 But you can't say whether they are applicable or 

19 not unless you can characterize what you have, what kind of 

20 crack you have.  

21 So now, my antennas, my warning signal, hey, why 

22 am I telling you all that.  

23 This is maybe a factor of four and they tell us in 

24 the proprietary information that they have validated all 

25 these theoretical equations and codes, okay. I'm showing 
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1 you right now, they didn't validate them according to 

2 physics. There's something somewhere wrong. What they've 

3 validated is questionable.  

4 That goes back into the physics of flow through 

5 cracks and it's a very complicated thing. Again, I'll come 

6 back to it, but Dr. Shrock at Berkeley studied that for many 

7 years and he came up with a correlation showing L-over-D is 

8 an important factor.  

9 Argonne, after two or three months, recently came 

10 up with a model that basically is very similar to what they 

11 did when they designed the aqueducts. They just neglected 

12 all that, they just say that the leakage is simply -

13 DR. CATTON: Yes, but there's a difference. The 

14 work that Trough did was for thick wall and this is thin 

15 wall.  

16 DR. HOPENFELD: It's not the thickness input.  

17 It's the L-over-D. These are very, very tight cracks.  

18 Okay. It's L-over-D that determines it.  

19 DR. CATTON: Residence time is really what -

20 DR. HOPENFELD: Residence time, right, and the 

21 L-over-D comes into the pressure drop thing. Remember, 

22 these are very, very tight cracks. They may not even leak 

23 under certain conditions.  

24 So unless you can characterize what you have, you 

25 really don't know what you have, and that's fine, too. But 
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1 don't go and advertise that we've got all these things, 

2 we're applying all these corrections, and we've got an 

3 answer and it goes back to all these adjustments that they 

4 have.  

5 DR. CATTON: So there are two parts to what you're 

6 telling me. One, you use the laboratory characterization of 

7 the crack.  

8 DR. HOPENFELD: Right. Not characterization.  

9 Just voltage. They don't characterize the thing.  

10 DR. CATTON: They don't try to relate the -

11 DR. HOPENFELD: No.  

12 DR. CATTON: They don't.  

13 DR. HOPENFELD: There is no characterization 

14 whatsoever. There is voltage. They may have did some 

15 metallography, but I don't think they've done -- they've 

16 correlated with the voltage.  

17 DR. CATTON: So it's an inadequate 

18 characterization of the relationship between voltage and 

19 cracks.  

20 DR. HOPENFELD: I would say it's less than 

21 inadequate.  

22 DR. CATTON: Plus leakage measurements and then 

23 some adjustment that's based on what could be a deficient 

24 model.  

25 DR. HOPENFELD: Correct. Not applicable. It 
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1 probably is applicable under certain -- it may be -- I don't 

2 want to say deficient. I'm sure that those two-phased flow 

3 equations, they have been used in nozzle -- in industrial 

4 equipment. It was developed by Henry and Fosky in '71. I 

5 think they're applicable in certain areas.  

6 But now that code that you named applied that 

7 thing all over the place and our friends at NRC/NRR don't 

8 question that, say, well, we've gotten this code that's been 

9 proven analytically.  

10 And that's the point here. So they've got this, 

11 they have to make -- all those tests were run at pressure, 

12 at 2,500 pounds, and at temperature, which they didn't.  

13 Then you wouldn't have to -- at least that aspect of it, you 

14 don't have to worry about it.  

15 But this is just the first one. Now, the next 

16 thing is the crack growth -- to summarize what I said 

17 before, this is strictly a theoretical model so far.  

18 Now, what number that came in there is a 

19 probability of detection and that came from NUREG-1477.  

20 They have used point six. Again, as I mentioned before, the 

21 POD concept may or may not apply here, but the database -

22 all the amplitude of the cracks depends on -- I mean, the 

23 voltage depends on the separation, conductivity, the 

24 permeability, the crack volume, the frequency, and the coil 

25 design.  
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1 These are the parameters that measure the 

2 amplitude of the voltage that you measure, and I think, 

3 Ivan, isn't that what you are talking about? That the 

4 system would be much more complicated.  

5 DR. CATTON: That's right.  

6 DR. HOPENFELD: That's what you were talking 

7 about, those two phases. I'm sure there is an analogy.  

8 DR. CATTON: You probably don't have all the 

9 variables either.  

10 DR. HOPENFELD: I'm sure I don't, but those are 

11 the parameters that come in. The frequency is a very 

12 important one and the permeability is very -- and the 

13 conductivity, because if you have some -- like in the case 

14 of Indian Point 2, there was copper got into the system and 

15 they got wrong readings.  

16 All these things sitting here.  

17 DR. CATTON: The crack morphology, surface 

18 morphology is probably -

19 DR. HOPENFELD: Right, correct.  

20 DR. CATTON: -- a key.  

21 DR. HOPENFELD: Right. This crack volume, 

22 morphology goes into the separation between those cracks.  

23 DR. CATTON: There is another piece of it. Often, 

24 you can pick it up with the permeability, but there are 

25 multiple ways to get the same permeability.  
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1 DR. HOPENFELD: Okay.  

2 DR. CATTON: And the behavior may not be the same 

3 as reflected by the voltage.  

4 DR. HOPENFELD: There is probably another 

5 parameter that has to do with -- if I remember my physics, 

6 but it probably has to do with the thickness of the tube, 

7 too. The skin thickness probably affects it, too. It can't 

8 be an infinite thick material and get reading.  

9 So there are a lot of parameters, I think, but the 

10 bottom line of all this, again, I don't know, I'm not sure 

11 about the POD concept, whether it's applicable at all, but 

12 let's assume it is.  

13 The NUREG-2336 indicated the laboratory tests 

14 showing that .27 to .5 is a number that you get from other 

15 tests and from laboratory tests.  

16 And another thing is that that POD concept really 

17 has, in the .6, hasn't been really verified against actual 

18 plant data.  

19 You can do it in a laboratory, but if it was 

20 verified, I'm not familiar with it.  

21 So there is a question about that .6, whether 

22 that's -

23 DR. POWERS: Joe, I've seen quite an inventory of 

24 data.  

25 DR. HOPENFELD: I'm sorry? 
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1 DR. POWERS: I've seen quite an inventory of data 

2 taken from the -- I believe it was a steam generator that 

3 was from Surry.  

4 DR. HOPENFELD: Yes, PNL.  

5 DR. POWERS: And they quote POD plots as a 

6 function of crack size and you see if a particular size, .6 

7 kind of works.  

8 DR. HOPENFELD: Yes, but there is also data to 

9 show from that NUREG, there's .27 to .5 at the intersection.  

10 So all I'm pointing out is that that number is 

11 still hasn't been verified on an actual plant.  

12 DR. POWERS: What I'm asking, I guess, is that 

13 these were data that they collected from tubes in a steam 

14 generator that has seen about six years wroth of service.  

15 DR. HOPENFELD: Correct. Right.  

16 DR. POWERS: Had a substantial amount of flaws and 

17 whatnot on the tubes.  

18 DR. HOPENFELD: Correct.  

19 DR. POWERS: Is there any reason to discount that 

20 as not actual plant -

21 DR. HOPENFELD: No, I'm not discounting. I'll 

22 tell you what I am discounting, you see, that's one part of 

23 the equation of getting the crack system, but it takes a lot 

24 of expertise.  

25 This is not something that you go in there. It 
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1 takes a group of people who are expert in this type of data 

2 and this kind of inspection, NDE inspection, to have them 

3 come up with what they detect.  

4 So I don't know, I'm not worried about the Surry 

5 equipment, it's still is not done at the plant to verify 

6 versus an operating plant. That's what you want to check it 

7 with.  

8 DR. POWERS: But I guess it seems like they take a 

9 steam generator that's been pulled from a plant. They had 

10 multiple teams, round-robin kinds of things.  

11 DR. HOPENFELD: Right.  

12 DR. POWERS: Used a variety of techniques, which 

13 escape my mind right now, and they show these plots -

14 DR. HOPENFELD: I'm familiar with what you say.  

15 DR. POWERS: It seems like a pretty decent applied 

16 data there.  

17 DR. HOPENFELD: Yes, it is. But what I am saying, 

18 you still have to verify -- I mean, there is uncertainty in 

19 it because you see there is an uncertainty in this NUREG 

20 showing that the numbers are different. Tomorrow. So these 

21 numbers are definition.  

22 DR. CATTON: What is a tube-to-tube intersection? 

23 DR. HOPENFELD: Okay. You have -- let me see if I 

24 have it. Okay. The U tubes go to the support plates every 

25 40 inches that hold the tubes together, to prevent the tubes 
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1 from -- in view of things like, what was it, 40 feet high or 

2 whatever it is.  

3 So you have support every 40 inches and that's 

4 what the tube-to-tube support plate is.  

5 DR. CATTON: Also, tube support. Tube-to-tube 

6 intersection is this.  

7 DR. HOPENFELD: It's the tube support, I'm sorry.  

8 DR. CATTON: I understand.  

9 DR. HOPENFELD: Let's see. Yes. It's about an 

10 inch and where the tube goes into that support, it's just a 

11 crate basically, that's what I'm calling a tube support 

12 plate, TSP.  

13 Again, this basically talks about as mini-robin 

14 coil test and it talks about the .25 to .5 and gives you a 

15 reference for this, and provides you, if anybody wants to 

16 look more into that, fine. It gives you more thing that you 

17 can follow.  

18 That's as much -- then there's a -

19 MR. SIEBER: Just to clarify this for myself.  

20 DR. HOPENFELD: Yes.  

21 MR. SIEBER: The probability of detection of .6 is 

22 really for characterized flaws that are equivalent to about 

23 40 percent through wall and the larger the flaw, the greater 

24 the probability of detection, as I recall it.  

25 So that if you're 80 percent through wall, .8 and 
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1 so forth. So even if you can't detect anything below 40 

2 percent, does it make a big difference? 

3 DR. HOPENFELD: No, it probably doesn't.  

4 MR. SIEBER: Okay.  

5 DR. HOPENFELD: All I'm saying, that the data 

6 that's available and you may want to go back and look into 

7 the validity of it, that the .6 that was picked up from 

8 NUREG-1477, it may or may not be representative to other 

9 data.  

10 Would you like to say something? Mr. Spence has 

11 looked into that and maybe he can make comments on that.  

12 MR. SPENCE: The intersection between the tube and 

13 the tube support plate has metal around it and that's a 

14 solid plate. It is not an egg crate. And the GL-9505 one.  

15 And it also has magnetite and all kinds of metal oxides in 

16 there and that's giving the coils trouble seeing the flaw.  

17 And that's why -- I think that's why you're 

18 getting -- I did the numbers, as a matter of fact, to come 

19 up with the .2 and the .5, and that's only for the crack 

20 area.  

21 I think the rest of the testing, the .6 is 

22 basically free span. But that was, again, a very small 

23 sample of the round-robin data.  

24 DR. HOPENFELD: That's a very good point and my 

25 point is, and I haven't gone as much in detail as I probably 
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1 should to all the data at PNL, but there's volumes for that 

2 thing.  

3 All I want to point out here that there is 

4 discrepancy and what the reason for those discrepancies, I 

5 don't know, but I strongly feel that there's a lot of human 

6 factors involved, and what you're doing there in the plant 

7 is not exactly what you're doing at PNL. It may be close, 

8 but it's not exactly the same.  

9 MR. SIEBER: Just one final question. The whole 

10 voltage scheme is only for cracks that are at the tube 

11 support plates.  

12 DR. HOPENFELD: Correct.  

13 MR. SIEBER: So the free span value of probability 

14 of detection of .6 really doesn't apply.  

15 DR. HOPENFELD: That is what was put into 1477.  

16 That's what they are required to do.  

17 MR. SIEBER: Okay.  

18 MR. SPENCE: Could I make one other point? And 

19 that is, the original setup for the coil eddy current 

20 testing was to find dish shapes, wall thinning, corrosion 

21 type things, and for that, it does a little bit better job 

22 than finding the crack itself.  

23 And there is no correlation between crack size and 

24 voltage that I've been able to determine, even between crack 

25 size and dishing.  
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1 DR. HOPENFELD: Thank you, Bob.  

2 MR. SPENCE: Yes, sir.  

3 DR. HOPENFELD: And this one is not very clear to 

4 me, but this relates to severe accidents. Originally, the 

5 preparation for NUREG-1477, the NRC didn't say anything 

6 about cracks and erosion of cracks from jets, although that 

7 information was already in that DPO, going back to '92.  

8 They completely ignored that.  

9 Later on, they found that there is a potential for 

10 cracks to cause jet erosion of adjacent tubes and they only 

11 focused their attention on severe accidents. Now, the 

12 condition for a severe accident and design basis are not 

13 that different with respect to that aspect of corrosion, but 

14 I don't know, they, for some reason, they said that it 

15 doesn't exist in the design basis. The erosion only exists 

16 in the severe accident, and maybe tomorrow you will get the 

17 explanation of why.  

18 I don't quite understand, but I did talk about it 

19 in that -- in discussing the various -- what do you call -

20 differing -- DPO consideration document, because they were 

21 talking about these.  

22 And for some reason, they said that cracks which 

23 are larger than .125, they're going to be written off like 

24 the tube is gone.  

25 But based on data, and I don't know exactly which 
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1 data, they haven't shown that, based on data, most of the 

2 cracks are not going to be below .125.  

3 In other words, there will be no through the wall 

4 cracks which are smaller than .125 and presumably, I don't 

5 know how they can show that -- how they can prevent, because 

6 the voltage doesn't tell you what the crack size is, how 

7 they can prevent the larger cracks are not going to be there 

8 and maybe you want to ask them to explain this.  

9 But nevertheless, they said that less than .125, 

10 cracks are not going to exist.  

11 Now, if you look into the basic theories of how a 

12 crack grows and you look into these networks of cracks and 

13 the intensity factor, there is nothing in there that tells 

14 you that you are going to limit how -- what kind of size of 

15 crack is going to get to through the wall. You can have 

16 cracks growing on the order of several grain sizes.  

17 So I don't quite understand that, but what the 

18 practical application was, the summaries in the case of 

19 Farley, there was an indication that you could have small 

20 cracks, but they say, well, we believe it's not there and 

21 there's no problem.  

22 Now, I really don't understand the whole 

23 methodology. I'm just repeating what they say. You may 

24 want to ask them, but evidently .125. As far as I'm 

25 concerned, any crack, if the velocity of the jet is 
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1 sufficiently high, will damage the next tube.  

2 The next adjustment, and that goes back to crack 

3 propagation at growth, which, in a classical fracture 

4 mechanics, it's controlled by a K factor and even there, you 

5 can see this is not a simple thing that you can go and you 

6 see various researchers have a spectrum of orders of 

7 magnitude, depending on the pH of these cracks, how they 

8 behave and how they grow, and most of them, I don't know all 

9 of them, but probably a lot of them are single cracks.  

10 Usually you study, in laboratories, single cracks.  

11 Whether there have been studies on network of cracks. When 

12 you have a network of cracks, that crack -- the K factor, 

13 the intensity factor is much more complex because these 

14 cracks get together and they grow or they stop growing.  

15 The propagation of the crack changes and what you 

16 have is entirely different. It's a dynamic thing. It 

17 depends on the pressure, it depends on the load that -- on 

18 the stresses that operate on the tube.  

19 MR. BALLINGER: Excuse me.  

20 DR. HOPENFELD: Yes.  

21 MR. BALLINGER: As a point of clarification.  

22 DR. HOPENFELD: Yes.  

23 MR. BALLINGER: That data was derived from a lot 

24 of different tests, very few of which were actually cracked 

25 tubes, very, very few.  
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1 DR. HOPENFELD: Okay.  

2 MR. BALLINGER: In the actual geometry. In fact, 

3 none, effectively.  

4 DR. HOPENFELD: Good.  

5 MR. BALLINGER: When you do look at actually 

6 cracked tubes, real cracked tubes, you get a little bit of a 

7 -- you get much better -- you don't get the scatter that you 

8 got there. That scatter is due not to the inherent -- well, 

9 in large extent, not to the inherent problem of an 

10 individual stress corrosion crack growth. It's the test 

11 method itself.  

12 DR. HOPENFELD- That's exactly what my point is.  

13 MR. BALLINGER: In the attempt to simulate the 

14 environment.  

15 DR. HOPENFELD: That was exactly my point.  

16 MR. BALLINGER: And most of those were -- okay.  

17 We can -

18 DR. HOPENFELD: Really, I brought it in for that 

19 very reason. It's not a study in fracture mechanics.  

20 MR. BALLINGER: What I'm getting at, though, is 

21 that when you actually use actual tubes, real tubes with 

22 real cracks and real geometries, the scatter is a lot 

23 different.  

24 DR. HOPENFELD: But my point here was really that 

25 what I was trying to say is that there is an uncertainty 
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1 when you go from one test to another because the environment 

2 is different and that probably is responsible for all of 

3 this variation, orders of magnitude in the crack growth 

4 rates.  

5 So even though the pH is the same, there are large 

6 variations.  

7 And the next thought that I was going to inject 

8 at, that you have those variations within those ten 

9 thousands of tubes sitting there in support plates with 

10 having pH all over the map and you have all kinds of 

11 stresses. Some of them are being stressed because of the 

12 U-tube moving. Some of them you have the stresses because 

13 you have flow induced vibration.  

14 So you have an entire spectrum of environments.  

15 And all I was saying, if you look at the literature, yes, 

16 there's a range you see for the same condition, for the same 

17 environment, you have a large scatter, who knows, and maybe 

18 -- I haven't looked at each one of them and -

19 MR. BALLINGER: But let's be careful, again, let's 

20 be careful that that data doesn't represent -- if you were 

21 to take a real tube with a real stress corrosion crack in 

22 prototypic environments and in prototypic pressures and 

23 stuff and run several tests again and again and again, you 

24 would get much, much, much, much, much less scatter than you 

25 see there.  
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1 That scatter is not due to variations in -- like 

2 that.  

3 DR. HOPENFELD: But still the point is that if you 

4 were taking many different tubes, actual tubes with cracks 

5 in them, and you were running them in all these different 

6 environments, you're going to get different answers.  

7 MR. BALLINGER: I think we're trying to compare 

8 apples and oranges here, and we need to be careful.  

9 DR. HOPENFELD: Okay. Thank you. I appreciate 

10 that. Maybe that's not a right point. The point is that 

11 the scatter of this that you have a very dynamic environment 

12 and you cannot say that because my voltage growth rate was 

13 over a certain period of time, X, that it's going to remain 

14 X for the next 18 months. That really was the point, 

15 because it is not the same environment, and that's the crux 

16 of it.  

17 You don't know where the cracks are. All you're 

18 saying, my voltage in the last period was -- had that 

19 distribution and the same distribution is going to be 

20 occurring for the next period.  

21 In other words, just looking at the extreme, 

22 suppose you just started at the beginning of that cycle, you 

23 finish your incubation period and you start into your 

24 propagation period.  

25 So how is that going to come into this? In other 
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1 words, the time, the previous time, the year and a half 

2 history is not applicable to extrapolate the kinetics of 

3 cracks, especially in a dynamic situation where these cracks 

4 grow, coalesce and stop and grow and so forth.  

5 Here is some plant data, and I think this came 

6 from Farley, and this shows that the prediction usually are 

7 that the -- remember, you are not supposed to exceed, at the 

8 beginning, you're not supposed to -- originally it was one, 

9 then it went to two volts, but you see you'll find fairly 

10 high volts, you'll find three, you'll find all the way as 

11 high 13.7.  

12 So what you predicted before as real life 

13 experience doesn't verify that at all.  

14 DR. BONACA: Explain to me who are A, B and C 

15 here.  

16 DR. HOPENFELD: These are different steam 

17 generators at a given plant. It was Farley and I don't 

18 remember whether it was cycle 14, it was about three years 

19 ago, and this is not restricted to Farley. There are about 

20 -- we'll go back, I think Breakwood and Byron had the same 

21 kind of phenomenon.  

22 So these growth rate -- and Arkansas. All these 

23 growth rates that you see are not really consistent with 

24 this concept of -- that you can take prior voltages and 

25 project them to the next -- let me ask you, sir.  
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1 Do you know any industry -- I've looked into the 

2 oil industry and I haven't seen anywhere there where there 

3 is justification of using the data on the cracks and say, 

4 well, since it didn't change in the last ten years, 

5 whatever, we can project for the next ten years.  

6 This is the only industry in the world, I think, 

7 that does that. And I know the Japanese don't do that. I 

8 think they don't allow any cracks. As soon as they see a 

9 crack, any surface crack, it's being plugged. The tube is 

10 plugged.  

11 So it's a concept, but it has no physical 

12 rationale to it.  

13 DR. POWERS: I guess I don't follow exactly why 

14 this slide speaks to the projection issue. I mean, it looks 

15 like it's a set of data for some particular steam 

16 generators.  

17 DR. HOPENFELD: Yes. It was at Farley, right, but 

18 what I'm trying to show you, that you can get very, very 

19 high crack growth, you can get 13.7 volts, which would leak 

20 something on the order of six gpm.  

21 Remember that one gpm limit that they had. What 

22 do you think -

23 DR. POWERS: I mean, it seems to me that 13.7 

24 volts is substantially beyond even three.  

25 DR. HOPENFELD: Yes. But that's my point. That's 
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what you find. And if you go to the mechanism, you don't 

really need many cracks to cause damage during the steam 

line break.  

DR. POWERS: But if you had an indication of 13.7 

volts, wouldn't they plug that tube? 

DR. HOPENFELD: Well, they didn't plug it before.  

This is what they found during the outage. They must have 

plugged it, yes. they pulled it.  

DR. POWERS: So that particular tube is not going 

to leak anything.  

DR. HOPENFELD: No, that's not my point. My point 

is -

DR. CATTON: I think the point he's making is that 

in the previous time they did it, they didn't have the 13.7.  

They were under the three or whatever.  

DR. HOPENFELD: Yes.  

DR. CATTON: So in one cycle, they went from three 

to 13.7.  

DR. HOPENFELD: Well, one or zero. My point, 

either the POD is not worth anything or they get huge growth 

rates. I'm not -- now, I don't know whether that represents 

100 percent sample of all the tubes in there, but my point 

here is that this idea of using prior history to tell you 

what kind of voltages you're going to have in the future, 

this is flawed.
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1 DR. CATTON: What you're saying is if I had looked 

2 at this same slide taken at the end of cycle 13 -

3 DR. HOPENFELD: Right.  

4 DR. CATTON: -- I would have found no tubes that 

5 were not plugged that had indications greater than three 

6 volts.  

7 DR. HOPENFELD: Right.  

8 DR. CATTON: I'm not sure what they used as the 

9 criteria.  

10 DR. HOPENFELD: Well, I don't know what they used, 

11 but I'm not even questioning whether they have 2.3 or 2.5.  

12 I'm questioning this concept, can you use this concept where 

13 nobody -- there is no physical reason for it. There is no 

14 theory that can justify that.  

15 MR. BALLINGER: Do we have the data from the end 

16 of cycle 13? 

17 DR. HOPENFELD: I'm sure we do and I don't know if 

18 I brought it with me, but I'm sure they have it.  

19 MR. SIEBER: If I go back to this -

20 DR. HOPENFELD: Yes.  

21 MR. SIEBER: -- overhead of yours, all that the 

22 Farley data shows me is this is a distribution that tells me 

23 that it's probabilistic in nature and that's the way the 

24 methodology for coming up with a bottom voltage versus 

25 number of indications and then later on the postulated main 
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1 steam line leakage.  

2 DR. HOPENFELD: Correct.  

3 MR. SIEBER: It's just a combination of a lot of 

4 probabilities, which define an expectation and the 

5 uncertainty associated with it.  

6 DR. HOPENFELD: Right.  

7 MR. SIEBER: So this is what I would expect to 

8 find for that and that's -

9 DR. HOPENFELD: Well, I don't know if you would 

10 expect that high, because this is all way, way really here, 

11 you get really very high. I mean, you really -- look, what 

12 you do, you take these numbers, I don't know how many more 

13 of those, if you had -- you take these numbers and multiply 

14 that thing by the number of cracks and you ask yourself, 

15 okay, what is my leakage.  

16 Well, for one thing, I've got this constraint of 

17 Part 100. Well, already you're exceeding with one of them.  

18 I don't know. You have to add all those.  

19 So you see, you're exceeding that. You're 

20 violating the law, for one thing, but never mind the law, 

21 then the next question is, okay, I've got this baby here, 

22 now I hit it with that -- say it was left in service. Now 

23 I've got the steam line break. Now what? 

24 Okay. I was at the tail of this distribution, but 

25 now what am I going to do? I'm going to have one rupture, 
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1 ten ruptures? That's really what it is.  

2 DR. CATTON: Joe, just following what John said, 

3 is there some argument somewhere about the number of tubes 

4 that they have to examine at each cycle? Then you can base 

5 it on the statistics and say what I'm allowing is that one 

6 or two tubes escape or three or four tubes escape, on 

7 average. Then you would expect that.  

8 So somewhere there must be a number.  

9 DR. HOPENFELD: I think it varies. I don't know.  

10 Sometimes they're 100 percent, sometimes -- I don't know how 

11 -- what the -

12 DR. CATTON: If you do 100 percent then this is a 

13 surprise.  

14 DR. HOPENFELD: I don't know whether -- I don't 

15 know what the size of the sample of this one.  

16 DR. CATTON: If you do 75 percent of the tubes, 

17 there's some probability that some number would escape you.  

18 DR. HOPENFELD: I don't have an answer to that.  

19 MR. BALLINGER: I think you had a sample of 20 

20 percent.  

21 MR. SIEBER: It's 20 percent.  

22 DR. HOPENFELD: This was 20 percent.  

23 MR. BALLINGER: That's why I was asking if we had 

24 the previous one.  

25 DR. BONACA: Then if you get more than -
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1 MR. SIEBER: So many indications.  

2 DR. BONACA: -- so many, then you expand it.  

3 MR. BALLINGER: Expand it, yes.  

4 DR. HOPENFELD: Well, I don't know what the basis 

5 of that, they didn't indicate to me, you have to read the 

6 report. I don't know what percentage. Sometimes they go to 

7 100 percent. I just don't know what this one is.  

8 MR. SIEBER: You contract never go 100 percent.  

9 DR. POWERS: We may have some authoritative 

10 information. If you'll use the microphone, identify 

11 yourself, speak with sufficient clarity and volume that you 

12 can be readily heard.  

13 MR. MUSCARA: Joe Muscara, again. This data comes 

14 from the voltage-based criterion. It applies to the support 

15 plate intersections. They're required to do a 100 percent 

16 inspection. So this data is based on 100 percent inspection 

17 of the intersections.  

18 DR. BONACA: So the question I have now is this is 

19 the end of cycle 14.  

20 DR. HOPENFELD: They're in cycle 14.  

21 DR. BONACA: Preparing for cycle 15. What 

22 criteria do they use here to flag tubes? Is there anything 

23 above -

24 DR. HOPENFELD: Anything above -- I don't know.  

25 It used to be one. Then it went to two and now it went to 
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1 three, if you can show that the support plate is not going 

2 to move.  

3 And so obviously this one, I don't know what -- I 

4 remember Westinghouse once came and they wanted 20. So I 

5 don't know which criteria you have.  

6 MR. SIEBER: That's just one tube, though, right? 

7 Do we know anything about -

8 DR. HOPENFELD: It's more than that. You have 

9 3.76 there.  

10 MR. SIEBER: Yes, but there's one tube at 13.7.  

11 DR. HOPENFELD: One tube at 13.7. Actually, no, 

12 not really. If you took the POD into that, then you have to 

13 multiply -- divide it by .6, right? 

14 MR. SIEBER: It would seem to me the probability 

15 of detection would be pretty good with a flaw -

16 DR. HOPENFELD: But you don't know what the flaw 

17 is. Look, you can have that 13.7 here with a network, very, 

18 very, very tight network with a lot of cracks and it's not a 

19 crack going through the wall. You don't know what it is.  

20 That's really the problem. That is exactly the problem.  

21 You don't know where those cracks are.  

22 MR. SIEBER: Well, I don't know what the 

23 characteristics of the flaw is for that tube, either.  

24 DR. HOPENFELD: Right. That's really the reason.  

25 That's the problem with this concept.  
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1 DR. POWERS: If we argue, for purposes of 

2 argument, suppose that the probability of detection is 100 

3 percent. This is a 100 percent inspection of the tubes and 

4 the tube support plate and surely this must represent a 

5 failure of the prediction from cycle 13. I presume cycle 

6 13, everything was plugged, such that they would have 

7 expected nothing to go over whatever their voltage limit 

8 was, which I presume was about three volts.  

9 DR. HOPENFELD: I don't know.  

10 DR. POWERS: Joe Muscara told us that it's 100 

11 percent inspection at the tube support plate.  

12 DR. HOPENFELD: He said on the 13 was also 100 

13 percent? 

14 MR. MUSCARA: It was 100 percent inspection.  

15 DR. POWERS: So what the slide clearly 

16 demonstrates is that there has been a failure of the 

17 predicted method.  

18 Now, all right, predictive methods have some 

19 probability of failure and presumably the question is 

20 whether this is an excessive one and I think what the 

21 speaker is arguing is yes, it clearly is, because it goes 

22 over the one gallon per minute limit.  

23 DR. HOPENFELD: Another point -- Dr. Powers, there 

24 is one more point here. I didn't bring all of them, because 

25 there is a limit to the time we have, but if you look at 
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other plants, they're showing the same thing. This is not a 

single event, and I will summarize that later on.  

It's not a unique event.  

DR. BONACA: It would be certainly for the purpose 

interesting to see the previous reading for one plant to see 

two or three and see how that travels, if it travels.  

DR. HOPENFELD: That's correct.  

DR. BONACA: And we don't see that here.  

DR. HOPENFELD: Right, because the reason is I was 

just trying to make my point here that it's not -- the 

history is not -- you can't -- it's like the stock market.  

You can't look back and say, well, you know, this stock was 

doing pretty good, it's going to do the same thing next 

year, it's not.  

DR. BONACA: I mentioned it because to the extent 

there is information you can provide over the next two or 

three days, it would be interesting and important.  

MR. BALLINGER: In the case of Indian Point Unit 

2, the previous cycle inspection was not 100 percent 

inspection.  

DR. HOPENFELD: But that wasn't because of -- the 

failure was not in the support plate. It was somewhere in 

mid span.  

Okay. Let me elaborate a little bit on the field 

experience. I'll read this off. The first one, the Trojan 
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1 was one, it wasn't -- it was a sleeve. It wasn't a crack, 

2 but it did show that the eddy current -- it was the first 

3 time I think that they have eddy current the sleeve and it 

4 was supposed to work. Well, it didn't.  

5 This is a quotation from Inside NRC that Arkansas 

6 had -- was consistently wrong in its prediction during the 

7 inspection, as to what the predictions as to the voltage and 

8 should be, and I don't know where they got the information.  

9 They must have talked to somebody, but it's a quotation from 

10 inside NRC.  

11 I already mentioned Farley. This is a very 

12 interesting one and we're going to spend a lot of time on 

13 this one, Breakwood and Byron, because when they had these 

14 large, observed these large voltage growth, and I think it 

15 was in '95, back in '95 or '96, I don't remember, even 

16 earlier than that, they said they came to the NRC and said 

17 we got this large voltages, would you allow us to fix that 

18 support plate so it won't move. I won't guarantee it won't 

19 move, although a member of the ACRS was under the impression 

20 it's not going to move anyway.  

21 Well, now they're coming in and they say we're 

22 going to fix those things, we'll put some tie rods in there 

23 or plug some of the tubes and those tubes will prevent the 

24 support plate from moving.  

25 And they came in and I don't know whether that's 
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1 part of my presentation, this point might come up later, 

2 they came back and provided a rationale why that they had 

3 the capability of tying these support plates so they won't 

4 move.  

5 This is a very important point and I will come 

6 back to it later, but it's lengthy, so I just would like to 

7 leave it for later on.  

8 And then recently, I understand there was some 

9 eddy current at a plant that only a visual observation 

10 showed that it was leaking. It wasn't the eddy current. So 

11 what you see throughout here, throughout a period of eight 

12 years, eddy current is not an absolute thing. It's the best 

13 we have, but it's not absolute.  

14 Okay. Another adjustment that we have, and this 

15 is a very important point, I'd like to spend a lot of time 

16 on this. If you go back to NUREG-1477, all the analysis, 

17 all the studies are based on that pressure differential, the 

18 delta P is the one that controls the damage.  

19 Now, there's a large potential during the 

20 blow-down event for damage of the tubes. You have energy 

21 there that is way above what you need, if you take all the 

22 tubes together, you have energy in there way above to 

23 rupture any tube ten times over.  

24 So the question, what's the efficiency of this 

25 potential stored energy that you have there to break the 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034



125

1 tubes, and then you have -- during the event, you have 

2 hydrodynamic loads that bent the -- that could bend the 

3 tubes, and you also have forces due to the tube sheet 

4 moving, moving the tubes.  

5 Now, one important point to make here, and I will 

6 come back to this again, that these motion of the tube sheet 

7 and motion -- the constraint of the support plates were 

8 designed under a condition of 1,500 pounds. That's how the 

9 plant was designed, 1,500 pounds.  

10 But here the forces that we have are all the way 

11 to 2,500 pounds. So the plant wasn't designed to withstand 

12 this kind of environment.  

13 When you go into the laboratory data, and, again, 

14 I don't know why it's proprietary, but I may take a lot of 

15 force to pull some of those tubes. Sometimes it may take -

16 they will just come out. Some, it takes a lot of force to 

17 pull them out. So now we've got this big, huge, massive 

18 tube sheet pulling those -- pushing on those tubes and you 

19 have thermal expansion in the system, too.  

20 So what do you think is going to happen? Either 

21 the tube is going to give in, probably is going to give in, 

22 bend or collapse, and open up more area for a leakage.  

23 Another mechanism in there that you have is a 

24 potential for vibration. You have -- during the event, you 

25 have a mechanism to set up -- to amplify the natural 
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1 frequency of the tubes, and since there is a large amount of 

2 energy, the vibration could bend them and, again, increase 

3 the leakage.  

4 So you have axial forces that can also break the 

5 ligaments and you see that. I mean, you pull those tubes 

6 out of there and they -- the ligaments are torn. It's not 

7 what you have in the -- what you started with before you 

8 pulled the tube.  

9 So then you have excitation frequencies that may 

10 equal the natural frequency, which what it does is really 

11 amplifies the amplitude of the motion of the tube within the 

12 support plate.  

13 And what I would like to do, and I don't know when 

14 we're going to break for lunch, I would like that after the 

15 break, that Mr. Robert Spence discuss his experience with 

16 tube vibration.  

17 Now, if you remember back to the timeline, 

18 Research goes to NRC and to NRR and tells them that we have 

19 never experienced a steam line break in this country. Well, 

20 that's just not true and Mr. Spence will describe his 

21 experience with it.  

22 The most significant part of it is that evidently 

23 there are frequencies of that event, like an earthquake, I 

24 guess, that excite natural frequencies or some components of 

25 the energy sufficiently large that you can get a lot of 
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1 damage.  

2 So I would ask him, later on -- I don't know.  

3 When are we breaking for lunch? 

4 DR. POWERS: We are past what our scheduled break 

5 time is. I thought we could come to finishing this point 

6 and that would lead naturally into Mr. Spence's 

7 presentation.  

8 DR. HOPENFELD: Yes. I would like to get into 

9 that -- okay. So I would like to spend another five-ten 

10 minutes about this, and then Mr. Spence will take over and 

11 talk in the details about that. I just want to give you a 

12 little bit more my perspective, but he is much more 

13 knowledgeable in that.  

14 But I would like to show you where I come from on 

15 this, because I'm not a vibration expert.  

16 DR. CATTON: Joe, your argument is not that that 

17 statement is incorrect, I hope.  

18 DR. HOPENFELD: Which one? 

19 DR. CATTON: The first one, leakage is the 

20 function of pressure differential only, because it is.  

21 DR. HOPENFELD: No. If you -

22 DR. CATTON: Let me finish, What NRC misses is 

23 the change in the characteristics before and after the MSLB.  

24 It's not that it is not a function pressure differential 

25 only, because it is. It's just it's changed. I have a new 
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1 

2 DR. HOPENFELD: Okay. I am stating what NRC says, 

3 that's all I'm saying.  

4 DR. CATTON: Well, but that's true. That's a true 

5 statement. Yes. But you have to include what happens -

6 DR. HOPENFELD: Okay. I see your point.  

7 DR. CATTON: -- to the generator.  

8 DR. HOPENFELD: I see your point.  

9 DR. CATTON: You put a statement up like that and 

10 you leave yourself wide open.  

11 DR. HOPENFELD: Okay. I see your point.  

12 DR. CATTON: Because it's a true statement.  

13 DR. HOPENFELD: Okay. It is a true statement, 

14 yes. It is a true statement -

15 DR. CATTON: However, the following is neglected.  

16 DR. HOPENFELD: Right. You're absolutely right.  

17 I should have said, well, if you -- it's a true statement if 

18 the following doesn't happen.  

19 DR. CATTON: That's right.  

20 DR. HOPENFELD: If you have a pipe and it's 

21 pressurized, the only driver is delta P. But if that pipe 

22 flexes and breaks -- well, what the point is here, Ivan, 

23 that it's not only the -- the bottom line here, it's not 

24 only the pressure, it's also the area, the opening area is 

25 going to be affected by these other forces.  
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1 DR. CATTON: It changes.  

2 DR. BONACA: Yes, it changes.  

3 DR. HOPENFELD: I just want to make sure we're all 

4 awake.  

5 DR. CATTON: I had trouble following what you were 

6 talking about in your written discussion because of that 

7 kind of a statement.  

8 DR. HOPENFELD: Okay. I'll do better next time.  

9 DR. KRESS: Joe, your second bullet under A, what 

10 does that -- would you explain what the stored mechanical 

11 energy is? 

12 DR. HOPENFELD: Okay. You have -- you have this 

13 big vessel, ten feet in diameter, 30 feet high. You have 

14 inventory of water in there at 1,000 pounds and at 550 

15 degrees F.  

16 You suddenly, all that energy -- suddenly you open 

17 the cap, all that energy comes out. So if you look at the 

18 enthalpy of this, there is a lot of energy in there at that 

19 enthalpy.  

20 DR. KRESS: That's the enthalpy you're calling the 

21 DR. HOPENFELD: That's the thermal energy, right.  

22 DR. KRESS: You're calling enthalpy mechanical 

23 energy.  

24 DR. HOPENFELD: Right. The thermal energy. You 

25 say we'll take that and you say, well, that's the first 
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1 thing, if it doesn't pencil out, you don't look beyond that.  

2 And this does show you that there is a potential there, and 

3 it doesn't mean that -- I don't know, conversion could be 

4 very small.  

5 Mr. Spence evidently had seen one, he had been 

6 next to it, and he'd tell you that it wasn't a little wind 

7 passing by and he'll tell you the thing flew up 150 feet in 

8 the air.  

9 So the energy is there. Now, what damage it's 

10 going to do, I don't know. I honestly don't know. But 

11 these people, when they come tomorrow and talk to you about 

12 this and they'll tell you about all the test data they ran 

13 under internal pressure only, I think you ought to ask them 

14 about this and it's the burden on them is to prove to you, 

15 to show you that these delta P's, that's all there is.  

16 They've made the calculations, and I'll go back into that 

17 and discuss this thing after the lunch.  

18 DR. POWERS: I think, at this point, we can take a 

19 recess for lunch until ten after the hour.  

20 [Whereupon, at 12:10 p.m., the meeting was 

21 recessed, to reconvene this same day at 1:10 p.m.] 

22 

23 

24 

25 
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1 AFTERNOON SESSION 

2 [1:10 p.m.] 

3 DR. POWERS: Let's go back into session, and I 

4 guess, at this point, we'll turn the floor to Mr. Spence.  

5 MR. SPENCE: Thank you.  

6 Dr. Hopenfeld asked me to discuss the resonance 

7 vibrations that I witnessed during a main steam line break 

8 at Turkey Point 3 in 1997, as well as review past operator 

9 experience on steam generator tube ruptures, which I'll do a 

10 little bit later.  

11 I should say that, in so doing, I'll present my 

12 own views only, and experience, in the role of independent 

13 reviewer of U.S. and foreign operating experience that I've 

14 done for AEOD and Research for the last 10 years as a 

15 reactor systems engineer.  

16 To establish my credentials to talk on this 

17 subject, I've been a member of NRC augmented inspection 

18 teams and human performance teams investigating operator 

19 performance during events.  

20 To qualify as a headquarters operations officer, 

21 where I assessed the safety significance of reactor events 

22 in real time to initiate the NRC response, I attended NRC 

23 systems and simulator courses for each type of nuclear 

24 reactor in this country, including Westinghouse.  

25 I've been in charge of the conceptual design of 
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1 the nuclear island for a 600-megawatt, barge-mounted 

2 Westinghouse reactor for offshore power systems.  

3 Earlier, as a systems engineer, I worked on heat 

4 exchangers, valves, pipes, piping design.  

5 I worked as a turbine operator during a three

6 month strike and a licensed research reactor operator, and 

7 most importantly to this effort, I was a start-up engineer 

8 working for Florida Power and Light in the operations 

9 department during hot functional testing on the two 

10 Westinghouse units at Turkey Point, when the main steam line 

11 break occurred there.  

12 Now, when -- I knew very little about this DPO 

13 until the EDO appointed me at Dr. Hopenfeld's request to 

14 serve on a previous DPO panel.  

15 As Dr. Hopenfeld mentioned, the ACRS approved 

16 Generic Letter 95-05 as an interim measure, which has become 

17 essentially permanent.  

18 NRR is approving increases to Generic Letter 95

19 05 alternate repair criteria to 3 volts now.  

20 But while I was on the panel, I started reviewing 

21 stuff and found many questions about the technical basis for 

22 GL 95-05.  

23 I found unpredictable tube leaks, tube leak 

24 breaks, and little defense-in-depth against the main steam 

25 line break that, in my opinion, will result in steam 
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1 generator leaks or ruptures.  

2 Now, I didn't form that opinion while I was on the 

3 panel but only afterwards, when I was researching it in more 

4 detail to appear here.  

5 After a number of Dr. Hopenfeld's safety concerns 

6 were ruled out of scope, I recommended that the EDO dissolve 

7 the panel.  

8 Now, I cannot adequate address those issues in a 

9 public forum because of the restrictions placed on the use 

10 of proprietary design and test information and the emergency 

11 response guidelines.  

12 I did provide you a copy -- a proprietary copy of 

13 my slides for GSI 188.  

14 There were concerns this morning that Dr.  

15 Hopenfeld mentioned that he said he couldn't identify.  

16 Some of those issues, some of the numbers, 

17 etcetera, are in that package that you have.  

18 The heart of this matter is really in the 

19 proprietary information, and I hope that you have access to 

20 that to review it.  

21 I noticed you mentioned that you didn't.  

22 DR. CATTON: I didn't look at the stack of stuff 

23 given to me this morning. Maybe it's in there.  

24 MR. SPENCE: Okay. Only part is, but there's 

25 masses that aren't.  
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1 Okay.  

2 At NRR's recommendation, vibration during a main 

3 steam line break is now being considered as a potential 

4 generic safety issue, and that's what that's all about. We 

5 meet next week.  

6 That identifies technical inconsistencies in the 

7 basis -- in the technical basis for GL 95-05. It also poses 

8 questions about the Robinson 2 and Turkey Point 3 cladding 

9 separation, tube leaks, and main steam line breaks that may 

10 necessitate on-site investigation to answer.  

11 The GSI panel -- it's my understanding the GSI 

12 panel will not be allowed to do that.  

13 I believe that these issues will simply be 

14 incorporated into Dr. Hopenfeld's GSI 163, which has lain 

15 dormant for many years despite its high priority.  

16 The GSI 188 panel can only recommend whether more 

17 study is warranted, but only your panel can recommend 

18 whether Generic Letter 95-05 should be rescinded or can be 

19 rescinded.  

20 I believe there's enough evidence available that 

21 you will be able to make a decision on the fate of GL 95-05 

22 without further research.  

23 In the few minutes Dr. Hopenfeld asked me to talk 

24 in, I can only summarize the lessons that appear to have 

25 been forgotten from the cold hydros and the steam line 
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1 breaks at Robinson 2 and Turkey Point 3 without going into 

2 proprietary information.  

3 Both experienced cladding separation and tube 

4 leaks as a result of their cold hydros.  

5 You have the information on Robinson 2 in that 

6 proprietary presentation.  

7 That's the Robinson 2 steam generator with the 

8 tube sheet and the divider plate, okay. The next slide's 

9 going to show this area here and what happened to it during 

10 the cold hydro.  

11 There's going to be three areas that, when you 

12 have 2,000 pounds or 2,500 pounds or whatever the pressure 

13 is in the reactor vessel or the safety injection system or 

14 CVCS charging pump pressure in here, and this, during a 

15 steam line break, is going to be open essentially to 

16 atmosphere, assuming that the leak rate is small at that 

17 point, this here will curve up a little bit, in the middle 

18 of the D, and this here -- this also in here will raise, so 

19 you'll have a little bit -- you'll have like that, as well 

20 as superimposed -- I don't know. I didn't do that well.  

21 DR. POWERS: I think we understand.  

22 MR. SPENCE: You got the idea? Okay.  

23 This is -- this came out of one of the Robinson 

24 reports that I believe you have, but it shows the cladding 

25 separation in here, it shows the weld problems here, and 
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this was on 20 to 30 tubes, and it affected the first row 

- 80 tubes worth of the first row.  

Okay. And they observed cracking in this area 

here. This is the divider plate. It had come across the 

- this is on the welds of the tubes, okay? 

Now, I do not have pictures of the Turkey Point 

thing, but at Turkey Point, after my crew was running the 

hydrolazer pump, we had trouble maintaining pressure and 

barely got done with the inspection of the primary system 

before we went down to lower pressure.  

Afterwards, I stuck my head in the steam 

generator, saw the drips coming from a tube and surrounding 

wetness on the tube sheet, okay? 

I didn't see any cracks, but for example, if this 

was the tube, stuck my finger up inside there and noticed 

for sure that it was leaking inside the tube, not at a weld, 

and then I noticed water around here that was not leaking, 

okay, but it wasn't right next to the tube sheet.  

I can't tell you which steam generator it was. I 

can see the leak, but I can't tell you what steam generator 

it's in.  

Okay.  

Because of -- now, at Robinson 2, they ran the 

test pressure basically at 3,000 pounds, 3,100 pounds on the 

primary side, and they had the secondary side of the steam
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1 generator open to atmosphere.  

2 Hearing of the results of their cold hydro, Turkey 

3 Point went ahead and pressurized the secondary side of the 

4 steam generator so that the delta P across that tube sheet 

5 would only be a few thousand pounds, perhaps a little bit 

6 larger, 2,000 psi, and I assume it was not a hydro test 

7 pressure but some kind of normal operating pressure, but I 

8 have not been able to find the numbers.  

9 Regardless, at Turkey Point, the cladding 

10 separation was not as severe as experienced at Robinson 2, 

11 but it still occurred at differential pressures across the 

12 tube sheet that could happen in a main steam line break.  

13 Okay.  

14 Now, despite its 2-foot thickness, the tube sheet 

15 will bow up slightly in the middle of each D, as well as the 

16 divider plate, and it will push up some of the tubes, 

17 probably the ones in here and the ones in here worst.  

18 The tubes are held in place to tube-to-tube-sheet 

19 welds in this area here, okay, and metallic oxides in the 

20 gaps between the tubes and the tube support plates.  

21 If the tube support plates remain in place, then 

22 the tubes have either -- either have to bend or slide 

23 through the tube support plate.  

24 However, parts of the upper and lower tube support 

25 plates are expected to vibrate at their lowest natural 
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1 frequencies despite stay rod, spacers, bars, and wedges 

2 welded to the wrapper.  

3 Now, on page 48 of your proprietary hand-out, I 

4 think, based on a tech spec amendment that South Texas 

5 project recently put in, that I believe has not been 

6 approved yet -- is that right? 

7 MR. LYON: That is correct.  

8 MR. SPENCE: Okay. Thank you.  

9 They only asked for a 3-volt alternate repair 

10 criteria increment for tube support plates 3C, Charlie 

11 through M, Mother, because they, quote, did not -- do not 

12 deflect significantly relative to any tube during normal 

13 operation or design basis accidents.  

14 Well, that leaves tube support plates A, D, N, P, 

15 Q, and R.  

16 Now, A is the first tube support plate going 

17 across here, B is an economizer section, and N through R are 

18 all the way up at the top.  

19 DR. SIEBER: What model steam generators are 

20 those? 

21 MR. SPENCE: Warren? 

22 MR. LYON: Warren Lyon.  

23 I believe that's a Model E, if I remember 

24 correctly.  

25 MR. SPENCE: 44-E? 
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1 MR. LYON: All I remember is the E.  

2 MR. SPENCE: Okay.  

3 Now, I have personally seen the resonance 

4 vibrations from the steam line break at Turkey Point set up.  

5 I tried to describe my experience in the May 22nd, 

6 memo that you have copies of, of this year.  

7 Just very briefly, I came out of the control room 

8 a little after seven o'clock in the morning to do a round 

9 before turnover.  

10 I was the shift start-up engineer on, and I saw 

11 this valve with the steam coming out of it. We had already 

12 had leakers on here. So, I went up to investigate it.  

13 I got about to this area, and there was something 

14 in here -- I think it was some type of scaffolding, but I 

15 couldn't see the top of this. But I started hearing 

16 simmering noises, and they were increasing.  

17 I had already been through a steam line break over 

18 in the fossil plant, I knew what it sounded like, etcetera, 

19 and I went from here to here to here to here, and it blew 

20 off the line.  

21 This here cracked, double-ended guillotine, if you 

22 will, right at the full circumferential break here.  

23 These two hit the containment wall and then went 

24 up, and by the time I was here and I heard the noise, I 

25 looked up, I saw the valves, and they were about at the -
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1 towards the top of the containment, and then they fell down 

2 a couple stories down.  

3 The second boom came from here, and this valve 

4 here blew off.  

5 What they later found the problem was is that the 

6 piping system was designed -- was not designed to take the 

7 forces, the reactor forces here from relieving of the 

8 valves. These valves previously had only been pop-tested 

9 for setting.  

10 One point I will mention, in the proprietary 

11 thing, I've given you my opinion on what would have happened 

12 if these valves had not blown off at that particular time.  

13 This was, again, hot functional testing; there was 

14 no fuel in the pot.  

15 There was no procedures in place to test the 

16 operation of these valves.  

17 The SAR said that they were going to look at doing 

18 a trip test on the turbines as the power level increased, 

19 but the procedures did not call out for that.  

20 This was December 2nd of '71. On November 24th of 

21 '71, the AEC identified that little problem to Florida Power 

22 and Light Company. It would have been a most interesting 

23 thing.  

24 There were a couple of causes for this, and that 

25 is, the supports here were designed so that the steam line 
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1 had to grow out this way, okay, and it had to move -- these 

2 things here had to move north and south. This is north, 

3 that's south. So, it had to grow east, south, and north at 

4 the same time.  

5 When this valve is shut, okay, this cannot move 

6 - the thermal expansion is such that it's not going to move 

7 to the west, okay? 

8 So, now you're also putting a very high stress on 

9 the saddle here.  

10 I think you'll find that the reports I'll pass on 

11 to you in the next few days do not have a specific number, 

12 okay, on stress level, but to give you an indication, 

13 bending moment here is 188,000 foot pounds.  

14 Now, the results of the steam line break were 

15 tremendous.  

16 The piping here, especially down below, moved six 

17 to eight inches. You could see it on the supports.  

18 The turbine duct here was oscillating maybe a 

19 couple inches up and down. Everything was moving at 

20 different frequencies.  

21 Stuff was going to its lowest natural frequency, 

22 okay? 

23 When I got into the control room, stuff in there 

24 was moving around, as well.  

25 The noise was such that the operators could -- we 
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1 basically could not communicate, okay? 

2 If the safety valves were to have lifted and then 

3 supported properly, etcetera, okay, the safety valves can be 

4 designed to avoid frequencies under 50 hertz. Pipe breaks 

5 cannot be tuned that way.  

6 Now, I've been unable to find data on the lowest 

7 natural frequencies of the tube sheet, the U-tube assembly, 

8 which will have its own individual frequency, or tube 

9 sections between the tube support plates, okay? 

10 The tube support plates and tube sheets interact 

11 in an extremely complicated three-dimensional manner during 

12 a steam line break that, to my knowledge, has not been fully 

13 analyzed.  

14 In fact, the RELAP-5 computer code that the NRC 

15 and Westinghouse relies upon is a one-dimensional thermal 

16 hydraulic code, it does not model two-phase transient 

17 turbulent flow, cross-flow, or time-dependent resonance 

18 vibrations or frequencies.  

19 You've been supplied with a copy of a letter from 

20 Dr. Ward to me on that subject, and Dr. Ward -- I understand 

21 NRR has got him here in the next day or so, so you can ask 

22 him about it, if you'd like.  

23 I believe that resonance number one will be set up 

24 within the steam generator.  

25 If they're strong enough to do what I observed, 
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1 they're strong enough to go back through the piping system, 

2 through the shell, through the wrapper, through the tube 

3 sheet, through the hydraulics of the oscillations of the 

4 sonic booms.  

5 Now, that's something I didn't tell you about.  

6 Sonic booms occurred at maybe one to three cycles per 

7 second. In an emergency, I don't judge time right, you 

8 know, so don't quote me on that one, but it's boom, boom, 

9 and it was very noticeable.  

10 What was interesting to me is that continued at 

11 the same rate, not like you'd expect with a pressure 

12 decreased in the steam generator but at the same rate 

13 throughout the entire event, until the end, and then, it 

14 became longer and even louder, with some gigantic booms 

15 before it stopped down to quiet, okay? 

16 The reason I started getting into this is because 

17 I think it's NUREG 6365, as well as 1477, have diagrams of 

18 the pressure -- secondary pressure, and they didn't look 

19 right to me, because they didn't match what I had 

20 experienced, and I started talking with Dr. Ward about it.  

21 Now, I believe the resonances in the steam 

22 generator are going to cause tube bending, which is going to 

23 increase the crack growth, as well as movement between the 

24 tubes and the tube support plates.  

25 It's going to increase the crack growth by erosion 
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1 of the lengths between the cracks, both micro cracks and 

2 macro cracks, through both wear and ablation, and later, 

3 you'll get some theoretical -- I think it was ASME articles 

4 on the wear evidenced by movement of tubes.  

5 I think it's going to expose some of the cracks in 

6 the intersections that are allowed by GL 95-05 to the 

7 secondary side and, hence, to the atmosphere.  

8 Now, when you have a tube support plate that's 

9 partly moving up here and the next tube support plate is 

10 moving down here because you have different frequencies -

11 each one of the tube support plates has got different 

12 frequencies, and that's all proprietary information, and 

13 that's about all I can say about that, but take a look at 

14 the numbers.  

15 Now, if there's cracks in there and those cracks 

16 happen to be especially towards the tail-end of the voltage 

17 distribution, those are going to be the biggest cracks, and 

18 those are the ones that are going to open up.  

19 The closer it gets to through-wall, the more 

20 chance of it opening up during a main steam line break.  

21 There's also some proprietary information that, 

22 once a crack gets outside the tube support plate 

23 intersection area, there is a very low correlation between 

24 the exposure of that crack -- let's say, for the sake of 

25 argument, that this is a tube support plate.  

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034



145

1 If the crack is in here and it comes up in here 

2 versus it comes down to here, there's very little 

3 correlation between the amount of flow coming out of that 

4 crack and the amount of distance that the crack is exposed.  

5 Now, the size of the steam line break and the 

6 operator actions that are taken will have a significant 

7 effect on the amount of time this common mode failure 

8 mechanism is working.  

9 The longer the mechanism is working, the more 

10 crack damage they'll cause.  

11 DR. SIEBER: Question.  

12 MR. SPENCE: Yes, sir.  

13 DR. SIEBER: From your observation at Turkey 

14 Point, once this transient has gone to termination -

15 MR. SPENCE: Yes, sir.  

16 DR. SIEBER: -- if you inspect the steam 

17 generator, do things come back to their normal position, or 

18 is everything permanently upset or deflected or bent or what 

19 have you? 

20 MR. SPENCE: I did not inspect the internals. I 

21 cannot answer that question, but it's a real good question.  

22 I inspected -- a reactor operator and I went out and 

23 inspected the area before we turned the RCP back on, and we 

24 could observe some movement inside the containment, but we 

25 couldn't observe any damage, any movement out -- you know, 
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1 that the steam generator area was not designed for.  

2 DR. SIEBER: The reason why I asked the question 

3 is that, if you did have a permanent deflection in a tube 

4 support plate, that would potentially uncover permanently 

5 some of the cracking that would have occurred and leave you 

6 in a more vulnerable situation as far as crack growth and 

7 leakage.  

8 MR. SPENCE: I will be showing an interesting 

9 slide a little bit later on that subject.  

10 DR. BALLINGER: Can I ask a question? 

11 MR. SPENCE: Yes, sir.  

12 DR. BALLINGER: Was there any estimate of the 

13 amount of flow through that opening, as compared to the 

14 normal 100-percent-power steam flow? 

15 MR. SPENCE: I don't remember seeing a number. I 

16 know, in CE reactors, their restriction orifices on the main 

17 steam lines are 170 percent. I've heard that, in 

18 Westinghouse, it may be less than that. I'm not sure if 

19 that number is proprietary or not.  

20 DR. BALLINGER: You have several relief valves, 

21 and it looks like two of them blew off.  

22 MR. SPENCE: Three of them.  

23 DR. BALLINGER: Out of four? 

24 MR. SPENCE: Yes, sir, on the one line.  

25 DR. BALLINGER: On one line, but there are -
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1 there's another eight.  

2 MR. SPENCE: On the other two steam generators, 

3 yes, sir.  

4 DR. BALLINGER: Okay. So, I'm just curious as to 

5 what fraction of the flow you had compared to the 100

6 percent power flow from that steam generator.  

7 MR. SPENCE: The report I read said that the -

8 I'm sure it would have been in excess of 100 percent, but 

9 exactly how much, I don't know.  

10 The report I read said that the flow was within 

11 the restriction orifice capability. In other words, the 

12 restriction orifice was not choking the flow. The choking 

13 was coming at the break area.  

14 DR. SIEBER: Do you have any idea of what 

15 difference in flow there would be with the valves just blown 

16 off, compared to all those valves open, like you would get 

17 on a reactor trip? 

18 DR. BALLINGER: That's what I was getting at.  

19 MR. SPENCE: Okay.  

20 DR. SIEBER: They're, what, two-and-a-half-inch 

21 valves? 

22 MR. SPENCE: There's going to be a difference for 

23 the steam generator, because the steam safety valves are 

24 tuned.  

25 DR. SIEBER: Right.  
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MR. SPENCE: They're not going to have a 50-cycle; 

they're going to have higher, okay? 

So, I wouldn't worry about a full thing. What it 

is, it's the cycles that the steam line is -

DR. SIEBER: This is the pulsation.  

MR. SPENCE: The pulsations from the steam.  

DR. SIEBER: Right.  

MR. SPENCE: That's what's going to kill it.  

DR. SIEBER: Okay.  

DR. BONACA: You're not aware if, prior to 

operation again, the plant had a major outage on the steam 

generators? 

MR. SPENCE: The plant was -- it was delayed by 

more than half-a-year because of this.  

I mean it took -- I didn't tell you about all the 

damage, but it took -- I remember, I couldn't get back up 

here to look at this.  

I think this thing was gone.  

There was damage to this valve, to a bypass valve.  

There was a pressure -- a tap on here that was gone. This 

whole -- it was a mess.  

DR. BONACA: The question I had was regarding the 

steam generator, specifically, the internals. Do you know 

if there was major work done on those? 

MR. SPENCE: Shortly after the blow-down, the 
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1 operations superintendent and I were talking about it, and 

2 we were both concerned about the steam generator internals.  

3 I don't know the full results of that, but I know there was 

4 some investigation done.  

5 The reports show that there was a one-word 

6 sentence that Westinghouse steam generator experts looked at 

7 it and said it was okay.  

8 Yes, sir.  

9 DR. SIEBER: Does the Model E steam generator have 

10 a pre-heater on it, as I recall, with cross-flow paths? 

11 MR. SPENCE: Yes.  

12 DR. SIEBER: And would that make a difference as 

13 far as the dynamics of the way the steam generator operates? 

14 I think the cross-flow is on the cold leg side.  

15 MR. SPENCE: Yes, it would.  

16 DR. SIEBER: To me, it would change the vibrations 

17 and also change the forces the tube sees due to the flow 

18 while the stuff is rushing out of there.  

19 MR. SPENCE: That's exactly what I was talking 

20 about with the RELAP code, is the cross-flow would be 

21 especially -

22 DR. SIEBER: I don't know how you would model 

23 that, but a Model 51 or 53 doesn't have that feature to it, 

24 correct? 

25 MR. SPENCE: I would suspect that it would have 
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1 less trouble, and it depends where the break is.  

2 In a steam line, it's one thing. If the break's 

3 in a feedwater line, it's another. So, now you've got 

4 everything going down backwards, too.  

5 DR. SIEBER: Well, on the Model E, the feedwater 

6 came in pretty close to the bottom, as I recall, whereas 47s 

7 and 51s, it came in at the top, went around the sparger ring 

8 with the J-tubes and then down the wrapper, and so, if you 

9 broke the feed line in a Model 51, I think you would get 

10 steam out, as opposed to hot water, because it's high in the 

11 steam generator.  

12 The only thing that goes in at the bundle area is 

13 the aux feed, right? It also goes in pretty high.  

14 DR. HIGGINS: Do you know if, during any of the 

15 testing that the NSSS manufacturers did, they did main steam 

16 line break simulations with, say, scaled models on steam 

17 generators? 

18 MR. SPENCE: I have not seen -- they did the MB2, 

19 but that wasn't -

20 DR. HOPENFELD: No.  

21 MR. SPENCE: No, I know of no such testing.  

22 That's not to say it doesn't exist, you know, but I haven't 

23 found it.  

24 DR. HOPENFELD: They may have done it in-house at 

25 Westinghouse, but they haven't provided us the data.  
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1 DR. CATTON: Those of us who tried to do 

2 experiments to simulate the GE system ran into all kinds of 

3 problems with this.  

4 What you have is you have a series of contractions 

5 in the flow paths, so you have volumes, and all of these 

6 start to interact.  

7 They choke and un-choke, and each time they choke 

8 and un-choke, you get pressure spikes. It's just really 

9 bizarre behavior.  

10 And then you compound it because of the high flow 

11 rates out.  

12 There's a critical velocity above which you begin 

13 to get fluid-induced vibrations, whereas a CE generator, 

14 they know what these are, because they measured it.  

15 The Westinghouse, as near as I can tell, guess at 

16 it, and actually, at North Anna, they got in trouble when 

17 they changed the recirculation ratio just a little bit.  

18 If you're anywhere near this, you're going to get 

19 all kinds of tube vibration.  

20 I doubt that it would impact much a new generator, 

21 but if you had one that had cracks that were -- it's 

22 certainly going to loosen everything up, and then the 

23 supports -- at each set of supports -- and I don't know how 

24 many you mentioned, but it sounded like there were a lot.  

25 As you depressurize this system, you are going to 
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1 get pressure loads across these supports, and they are going 

2 to move up and down, because they're going to choke and un

3 choke.  

4 It's a rather chaotic process.  

5 DR. BALLINGER: If you have dented support plates 

6 where they're cracked and you have this kind of thing, 

7 what's likely to happen to those support plates? In some of 

8 these older steam generators, there's a lot of hourglassing 

9 in the flow slots, and there's a lot of cracking in the 

10 support plates.  

11 So, that's another complicating factor.  

12 MR. SPENCE: Let me throw in some more 

13 complicating factors, and then I'll talk a little bit about 

14 time and break size, too, because a smaller break will take 

15 longer to depressurize the steam generator. That means the 

16 longer steam generator tubes are subjected to these common 

17 mode failure mechanisms.  

18 In Robinson 2 case, they only had a six-inch 

19 break, and it took them an hour to depressurize. In Turkey 

20 Point 3's case, it took only a few minutes. They say they 

21 - it was about three. I think it was about five, because I 

22 know it went down below -- it still kept -- it kept blowing 

23 after the instrumentation went to zero.  

24 It took three to five minutes to depressurize 

25 during the initial blow-down, but then the steam generator 
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1 repressurized, okay? 

2 As I was leaving, about an hour later, it was 

3 blowing out the holes at, I'd estimate, 15 to 20 feet per 

4 second.  

5 Now, if my analysis is correct, one could expect 

6 to see tube leaks or tube wear in grooves where the 

7 magnitude of the differential movement between the tube 

8 support plates was high.  

9 I have no data on Robinson 2, but Turkey Point 3 

10 - can you pick out the steam generator that had the problem? 

11 Interesting, right in the groove, and this is the 3A steam 

12 generator where it happened, this is B, and that's C, and I 

13 think there were a couple little things down there, okay? 

14 A and C had the cladding separation during the 

15 cold hydro, B did not. So, you might have some effects from 

16 the two.  

17 Now, the numbers that were -- the numbers, I 

18 think, 20 -- I think if you count these up, you got more 

19 than 20.  

20 Now, this was for the first ISI inspection in '74.  

21 So, that was basically one year's worth of service, okay? 

22 I talked to a metallurgist out at Region III, 

23 said, hey, it takes a few years for the corrosion products 

24 to start doing the kind of stuff that we're talking about, 

25 that would normally take out tubes in the steam generator.  
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1 DR. BALLINGER: Let me be clear on this. This 

2 generator is the one that went through the cold -- they all 

3 went through the cold hydro.  

4 MR. SPENCE: They all went through the cold hydro, 

5 but these two had the cladding separation, A and C. B did 

6 not, for whatever reason, okay, and A is the one that went 

7 through the blow-down.  

8 DR. SIEBER: After the blow-down, did they do a 

9 pre-service examination again, or had they done that before 

10 and said we don't need to do one? 

11 MR. SPENCE: I'm going to give you a smart-aleck 

12 answer. I don't know, because I left. I got an office job.  

13 I used up too many of my nine lives there.  

14 Okay.  

15 Anyway, there here -- now, when I was on the 

16 panel, I suggested we go down to Turkey Point and find out 

17 what caused this, let's find out when the tubes were 

18 plugged, etcetera, let's check the traces on the eddy 

19 current test, and that was ruled out of scope.  

20 I also asked my supervisor here -- excuse me -- my 

21 manager, with respect to the GSI 198, and that's not going 

22 to be done in that one either.  

23 It would be a nice idea to check what happened to 

24 the tubes at Robinson 2 afterwards.  

25 Okay.  
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1 Resonance vibrations and tube-to-tube-support

2 plate movement are not modeled, and GL 95-05 required 

3 industry testing of tube samples.  

4 I also noted some other concerns about the 

5 industry testing, but they're proprietary in nature, and 

6 they're in your packet.  

7 Resonance vibrations and relative tube-to-tube

8 support-plate movement during main steam line breaks are 

9 common mode failure mechanisms that can drive the issues in 

10 this DPO, and I think that's exactly why he asked me to 

11 serve on the panel, when he heard about my experience down 

12 at Turkey Point.  

13 These common mode failure mechanisms would 

14 invalidate any risk analysis the NRC and industry used to 

15 support GL 95-05 and conclude that the frequency of major 

16 - multiple major tube leaks or ruptures during a design 

17 basis steam like break would be on the order of 6 times 10 

18 to the minus 6 or 1 times 10 to the minus 7. Those numbers, 

19 of course -- if that were true, then it would not be a 

20 problem, okay? I don't believe it.  

21 Now, a little later, I'll talk about how operator 

22 response to past steam generator tube ruptures may be 

23 related to the risk of the steam line break.  

24 Thank you for your attention and for your 

25 questions.  
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1 DR. BALLINGER: I have a question.  

2 I'm looking at that figure, and it's fuzzy, but 

3 the legend says that the triangles are plugged due to 

4 thinning and the little dots say they're affected by 

5 wastage, cavitation, and erosion.  

6 Now, that implies, at least, that they know what 

7 those were, not necessarily due to cladding separation.  

8 MR. SPENCE: What's interesting, if you really go 

9 down the line, you won't find any of them that say there was 

10 leaking.  

11 DR. BALLINGER: That's right.  

12 MR. SPENCE: And even though I'm here to tell you 

13 I've seen it, I've seen at least eight leaks.  

14 Reporting, back in those days, was not quite as 

15 robust as it is now. At least, I hope it's more robust.  

16 DR. CATTON: Robust just means that it happens.  

17 DR. HOPENFELD: Thank you very much, Bob.  

18 I think this presentation puts the idea of POD and 

19 the statistical differences in perspective. I think you can 

20 see there are much larger uncertainties here that we don't 

21 even an ability to cope with.  

22 Let me just briefly summarize basically again.  

23 You put those defective tubes back in service, and 

24 at some time during the zero to 18 months, you have a 

25 rupture. Initially, you have a large energy release which 
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1 takes on the order of minutes, and again, it depends on the 

2 size of the break. It may take even longer.  

3 Later on, you get into a longer period of time the 

4 tubes may be exposed to flow vibrations and then also to the 

5 motion of the tubes due to bowing or thermal expansion of 

6 the tube sheet.  

7 Now, it's important at this point to note -- and I 

8 think that's where -- that the plants were not designed for 

9 that kind of a pressure. They were not analyzed for that.  

10 They were designed for 1,550 and 1,600, and all the data 

11 that is being presented to you, even though the severe 

12 accidents that are being conducted at Argonne are based on 

13 2,500 and do not consider the other forces that can come 

14 into play, it's fine to study creep rupture, to study 

15 ligament breakage, and model that under internal pressure, 

16 but that's not really the main issue, unless you can prove 

17 that that is the driving force for the fracture.  

18 So, basically, if you put yourself in a position 

19 of the ligament in a cracked tube, really what makes a 

20 difference is the stress state of that ligament and the 

21 pressure forces acting on it due to the delta P in the pipe, 

22 but there are other forces, as we've heard before.  

23 So, the question is really, what's the largest 

24 driving force for breaking that ligament, and the person 

25 that comes in and shows you all that data -- it behooves him 
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1 to tell you that, really, the driving force show you, prove 

2 it to you, that what really drives this thing is the 

3 internal pressure, and they haven't done so, and I hope 

4 that, tomorrow, you will ask him to show you the numbers 

5 where all these other forces have gone, why are they not 

6 being considered? 

7 Going back to the vibration thing, you can see, in 

8 the typical steam generator, you have a range of -- this is 

9 a simple equation of calculating frequency, depends on the 

10 span length here and the rate use, and this is the 

11 properties of the fluid and the modulus of inertia.  

12 The main point of this graph is that, when you 

13 have rate uses varying between one to two feet, you have a 

14 whole spectrum of possible natural frequencies, and 

15 therefore, a whole bunch of possibilities for exciting some 

16 of the tubes to start vibrating

17 That's the whole purpose of this graph.  

18 Now, this is probably known to the Westinghouse 

19 people. They ran a lot of vibration tests in Florida, 

20 especially under heaters, I believe, that they had vibration 

21 problems. So, they realized.  

22 But when they come here with an application to 

23 relax the 2-volt requirement to go to higher voltages, they 

24 provide analysis of what are the forces on the support 

25 plates, and those forces are basically based on delta P 
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1 across those plates.  

2 Now, what they have claimed is that they could 

3 take a code like RELAP-5 and benchmark it against some data 

4 that was conducted 15 years ago on the prototypic steam 

5 generator. That was a MB2 program.  

6 Let me tell you briefly a little bit, because it's 

7 very, very important, and the reason it's important, because 

8 it shows that -- in those particular case, it was ComEd that 

9 came in for an application to relax the GL 95-05, and it's 

10 very important to understand how the process works.  

11 They take the code like RELAP-5, modify it, and 

12 they claim they benchmark the thing against some data that 

13 was conducted on the prototypic steam generator, and then 

14 it's being approved by NRR.  

15 Okay.  

16 That particular test had a slice of a full-size or 

17 95-percent length of U-tubes but was only a slice of the 

18 steam generator.  

19 The tubes were enclosed in a large vessel. Most 

20 of the volume, as you will see later, was really occupied by 

21 that vessel.  

22 The volume ratio, as you can see here, was all 

23 basically that empty space. This was only the volume of the 

24 tubes.  

25 So, when you benchmark a code against something, 
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1 the first thing you do is see what the scaling factors -

2 whether the scaling factors allow you to do that, and when 

3 we have looked into the scaling of this -- I have a report 

4 - it wasn't meant to be scaled to study the dynamic aspects 

5 of that kind of a phenomena.  

6 We didn't have any accelerometers on the tubes to 

7 measure any vibrations.  

8 Nevertheless, this experiment is being used as the 

9 justification to ignore vibration, to ignore all the forces 

10 that you have on the steam generator, because it was 

11 benchmarked, so to speak, against prototypic data.  

12 You can see some of the results -- and again, 

13 these came from computer codes -- compare the flow quality 

14 with and without the dead space, and you can see that this 

15 experiment really had nothing to do with the forces that you 

16 will have during a steam line break. Yet it is being used 

17 as a explanation, as a reason why you could operate under GL 

18 95-05 at much higher voltages.  

19 Now if you design a washing machine or something 

20 and you want to go and put it on the market, you go to 

21 Chicago, go to the UL people and tell them I have this 

22 washing machine and I made all these calculations and could 

23 you give me your stamp, because I don't think it vibrates, 

24 I've got all these computer codes, they say it won't 

25 vibrate, they'll throw you out.  
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1 They'll say, well, we want to test it. They're 

2 not going to put their stamp on it.  

3 But Westinghouse comes in here, or Com Edison -

4 the work was done by Westinghouse, and we approved it.  

5 We approved that thing without asking any 

6 questions, and you can go back, and I think you have the 

7 SERs, and not even one question that goes into why can't we 

8 just neglect vibrations? 

9 The next potential damage mechanism is due to 

10 erosion from jets.  

11 You have 2,600 pounds or 2,500 pounds on one side, 

12 and you have zero pounds on the other side. You have a 

13 temperature that varies between 1,700 F under severe 

14 conditions and, I think, 550 under normal conditions, and 

15 you have a whole range of abrasive material present.  

16 Now, if you have any one of those two-phase flows, 

17 could very severely penetrate and damage the next tube.  

18 Just to give you an idea, this is a piece that I got in a 

19 machine shop.  

20 It took a few seconds to make these slots with an 

21 abrasive jet.  

22 Obviously, it depends on -- this is aluminum and 

23 it depends on the velocity and the pressure and the size of 

24 the particles.  

25 In machining -- in regular machining, the 
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1 pressures are more than an order of magnitude, 15 times as 

2 high as what you get here.  

3 On the other hand, these things take on the order 

4 of a few seconds.  

5 Here we can have minutes or maybe even hours where 

6 that jet could cause the damage, and the main problem here 

7 is that we can't predict -- I believe it's impossible to 

8 predict how much abrasive particles you're going to have.  

9 You have corrosion products on the primary side 

10 and especially during depressurization you have what's known 

11 as particle burst.  

12 Then you have this big sludge pile on the bottom 

13 that you have all kind of material in there.  

14 You basically have the entire periodic table, the 

15 source is there, and you can go ahead and use your 

16 imagination how it's going to be trapped, whether it's from 

17 the sludge pile or from the primary side or for in between 

18 the cracks in the support plate.  

19 So, there is a potential here, and in my mind, 

20 it's almost impossible to predict, but the people that did 

21 the research said that they know how to do it, they've got 

22 these computer codes, VICTORIA, I don't know the various 

23 names they have, and they can predict exactly how many 

24 particles and what their concentration and they're already 

25 running tests.  
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1 So, I'd like to go later on and talk about that a 

2 little bit more.  

3 DR. SIEBER: The sludge pile you're talking about 

4 is not the one that's ordinarily referred to that lies on 

5 top of the tube sheet.  

6 DR. HOPENFELD: Yeah, that's the one I'm talking 

7 about.  

8 DR. SIEBER: That's on the secondary side.  

9 DR. HOPENFELD: Yeah. If you have a jet coming 

10 out somewhere, it will carry some of that particle on the 

11 next one.  

12 Now, exactly the mechanism, how it does it, I 

13 don't know, but I'm identifying here sources for particles.  

14 DR. SIEBER: All right.  

15 DR. HOPENFELD: The primary, the secondary, in 

16 between, and who knows where else? 

17 I mean I really don't want to spend my -- I didn't 

18 want to spend the time to get into the detailed mechanism.  

19 I'll leave it to those people who write papers, because you 

20 can come up with an infinite number of mechanisms, and it 

21 depends on your imagination, but the source is there.  

22 

23 Now, the material that you have is basically -- on 

24 the primary side, it's chromium, cobalt, whatever corrosion 

25 products you have, and silver that comes during the severe 
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1 accident, I think there's a lot of silver in there, plus you 

2 have all kind of aerosols in there.  

3 Now, originally, when I started calculating this, 

4 I took some equations that came from several power plants on 

5 erosion of blades from droplets from wet steam and I've 

6 calculated erosion rates or penetration rates through the 

7 next tube on the order of -- I believe it was on the order 

8 of minutes, but realizing that there's probably an order of 

9 magnitude, at least an order of magnitude of uncertainty in 

10 these kind of calculations, but it's an indication the 

11 potential is there.  

12 Later on, the NRR people got some data on -- from 

13 a coal gasification program, and they came up with very, 

14 very fast penetration due to these hot jets, and I think 

15 they came up with something on the order of it took 30 

16 seconds or so to penetrate through the wall, on the average.  

17 It depended whether there were particles or not 

18 particles in the stream.  

19 There is an industrial experience especially in 

20 the pulp and paper industry.  

21 In the early '70s and in the '80s, there are a lot 

22 of steam explosions occurring in capped boilers, and the 

23 reason for those, really -- there are many reasons, but one 

24 particular one, or two of them, that I'm personally familiar 

25 with -- they were initiated with a pin-hole leak in one of 
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1 the tubes that penetrated the next tube, which was about 1 

2 inch, and all that water was dumped on that pile of green 

3 liquor that sits there on the bottom of that boiler.  

4 It's a big capped boiler. It's a water-cooled 

5 boiler about 30 feet high, and when you damage one of those 

6 water tubes, all that water dumps into the bottom, and you 

7 have a big steam explosion.  

8 So, this is not completely way out. There is a 

9 potential here for damage because of jets, abrasive jets.  

10 It depends what the concentration of the particles is and 

11 what are the particles.  

12 You can also have probably a clean jet. In fact, 

13 they use a water jet, very small, thin water jets to cut 

14 wafers in the electronic industry.  

15 So, it depends on the -- what's going to happen 

16 here, but you cannot ignore it, and that's really my point.  

17 I can't prove that it's there or not, but we've got to 

18 consider that, and I get really kind of very shaky when they 

19 tell me that the RELAP codes and all these things are going 

20 to predict the particle size, and I'll go back into that and 

21 tell you why they cannot.  

22 So, basically, on this subject, you have a crack, 

23 depending on what the pressure is the velocity, somewhere 

24 down you will form a two-phase mixture, drop and solid 

25 particles, and they will impinge on the next tubes.  
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1 Now, this is -- because the next tube is already 

2 corroded, the surface is already gone or cracked, you get 

3 into a brittle type of erosion.  

4 You don't need much plastic deformation to cut 

5 through here, and you don't know how much you really need to 

6 damage it, but that's the kind of thing.  

7 If you want to run some tests, you can't just 

8 start with a nice clean piece of metal to run tests on, and 

9 it will probably require many samples.  

10 Now, the research people say that they can get 

11 this information within several months, and NRR is very 

12 happy with that.  

13 DR. POWERS: Joe, I think I understand how a jet 

14 can impact an adjacent tube. What's not clear to me is how 

15 it propagates any further than that.  

16 DR. HOPENFELD: I'm sorry? 

17 DR. POWERS: If I've got two tubes, one of them 

18 leaks, and a jet cuts through the adjacent tube, how does 

19 damage propagate any further? 

20 DR. HOPENFELD: Oh, okay. That was my next slide.  

21 DR. POWERS: Oh, I'm sorry.  

22 DR. HOPENFELD: Usually those jets expand, and it 

23 depends on what is a two-phase, one-phase. If it's one

24 phase, just plain water, it's not going to expand. If it's 

25 pure steam, it will expand quite a lot.  
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1 So, you have something like 400-feet-per-second 

2 jet hitting it, usually you fan out. As a rough 

3 calculation, you can say that you'll double its initial 

4 size, and then this one will double again, and I don't think 

5 you have to go too many of this.  

6 So, that's the potential mechanism for enlarging 

7 the area between the various jets.  

8 This one will open, and this next one will go, and 

9 you can see that very, very fast. You start with two, then 

10 within -- what do we have here? -- two minutes, you have 16 

11 gpm.  

12 So, it doesn't take many of those 7.6 gpm cracks 

13 there, the tail of that distribution, to start you going, 

14 and you have -- if you look at the transient, you about an 

15 hour to do this.  

16 Now, what the NRR people have done -- and it's 

17 discussed in my DPO -- they have, after a long time, agreed 

18 that there's a potential problem, we ought to look into -

19 it's under severe accident condition.  

20 The same thing -- maybe the chemistry of these 

21 things is different, but you have the same potential 

22 mechanism during the design basis accident.  

23 DR. BONACA: Let me ask you a question about that.  

24 DR. HOPENFELD: Yes.  

25 DR. BONACA: You say one hour.  
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1 If I have a steam line break -

2 DR. HOPENFELD: Right.  

3 DR. BONACA: -- my primary side will depressurize 

4 immediately -

5 DR. HOPENFELD: Right.  

6 DR. BONACA: -- below the head of the HPCI system, 

7 and then, if I have no steam generator tube rupture, it will 

8 repressurize to the head of the HPCI, say 1,400 psi.  

9 DR. HOPENFELD: Right.  

10 DR. BONACA: If I do have a hole, it will 

11 naturally depressurize to some intermediate level between 

12 the high head of the HPCI and somewhere below, because -

13 DR. SIEBER: Because of the pump curve.  

14 DR. BONACA: Because of the pump curve. So, the 

15 pressurize to which it is exposed now, the jet, will not be 

16 coming in at the same velocity and the same -- I'm saying 

17 that -- you know, I'm trying to understand the timeframe for 

18 this, and it seems to me that larger is the hole by which 

19 they are pressurized, okay, and more you have 

20 depressurization on the primary side that you can now really 

21 repressurize by itself, because you are leaking out of the 

22 secondary side, so that the phenomenon will be self

23 containing a little bit? 

24 DR. HOPENFELD: I don't think so. No, I don't 

25 believe it's going to be containing, because -- well, maybe 
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1 the pressure may fall down, but the maximum pressure -- it 

2 goes back up to 2,500, and that's the reason that they are 

3 testing it at 2,500.  

4 DR. BONACA: I'm saying, by the time you have a 

5 hole, say one rupture, it's not going to go back up.  

6 DR. HOPENFELD: It depends on how many do you have 

7 and how does that affect the pump.  

8 I mean if it's very small originally, then you 

9 don't know.  

10 DR. BONACA: It cannot go beyond the shut-off head 

11 of the high-pressure injection, which is typically 1,400 psi 

12 there.  

13 DR. HOPENFELD: That's right.  

14 DR. BONACA: Okay.  

15 DR. HOPENFELD: But I don't know how long it takes 

16 to get there either.  

17 DR. BONACA: All right. Well, the blow-down 

18 typically takes you below that in seconds.  

19 DR. HOPENFELD: Right, but then it comes back.  

20 DR. BONACA: Yeah, if you have no steam generator 

21 tube ruptures.  

22 DR. HOPENFELD: It depends on the relatively size.  

23 DR. BONACA: If you have a tube rupture, then even 

24 for one or two, you're going to come back to the shut-off 

25 head.  
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1 DR. HOPENFELD: Depending on the relative area -

2 and I don't know what that is -- it may not be the 2,500, 

3 but it will be below that, 1,000 or whatever, but that's not 

4 what's going to be driving.  

5 I think the biggest uncertainty is really the 

6 abrasive aspect of that jet, and you know, it doesn't have 

7 to be 2,500.  

8 I used the 2,500 because that's what they're using 

9 to test these samples.  

10 DR. BONACA: The reason why I'm making the point 

11 on the 2,500 is that, when I look at some of the studies 

12 being done, for example, by INEL, there is a significant 

13 dependency between the K's they're assuming, like steam 

14 break, and the delta pressure that is pertinent to that, 

15 because that says, although steam line break is less 

16 frequent than a stuck-open valve, the delta pressure is much 

17 more severe, it's 2,500 psi, once you have the break on the 

18 secondary side.  

19 DR. HOPENFELD: But you see, they usually assume a 

20 constant area, which is implicit in those assumptions. This 

21 is not really a constant area here.  

22 DR. BONACA: Okay.  

23 DR. HOPENFELD: Obviously, you can't pull more 

24 than the pump can pull in there, but this is not exactly the 

25 same situation, it's somewhere in between. But your point 
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1 is well taken, 2,500 may be too high.  

2 DR. BALLINGER: This also assume a dry steam 

3 generator.  

4 DR. HOPENFELD: Yes, it is a dry steam generator.  

5 As soon as you depressurize, the procedures are 

6 that the steam generator does stay dry. You turn off the 

7 feed pump.  

8 Okay.  

9 After this introduction, after the GL 95-05 was 

10 put into the -- into effect -- and again, I'll remind you 

11 again, originally it was meant to be only an interim basis, 

12 we have erosion of that 1 volt or 2 volts and we're going to 

13 3 volts and we're going above that, and again, the rationale 

14 that is being provided -- and I already discussed that -- is 

15 that we can prove and show you -- that's what the licensee 

16 says -- that we don't have any damage using this MB2 data to 

17 indicate to you the forces on the plate.  

18 They may move a little bit, and if you go back to 

19 your proprietary material, you see they moved with one code 

20 and they don't move with another code, and you can see that 

21 all of it hangs on a computer code that was benchmarked 

22 against the wrong data.  

23 That data was just not applicable, wasn't designed 

24 for that purpose.  

25 But what bothers me is that, when you look into 
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1 the SER, we don't even question that, we just accept it.  

2 DR. BONACA: Wouldn't the movement of the plate 

3 have an impact, also, if you stayed with the original 

4 plugging criteria of 40 percent through-wall? Don't you 

5 think it would be much less impact? 

6 DR. HOPENFELD: You would think so, yes.  

7 I think NRR has a very valid point with the 

8 rulemaking.  

9 They said we don't think that 40 percent is really 

10 ideal, we would like to do something else, we want to 

11 tighten up our regulations, because that 40 percent came 

12 from some wastage studies, it's not really applicable here, 

13 so we want to improve that, and I think that the intent was 

14 perfect, but as they were going along and the industry came 

15 along and said, hey, we don't need any of that stuff, okay, 

16 we want infinite flexibility to decide what we want to plug 

17 and what we don't want to plug, and that's really what the 

18 problem is.  

19 Yes, this is not ideal, but the 40 percent served 

20 us well.  

21 Nobody tested it, and I think what Bob was telling 

22 you, he had some potential problems where there was no 40 

23 percent, these were brand new tubes, and there was some 

24 potential damage.  

25 DR. BONACA: I guess 40 percent was to give you 
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1 some indication of the residual strength of the tube.  

2 DR. HOPENFELD: Yeah, well, 40 percent, you know, 

3 using the ASME code, you just write it off as a corrosion 

4 allowance and that's it, you forget about it, whether it's 

5 - you don't go and start analyzing whether there are cracks 

6 or not cracks.  

7 Now, if you want to go in the second level of 

8 details, you go into the crack propagation and so forth, but 

9 that's why I think the 40 percent, from what we have, is the 

10 best thing that we can do at the present time.  

11 Now, if you remove the vibration, if you remove 

12 all those loads and the potential of this erosion thing, 

13 yeah, that's fine, then you can just go to whatever you want 

14 to go to.  

15 One thing to explain away the reason why we could 

16 go to higher voltages is research is going to provide us 

17 information on how to -- that would allow us to operate with 

18 higher voltages, and there would be no problem with erosion 

19 from jets and so forth.  

20 I'll give you a few examples of the kind of work 

21 that is now being proposed, that just a couple of weeks ago 

22 was sent to NRR.  

23 It's being proposed as the NRC solution to 

24 operating degraded tubes, a potential solution.  

25 One is ANL has developed -- and I'm just quoting 
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1 what one of the latest reports says -- developed a leakage 

2 methodology, and that is the equation for the flow, 

3 obviously it's a function of delta P and area, of flow area.  

4 For some reason, I don't know why, it doesn't have 

5 the L over D ratio, and I think they would be advised to go 

6 and see what Dr. Shrock has done, because it's also an L 

7 over D.  

8 I've looked at that report. I think they're using 

9 mostly, but not all, EDM notches. There may be some cracks, 

10 but -

11 DR. CATTON: It really depends on what you mean by 

12 "A". The geometry could include L over D.  

13 DR. HOPENFELD: No, it did not. It could, but 

14 their evaluation was based on the ligament.  

15 I don't remember the person's name, but his 

16 calculations were based on the strength of this ligament 

17 based on the internal pressure only. Only internal pressure 

18 came in there.  

19 So, if you are working in a laboratory and you are 

20 willing to forget the real world, you have the luxury of 

21 doing this, but it is not appropriate for licensing 

22 purposes.  

23 Now, I've looked at some of the letters that were 

24 going between NRC and Com Edison after the IP2 incident, and 

25 they were using -- Com Edison were using these kind of 
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1 equations to predict what kind of leakage you're going to 

2 have during an accident.  

3 They don't even state the assumption that the 

4 other forces that could act on that ligament, and we have 

5 been through this before, could come into play.  

6 Now, that is the basis for allowing a plant to 

7 operate, or it's being used as a basis to allowing plants to 

8 operate.  

9 It's fine to do all that research at Argonne, I 

10 have no problems with that. When you take this thing, 

11 without putting it in the right context, and you start 

12 regulating with it, that's when I have a problem with it.  

13 Another issue that I'd like to discuss at some 

14 length has to do with inlet plenum mixing.  

15 Now, the issue of inlet plenum mixing comes in 

16 during severe accidents. You remember now that we are on 

17 risk-informed regulation, you have to look into severe 

18 accidents.  

19 Well, if you are doing severe accidents, what you 

20 have -- you have a situation where the driving force is 

21 natural circulation between the reactor vessel and the steam 

22 generator, and the flow goes up, partially mixed here, goes 

23 up and then turns around and comes back.  

24 Now, if you don't mix the flow here, you get -

25 during this severe accident, you get to creep rupture 
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1 problems, because the temperature is very high, and you 

2 rupture the tube before you rupture another component in the 

3 system.  

4 The component that most commonly is talked about 

5 is the surge line.  

6 So, here is the competition here between any one 

7 of those tubes and a component in this part of the system.  

8 If this component breaks first, then you're okay, because 

9 this is within the containment, but if you -- if this one 

10 breaks, you're out into the open. So, it's a competition 

11 that we're talking about.  

12 Well, the easiest way to solve the problem is the 

13 NRC way.  

14 What you do, you say, well, I can lower the 

15 temperature, and I can keep the temperature here relatively 

16 very low by mixing all that flow.  

17 So, back -- remember, going back to the time line 

18 -- that's the reason I put that time line there. Back to 

19 the time line, remember, somewhere in '95, the NRR found out 

20 that they are getting a potential problem here with creep 

21 rupture in severe accidents.  

22 Before that, severe accidents weren't that 

23 important, because they were not part of the risk-informed 

24 regulation, but now that you worry about it, you have to 

25 come up with an explanation of why you're not getting -- why 
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1 you're not going to increase your risk of a core melt.  

2 So, one way of solving -- to solve the problem was 

3 to mix this.  

4 So, if you mix these -- I don't remember what the 

5 temperatures are, but there's a very large temperature 

6 differential here, something like 500 or 600 degrees F, but 

7 if you mix this thing perfectly, you lower the temperature, 

8 and remember, from your creep rupture basic curve, the 

9 rupture properties are -- you have more strength at the 

10 lower temperature.  

11 So, the uncertainty here is not that much the 

12 creep rupture properties, although they went and built a 

13 very expensive facility at Argonne to find those properties, 

14 but that's not really the major thing.  

15 The major thing is to -- it's not the uncertainty 

16 in the creep rupture property. The uncertainty is what's 

17 going on in here.  

18 Yes, sir.  

19 DR. HIGGINS: It seems like everything you talked 

20 about up till right now has been associated with the main 

21 steam line break and a subsequent rupture of the tubes.  

22 DR. HOPENFELD: Correct.  

23 DR. HIGGINS: It seems like, in this one, now, 

24 you've jumped to a different type of a scenario.  

25 DR. HOPENFELD: Correct. I should really 
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1 introduce it.  

2 DR. HIGGINS: Would you say a couple of words 

3 about that? 

4 DR. HOPENFELD: Yes.  

5 DR. HIGGINS: I guess your concerns are broader 

6 than just a main steam line break.  

7 DR. HOPENFELD: Right. I'm sorry.  

8 I titled the previous view-graph "Examples of 

9 Research," how do we resolve -- how do we extend the 95-05, 

10 and in the case of a steam line break or the design basis, 

11 is those loads that I talked about, but now, under risk

12 informed regulations, it's not enough just to say here is 

13 95-05, because 95-05 by itself doesn't talk about severe 

14 accidents.  

15 But now when you go and you ask for relaxation 

16 under that risk-informed regulations, there is somewhere in 

17 the system that tells you, aha, you've got to look into the 

18 severe accident case, too, you have to show us that whatever 

19 you're going to do to the system, whatever you're going to 

20 perturb the thing beyond your present tech specs, whatever 

21 relaxation you're asking, you are not going to affect the 

22 severe accident case.  

23 Does that answer your question? 

24 DR. CATTON: And what it gets down to is that 

25 there is a race to determine which piece of that system will 
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1 go first.  

2 Now, depending on the assumptions you make, you 

3 can make any part of it go first. If you assume that there 

4 is no mixing in that lower chamber, hands down, it's steam 

5 generator tubes first.  

6 Depending on how much mixing you assume, you bring 

7 the times closer together, and you can even make the surge 

8 line or some small pipe that connects into the hot leg go 

9 first.  

10 DR. HOPENFELD: Correct.  

11 DR. CATTON: Where it really all comes down, as 

12 near as I can tell, is the RELAP-5 code -- and I don't -- I 

13 think you're faulting the -- you're kind of blaming NRC for 

14 doing it deliberately.  

15 I don't think it's deliberate; I just think it's 

16 misinformed.  

17 DR. HOPENFELD: No, I didn't get to the RELAP on 

18 this yet.  

19 DR. CATTON: Well, you're going to get there. But 

20 that's where the mixing comes from.  

21 DR. HOPENFELD: Yeah, but I didn't get there -

22 DR. CATTON: The assumption of mixing comes by the 

23 nodalization that's used with RELAP-5. From there on, it's 

24 justification for having done so.  

25 DR. HOPENFELD: Give me a minute.  
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1 DR. BONACA: I would like also to ask -- here the 

2 question is -- the issue is steam generator tube rupture 

3 induced by severe accident.  

4 DR. HOPENFELD: Right.  

5 DR. BONACA: Okay.  

6 Now, you also, however -- I wasn't clear whether 

7 you're making a contention that not only this cooling issue 

8 is central to that, but also the damages in the steam 

9 generator tubes.  

10 Now, it wasn't clear.  

11 DR. HOPENFELD: Okay. I'll try to make it very 

12 clear.  

13 The issue of -- if it was four years ago, I 

14 probably wouldn't even bring it up, or I'd just bring it up 

15 as of just general interest, but under the risk-informed 

16 regulation -- and I understand, at this time -- and I think 

17 Farley was the first one where you have to address the 

18 severe accident issue, and that's why I'm bringing it now.  

19 I wouldn't have brought it out before.  

20 At this point, when we give somebody -- we're 

21 relaxing their technical specifications, we ask them to come 

22 up with a justification that the severe accident is not 

23 going to affect the core melt frequency, and that's the 

24 reason I'm bringing that as another example, but I would 

25 like to get into the technical reasons here, just take it 
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1 one step further.  

2 DR. BALLINGER: Now, these are calculations, 

3 right? 

4 DR. HOPENFELD: This is just a schematic.  

5 DR. BALLINGER: No, I'm saying you're going to get 

6 to the calculations.  

7 DR. HOPENFELD: Yeah, I will, right now.  

8 DR. BALLINGER: But my understanding is that there 

9 is a discrepancy between the one-seventh Westinghouse test 

10 and what's been observed at TMI. I don't see that.  

11 DR. HOPENFELD: I'm not going to get there. Let 

12 me tell you where I'll get, and then I'll be able to -- let 

13 me get to my point, what I'm trying to say.  

14 But did I answer your question, why I'm bringing 

15 in that severe accident? 

16 DR. HIGGINS: You did answer it. I guess I'm just 

17 trying to get my arms around the scope of what's included 

18 here, because there are a number of different ways that you 

19 could address the steam generator issue.  

20 One is the core damage-induced steam generator 

21 tube rupture.  

22 Another one, the one that you've been talking 

23 about, the one that's induced by a main steam line break.  

24 One we haven't even talked about yet is the 

25 spontaneous steam generator tube rupture at some frequency.  
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DR. HOPENFELD: Well, they're all really part the 

whole picture, and I think this severe accident is part of 

- if you come in and you tell somebody I want to operate at 

3 volts, under 95-05, their reply would be, okay, well, you 

should look at severe accidents.  

Now, industry has said no, we don't want to look 

at severe accidents, but the NRC said, yeah, you look at 

severe accidents, and in the case of Farley -- and maybe 

that didn't ring a bell at the time, when they came in '99, 

in September '99, and asked for relaxation in the case of 

Farley, the staff did some calculations for them and said, 

well, don't worry about this, we don't have any problem, and 

that's what I'm going to tell you, why they do have a 

problem.  

So, it's not separate, and you've got to take all 

of it together.  

That's why I have so many pages.  

DR. BONACA: Yeah, but until now, you have spoken 

about steam line break -

DR. HOPENFELD: Correct.  

DR. BONACA: -- which is in the design basis of 

the plant, and our intention is that allowing this kind of 

inspection and flagging makes it a different accident than 

what is in the FSAR.  

DR. HOPENFELD: That's correct.  
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1 DR. BONACA: Okay.  

2 You could say that, within 50.59, we have created 

3 a new type of accident, because it results in a leakage 

4 which is much beyond what you'd assume, and in fact, if you 

5 postulate what you're proposing, it's much beyond that, and 

6 you get a combination of steam line break and steam 

7 generator tube rupture, and all those issues come together 

8 into a challenge of the actual design basis of the plant 

9 right now.  

10 DR. HOPENFELD: Correct.  

11 DR. BONACA: Now, this is -- you're saying now, 

12 separately from that, you have a concern -

13 DR. HOPENFELD: Well, it's not separately. It 

14 still has to be addressed. It was separate three years ago, 

15 but now it's not separate anymore.  

16 DR. BONACA: Separately in a sense that you have 

17 - by other means, you come to core damage.  

18 DR. HOPENFELD: Oh, yeah.  

19 DR. BONACA: That cascades into potential steam 

20 generator tube rupture if the tubes are not in the pristine 

21 conditions and you have all those things.  

22 DR. HOPENFELD: This is a station blackout type of 

23 an accident.  

24 DR. BONACA: Exactly.  

25 DR. HOPENFELD: It's a TML3 or TMLB or something.  
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I didn't get into that, but to give you an introduction of 

the whole thing, yes, this is a different type of an 

accident. This is not the steam line break.  

DR. KRESS: There's two or three severe accident 

sequences that can do this.  

DR. HOPENFELD: An ATWS is even higher than that.  

DR. KRESS: No, no, I think the station blackout 

is the main one.  

DR. HOPENFELD: This is the station blackout that 

I'm talking about. I thought the ATWS has pretty high 

pressure, too.  

DR. KRESS: It's pretty high, too. It's up there.  

DR. HOPENFELD: I'm sorry. Sometimes I'm going 

too fast.  

But let me say again, I'm talking about -- it's 

not a steam line break, it's a station blackout, and in the 

last two or three years -

Art, can you tell me when we're supposed to 

address this thing, if somebody comes with a risk-informed? 

We didn't have to do it in the past.  

DR. KRESS: I think the ACRS almost forced them to 

look at this. There wasn't any regulation that said you had 

to.  

DR. HOPENFELD: In 1999 is the first time that I 

saw -- when Farley came in here -- that it's being 
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1 addressed, and the industry was fighting that. They didn't 

2 want to have them do that.  

3 But since it's here, I think I ought to talk to 

4 you about it or explain it to you, what it is, to see how 

5 these things are being approached more than anything else.  

6 DR. KRESS: The concern of ACRS wasn't so much 

7 that this increases the CDF, because if you're into a severe 

8 accident, you've already got a CDF. It was that this 

9 converted it into an increase in the large early release, 

10 because it could go into containment.  

11 DR. CATTON: It has nothing to do with the CDF.  

12 DR. KRESS: Well, a little bit. You can add a 

13 little to the CDF if this happens.  

14 DR. CATTON: You've already had it.  

15 DR. KRESS: You've already had it, yeah.  

16 DR. CATTON: It's on the table.  

17 DR. HOPENFELD: There is a difference, and I think 

18 the difference is that this is called an LERF, not that you 

19 have a containment bypass.  

20 DR. KRESS: That's right.  

21 DR. HOPENFELD: So, you're talking about another 

22 order of magnitude of safety.  

23 So, if you could go and live up to 10 to the minus 

24 4, now you stop at 10 to the minus 5.  

25 DR. KRESS: That's the distinction.  
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1 DR. BONACA: That's the distinction, and we have 

2 been confident -- I mean there has been some confidence, I 

3 believe, from 1150, that because of failures of the primary 

4 side, you will not have this bypass of containment in many 

5 sequences of this type, and now, this could create a much 

6 bigger group of sequences that will bypass containment.  

7 DR. CATTON: Actually, this all started when 

8 somebody in Holland got ahold of RELAP-5 and did some 

9 calculations that were absolutely incorrect, but they 

10 concluded that -- actually, they argued that it was the 

11 nozzle on the reactor vessel that would go, and then people 

12 started to look at the problem, and over a period of time, 

13 it involved into this particular configuration, and in the 

14 Westinghouse tests, one-seventh-scale tests were done, but 

15 nobody did flow visualization.  

16 The temperature measurements were pretty good, but 

17 the scaling was improper.  

18 So, as a result, all you know is that that kind of 

19 phenomenon can occur.  

20 DR. POWERS: To be precise, the Westinghouse 

21 experiments did not include the steam generator.  

22 DR. KRESS: They had a simulated steam generator.  

23 DR. CATTON: They had it simulated.  

24 DR. KRESS: It wasn't a steam generator.  

25 DR. POWERS: It does not look like that at all.  
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1 DR. KRESS: No, it doesn't look like that at all.  

2 It wasn't scaled very well.  

3 DR. HOPENFELD: Okay.  

4 So, going back to '96, I believe, or '95, when the 

5 NRR felt that they'll -- they got an inkling that they'll 

6 have to address the severe accident issue, they asked 

7 research to look at it, and research solved the thing in a 

8 report called NUREG-1570 that, again, it's being used for 

9 licensing, and basically, the answer was that, if you have 

10 good mixing, there is still a chance that you will rupture a 

11 few tubes, but the probability was low.  

12 So, at that point, I thought it would be useful to 

13 take a look at that mixing assumption.  

14 I had a report, remember, going back to September 

15 1992, when I assumed that there was no mixing.  

16 There was no reason to believe that there would be 

17 any mixing.  

18 So, I assumed that there was no mixing.  

19 Then EPRI had a report on this subject, a very, 

20 very elaborate report, and they assumed that you could have 

21 mixing between 100 and 200 gpm, and there was a very, very 

22 clear effect, and when you have mixing, they assumed that 

23 they had a leakage, primary to secondary leakage of 100 to 

24 200 gpm. It will have a profound effect on the mixing in 

25 the steam generator.  
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1 If you then -- what happens is, when you have 

2 mixing in the steam generator and if you have a large flow 

3 due to leakage of the tube, all that leakage will bypass the 

4 plenum, basically, and you're going to get high-temperature 

5 gas or steam in contact with the tubes.  

6 Well, all that was all forgotten, because the 

7 research studies were based on Westinghouse one-seventh

8 scale model, which, besides the scaling problems that have 

9 been discussed for a long time, it didn't have any leakage.  

10 So, all that data that RELAP-5 was benchmarked 

11 just wasn't applicable.  

12 Another implication of this is going back to here, 

13 that we have never really looked into that, and it should 

14 be, and that is that these very high -- when the flow rate 

15 here -- the natural circulation flow is very slow. It's 

16 like a couple of feet per second.  

17 When you have large leakage flow, then you really 

18 have some kind of a combined natural forced convection flow 

19 in that pipe, and that by itself is going to affect the 

20 rupture of these components on the primary side.  

21 So, the point here is that all that analysis came 

22 to a criticism, and I think Dr. Catton was involved in this, 

23 and there were a lot of questions, but nothing happens, and 

24 two weeks ago, we get another letter to NRR telling that 

25 we're going to do more of the same.  
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1 One of the criticisms that came up during one of 

2 the ACRS meetings -- there were a lot of deposits in here 

3 which were not taken care of.  

4 Actually, what you are really interested is 

5 knowing what the tube-to-tube temperature variations, and 

6 those were not calculated.  

7 So, now, they want to continue this kind of study 

8 to come up with an improved temperature distribution, which 

9 is fine, but the main problem here is that we don't have 

10 data. There is just no data.  

11 It's a three-dimensional kind of thing. RELAP is 

12 one-dimensional.  

13 There is no data to justify any of that.  

14 DR. BALLINGER: Can I ask a question? 

15 Can you go back to the previous slide, the one 

16 that showed the schematic? 

17 DR. HOPENFELD: This? 

18 DR. BALLINGER: Right.  

19 Now, I guess I understand the argument, but if you 

20 have a single or even two tubes failed, isn't that going to 

21 short-circuit the flow? 

22 DR. HOPENFELD: Sure.  

23 DR. BALLINGER: So, how do you get high 

24 temperatures in the other tubes? 

25 DR. HOPENFELD: Well, if you already have a 
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1 failure, a large failure, then, you know, you have the 

2 leakage. It depends on the relative amount of steam you 

3 have. There's a lot of steam there.  

4 DR. BALLINGER: But if you've got flow already out 

5 a leaky tube, that short-circuits the high-temperature flow 

6 through a tube which has already failed, and so, you don't 

7 have to worry about a creep rupture problem. How does it 

8 get the temperature that would result in a creep rupture to 

9 the other tubes? 

10 DR. CATTON: The tube that's broken -- it's going 

11 right out the SRV and into the atmosphere. That's the 

12 problem.  

13 DR. BALLINGER: I thought you were arguing that 

14 you get high temperatures in other tubes, therefore you get 

15 rupture of the other tubes, and therefore, you propagate the 

16 failure.  

17 DR. HOPENFELD: No, that's already bypassing.  

18 There would be no mixing in here. Whatever temperature 

19 comes in, whatever steam comes in here at the higher flow 

20 rate, it will get out.  

21 DR. BALLINGER: So, you don't propagate the 

22 failure by this mechanism.  

23 DR. HOPENFELD: No, I didn't say it would 

24 propagate the failure.  

25 DR. BONACA: But you said that the tubes fail 
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1 first, which I understood the same way, that the tubes would 

2 be exposed to higher temperature.  

3 DR. HOPENFELD: Higher temperature than the surge 

4 line.  

5 DR. BONACA: Why? 

6 DR. BALLINGER: But the tube has already failed 

7 and it's already bypassed.  

8 DR. KRESS: So, what's the consequence? 

9 DR. BONACA: You have to have a mechanism by which 

10 you fail the surge line.  

11 My understanding of your contention was that the 

12 tubes now -- there is some leakage coming through. That 

13 will cause the tube to hit higher temperature than the surge 

14 line, and that will cascade into more rupture.  

15 DR. HOPENFELD: But it's not only the temperature, 

16 it's the size of the thing. The component is of a different 

17 size.  

18 You have to look into the actual component 

19 calculation, the stress calculation, and you'll see it.  

20 I don't have a graph to show you where the cross

21 over point is.  

22 DR. BALLINGER: I'm trying to get the scenario 

23 correct.  

24 DR. HOPENFELD: Okay.  

25 DR. BALLINGER: You're saying that you have 
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1 multiple damage to steam generator tubes, which are leaking 

2 at some -

3 DR. HOPENFELD: Correct.  

4 DR. BALLINGER: -- small rate.  

5 DR. HOPENFELD: But sufficiently large to affect 

6 the -- I'm not going to have mixing.  

7 DR. BALLINGER: But these tubes would not 

8 necessarily burst during the accident. But when you get 

9 this small amount of leakage, you alter the natural 

10 convection flow.  

11 DR. HOPENFELD: I didn't say small.  

12 It's sufficiently larger than the natural 

13 circulation, because otherwise, natural circulation would 

14 dominate.  

15 DR. BALLINGER: Well, I'll give you that. But now 

16 the hot gas goes up these tubes which are leaking a little 

17 bit.  

18 DR. HOPENFELD: Which are leaking. I don't know 

19 how much they leak.  

20 DR. BALLINGER: Well, cause a higher temperature 

21 in the tube, result in rupture of the tube.  

22 DR. HOPENFELD: Higher temperature relative to the 

23 mixing temperature.  

24 DR. BALLINGER: I mean higher temperature with 

25 respect to the stress rupture.  
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1 DR. HOPENFELD: But you see, you have to go to the 

2 stress calculation -- to the structure calculation of 

3 whatever component -- say, the surge line -- versus the 

4 tube.  

5 It's not only the temperature, and if you go and 

6 do that -- which I didn't bring the data with me, but you go 

7 there and look at it, you will see that, if you lower the 

8 temperature, okay, if you lower the temperature of the tubes 

9 or if you allow for mixing here, the surge line will break 

10 first.  

11 DR. BALLINGER: I'm not worried about the surge 

12 line.  

13 I'm trying to reduce this to terms that a 

14 metallurgist can understand.  

15 DR. HOPENFELD: It's not a metallurgy problem.  

16 DR. CATTON: Maybe I can help.  

17 DR. BALLINGER: I'm trying to envision a way to 

18 propagate this so that you get larger release.  

19 DR. BONACA: I had the same understanding as Dr.  

20 Ballinger.  

21 I mean my understanding was, if you have this 

22 effect, okay, of circulation, it will provide cooling to the 

23 tubes to the point that the surge line heats up first and 

24 fails first.  

25 DR. HOPENFELD: It's not necessarily the heating.  
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1 It's a combination of the structure and the temperature.  

2 DR. BONACA: Conversely, if you have some leakage 

3 to the tubes, that leakage such that dominates that 

4 recirculation portion of the steam, that cooling is not 

5 happening anymore, and this will result in further increase 

6 of temperature to further failure of the tubes.  

7 DR. CATTON: I don't think a change in flow to the 

8 tube because of a leak impacts the heating rate of the surge 

9 line much at all.  

10 DR. BONACA: I'm talking about the heating rate of 

11 the tubes.  

12 DR. CATTON: If you look at the Westinghouse one

13 seventh-scale data carefully -- and they have some 

14 appendices with a whole bunch of temperatures in them -- and 

15 none of their tubes leaked -- what you'll find is that, in 

16 some of the tubes, the temperature at the inlet is almost 

17 the same as the temperature coming out of the model hot leg.  

18 What that says is that it's a rather complex 

19 process that's going on in that chamber, and making the 

20 assumption of .87 mixing really is without basis.  

21 DR. BONACA: It seems to me that one should give 

22 some belief to both possibilities, but that's just a 

23 personal opinion.  

24 DR. HOPENFELD: Really, the only way to answer 

25 your question -- if you go back and see the surge line 
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1 temperature going up and you see where they cross over, that 

2 temperature makes a difference, but my point is here that 

3 you cannot ignore, because I calculated it, the Japanese 

4 calculated the same thing.  

5 They came up with the conclusion that this is very 

6 marginal if you allow -- if you don't allow mixing.  

7 EPRI calculated it the same way. They had a 

8 model. They had, well, you can't use this Westinghouse 

9 data. So, they had a model which wouldn't allow mixing.  

10 So, there were three models here, okay, all of 

11 them showing there is no mixing.  

12 Now, we have the NRC people going and developing 

13 calculations which are based on perfect mixing without 

14 analyzing -- without really looking for the entire picture, 

15 looking as to what happens to the surge line, how does that 

16 affect it, without coupling the whole issue, and then you 

17 use these results in 1540 to regulate plants.  

18 That's the thing.  

19 It's not all this. I don't mind if you do this 

20 thing until doomsday playing with these models. That's 

21 fine. It's good to present papers.  

22 But when you start using this into the regulatory 

23 arena and you start really licensing plants, you tell them, 

24 well, you can have this inspection, you can't have this 

25 inspection, that's where the concern is.  
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1 MR. LONG: This is Steve Long with NRR.  

2 I don't think there's much disagreement here 

3 between the staff and the DPO author on the effects of 

4 leakage, or at least our inability to handle them.  

5 The concern is that you're trying to determine if 

6 the surge line will heat enough to fail first or the tubes 

7 will heat enough to fail first, and there's a lot of 

8 discussion about whether or not the scaling for the one

9 seventh-scale test to the prototype, various different shape 

10 prototypes between CE and Westinghouse, really captures the 

11 phenomena correctly about leakage.  

12 When you add the leakage, a whole bunch of 

13 different things happen.  

14 First of all, if you're leaking substantially from 

15 some tubes, the flow doesn't have to come back from the 

16 outlet plenum side to the inlet plenum to let hot fluid come 

17 into the inlet plenum.  

18 So, you really cut down on the mixing that way.  

19 So, you may very well get hot gases going up to a 

20 lot of the tubes.  

21 Then, in addition, if the leakage is high enough, 

22 you'll actually cut down on the cycling or stop the cycling 

23 of the PRV on the top of the pressurizer, so you cut down 

24 the flow through the surge line and you slow the heat-up of 

25 the surge line, at least to the extent that the surge line 
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1 doesn't sit at the top of the hot leg and just get the hot 

2 temperature as it goes by it, it's off to the side.  

3 So, there are a bunch of different things that we 

4 don't handle well if you start adding substantial leakage.  

5 One of our concerns has been to try to keep the leakage down 

6 to the approximately 1 gpm that's in the design basis now, 

7 and if we felt we had to make it lower, then we'd have to 

8 come up with enough analysis for the backfit.  

9 DR. KRESS: What is a good rule of thumb for what 

10 you would call substantial leakage? 

11 MR. LONG: We've done some studies that assume a 

12 fixed-size hole in the steam generator tube, and if you size 

13 that hole so that you get approximately 100 gpm leakage 

14 under the design basis conditions, where there's water on 

15 the primary -- and I don't remember what the hole size is 

16 - we can look it up for you -- that hole would stop the 

17 cycling of the pressurizer valves before you got to failure 

18 of the RCS by creep.  

19 I was trying to size the hole so that you could 

20 relate it to the design basis-type limits that we had in 

21 leakage of water.  

22 So, I can't tell you -- that's approximately the 

23 size that seems to -- in the Surry plant model right now.  

24 That would make the effect of preventing the 

25 safety valves on the pressurizer from cycling until the 
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1 point of failure.  

2 It would alter the flow path before that through 

3 the surge line.  

4 We don't know how to handle the leakage effects on 

5 the mixing.  

6 So, it may be well below that that the effects on 

7 the mixing occur.  

8 DR. BONACA: Before you move further, Dr.  

9 Hopenfeld, I would like to ask you -- you presented in a 

10 previous slide your scenario -- you presented the 

11 containment bypass frequency of 1.6 times 10 to the minus 5.  

12 How did you get to that number? 

13 DR. HOPENFELD: This has been a long time. I'll 

14 have to recollect how I got the number, but I'll give you 

15 the rationale. I don't remember.  

16 This slide came from a presentation I made to the 

17 ACRS in '98, I think, and I had that number, and I think Dr.  

18 Buslick helped me with that, and maybe he will remember, but 

19 I got those numbers from -- there was a rationale for 

20 getting those, but I just don't recall exactly where it came 

21 from.  

22 DR. BUSLICK: I don't really remember for sure, 

23 but 1.6 times 10 to the minus 5 per year, I think, is the 

24 total station blackout.  

25 DR. HOPENFELD: Yeah, I think that's the answer.  
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1 Very good.  

2 DR. BONACA: Then what you did you assumed the 

3 station blackout and then assumed no conditional 

4 probability. You have a station blackout and that will take 

5 you to a containment bypass. Okay.  

6 DR. HOPENFELD: I am not a PRA man, but I went to 

7 Dr. Buslick and he gave me a number.  

8 DR. BONACA: That's what I saw yesterday from some 

9 papers, but I wanted to confirm it.  

10 DR. HOPENFELD: Thanks a lot, Steve. You couldn't 

11 state it better.  

12 So, we do have an agreement here now.  

13 The next thing -- what kind of got me a little 

14 concerned -

15 MR. LYON: Let me raise one more point that Steve 

16 was sort of getting to.  

17 Remember, we're starting with a core damage 

18 situation underway.  

19 So, the fluid back in the reactor vessel is really 

20 up there, you've got the chemical reactions going on, and so 

21 forth, and then, as that fluid flows along the top of the 

22 hot leg, it is interchanging energy with the cooler fluid 

23 flowing back, so we're getting a cooling effect there.  

24 Then, as you get into the steam generator inlet 

25 plenum, you get into the mixing there, both phenomena, by 
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1 the way, quite uncertain, from what I have seen, but if you 

2 get into a situation where you have a substantial leak, say 

3 one tube partially breaks, and you set up a mechanism to 

4 take that really hot fluid, say 3,000 Fahrenheit, whatever, 

5 that's back in the vessel, and move that up into the area of 

6 one tube, and if that is then moving out and hitting other 

7 tubes, you may have a propagation mechanism for making the 

8 leak substantially greater and failing a number of tubes.  

9 DR. HOPENFELD: My point really here was that 

10 there is a proposal here to do additional study of this, 

11 doing more analytical study and code calculation. I really 

12 don't think you can do that.  

13 You have to get some data with leakage to 

14 benchmark these codes, and I have nothing against that, but 

15 just to do more of the same that was done before I don't 

16 think is very useful.  

17 DR. BONACA: The last comment I would like to make 

18 about this is, when I compare these containment bypass 

19 frequencies, there is a full agreement on the frequency of 

20 station blackout, and then I believe the DPO takes a 

21 position that there is certainty that, if you have a station 

22 blackout, you have a bypass situation, so conditional 

23 probability is 1, and the other position is surge line fails 

24 first, so there is no bypass, and you know, I wonder if 

25 there was an estimation of somewhere in between, given that 
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1 there is significant uncertainty on the phenomenology of 

2 this. We can explore that tomorrow.  

3 MR. BUSLICK: Steve Long corrected me. It's not 

4 the entire station blackout core damage but the high dry 

5 station blackout core damage frequency.  

6 DR. POWERS: Dr. Hopenfeld, are we arrived at a 

7 point that it would be appropriate to take a break? 

8 DR. HOPENFELD: Fine.  

9 DR. POWERS: Why don't we take a break till 

10 quarter after the hour.  

11 [Recess.] 

12 CHAIRMAN POWERS: Let's come back into session.  

13 Dr. Hopenfeld? 

14 DR. HOPENFELD: Remember, going back to the time 

15 line, the entire NRC justification for operating with 

16 cracked tubes is based on NUREG 1477.  

17 And the assumptions in there are that the primary 

18 and secondary leakage rate is between 480 to 540, and, of 

19 course, this is primarily for the risk assessment. It's not 

20 for the CFR-500.  

21 The crack opening is .576 to .72, and the crack 

22 area does not change once the corrosion products are forced 

23 out. Now, you can see that this is a constant area, a 

24 certain area that was assumed, and a certain flow rate was 

25 assumed, which really neglects all the items that we're 
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MR. LONG: Let's talk about it tomorrow. I have
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talking about, all the factors that we're talking about 

before, the jet and the forces due to the steam line break.  

So, when you make these assumptions, sure, the 

pump, if you write the basic equations for a pump operation, 

obviously there's a certain amount, maximum amount of flow 

that you can force through a constant area.  

Makeup of water was added to the RWST, and the 

main assumption -- and that's the one that we're going to 

analyze and look at a little bit more -- is this ten to the 

minus three, and that's the one really that bothers me more 

than anything else.  

Because where does it come from, and what's the 

justification for it? 

DR. BONACA: This, if I understand it, is probably 

the where the steam line break is ten to the minus four, and 

operator failure is ten to the minus three? 

DR. HOPENFELD: The probability of -- no, on this 

one, I believe the probability -- it was not the steam line 

break; it was the safety relief valve, and I think that was 

ten to the minus three, if I remember correctly. Is that 

right, Steve? 

MR. LONG: Correct.  

DR. BONACA: And how do you get ten to the minus



203

1 to get the book.  

2 DR. BONACA: I'm asking -

3 DR. HOPENFELD: Well, ten to the minus four times 

4 ten to the minus -- let's see, ten to the minus three times 

5 ten to the minus four is ten to the minus -- this is ten to 

6 the minus six. Where does seven come from? I don't know.  

7 [Laughter.] 

8 DR. HOPENFELD: I got it from NUREG 1477,and 

9 probably you have the numbers.  

10 DR. BONACA: Yes, there is -- I have reviewed 

11 those documents, too. There is a full range of spectrums, 

12 depending on the transient, and that's why I'm trying to 

13 nail down which accident we're talking about.  

14 DR. HOPENFELD: We're talking about a steam line 

15 break. This is in NUREG 1477.  

16 DR. BONACA: That's a steam line break? 

17 DR. HOPENFELD: It's a steam line break.  

18 DR. BONACA: You said that it's a stuck-open SRV? 

19 DR. HOPENFELD: Well, no. A stuck-open SRV is a 

20 steam line break.  

21 DR. BONACA: Well, the way it's characterized is 

22 different frequencies.  

23 DR. HOPENFELD: Right, the frequencies are 

24 different, but originally, actually when I looked at that 

25 thing, remember, I had two months to look into that problem.  
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1 I talked to various people, and I came up with the 

2 number of ten to the minus four, and that's why that I stuck 

3 the ten to the minus four in there, and gave the operator 

4 zero credit for it, that he didn't do anything.  

5 Then when the committee was formed and they did 

6 some more studies, they came up with a higher frequency, and 

7 they were talking about the relief valve.  

8 So another way of looking at it, if you want to go 

9 to the ten to the minus three, then you say, well, ten to 

10 the minus three, and we'll give some credit to the operator 

11 that maybe he'll look at it. But anyway, the number is ten 

12 to the minus four, as far as I can see in how you come to 

13 it.  

14 You may come to it from different angles.  

15 MR. HIGGINS: Do you postulate the same drastic 

16 effects in the steam generators from a stuck-open relief 

17 valve on the secondary side as the main steam line break? 

18 DR. HOPENFELD: Well, this was done by NRC. These 

19 are their numbers.  

20 But I believe that, yes, I think you could -

21 within the uncertainty that you have, there is a limiter 

22 there, but within the uncertainty that you have, it probably 

23 doesn't make that much difference.  

24 DR. BONACA: Yes, but some of the reports, 

25 however, show, depending on the initiators and how 
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1 challenging it is, they assign different frequencies for the 

2 initiator, different success criteria, and other things that 

3 come after that.  

4 DR. HOPENFELD: Right.  

5 DR. BONACA: And so -

6 DR. HOPENFELD: I'm just showing you what 1477 

7 used, and what has been used as a justification for the last 

8 eight years as quoted in the reply to that DPO document.  

9 That's what's being used, and that's what I'm addressing.  

10 I'm just telling you what they are talking about.  

11 DR. BONACA: Okay.  

12 DR. HOPENFELD: That's the number that is in that 

13 NUREG. Now, tomorrow, hopefully you'll ask them where they 

14 got this surface area from, where they got this flow rate, 

15 and they should justify that thing.  

16 And why is the surface area constant, if you have 

17 other mechanisms, loads, and that's really the crux of the 

18 whole thing.  

19 Sure, if you have a constant area, you're limited 

20 by the pump, but that's not real life.  

21 DR. BONACA: Sure.  

22 DR. HOPENFELD: So as I said before, the DPO 

23 approach was, this is too complicated, whatever the 

24 frequency you have, that's it, and the probability that you 

25 would lose the inventory is one, once you get to that point, 
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1 if you have cracked tubes.  

2 That was the approach from the beginning. Now, 

3 whether it's ten to the minus three and you give operator 

4 credit or it's ten to the minus four, it's not really the 

5 main point here.  

6 The main point here is that you are ten to the 

7 minus four, which is two orders of magnitude, which is an 

8 order of magnitude higher than what the ten to the minus 

9 five that we were supposed to abide by.  

10 If the Commission tomorrow says, well, ten to the 

11 minus five is not a good number; let's go to the ten to the 

12 minus four, I'll just retire and just forget about what I 

13 said here.  

14 But that's what they said, and they set the rule, 

15 and if they set the rule, they would stick to it, otherwise, 

16 this whole risk-based-informed is just one big joke.  

17 And that's really the point. So, the whole thing 

18 is, if you've got some -- I'm sorry, was there a question 

19 that somebody raised his hand for? 

20 So the whole thing could be really explained away 

21 if you say if you have a super-duper operator and he can do 

22 marvels and he can put it down, but it's not a simple thing, 

23 when you have a large leakage, to bring that kind of system 

24 to an ordinary shutdown, because there are conflicting 

25 requirements here.  
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1 You have on the one side, you have steam coming 

2 out from an opening in the steam generator, and it goes out 

3 to the site, and the only way you can stop that is to reduce 

4 the pressure on the primary side.  

5 So when the pressures become the same, the leakage 

6 stops. But on the other hand, you can't go too fast, 

7 because if you go too fast, there is the possibility that 

8 you uncover the core, plus, you have limitations of PTS, 

9 pressurized thermal shocks, but that's not the main point 

10 here.  

11 The main point is that you can't go, you're 

12 limited, this is not a simple operation. Now, maybe if 

13 you're running at 100, 200, 300 gpm -- I don't know, because 

14 I'm not an operator -- you probably could handle it.  

15 When you get to larger, some theoretical 

16 predictions can go above 5,000 gpm. But the point is that 

17 it's not a straightforward kind of thing, because some 

18 plants don't have pumps that you can throttle, so you have 

19 to turn off pumps on and off, and some of them were not 

20 designed for that purpose.  

21 You may be overheating them, so if you lose pumps 

22 while you're operating, then the operator has got another 

23 problem.  

24 So it's not straightforward, and I'm not an 

25 operator, so Mr. Spence will talk about this a little more.  
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1 But the main point here that I'd like to bring to you, is 

2 that if you go back and operating experience, then in 

3 reality, even in IP-2, relatively -- compared to this, 

4 relatively trivial accidents have caused operator problems.  

5 The one that I -- that was brought up to me, to my 

6 attention recently, was the one at, I think, Palo Verde.  

7 They took 28 minutes before there was a recognition there 

8 was a tube rupture.  

9 Now, this is relatively a no-accident; this was 

10 - the plant was designed, compared to what I'm talking 

11 about.  

12 So if it takes you 28 minutes, then you can say, 

13 well, this much more severe accident is going to take -

14 he's going to follow and do all these -- sure, he can do all 

15 of that, if the equipment operates that way.  

16 But I've driven a lot of cars over the years -

17 it's my hobby -- and things just don't happen that way with 

18 real-life cars. Reactors are different, but nevertheless, 

19 this number here that is being used is ten to the minus 

20 three for operator error, is, I think, very, very 

21 optimistic.  

22 DR. CATTON: Can I ask a question about -- you've 

23 assigned a number of ten to the minus one for operator 

24 failure.  

25 DR. BALLINGER: Well, let me go back to that.  
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1 What I did originally, I said ten to the minus four, because 

2 that was a frequency given to me for steam line breaks 

3 upstream of the isolation valve.  

4 See, you have an isolation valve and you can 

5 isolate that thing, but there's a section there and it 

6 varies from plant to plant what it is, that independent of 

7 what the isolation valve does, you have many steam line 

8 breaks with a bypass.  

9 DR. BALLINGER: Okay, so this is not operator, 

10 this is valve operator. What's the ten to the minus one, 

11 operator, the guy? 

12 DR. HOPENFELD: Okay, that's an operator.  

13 DR. BALLINGER: Now, can that be affected by 

14 operator training? What if they trained on these kinds of 

15 events? 

16 DR. HOPENFELD: Bob will talk about that. I think 

17 it's a very good question. I've asked it a couple of weeks 

18 ago from -- I asked NRR to provide me statistics of the 

19 operator simulator results on that kind of accident, and 

20 they don't have it. But that is one place to get that 

21 information.  

22 DR. BONACA: Because it's a steam line break, 

23 rather than a tube rupture, so really if you look at the 

24 procedures, they way they were set, it would involve 

25 different procedures, probably.  
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1 DR. HOPENFELD: Well, it's a LOCA, basically.  

2 That's all it is.  

3 DR. BONACA: But you don't start with the LOCA; 

4 you start with the rapid depressurization, and you think -

5 

6 DR. CATTON: To pick it up.  

7 DR. BONACA: To pick it up.  

8 DR. CATTON: But i believe the operator is trained 

9 on a simulator. The simulator is based on RELAP, and we 

10 heard this morning about what you actually will see, and 

11 they're quite different.  

12 DR. HOPENFELD: That's the bottom line here.  

13 DR. BONACA: They use RELAP anyway.  

14 DR. CATTON: Well, whatever codes are used, RELAP 

15 is the one.  

16 DR. BONACA: When you say RELAP, I agree with you, 

17 but some say that insofar as the Palo Verde event, you know, 

18 if you have a straight steam generator tube rupture, and it 

19 is a minute leak, it may make it hard for the operators at 

20 the beginning to -

21 DR. HOPENFELD: I don't think this was a minute 

22 one, though. I think it was a full rupture.  

23 DR. SIEBER: One tends to mask the other.  

24 DR. HOPENFELD: Well, I think that particular one 

25 was not.  
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1 DR. BALLINGER: It was 250 gallons a minute, I 

2 think.  

3 DR. HOPENFELD: Is that what it was? Okay, that's 

4 about half; 250 is about half -- 500 for full rupture, and 

5 250 is about half.  

6 DR. BALLINGER: Two-forty.  

7 CHAIRMAN POWERS: I'd like you to be a little more 

8 accurate in your estimates.  

9 [Laughter.] 

10 DR. HOPENFELD: Well, 240, it sure is higher than 

11 a one-gpm, 500 is, you have to agree with that.  

12 CHAIRMAN POWERS: Yes.  

13 DR. HOPENFELD: We looked at the Indian Point 2 

14 experience and I think there was some problem at controlling 

15 the steam flow to the condenser, and there was a slow 

16 cooldown rate, and there were some other problems that I'm 

17 ont familiar with. Hopefully Bob will talk about that.  

18 Theoretical predictions go to something on the 

19 order of 3,000 to 6,000 gpm, which is the limit that even 

20 their theoretician claims that there is no way of 

21 controlling the accident. It's probably anywhere in 

22 between.  

23 Now, to summarize the severe accident, because it 

24 does fall into all that stuff that I have been talking 

25 about, already Mr. Bosnick mentioned and this comes from the 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034



212

1 station blackout scenario.  

2 And the data that was obtained to justify that 

3 this number would -- that this is going to be the number, is 

4 based on the study of Westinghouse with a 1:7 scale model 

5 which did not include the main -- the mixing in the plenum, 

6 and the phenomenon is a three-dimensional phenomenon, not a 

7 one-dimensional phenomenon that's being treated by RELAP.  

8 DR. BALLINGER: Again, I'd like to put things in 

9 perspective, though. Six thousand gallons a minute is about 

10 ten tubes.  

11 DR. HOPENFELD: I think so, yes.  

12 DR. BALLINGER: It's about ten tubes, and in the 

13 Indian Point experience, they did get the plant shut down 

14 without any damage.  

15 DR. HOPENFELD: That's 150 gpm. But that's a very 

16 good point. At 150 gpm, the thing is that it's still -- my 

17 point is here is about the operator response, okay? 

18 This was a very mild accident and still the 

19 operator -- what I'm really trying to say is that there is 

20 room here for the operator to make errors, and when I see 

21 ten to the minus three, it's kind of hard to believe.  

22 DR. BONACA: Actually, you know, it's interesting 

23 that in some of the reports like this, the report that we 

24 have, they are analyzing up to 15 tube ruptures, and they 

25 present an interesting perspective in this range in the 
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1 middle. It seems to be the least challenge to the operator 

2 because it depressurizes so fast that it brings you down to 

3 no pressure for entry level, so even if you are confused for 

4 a long time about where you are, but you stay low and 

5 leaking low. And the more challenges seem to be the fuel 

6 tube ruptures, because you're staying, you intend to come 

7 back to pressurize, or the very high leakage rate beyond 15 

8 tubes where you cannot make it up. You cannot make it up, 

9 so it's an interesting perspective on that report.  

10 DR. HOPENFELD: Okay, I'd just like to bring to 

11 your attention here -- I'll just summarize it, because I 

12 don't want to harp on this severe accident too much -- that 

13 the Japanese JAERI came up also with a prediction that the 

14 creep rupture, that the tubes would rupture much earlier 

15 than NRC predicts, because NRC said, well, their computer 

16 codes predict that it doesn't, but they didn't say that they 

17 are mixing it, and therefore that's what the difference is.  

18 And, again, one of the discussions in the document 

19 you have that's called a reply to -- I mean, the DPO 

20 consideration document -- talks about that these cracks are 

21 going to be constrained within that support plate.  

22 And the jet coming out is not going to go 

23 anywhere, it's going to be deflected by that support plate.  

24 Now, remember, you have 2500 pounds on the inside 

25 of that tube, and it's kind of very difficult to see how 
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1 that support plate is going to do anything, especially going 

2 back, that it's going to move the tube sheet. Remember, it 

3 was only designed for 1500 and not for 2500.  

4 So, to say that this thing is confined within that 

5 support plate and that it is going to prevent the jet from 

6 damaging adjacent tubes, is not very realistic.  

7 At this point, since I didn't talk to much about 

8 the operator action, it's probably the most important thing 

9 in this whole presentation, I asked Robert Spence to talk 

10 about it a little bit.  

11 DR. BONACA: You're going to talk about deflection 

12 of jet? 

13 DR. HOPENFELD: That's what they're saying. I 

14 don't want to get into that. I mean, you can come up with 

15 200 different scenarios.  

16 DR. BONACA: All right.  

17 MR. SPENCE: For reference to what I'm going to 

18 talk about, you were given a handout this morning, a table 

19 of three or four pages, about operator.  

20 Steam generator tube rupture, operator performance 

21 and NUREG 6365. Now, I put that together based on NUREG 

22 6365, combining basically looking at it from what an 

23 operator did, what worked for him, what didn't work for him, 

24 what problems he had with equipment performance, also a 

25 comparison of radiation releases as well as what kind of 
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1 isotopes were released.  

2 These were only steam generator tube ruptures, 

3 basically without main steam line break, et cetera.  

4 I go back to 1975 and all the way up to Indian 

5 Point 2. Where's that pointer? Can I use it? 

6 Okay, again, basically what I'm going to talk 

7 about is that ten to the minus three an appropriate 

8 estimated probability of operator actions? 

9 These numbers are not -- you've got three 

10 different scenarios that will cause the design basis 

11 problem: Main steam line rupture, stuck-open relief valve, 

12 and feedwater line break.  

13 The interesting part about this slide is the human 

14 error contribution to the event. It's very high, and is 

15 probably going to be some of the highest in any accident 

16 situation.  

17 MR. HIGGINS: Could you clarify a couple of things 

18 on that? That is, I assume, 1.0 E to the minus three at the 

19 top? 

20 MR. SPENCE: Yes, that's supposed to be ten to the 

21 minus three, yes. The zero doesn't belong there, sorry 

22 about that.  

23 MR. HIGGINS: And the seven on it? 

24 MR. SPENCE: Is -- well, refer -- in your 

25 proprietary document, there will be a reference to where 
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1 that came from. All these little footnotes are references 

2 to that.  

3 DR. KRESS: And your point about the human error 

4 contribution to the CDF per year is that it's high like 93 

5 percent, then that value you get is almost directly 

6 proportional to what you assume for this human error 

7 probability? 

8 MR. SPENCE: Yes, sir. And I think these numbers, 

9 if I'm not mistaken, and somebody can check me on what 

10 reference I used, but I think it's 1477, NUREG 1477 numbers.  

11 [Pause to adjust microphones.] 

12 MR. SPENCE: How's that? 

13 VOICES: Good.  

14 MR. SPENCE: Okay. All right, I'm sorry, did 

15 anyone else have other questions? 

16 [No response.] 

17 MR. SPENCE: Okay, now, I've tried to get the 

18 latest -- I've been trying to get the latest Westinghouse 

19 emergency response guidelines from the owners group since 

20 May of this year, and have been unable to do so.  

21 That request has been refused twice that I know 

22 of. So, some of -- so what I tried to do is put together my 

23 own concept of what's important in this faulted or ruptured 

24 steam generator.  

25 The first thing he's got to do is maintain -- get 
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1 the reactor subcritical and maintain it that way with some 

2 type of boron addition.  

3 This is the diagnostic step that is the unusual 

4 feature, the newest -- the latest symptom-based procedures, 

5 he really doesn't have to diagnose it.  

6 But this is the unusual feature: He does have to 

7 diagnose it, and it's very difficult for him to determine 

8 the primary system flow rate, when everything is in such 

9 transient conditions.  

10 One recommendation might be to try to come up with 

11 in the SPDS system, some type of calculation that might be 

12 able to tell him some kind of rough number of what -- how 

13 much leakage he has.  

14 Now, then this is where your ten to the minus 

15 three comes in to depressurize, cool down the reactor 

16 coolant system. He's got to worry about maintaining 

17 adequate sub-cooled margin, and yet he has to decrease the 

18 reactor coolant system pressure, so he's kind if working 

19 inversely proportional to what he's trained to do.  

20 Your safety injection system is going to come on, 

21 and kick the pressure up, and that's also working against 

22 him because what he really wants to do is take the pressure 

23 down.  

24 It's going to take about two hours to get down at 

25 the best down to RHR cooling. But by the same token, he 
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1 doesn't want to cool down too fast, because he's got 100 

2 degrees per hour cooldown rate max, and he's worried about 

3 vessel integrity.  

4 The hour-long steam line break at Robinson 2, a 

5 cooldown, I think, 213 degrees in one hour. At Turkey 

6 Point, the cooldown rate that I saw was 60 degrees F within 

7 three minutes.  

8 So, he's got all kinds of transients going on that 

9 he's trying to respond to, and he's trying to get down as 

10 soon as he can to RHR to stop the release of radiation to 

11 the atmosphere.  

12 So those are -- oh, the other thing, the other 

13 important thing that is in the DPO is that he has to refill 

14 the refueling water storage tank. If you look at the 

15 hierarchy of goals, this is very low in what he's trying to 

16 do.  

17 He's got his hands full. So, I went back and just 

18 for the sake of argument, I just took what was in NUREG 

19 6365, and said, okay, how did he meet those goals? What 

20 happened in -- there were ten events there, and I included 

21 IP2, so we've got 11 events, and I think we really didn't 

22 have good data on a foreign event, so let's call it nine out 

23 of ten events.  

24 There was a delay in tripping the reactor. What's 

25 interest, at both Turkey Point and Robinson 2, when the 
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1 event occurred -- see, the operator doesn't know what 

2 happened. He doesn't know if he's got a relief valve stuck 

3 open, until he sees a trend, or main steam line, and until 

4 he sees a trend in the pressure -- in the steam generator 

5 level going down.  

6 DR. BALLINGER: Wouldn't you see tail pipe 

7 temperature on the relief valve? 

8 MR. SPENCE: On the main steam relief valve? 

9 DR. BALLINGER: Isn't there a -

10 MR. SPENCE: I don't know of any. Does anybody 

11 else know of any? 

12 DR. SIEBER: You can hear them.  

13 MR. SPENCE: You're right, but you don't know 

14 whether it's a relief valve and it's going to -

15 DR. SIEBER: Or a break.  

16 MR. SPENCE: Or a break, that's right.  

17 DR. SIEBER: Relief valves are usually quieter 

18 than a big break? 

19 MR. SPENCE: Yes.  

20 And what the operators are going to do, naturally 

21 -- what are they used to? They're used to working CVCS 

22 pumps, charging pumps. So they're going to go over there 

23 and if they've got one shut down, they're going to start it 

24 up.  

25 In fact, they may even, if they've got boration 
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Okay, this was an old thing where you could either 

use a steam generator tube rupture procedure or a steam 

generator leak procedure. Again, I don't know if that's 

going to be applicable in today's world or not.  

There have been a number of delays in either 

keeping feedwater going into the steam generator, which is 

just going to exacerbate the continuing oscillations of the 

steam break, giving it more fluid, and making the common 

mode residence frequencies last longer.  

Yes, sir? 

DR. SIEBER: I think that the more difficult 

problem for an operator is if he ends up with a main steam 

line break somewhere, or a stuck-open safety valve, and then 

the steam generator tube rupture occurs because a lot of the 

parameters will track one another.  

He may make an assumption that he knows what it is 

he's got, and start off down that track without picking up 
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going in, they may stop boration, which is what happened at 

-- I can't remember which one of the two events, Robinson or 

Turkey Point -- which is exactly what you don't want to do 

at that point.  

Because now you've got to worry about cold water 

addition, and re-criticality, and what you need to do is 

pump in that nice boron in your refueling motor storage tank 

into the core.
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1 for minutes, perhaps, the fact that he's got two problems 

2 running at the same time. I think that's tough for an 

3 operator.  

4 MR. SPENCE: Yes, and he's really relying upon his 

5 radiation monitor. And if he doesn't have that radiation 

6 monitor available -

7 DR. SIEBER: You're talking about N-16 monitors? 

8 MR. SPENCE: Yes.  

9 DR. SIEBER: All plants have them.  

10 MR. SPENCE: Yes.  

11 DR. SIEBER: And some of them are local readout.  

12 MR. SPENCE: Right.  

13 DR. SIEBER: So both of those are a little bit of 

14 a problem.  

15 MR. SPENCE: And if you don't have it, he's going 

16 to misdiagnose it, not always, but it has contributed in the 

17 past, the loss of that.  

18 DR. SIEBER: You'll see that everywhere, probably, 

19 though, because you'll pick it up on other area radiation 

20 monitors, the fact that you've got more activity.  

21 MR. SPENCE: That's right, but whether or not and 

22 what the operator attributes that to, I'll talk about some 

23 simulator testing a little bit later that occurred over in 

24 Norway, in which I've got the videotape of.  

25 And the operators talk about how well the 
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condenser radiation monitor, gas radiation monitor off the 

steam generator, et cetera -- well, there's no flow going 

through that line, so that's why it's alarming. They could 

rationalize it out.  

DR. SIEBER: Well, the other problem is that you 

may not get a radiation signal, because when you get a trip 

like that, well, the safety valve opening is all being 

bypassed.  

MR. SPENCE: Yes, and there's no radiation 

monitors there.  

DR. SIEBER: That's outside, and you don't have 

anything there to pick it up because it's not a monitor 

release point.  

MR. SPENCE: Right.  

DR. BONACA: I hear you talking about current 

response using EPGs. I mean, symptom-oriented procedures, 

right? 

MR. SPENCE: These here are what happened.  

DR. BONACA: This is before at Westinghouse.  

MR. SPENCE: Some of it is applicable; some of it 

may not be because of the change to the symptom-oriented 

procedures.  

DR. BONACA: Okay.  

MR. SPENCE: And I think one case there was -

they were releasing radiation that they didn't have to, 
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1 because the swap over with the lines going back inside the 

2 containment didn't swap.  

3 And I think that was a radiation monitor thing, 

4 too.  

5 MR. SIEBER: That's on the air ejecter? 

6 MR. SPENCE: Yes.  

7 MR. SIEBER: Okay.  

8 MR. SPENCE: The other thing I alluded to before, 

9 when I was talking about the noise-- it affects 

10 communication and operator performance. This was, you know, 

11 I mentioned it at Turkey Point, but it was also mentioned in 

12 the report from Robinson, too.  

13 Okay. The pressurizing cool-down. In these 

14 things, it's -- well, when the safety ejection comes back 

15 in, and whether or not you have pressurizer spray determines 

16 whether or not you can control the pressure. If you -- when 

17 you've got decay heat in the there, and if you isolate a 

18 feed water generator, steam generator, you've got to start 

19 your auxiliary feed water into your good feed water heaters.  

20 DR. CATTON: How could they recognize whether or 

21 not they have a trip level in the head? Oops, sorry. Go 

22 ahead.  

23 MR. SPENCE: You're going to get a pressurizer 

24 level, basically down to zero, which happened. That -- at 

25 Turkey Point, that lasted I think for 15 minutes. For 
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Robinson, I think it went 30 minutes. Okay.  

And you also have -- I'm sorry -- you also have 

temperature -- should have temperature indication up there.  

DR. BONACA: This is all for steam generator tube 

rupture. I mean, this is not steam line break? 

MR. SPENCE: This, this. You're right. This is 

steam generator tube rupture.  

DR. BONACA: Okay.  

MR. SPENCE: Okay. The only thing that wasn't was 

my comment about the noise.  

DR. BONACA: That's right.  

MR. SPENCE: Okay. If you loose the pressurizer 

spray, you can also go solid on the primary system for a 

long period of time. Several plants overfill their steam 

generator. In the Halden experiments, I think it was two, 

and please correct me if I'm wrong, Jay. Two operator 

simulations basically were going to rupture the steam 

generator tube sheet, is that correct? Okay. Two out of 

four dealing with that particular scenario.  

Power operator relief valve. This happened at 

Indian Point Two, because it took them so long. They were 

running out of pneumatic supply, and they had to make a 

containment entry to put in some more bottles.  

Delaying the power operator relief valve, again, 

is the operators want to keep the pressure up, and for the
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1 sub-cooled margin, when they actually got to open it up and 

2 get down as soon as they can.  

3 Okay. Delay in initiating RHR happened in Indian 

4 Point Two, where they had a procedure glitch with respect to 

5 I think it was the temperature where they could get it on.  

6 It was changed in one procedure, but not in another. Yes, 

7 sir? 

8 MR. HIGGINS: Based on all of these things, you're 

9 saying that the one times ten to the minus three human error 

10 probability is too low, I assume, and are you proposing your 

11 own alternative value or are you just saying it's too low, 

12 you don't like that one? 

13 MR. SPENCE: I'm suggesting it's too low. I don't 

14 like ten to the minus three. That's a 99.9 percent chance 

15 of everything working, including the operator. I am not 

16 proposing a specific number, because these are all problems.  

17 Now, these are all successful events. All I'm saying is 

18 there were a heck of a lot of operator problems involved in 

19 these events.  

20 MR. HIGGINS: The typical value for this error in 

21 most of the IPEs in their tube rupture sequence is about 

22 times e to the minus two, would you agree with that one? 

23 MR. SPENCE: It would depend -- I think it would 

24 be on a sliding scale, believe it or not. I think, because 

25 the operator error rate and how it affects a steam generator 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 20036 

(202) 842-0034



226

1 tube rupture and main steam line break is going to depend 

2 upon how much time he has to fulfill his functions, and as 

3 his time decreases, the more the probability of him being 

4 unable to fulfill his functions is going to get smaller.  

5 So-

6 DR. BONACA: I would like to comment on one thing 

7 about that. This scenario probably is one of the most 

8 challenging that the operator has, because right now, the 

9 operator has goals of containing the release within 30 

10 minutes. That's one thing that challenges the operator to 

11 no end, because they get into the event. By the time they 

12 recognize it, they are dealing with all these issues, and so 

13 the issue is not really core damage, but they are focusing 

14 always on stopping the release within 30 minutes, and that's 

15 very challenging. I mean, for some plants, it's very hard 

16 to demonstrate and get to something that they have to do on 

17 the simulators or show they can do it. And so, it puts a 

18 lot of pressure on that. Although the other one is much 

19 more complex steam line break, everything goes in the 

20 direction of taking you down to the RHR. The larger is the 

21 break that you have on the secondary side, even if you don't 

22 recognize it, and you're depressurizing fast, and you're 

23 unable to come back and pressure the primary site because of 

24 the leak.  

25 So I'm saying that, you know, I'm not questioning 
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1 at all that 10 to the minus three might be overly 

2 optimistic. In fact, it may be, but I'm only saying that 

3 this is a different scenario and is one of the most 

4 challenging to the operators, because of the goals that set 

5 on them, which is the 30 minutes to stop the release.. And 

6 that's very hard to do, very hard to do.  

7 MR. SPENCE: And I think that between the maximum 

8 and minimum breaks that we might be talking about here, I 

9 think the worst case is going to be in the middle some 

10 place, because like you say, one, the reactor is going to 

11 take itself down and the other -- and the one in the center 

12 is the one he's really going to work on.  

13 DR. BONACA: And small, too. The small ones may 

14 be the most confusing because he has a steam line break. He 

15 doesn't have much leakage.  

16 MR. SPENCE: Right.  

17 DR. BONACA: Therefore, he may stay -- you know, 

18 the steam generator may not blow down as fast for him to 

19 recognize it.  

20 MR. SPENCE: Right.  

21 DR. BONACA: And he might just do something that 

22 is totally, you know-

23 MR. SPENCE: But then, he doesn't have to worry 

24 about the refueling water storage tank as much because he 

25 has a longer period of time to respond.  
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1 DR. BONACA: That's true. That's true.  

2 MR. SPENCE: Right.  

3 DR. POWERS: Mr. Bonaca, I wonder in some sense if 

4 the event tree doesn't have to be fairly complicated here? 

5 Because an operator can, in the end, do everything 

6 correctly, but if it takes an excessive amount of time, not 

7 so excessive that we would run into the RWST probe; that if 

8 we have damage propagating at a crack growth rates, that 

9 gets you into an irreversible problem, and I'm wondering if 

10 simply debating over 10 to the minus two, 10 to the minus 

11 three in an operator's success or non-success is a 

12 sufficiently sophisticated event tree for this.  

13 MR. HIGGINS: Yeah, in actuality, the dominant 

14 sequence is related to tube rupture in most of the plants is 

15 a failure of HPI, coupled with the steam generator tube 

16 rupture.  

17 DR. POWERS: Right.  

18 MR. HIGGINS: And then the other item in that cut 

19 set is typically this operator failure to rapidly 

20 depressurize. And it varies from plant to plant, and it 

21 varies depending on the leak size. But often times, they 

22 only have in the neighborhood of 15 minutes to do that for 

23 success so that puts even a tighter on the operator action 

24 in order to have successfully cooled down without core 

25 damage.  
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MR. SPENCE: Yeah, but now, with our symptom-based 

procedures, by the time he figures out what he's got, and 

gets into the procedures, if it's small, okay, and then he 

takes, you know, 20 minutes to get into where his actions 

are going, he's in trouble.  

I'll try this, and if you want to but in and take 

over, go ahead, Jay.  

Jay Persinsky is our team leader on human 

performance issues and research. And he had a study on 

human performance over at Halden, which is in Norway, right? 

And they were working with the LEVISA crew out of Finland.  

And they were looking at both -- at staffing levels with 

respect to the current type of operations on the current 

type of plant control rooms versus the new type of CRT 

displays.  

And that you were looking at four operators on the 

normal plant, and two operators on the other plant.  

The scenario that -- they did a number of 

scenarios, but the scenario that was of interest, of course, 

to me was a steam generator leakage rate -- leak rate -

which was then followed by an open steam generator safety 

valve for an unfiltered release to atmosphere. Like I said, 

we've got the tapes, the videotapes of the actual scenarios, 

with an English translation somewhat. I looked at it--at 

one particular one -- that -- and it was really consistent 
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1 of what could be found in an American plant. They were 

2 using some procedures. One of the fellows was trying to 

3 diagnose stuff, but he was not -- they were not diagnosing 

4 the scenario correctly. Okay.  

5 This -- one of two four-man conventional reactor 

6 crews, and one of the advanced reactor crews performed very 

7 poorly, and I've got the tape on this if you'd like to see 

8 it. And the interesting result is that the longer -- this 

9 scenario, too, goes on for a long time, because he's cooling 

10 down for a couple of hours. Someone asked about training.  

11 The trouble with the training is that once -- because the 

12 utilities have got to train on so many different scenarios, 

13 once the operators diagnose it, they say okay let's stop 

14 that, and we'll go on to the next one. Where they're 

15 running into trouble is the long-term cool-down and switch 

16 over on this thing.  

17 DR. POWERS: I just have to ask a question.  

18 MR. SPENCE: Yes, sir.  

19 DR. POWERS: Isn't Holden a boiling water reactor? 

20 MR. SPENCE: Jay? 

21 MR. PERSINSKY: Yup.  

22 MR. SPENCE: Yeah.  

23 MR. PERSINSKY: Jay Persinski, Office of Research.  

24 The Halden reactor is, in fact, a boiling water reactor.  

25 This was done on the simulator. The simulator is, in fact, 
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1 a DVBR, which is a type of pressurized water reactor.  

2 DR. POWERS: I guess -- then it comes to mind that 

3 we have a Russian crew working this or a Finnish crew 

4 working this? 

5 MR. PERSINSKY: It was a Finnish crew working.  

6 It's a LEVISA crew that typically worked the LEVISA plant.  

7 One of the -- where he talks about the conventional reactor, 

8 that was actually done at the LEVISA simulator.  

9 DR. POWERS: Oh, okay.  

10 MR. PERSINSKY: The advanced crew, or the advanced 

11 reactor was done at the Halden simulator.  

12 DR. POWERS: So we didn't have a problem of 

13 boiling water reactor crews trying to do a PWRC? 

14 MR. PERSINSKY: No, we did not have that problem.  

15 MR. SPENCE: Not only that, but the simulators 

16 were modified somewhat to look like an American reactor.  

17 DR. POWERS: Now, did that introduce any problem.  

18 I mean, I've got a Finnish crew familiar with a BBR Russian 

19 reactor working on an American modified simulator. I could 

20 believe they might have some trouble.  

21 MR. SPENCE: That wasn't the problem.  

22 DR. POWERS: Okay.  

23 MR. SPENCE: The problem was their diagnosing and 

24 getting the correct answer of what was really happening to 

25 the plant, okay. And that was the same type of thing I 
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1 would have expected to see in a control room. I saw it in 

2 Turkey Point for quite some time. When I got in there, 

3 about 30 seconds after the line blew off, you know, I'm not 

4 believing that I saw a safety valves go up and fly over the 

5 containment. I didn't want to tell them that. You know, I 

6 says -- they would have thrown me right out, okay. And it 

7 wasn't until, you know, the noise stopped and we could go 

8 out and didn't have to worry about shrapnel and so fort that 

9 we could ascertain what really happened.  

10 Okay. The point being that this takes a long 

11 period of time to cool down and to stop that release and 

12 that the training scenarios probably don't go into that long 

13 thing. And the high work load is going to build up on these 

14 guys, as time goes on. That was an interesting conclusion 

15 there.  

16 They also tried it with three men and what was it, 

17 Jay, on the one out of two? Did they cut down to one or-

18 MR. PERSINSKY: No, it was two or three in that 

19 situation.  

20 MR. SPENCE: It was three here, normally, and then 

21 they cut down to two? 

22 MR. PERSINSKY: Right.  

23 MR. SPENCE: Okay, and this was four, they cut 

24 down to three. Well, that's exactly what's going to happen 

25 in an actual scenario, because either you're turbine 
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1 operators are not going to be there, or you're going to send 

2 a reactor operator out to find out what's going on, or 

3 you're going to have fires, and somebody's going to have to 

4 go off into the fire brigade. Or you're going to have to 

5 call the NRC and stay on the line and tell them what the 

6 heck is going on. So you're going to lose somebody.  

7 DR. CATTON: And you also couple this with some 

8 wort of implicit faith in the ability of the simulator to 

9 represent the event, and we know that's not true.  

10 SP Yeah. Yeah.  

11 DR. CATTON: I just thought I'd put that out.  

12 MR. SPENCE: And operate it -- when it really hits 

13 the fan, operators just kind of stop for a minute to try to 

14 think what's going on.  

15 DR. CATTON: An interesting example of this in 

16 some of the testing that was done at the University of 

17 Maryland, where they found that the water in the primary 

18 system was moving from one loop to the other, and all kinds 

19 of strange things were appearing on their instrumentation.  

20 And that doesn't happen with a simulator. And you wonder 

21 what would the operator do if he saw that. It doesn't fit 

22 any of his symptoms.  

23 MR. SPENCE: Yeah. I -- you know, I can tell you 

24 from real life that the minute that happens, the operator 

25 just -- you kind of freeze to try to figure out what's going 
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1 on.  

2 DR. CATTON: Not according to NRC. Not according 

3 to NRC. Relap properly reproduces the accident.  

4 DR. POWERS: Well, first -- Catton, I point out to 

5 you that we do have a list of events where they successfully 

6 got the plant down. So.  

7 DR. CATTON: In spite of all these operators.  

8 DR. POWERS: In spite of all these possibilities, 

9 it is possible to get these plants down.  

10 MR. SPENCE: It is possible, okay, and those were 

11 relatively small leaks. Okay. Jay, had-

12 MR. BALLINGER: I would -- Gannai with 700 gallons 

13 a minute.  

14 MR. SPENCE: Well, that's also-

15 MR. BALLINGER: The water was -- my was 700 in 

16 Maguire.  

17 MR. SPENCE: That's the initial, that's the 

18 initial leak rate. And then it decreases from that. So 

19 that's only the top.  

20 MR. BALLINGER: And you would expect that in any 

21 case for a steam generator tube rupture? 

22 MR. SPENCE: Yes, sir. Okay. But now, to reach 

23 your part 100 limits, I believe you're dumping 10 gallons a 

24 minute off site. So -- I think the average is 130 to 135 

25 GPM or something like that of all the steam generator tube 
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1 ruptures. So you can put that in -- and if you assume that 

2 your pressure -- that at main steam line break point, you're 

3 going to have X and then you're going to have one-tenth X 

4 later on, you're still up. The NRC assumes a factor of 10 

5 difference in the leakage rate between main steam line break 

6 and normal operating conditions.  

7 DR. HOPENFELD: In the case of Gannai, the tubes 

8 were not -- there was an effect on other tubes, but the 

9 tubes were not defective -- the fuel was brand new.  

10 MR. BALLINGER: It was a wrench or something. A 

11 loose part, right? 

12 DR. HOPENFELD: A loose part, but so that really 

13 -- they did it. I think they took samples -- it was -- they 

14 took samples from the snow in that spot that did exceed, but 

15 it was really a brand new fuel, so there was no really 

16 reason to expect it. But the point is, in my DPO, my 

17 thinking at the time when I reviewed all the data, I thought 

18 after a thousand that when you exceed a thousand, that's 

19 where we really -- that's where we really start worrying.  

20 DR. POWERS: Dr. Kress, while you were out, 

21 professor Catton brought up the experiences at the 

22 University of Maryland, I believe, where because you have 

23 multiple loops you got water transferring from one loop to 

24 another. I think that's done correctly, and I think that's 

25 an issue that you were mentioning to me is the concern.  
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1 DR. KRESS: It definitely was.  

2 DR. POWERS: And you might want to pursue that a 

3 little with professor Catton.  

4 DR. KRESS: Yeah. We'll get together.  

5 DR. CATTON: Well, we raised that issue. That was 

6 before I left the Committee when that issue was on that.  

7 And we were told that the simulator -- the simulator 

8 fidelity is proven by comparison to RELAP, and that's the 

9 way it is.  

10 This has been something that has bothered me for 

11 15 to 20 years.  

12 DR. POWERS: RELAP is the ASME standard of-

13 DR. CATTON: Whatever.  

14 MR. SPENCE: I've got one last point to make on 

15 the operator thing. And that is with respect to risk and 

16 the probability of whether or not the operator is going to 

17 perform his functions. Jay Persinski worked with 

18 Microsinks, is that -- with a -- he got a little contractor 

19 -- Microsink Task Network Model, which was basically a 

20 modeling of operator performance for steam generator tube 

21 rupture and a stuck open relief valve, okay. We could have 

22 had it modified to see what a steam generator -- I'm sorry 

23 -- a main steam line break with a steam generator tube 

24 rupture could have done. This was ruled out of scope in the 

25 previous DPO Panel, and it was also ruled out with respect 
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1 to research by our manager. We really thought that that 

2 would have been good, because then we could have got in 

3 there -- it's got the whole analysis of what the operator 

4 actions have to be. You could tweak the times. Try to set 

5 them up. It was already set up with respect to the Halden 

6 experiments. And we could have gone back to fit in some of 

7 the steam generator tube rupture events as well as done some 

8 testing down at TTC to set up some scenarios. But again, 

9 that's out. That would have been a good thing to do to 

10 really find out what the operators might be expected to do.  

11 Jay, do you have any comments on that or -- any other 

12 questions? 

13 Thank you.  

14 DR. HOPENFELD: I have two items to cover, and one 

15 of them is fairly simple, The other one is very much more 

16 complicated, and I'd like to go fast so, because I see 

17 already that that I'm starting losing my clients here. So.  

18 DR. POWERS: I think you've got the panel here 

19 with -- in rapt attention.  

20 DR. HOPENFELD: As you see, I have a very, very 

21 lengthy summary about 50 pages, well, maybe not 50, but 

22 about 20 pages of specific questions which really summarize 

23 what I've been talking about, but on a much more specific 

24 level. And I though that because of the time clicking here, 

25 I guess everybody probably want to go home. So I'm going to 
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1 just complete this part of the presentation. Go through two 

2 subjects. One is the iodine spiking, which is relatively 

3 easy. And then the other one, which is very difficult for 

4 me to talk to, but I have to, and that's an independent 

5 assessment. But I don't think that's going to take us -

6 oh, probably, we should be done by 5:00 p.m., and what I'm 

7 going to leave the discussion, the specific questions to NRR 

8 for you to look at, because they go to a lower-level of 

9 specificity and, in the future, if you want to address those 

10 to NRR, I don't know how else you could handle it. If you 

11 had more time, I would have gone through it, but I think -

12 I'll try to give you the flavor as to what I'm talking 

13 about, and I think that going through these slides is not 

14 going to really add too much to the overall understanding.  

15 It's just another level of specificity.  

16 But let's go to the next item, and that so far 

17 we've been talking primarily on the design basis accident.  

18 We talked a little bit on the severe accidents. The next 

19 one is a legal requirement that you have to meet part 100, 

20 which you have to leave -- I mean 300 REM as the result of 

21 an accident. What the -- what the dose is, is very simple.  

22 The equation for calculating dose is extremely simple. What 

23 it is is the leakage time the spike times the initial 

24 activity.  

25 What the spike means is when you go -- disturb the 
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1 system or disturb the primary system, due to temperature or 

2 pressure drop or whatever, any crack in the cladding will 

3 flush some of the fission products out of the fuel and that 

4 goes into the coolant. There are also other sources. This 

5 is not the only source. There are corrosion products that 

6 may be laying around, and when you shock the system, you may 

7 get corrosion product coming into the -- that were deposited 

8 on the fuel. So it's a -- the mechanism is not understood, 

9 but I don't know how important it is to understand it. The 

10 calculations that we are doing -- the important thing is 

11 that this is not exact science. People, over the years, 

12 sort of empirically came up with some numbers. And there 

13 was a conservatism, and nobody really tried to quantify that 

14 conservatism. It may not even be necessary.  

15 Iodine chemistry is a very complicated thing, 

16 especially if you can see, though we are talking about very, 

17 very low concentration. We're getting into the region that 

18 maybe the classical chemistry may not even work anymore, 

19 because the mean -- because the molecules already is not 

20 getting out of where you can calculate your equilibrium 

21 factors. So we don't want to get into that, but we don't 

22 want to do things that violate some basic laws.  

23 And that's exactly what NRC does. What happened, 

24 again, going back, remember, we had steam line -- you had 

25 SGTR, and you have a steam line break. Now, we've got a new 
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1 phenomenon, so if -- when you come up with larger leakages 

2 that would allow you to meet the 300 REM requirement, and 

3 I'll go back to the 300, too, but what you can do, going 

4 back to the equation, is a very simple mathematical trick is 

5 -- well, you can say, well, this spike here, well, if the 

6 leakage is higher than off the one GPM, what I can do is 

7 just get this one down, and I'm back in business. I'm 

8 sorry, I can get the initial activity down, because I have a 

9 control over that with a clean up system. And most of the 

10 power plants operated at a lower than tech spec activity 

11 anyway, and then I'll be in business.  

12 Well, it turns out that you can't do that; that 

13 it's not that simple. And the reason it's not that simple 

14 because there is data to indicate that if you are -- if you 

15 lower the iodine concentration in the coolant, then it 

16 affects this spike. I don't exactly claim to understand 

17 why, but if you look at the data, it shows that you can't 

18 just arbitrarily -- there is some dependence here between 

19 the spike and the initial concentration of the iodine in the 

20 coolant.  

21 Now, for years, the plants did not want to lower 

22 that initial concentration. They were happy with the one 

23 microcurie per gram, and I don't know -- it could very well 

24 be because of contractual obligations or the legal mumbo 

25 jumbo that was in the contract between the supplier and the 
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1 power plant. But anyway, they didn't want to go to a lower 

2 than one microcurie per gram. Now, suddenly, we find that 

3 NRR says, well, in order for us to meet Part 100, let's 

4 lower that tech spec, allow them to operate at point -- give 

5 credit for operating at point one or whatever. Well, you 

6 can't do that if there's data out there to show that if you 

7 do that, that 500 number, whatever that number is, but it's 

8 sort of a consensus number, you can't take that 500 number 

9 and still lower the concentration at the same time, because 

10 you can have a spike that's just -- that's all the way up to 

11 10,000. Alright.  

12 The point I'm trying to get across -- you can't 

13 just do these things -- adjust these things just to meet -

14 to get a final answer that you are happy with. You have to 

15 be consistent as to what you're doing, and I think the NRR 

16 people are not consistent with what they're doing. And I 

17 think this was recognized a long time ago. I think in '94, 

18 when I presented this and we discussed that, but nothing has 

19 been done since.  

20 What was done basically, and I think that's what 

21 you'll probably hear tomorrow, NRR provided a table that 

22 shows -- basically agrees with my argument here that if you 

23 lower the concentration and if you put a larger leakage, and 

24 the larger spike, then you would -- you could exceed the SRP 

25 value of 30 REM. Now, in the -- Part 100 calls for 300 
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1 REMs. The SRP calls for 30, and I don't know exactly what 

2 caused -- where the 30 number comes from, but again, it sort 

3 of evolved over the years, and it's an empirical number, and 

4 you said, in order to meet that 300, we have to use 30.  

5 Otherwise, why not use 300? So they put in the SRP, and 

6 that's what the licensees are required to meet, is the 30.  

7 So when we're talking about meeting the requirements it's 

8 the 30, and it's not the 300. So you can't just say, well, 

9 that what's was done in the table that they provided us is 

10 that, look, you'll have to have a huge spike in order to 

11 exceed the 300 REM. But it's not the 300; it's the 30. But 

12 even then, the main point is that where you don't have any 

13 data, and one argument was that, well, steam line breaks 

14 don't occur very often. Well, they don't -- we hardly have 

15 any, even though we heard one or two, then why even worry 

16 about the regulations. Just forget about Part 100. Just -

17 if we don't have to worry about it.  

18 So the argument was -- that's made -- and that's 

19 the crux of this thing is that we don't have data to show 

20 that on the steam line break conditions the depressurization 

21 is so high that the iodine spike is going to be very large, 

22 so don't you just ignore it? And what I'm claiming here is 

23 that you just can't do it in an arbitrary way. And I think 

24 that hasn't been resolved as being recognized as a potential 

25 issue and it's still there.  
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1 Now, the thing away. But then, after the comments 

2 on the DPO came from the -- after it came back from public 

3 comments in the summer of 1999, they just took that sentence 

4 of the paragraph which says that they're going to ask the 

5 licensee to come up with a better leakage assessment or put 

6 uncertainties on it, and that's why I say, well, if you do 

7 that, then you better go and look at this iodine spike, 

8 revisit the whole thing again. You have to address this 

9 issue. And they just know -- I don't know how you resolve 

10 it, and I don't know what you do. Now, there's some 

11 suggestion from Dr. Powers several years ago, but I don't 

12 know of anybody who picked up on that.  

13 So, basically, you cannot -- to summarize it, we 

14 cannot arbitrarily to say, well, because you want to meet 

15 the Part 100 requirements, we're just going to lower the 

16 activity, the initial concentration without really looking 

17 at what the data. If you do that, you selectively use 

18 what's available there. What the database is. If you want 

19 to operate in that -- on the basis that you can use 

20 selective reasoning, then it's okay.  

21 Let me go back a little bit now. I'm done with 

22 the iodine. I know you don't want to harp on it, because I 

23 don't know what I can add to it. Let me go back to the time 

24 line, and I stop here, around June or in mid-June, ConEdison 

25 submitted a proposal for to justify -- or the justification 
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1 for the next cycle. The public, or some members of the 

2 public, the Union of Concerned Scientists, was very critical 

3 of that, and they have asked me to -- or they asked the NRR 

4 or NRC to allow me to talk about these issues at the public 

5 hearing. And NRR said no. I was kind of a little bit 

6 disturbed about it, because what is it that I could -- why 

7 prevent me? What is it that I could harm anybody by talking 

8 about these issues, basically, would summarize what I told 

9 you all today, I would summarize into a few minutes, so 

10 somebody would get a flavor what different -- perspective on 

11 this.  

12 But that -- that -- really what bothered me about 

13 their reply -- that -- the reason that was given -- the 

14 reason was given that they don't want me to talk about this 

15 at the public hearing was because the DPO issue is the 

16 generic issue, and the IP2 is the specific issue. Now, it's 

17 been now three months, and I've talked to a lot of people in 

18 trying to help me to understand the difference between the 

19 specific and the generic. I don't see how you can separate 

20 the two. But anyway, later on, it occurred to me the reason 

21 that they really didn't want me to -- prevented me from -

22 to come and talk about it was basically what the IG found 

23 out in two months or three months later. And that is that 

24 we let inexperienced engineers review those actions, which 

25 are very, very important safety actions. They are not 
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1 supervised, and they have constraints on them. They're not 

2 allowed to have an open dialogue with the licensees. So you 

3 have an inexperienced person -- reviews an action, and he is 

4 constrained to follow up on that. And what -- the reason 

5 I'm bringing all this is that it calls into question as to 

6 how we do business, and what is really is needed -- what is 

7 really needed is an independent assessment. When a licensee 

8 comes here, and he wants to take a -- ask for relaxation, 

9 whatever the relaxation is, I think we should have a third 

10 party that says, that provides an independent assessment of 

11 what that action is. When you go and buy some instrument 

12 that has to do with monitoring the environment, you can't 

13 put it on the market until you get EPA approval on it that 

14 it was tested by a third party. And the same thing here.  

15 You have to have an independent third party that can step 

16 aside and assess what the licensee is submitting to you, 

17 because you don't have enough checks and balances within 

18 this agency to take care of that.  

19 Now, one of the items that I talked about, and 

20 it's a follow up on actions at the NRC, and it does relate 

21 to the independent assessment. In the -- one of the -- I 

22 believe -- I don't remember the date. I think it was -- I 

23 think it was the '94 ACRS meeting, the ACRS told the staff 

24 that we need more adequate data for empirical correlation.  

25 The empirical correlation was inadequate. I don't see that 
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1 we have any -- after six years that we have any data which 

2 is more adequate. We have some little bit more data, but 

3 it's not necessarily more adequate if you consider all these 

4 effects of vibration and forces that you get through a steam 

5 line break. So we don't have any.  

6 Then a more adequate characterization of the 

7 gradation of leak assessment and morphology affect the 

8 morphology on the leak. We don't have that. Then there was 

9 a requirement for NRR to come up and quantify, and you can 

10 look at the letter to the Commission to quantify the 

11 conservatism because they claimed that it's too conservative 

12 independent of how you -- in spite of how you use the iodine 

13 spiking. The request was that they quantify this. There's 

14 nothing on that. Then we have another, and that is the 

15 GSI-163. That 163, which is a high priority, has been in 

16 the works now for nine years, eight years. It's still 

17 fairly young compared to some of the 17 years that you've 

18 seen before on the pump seal. So it's not really that -

19 it's not desperate yet. It's still got many years to go and 

20 incubate.  

21 But that 163, the reason for that was given that 

22 it's not being worked on is that first, we got to resolve 

23 the DPO. I submit to you the resolution of this 163 and the 

24 resolution of DPO are completely two different things. The 

25 subjects are the same, but the procedures, how you resolve 
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1 GSI is different. You go to a cost benefit. You look into 

2 different design options. It really is not the DPO. It 

3 just talks about the issue. It just briefly looks into 

4 this. I haven't had a chance to go and look into really -

5 put -- start with a clear -- see what other options are, and 

6 there are options. I may not just give you something off 

7 the top of my head. You can put a double-walled pipe in 

8 there, with leak detector. I'm just talking off the top of 

9 my head. But there are other options.  

10 And that's where the GSI is supposed to look at.  

11 But if nobody wants to work on it, you continuously keep 

12 delaying it because it could very well be that you'll have 

13 to have a back fit. So if you -- well, let me ask you, 

14 right now, the latest thing in the gimmicks -- and this is 

15 the means which we communicate to the public -- it says that 

16 it depends what you people are going to come up with.  

17 That's how you're going to be -- you are the ones who going 

18 to be resolving this GSI-163. I don't think that that's 

19 what you -- you may have not know that, but that's what 

20 you'll be doing. If you say that that DPO doesn't have 

21 enough merit, you also said, well, you might as well close 

22 this GSI-163. And that's exactly what they have done.  

23 Now, there is, at the same time, I told you after 

24 the failure of the rule making, the generic letter, the 

25 regulatory guide, all these were substituted by discussions, 
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1 which I haven't been to any of them. I don't know whether 

2 they are open door or closed door. It doesn't matter, 

3 because all the data is all proprietary. So you can even 

4 sit there, but you don't know what they're talking about -

5 I mean, if you're from the public.  

6 And there's such a huge amount of data that you 

7 have to spend your lifetime to go through there, and it's 

8 very difficult to understand it, and I hope you'll go 

9 through some of it, and you'll see it for yourself. So you 

10 have this discussion going with NEI to come up with an 

11 agreement. And now NRR says, well, the DPO has nothing to 

12 do with this agreement that we're working. In other words, 

13 the DPO has nothing to do with degraded tubes because it's 

14 not related to it. We have something else we're talking. I 

15 hope that tomorrow, they'll tell you what it is that they're 

16 talking to NEI about. They are not talking about any -- I 

17 mean, according to what they stated, and they stated on 

18 several, and I have the thing in writing from the EDO saying 

19 that the discussion with NEI, that really is going to come 

20 up as to how we going to regulate the steam generators for 

21 the next 20 or 30 years really has nothing to do with all 

22 those items that we talked about today. So I don't know 

23 what they're talking about, but I hope you ask them. Ask 

24 them, what is it they're signing. What is it they're 

25 agreeing with it? 
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1 About a week ago, the IAG came up with a 

2 recommendation -- finding about the DPO process at the NRC.  

3 Now, why I'm telling you? Why is the DPO related to? If I 

4 am asking you or I'm recommending that you have a function 

5 that does an independent assessment to NRC activity, the 

6 reason for it is that you don't have a check and balance 

7 system within the NRC. There is a system what's called 

8 DPV-DPO, which I briefly talked to you at the beginning of 

9 this meeting, but it's ineffective. So putting all this 

10 together, you have a function at NRC, the regulatory people 

11 do not take your recommendations seriously. They do not 

12 follow up on that. At a meeting in '96, I believe it was, 

13 and I brought it in, you can look up in your time line, you 

14 asked me or you specifically recommended to the Commission 

15 that the NRC -- the NRR staff resolves the DPO and resolve 

16 the GSI before they come up with their rule making. Well, 

17 now, they've substituted the rule making with the agreement 

18 with NEI, and they say, well, the DPO and the GSI are not 

19 related to it. So it's sort of going in circles here.  

20 To summarize, the methodology in GR-95 was adopted 

21 by NRC in its entirety from Westinghouse. Westinghouse had 

22 a very good reason at the time. They were being sued left 

23 and right. And they had a very good reason to come up and 

24 explain away how they can keep these steam generators alive 

25 for a longer period of time before they are replaced. And 
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1 we took it, what they recommended, and followed up 

2 completely, and bought it completely. The ACRS was sold on 

3 the 95-05, and I've spent some time before, there was a lot 

4 of information that was provided to you what I believe was 

5 misleading. So when you concluded on that basis that the 

6 risk was really 10 to the minus seven or whatever, that was 

7 on the basis of the information that was provided to you.  

8 And because of that, and the 1570 relates to the 

9 severe accident. That's not really the main thrust of my 

10 presentation, but basically what this -- what this reads to 

11 a conclusion, recommendation, and that's basically the 

12 bottom line to rescind 95-05 and shut down all the plants 

13 that don't meet the 40 percent -- the 40 percent plugging 

14 criteria.  

15 I think I'm 10 minutes over my time. And I really 

16 appreciate the time that you gave me. We could -- I don't 

17 want to bore you with all the questions I have, and I'm not 

18 going to go through that. I thought that if we had time, I 

19 would, but it doesn't look like it would be a fair thing to 

20 do.  

21 DR. POWERS: Well, I don't want to deter you. If 

22 you think that the questions are self-explanatory 

23 sufficiently.  

24 HOP I think so. I think after this presentation, 

25 they are. I believe so.  
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1 DR. POWERS: Well, in that case, first, I'd like 

2 to thank you for an outstanding set of presentations. Very 

3 well put together. Very clear. Fast-paced. Went right 

4 through the material in a nice way. Then I'll turn to the 

5 rest of the panel and the consultants, and ask if you have 

6 any questions on the material you'd like to direct to Dr.  

7 Hoppenfeld at this time.  

8 MR. BALLINGER: I have a question of you. If we 

9 read these questions, and then we discover that there is 

10 something we don't understand, can we? 

11 DR. POWERS: We'll figure out some way to handle 

12 that. I think Dr. Hoppenfeld may be away toward the end of 

13 this week, so he may not be directly accessible, but in some 

14 way, we will get a hold of you.  

15 DR. BONACA: I would like to point out -- I 

16 thought the agenda that we had time until 5:30 p.m. for 

17 summary.  

18 DR. POWERS: We have plenty of time.  

19 DR. HOPENFELD: I would like to make a comment to 

20 reply to you. My telephone -- you have my telephone number.  

21 I'll be -- and obviously, any question you have, though, 

22 please e-mail it, and I'll e-mail back to you or reply. I'm 

23 going to be out of the country for three weeks as of Friday, 

24 but then I'm going to be back, and I don't know how long I'm 

25 going to be here, but I'm going to be enough to answer any 
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1 questions.  

2 DR. POWERS: Yeah, the protocol for members of the 

3 panel to communicate with anyone on the staff is go through 

4 Undine. That is, talk to her, and she will get the answer 

5 for you. Right? Of course.  

6 DR. HOPENFELD: I am responsible for all these 

7 questions, and I would answer them very, very -- there were 

8 a couple of things -- I just in passing in mentioning. I 

9 think, when you hear from the staff telling you about their 

10 beliefs or their judgement, or their -- I think you got to 

11 find out what their experience is, what the qualification is 

12 to make these judgements.  

13 DR. CATTON: Could I just try to make sure that I 

14 understand what the primary issues are? After listening to 

15 you all day, I kind of get lost in the detail, but the first 

16 was the meaning of voltage and its relationship to leakage.  

17 That was number one.  

18 Number two was impact of the main steam line break 

19 or other similar kinds of upsets on leakage in overall tube 

20 integrity.  

21 The third was the severe accident issues as raised 

22 by risk-based regulation.  

23 DR. HOPENFELD: That's right.  

24 DR. CATTON: The fourth is-

25 DR. HOPENFELD: Because it's raised by risk-
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1 DR. CATTON: I understand. Without risk-based 

2 regulation, you have the deterministic approach and the 

3 issue doesn't come up.  

4 The fourth is the operator performance. And the 

5 fifth really is managerial issues and how DPOs are treated.  

6 DR. HOPENFELD: Process. Process.  

7 DR. CATTON: Okay.  

8 DR. POWERS: Process.  

9 DR. CATTON: Okay. Managerial process.  

10 DR. POWERS: Raising the issue across this reminds 

11 me some have asked about the plans of the subcommittee in 

12 conducting its business. I went through those some 

13 yesterday, but I don't think they got the full exposition.  

14 The schedule that the subcommittee has set up for this week 

15 was intended to allow Dr. Hoppenfeld and the NRC staff to 

16 present their views on the issues at hand. And, in some 

17 sense, the various parties may be surprised by the 

18 respective views, since I'm sure that over the course of 

19 time views have been refined and expanded. And there may be 

20 instances where it would be useful to have a rebuttal of 

21 those views. The meeting this week has not been planned to 

22 accommodate a rebuttal, but the subcommittee would be very 

23 interested in any rebuttal views that people would like to 

24 have and so we have implored the ACRS itself to make 

25 available some time during its November meeting, and again 
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1 in its December meeting to allow rebuttals. The ACRS has 

2 graciously consented to do that with a proviso that anyone 

3 wishing to provide a rebuttal of the -- on the views that 

4 are presented today and in the next few days that they 

5 provide in advance a written summary of the rebuttal.  

6 That's some piece of information that people 

7 should have. Are there any other comments that the panel 

8 wants to make? 

9 What I would like people to do is clearly Dr.  

10 Hoppenfeld has provided us a list of questions of some 

11 length and of some interest, and I will hope that the panel 

12 members will take some time to examine these questions and 

13 examine the presentation today to see if they want to refine 

14 their list of contentions that they prepared last night.  

15 And with that, we'll stand in recess until 

16 tomorrow morning at 8:30 a.m. And, again, thank you very 

17 much, Dr. Hoppenfeld. That was very nicely done.  

18 [Whereupon, the meeting was recessed, to reconvene 

19 at 8:30 a.m., October 12, 2000] 

20 

21 

22 

23 

24 

25 
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TIME LINE FOR DPO RELATED ISSUES 

November 23 1991 

ACRS MEETING. NRR & Industry discuss SG tube stress corrosion cracking at 

Trojan. ACRS recommends that changes be made to the 40% plugging rule.  

Short through-wall cracks are not a potential for tube rupture. Member H. Lewis 

states that the NRC staff is regulating based on a parameter (crack size/growth) 

they can not measure.  

December 23, 1991 

Hopenfeld submits a DPV regarding multiple SG tube ruptures/leaks following a 

MSLB.  

February, 1992 

NRC permits Trojan to restart with defective tubes. NRC assures Congressman 

DeFazio that there were no problems or open issue, and does not inform him 

about the ACRS reservations and the DPV.  

February 19, 1992 

RES requests that Hopenfeld submit additional information to permit initiation of 

a new Generic Safety Issue (GSI). RES does not respond to the DPV

2
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TIME LINE FOR DPO RELATED ISSUES 
(Contd.) 

March, 27 1992 
Hopenfeld submits additional technical information as requested 
by RES on the DPV.  

April -Oct. 1992 
NRC staff permits Farley 2, D.C. Cook 1, Catawba 1, and Farley 1 
to operate with degraded tubes without ACRS endorsement of the 

methodology.  
August 31 1992 

RES initiates a new generic safety issue on the subject DPV and 
classifies it priority HIGH. Core melt frequency : 3.4 10-4/RY 

September 11 1992 
Hopenfeld provides additional information on the effects of 
degraded tubes on severe accidents 

November 9, 1992 
Trojan Shut-down due to a tube leak 

November 24, 1992 
NRR requests that RES drop the GSI issue, because it is already 
being addressed. RES does nothing.
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TIME LINE FOR DPO RELATED ISSUES 
(Contd.) 

Jan 5 1993 
RES to NRR memo:" A MSLB has never occurred in a U.S. nuclear 

plant." A team of experts estimated the reactor core melt frequency for 

Trojan at 1.4 10-6/RY (leakage=33 to 1350 gpm) 

February 1993 
NRC permits V. Summer and Kewaunee to operate with degraded tubes 

April 21 1993 
Congressman DeFazzio is assured by NRC management that the DPV 

issues are being addressed by a special task force.  

Feb-May 1993 

Industry/NRC set the specifications for the Voltage Based Plugging 
Criteria 

June 1993 
NUREG 1477" Voltage -Based Interim Plugging Criteria for Steam 

Generator Tubes" is issued 

November 1993 

NRR initiates rulemaking activities
4



TIME LINE FOR DPO RELATED ISSUES 
(Contd.) 

July 17 1994 
Hopenfeld Submits a DPO disagreeing with the planned approval of 
Generic Latter 94-xx (ultimately GL-95-05) 

September 12, 1994 
ACRS endorses GL-95 -05 as an interim measure and recommends that 
SG issues be addressed via rulemaking.  

November 9, 1995 
NRC allows Braidwood-1 and Byron 1 to exceed GL-95-05 by 300% using 
inappropriate data to justify action.  

September 1996 
The staff briefs the Commission stating "the proposed rule will be 
precedent setting and a backfit" 

November 20, 1996 
ACRS, echoing industry concerns , questions whether the new SG rule is 
more conservative than the ASME code. It states that both the DPO and 
the GSI are directly related to rulemaking and should be resolved before 
implementation of rulemaking.

5



TIME LINE FOR DPO RELATED ISSUES 
(Contd.) 

May 20 1997 
NRR informs the Commission that they have discovered potential failures during 
severe accidents but cost benefits do not justify backfit therefore rulemaking activities 
are being dropped, and work on GL-98-xx is being initiated.  

September 11, 1998 
GL-98-XX is dropped and a regulatory guide DG 1074 is issued for public comments.  

June 1999 
Industry requests that NRC drop Regulatory Guide DG-1074. NRC drops DG 1074.  

July 1999 
The NRC is permitting 17 reactors to operate with severely degraded steam 
generators using GL-95-05 guidelines.  

September 28, 1999 
Hopenfeld informs the EDO that the staff is using "staff beliefs" as a justification of 
waiving a required mid-cycle outage at Farley to inspect defective tubes. The staff 
changed its previous position and now "the staff believes that a few short cracks 
are not likely to cause sufficient large failure of the primary boundary"l 

February 15, 2000 

Indian Point 2 shut down because of a SG tube rupture. The NRC had waved an 
inspection at IP2 on the basis of "staff beliefs" that the cracks would grow slowly 
because they have done so for 23 years.

(
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TIME LINE FOR DPO RELATED ISSUES 
(Contd.) 

March 31, 2000 

In a letter to the Union of Concerned Scientists, NRR states that the DPO is 

not related to IP2 because the DPO addresses a generic issue.  

June 2, 2000 

Con-Ed submits justification for IP2 cycle 15 operation, using the generic 

database.  

July 3,2000 
NRC requests additional information regarding the June 2 transmittal but 

does not raise an issue regarding the validity of leakage calculations.  

August 29, 2000 

OIG determined that NRR's reviews of the 1999 license amendment were 

not adequate. The OIG report indicates that inexperienced NRR personnel, 

subject to management constraints, and lacking supervision were 
responsible for the NRC's SG tube related actions.  

January 2001 
NRR plans on agreeing to NEI 97-06 imitative, allowing plants to operate 

with degraded tubes with little or no NRC oversight.
7
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DPO PERSPECTIVE 

S The existing 40% plugging criteria. (40%PC,) imposes a heavy financial burden on 
the industry 

o In spite of many attempts over a decade the NRC failed to formulate a meaningful 
alternative to the 40%PC 

, The industry does not want to be constrained by the 40%PC, it requires unlimited 
flexibility in making decisions regarding steam generators fitness-for service 

o The industry wants to maintain the appearance that the NRC ultimately decides 
whether steam generators are fit for service 

SIn spite of a lack of technical justification, the industry insisted, and NRC 
management decided a decade ago that it was safe to operate SGs with defective 
tubes.  

, Once the above management decision was made, a machine was set in motion, still 
alive today, to justify that action.
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DPO PERSPECTIVE 
(Contd.) 

,e To justify its position the industry invented a tool called Voltage Base 

Plugging Criteria, VBPC, with the following features 

"* non- scientific 

"* Complex 

"* Contains volumes of poorly written material (allegation of 

intentional misleading reports) 

"* Assumptions are either hidden or are unsupported 

"* Can be easily adjusted to obtain a pre selected outcome 

"* It is classified as proprietary even though some 

of the information is of common knowledge 

o The 40%PC is close to the eddy current detection limit and therefore should not be 

replaced by unproven theories.
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MY QUALIFICATIONS TO ADDRESS STEAM 
GENERATOR ISSUES

* 38 years of experience (industry & government) relating to steam 

generator development and testing for LMFBR's, advanced fossil 

plants, and PWR's. Including corrosion, and heat transfer studies 

and instrumentation development.  

* 16 publications in peer reviewed Journals 

* Seven US patents 

* BS/MS/Ph.D - UCLA Engineering 

Listed in: 

"* Engineers of Distinctions, Engineering Joint Council 

"* American Men of Science

10
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SIGNIFICANCE OF TUBE INTEGRITY 

* LOCA bypassing containment 

* Potential for major radioactivity release to the environment 

* Previous studies (NUREG -0844) concluded that the risk was 

acceptable 

* New tube degradation modes lead to differences in opinions regarding 

risk.  

o NRR: risk is acceptable if degraded tubes are left in service 

O DPO: risk is unacceptable if degraded tubes are left in service
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ACCIDENT DEFINITION 
Operation with through-the-wall cracks results in a new design basis accident:

RADIOACTIVE 
FISSION "RODUCTS

STEAM 
GENERATOR

TUBE 
LEAKAGE

REACTOR 
COOLANT 

PUMP

INSIDE

ISOLATION 
VALVE

OUTSIDE 
CONTAINMENT

Main Steam Line Break/Leakage (MSLB/L)
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KEY DIFFERENCES: MSLB-SGTR-MSLBIL

(1) 
MSLB

(2) 
SGTR

SRP

Ability to Isolate 

Time to Isolate 

Primary/Secondary Leakage 

Fission Product Escape 

to Environment 

Depressurization 

Spike Data Base

15.1.5 
(July 1981) 
No 

Hours 

1 gpm 
Small 

Fast 

NA

15.6.3 
(July 1981) 
Yes 

30 minutes 

600 gpm 

Small (SRV, Ejectors) 

Slow 
Available

No 
Hours 
>30 gpm 

Large 

Fast 
NA

(1) Design 
(2) Design

basis main steam line break 
basis steam generator tube rupture
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VOLTAGE -BASED METHODOLOGY FOR 
CALCULATING LEAKAGE DURING STEAM LINE 

BREAK 

NRC Procedure 
"* SG tubes with voltage indications below one or two volts (or higher by 

special approval) at the beginning of the fuel cycle are allowed to 
remain in service.  

"* Plant historical data on voltage rowth, laboratory leakage correlation 
and theoretical models are useato determine leakage at the end of 
cycle (EOC).  

* EOC leakage can not exceed the operational leakage of 150gpd and 1 

gpm under steam line break conditions.  

* The 1 gpm limit can be exceeded when the tubes are confined 

* This procedure is presumed to assure the public that risk from design 
basis accidents will not exceed core melt frequencies with containment 
by pass of 1 0-5/RY when degraded tubes are allowed to remain in 
service.
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LEAK RATE METHODOLOGY

EOC DISTRIBUTION LEAK RATE CORRLATION
PROBABIITY OF LEAKAGE

1

x

0

x

Bobbin Voltage Bobbin Vofte (log) BOW vaba (1o0)

I
Postulated MSLB Leakage
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NRC & DPO Perspectives On 
MSLB Leakage

DPO VIEWS 

The industry database on leakage is 

irrelevant to MSLBs in plants.

NRC VIEWS 

Laboratory data on leakage can be 

applied to predict leakage under 

steam line breaks (MSLB) in plants.

There is no physical relation 

between voltage and leakage and 

therefore laboratory data can not be 

used in different environments.  

1. Voltage = f (Volume of cracks, crack 
orientation & separation, probe 
geometry, field of view, environment) 

2. Leakage = f (SLB loads, crack flow 

area, morphology and environment)

12



DPO 

"* The NRC procedure makes practically no distinction between 

operation with degraded tubes and operation with non degraded 

tubes.  

"* The procedure places no limitations on the severity of tube 

degradation which can remain in service.  

"* The operational leakage is based on leak before break 
methodology, (LBB). (LBB is not applicable to steam line break 

accidents.) 

* The accident induced leakage per steam generator limit of lgpm 

was derived on the basis that the tubes were not defective and that 

an MSLB will not be followed by tube ruptures or the opening of 

many cracks 

* The NRC procedure does not assure that the leakage under MSLB 

will not exceed the 1 gpm by many orders of magnitudes.

(
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NRC Leakage Predictions Methodology

Pressure & Temperature Adjustment 
using unproven theoretical models

P- Plugging adjustment 
SF- Statistical Distribution adjustment 
D- Pull damage adjustment

Crack Growth Adjustment Using Historical 
Plant Data on Voltage Increases 

Probability of Detection (POD) 
Adjustment using 
laboratory data 

Tube Damage Adjustment (support 
plate movement and jet erosion) 

Adjusted to meet offsite dose 
requirements (part 100)
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Pressure (P) and Temperature (T) 
Adjustments

NRC: 
* Untested theoretical models can be used to scale the laboratory to MSLB 

conditions 

DPO:
* To determine how P &T effect leakage one must first 

flow in the crack

* At 400 
of 10-4

characterize the

fps, the all liquid jet residence time in the tube wall is on the order 
sec, the same order of time as the metastability state of liquid jets.

* The flow residence time will determine whether the flow will be all liquid, 
frozen two phase or equilibrium two phase.  

* ANL and industry models do not account for metastability 

* Crack size and geometry determine residence time thru cracks.  

* Data from voltage growth rates provides no information about crack 
geometry during the SLB event. 14
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Celata et al. THERMODYNAMIC DISEQUILIBRIUM IN CRITICAL FLOW
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Fig. 1. Sketch of the ekperimental setup.

Cr-Al thermocouple 

Pressure transducer 
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Im = Extension of the metastable liquid let 

orifice, d = 1.25 mm

.,r - metastability time = lm/ucr 

Fig. 2. Test section with schematic indication of the presumed jet flow.
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Probability of Detection (POD) Adjustment 

NRC: POD = 0.6 
DPO: 
* POD concept is not applicable to the Voltage Based Methodology 

POD analysis valid only for a specific threshold size of repeatable flaw, 

POD typically vary from zero to one (large flaws) 

It is questionable whether the POD concept can be applied in the same 

manner to network of cracks.  

* Database derived from laboratory tests

A = F (d,k,uv,w u,Q)

A= amplitude, d= separation, k=conductivity, u= permeability, v= 
w=excitation frequency, Q-coil design)

crack volume;

* Average POD varies from 0.27 to 0.5 (NUREG/CR-2336) in tube to tube 
intersection. 15
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STEAM GENERATOR TUBE ODSCC 

EDDY CURRENT TESTING PROBABILITY OF DETECTION 

ECT BOBBIN-COIL PROBABILITY OF DETECTION LIMITS IDENTIFICATION OF 

ODSCC AND CAN NOT ENSURE CRACK LOCATION WITHIN TUBE-TO-TUBE 
SUPPORT PLATE INTERSECTIONS.  

* GL 95-05 USES 0.6 PROBABILITY OF DETECTION (POD) IN OFFSITE DOSE CALCULATIONS, 

WHILE MINI-ROUND ROBIN BOBBIN-COIL RESULTS AT INTERSECTIONS SHOWED A MUCH 

LOWER POD OF ONLY 0.2 TO 0.5.  

* MINI.ROUND ROBIN BOBBIN-COIL TEST "CREDIT FOR DETECTION WAS GIVEN IF THE 

REPORTED LOCATION OF AN INDICATION WAS WITHIN A ± 1.5 IN. ZONE CENTERED 

ABOUT THE ACTUAL LOCATION OF THE CRACK THAT CAUSED TUBE FAILURE DURING 

BURST TESTING."
44 

* "... ODSCC JUST ABOVE THE TOP OF THE TSP HAVE BEEN OBSERVED. THE WORST 

CASE IDENTIFIED EXTENDED 0.27 INCHES ABOVE THE TOP OF THE TSP... CRACKING 

MAY BE ASSOCIATED WITH SLUDGE DEPOSITS ON TOP OF THE TSPs. HOWEVER, THIS 

HAS BEEN DIFFICULT TO ESTABLISH BECAUSE EDDY CURRENT SLUDGE SIGNALS TEND TO 

BE MASKED BY SIGNALS FROM THE PRESENCE OF HARD MAGNETITE SURFACE DEPOSITS 

ON THE TUBE." 45



CRACK LENGTH ADJUSTMENT 

NRC: Cracks smaller than 0.125" do not exist. 0.125" cracks are the 

smallest cracks that can cause damage to adjacent tubes during 

severe accidents.  

Flaws above 0.25 are treated as a burst during severe accidents.  

DPO: There is no theoretical reason and no plant data to indicate that 

through the wall cracks < 0.125 will not exist" during severe 

accidents or design basis accidents.  

Crack growth is controlled by coalescence or linkage of small 

cracks with lengths as small as several grain sizes.  

It is not clear how BOC voltage measurements relate to the crack 

size during severe accidents.  

During severe accidents the crack opening will depend on crack 

history and the loads on the tube during the accident

I;
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Voltage Growth Rate Adjustment 

NRC: 

Crack Growth, (EOC) = Growth Rate During Prior Cycles 

DPO: 

* Prior cycles history is not an indication of future growth rates.  

- Single Crack (longest) Growth Rate = f(S, E, C, microstructure, t.) 

S- stress (including cyclic loads), E - Environment, C= chemistry, C- micro- rack 
coalescence, t = time, 

* Growth starts with crack initiation period and proceeds with the 
propagation period. There is no way of predicting when initiation ends 
and propagation begins.  

* Damage Tolerant Handbook Recommendations: Prevent crack 
initiation rather than control crack growth as done for fatigue cracking

17
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Figure 1 
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FIELD EXPERIENCE (EXAMPLES) 

0 Tube Leak at Trojan after a sleeve was tested by eddy current 
(November 1992) 

* ANO-2 - Wrong predictions in four out of seven inspections (Inside NRC 

Aug 14, 2000) 

0 Farley (units A&B&C) - Under predicting voltage indications by as much 

as 600%. (Staff Comments on DPO Issues, Oct. 1997) 

* Braidwood-1 & Byron 1 - Non conservative Predictions ov Voltage 

Distributions (Staff Comments on DPO Issues, Oct. 1997) 

* Indian Point 2 - Leaving defective tubes in service was approved by the 

staff on the basis that: cracks would grow slowly because they had 

done so for 23 years.  

* Kewaunee- Eddy Current fails do detect degraded plugs; visual 

observations of wetted tube ends provide the only signal for plug 

replacement, ( Region 3, May 12, 2000) 18



Leakage Following Steam Line Break 
Adjustment 

NRC: 
* Leakage is a Function of Pressure Differential Only 

DPO: 

A.Potential Tube Damage During Blowdown 

"* There is a potential to damage tubes during blowdown 

"* There is a large inventory of stored mechanical energy in the secondary coolant, 

1OOOOKjouls/tube compared to 300Kjoules required to rupture a tube in tension 

* Hydrodynamic loads and bending of the tubesheet exerts forces on the tube 

support plates (TSP) 

"* Rotational and bending forces on the TSP cause interactions between the TSP 
and the tubes 

"• Between X to Y lbs is required to pull a tube from a support plate 

"* Pull forces during the MSLB event can tear ligaments and thereby increase 
leakage.  

"* Excitation Frequencies may equal the natural frequencies of the tubes. 19
;)



Leakage Increase During Steam Line 
Break Accidents

B C D

0 - 18 months minutes

I 1�

minutes Minutes, hours

SG returns to service with X known defects and Y unknown defects 

Steam Line Break outside containment upstream of isolation valve, 
N number of defects begin to leak due to increase in 

internal tube pressure and damage from support plate movement during blowdown.  

Additional damage due to flow induced vibration (churned flow instabilities).

Additional damage due to tubesheet deformation.  

Additional damage due to jet erosion.

Total Leakage = undetermined =/= 1 GPM (design basis) 

o NRC risk assessment is based on leakage from damage due to internal pressure loads only

A
E

A 

B

C 

D 

E



The use of inadequate data base for 
leakage predictions

Steam 
Generator 
Tube 

Axial cracks

Pits with inside 
cracks

Merging cracks

II 
- I

Tube wal! 

Crack '

Ligament 

Through wall crack

"* Leakage depends on ligament strength 

"* Ligament strength depends on applied forces 

"* Applied forces: Bending, Axial, Torsion & Internal pressure 

"* Only internal pressure (partially simulated) was used 
in obtaining data on leakage



Vibration Damage

Tube Support Plate

Tubesheet

A-z7

Approximate values of L and R 

L= 40" 

R= 1.22 to several feet

I0

A

0

0 1.0

R/L

f=



The stem generator design primary-to-secondary pressure differential is specified as 1550 psi for the 
Westinghouse 44 Series and Model 44F SGs, and 1600 psi for all other Westinghouse S6OHFs presently 
in operation. For U.S. plants with Westinghouse steam generators, an evaluation of the maximum changes 
from the limiting steady state (nominal) primary-to-secondary side pressure differential (based on applicable 
plant specific design specifications) has been performed. The evaluation compares the primary-to-secondary 

side pressure differentials (AP) to the SO design A1P specified in the applicable design specifications. Based] 
on the Westinghouse evaluation of the limiting steady state design basis parameters of record and potential 
wressuwe fluctuations from steady state conditions outlined in each plant's applicable SG design.  

Nuclear Safety ® .....  
Elaect Comnpany 

Advisory Letter 
This Is a notificab" Offa eCently identified potential safety issue pertalning to basic co-p oents supplied by W*stinghous.  

This information is being provided to you so that a revw of "is Issue can be conduced by you to delermka if any action is requined.  
P.O. Box 355, Pittsburgh, PA 1523O 

Subject: Steam Generator Primary-to-Secondary Pressure Differential Number NSAL-00-007 

Basic Component Westinhose Steam Generators Date: May S, 2000 

Plants: Plants With Westinghouse Steam Generators

RLV 2211W Iw cm, Mab
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B. Damage to Tubes Following Blowdown 

* 25 minutes following SLB the design pressure (1550-1600 psi) of the tube 

sheet is exceeded.  

* SG was Damaged at Robinson during Hydro tests at 3000 psi, (AEC Contract 

AT (11-1)-1658, June 23, 1971) 

C TUBE TO TUBE DAMAGE PROPAGATION DUE TO JET IMPINGEMENT 

• Physical Composition of Jets 

1. Steam + water droplets + metal & oxide particles, (2400, 2600 fps, 600 F) 

2. Water + metal & oxide particles (2400 psi, 400 fps, 600 F) 

3. Steam + metal & oxide particles (2400 psi, 2600 fps, 1700 F) 

Sources for Abrasive Materials 

1. Corrosion products from fuel deposits, fission products, Sludge Pile

20



"* Chemical composition of jets 

1. Fe, Ag, Cr, Al, Ni, Co, Mn, Zr either in the reduced or oxidic form 

"* Erosion Mechanism: Brittle 

Since the material is already cracked, plastic deformation may not be required 
and relatively small energy will be sufficient to propagate and intersect cracks.  

"* Erosion Rates 

1. Steam + Droplets : Time to penetrate tube wall = 20 Seconds (Erosion 
correlation for turbine blade erosion obtained from several power plants) 

2. Steam + Particles: Time to penetrate tube wall = 5 seconds ( Data on erosion 
of Alloy 600 at 100 ft/sec, 650 F, coal gasification tests, NUREG-1570) 

3.Steam: Time to penetrate tube wall =63 seconds (Data on erosion of Alloy 600 
at 100 ft/sec , 650 F, coal gasification tests, NUREG-1570) 

4. Steam + water: A pin hole jet cut a slot in an adjacent 1" thick water wall tube) 

( Time of penetration not reported, pressure and temperature 900psig and 825 F 

respectively, NUREG/CP-0072 Vol 4,1985) 

* DAMAGE PROPAGATION (attached Figure)

(

21



K,
Schematic of tube to tube damage propagation due to jet erosion

Superheated water 
a t pressure P & Temp.

An adjacent tube with surface containing cracks

V- Superheated jet velocity 300 to 400 ft/sec 
S- 0.3 to 0.7 in 
L- 0.36 to .47 in
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Damage Propagation Due to Erosion

1 nnm (400 ft/sec iet

3/4" dia. Tube 
0.98" pitch

Effective Jet width/crack size = 2 
Initial leakage = lgpm 
Time to penetrate tube wall =30 sec 

Leakage after 2 minutes = 16 gpm 

Leakage from 400 defects will exceed 
theoretical predictions of operator's 
ability to cooldown the system

800 to 1000 defects were left at Farley Unit 1 in 1997

i
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RELAXATION OF GL-95-05 REQUIREMENTS 

e GL95-05 was Issued on the basis that the TSP stayed in place 

* A 1995 study show that the plate moves during design basis, Even though this 

study is non conservative it has been continuously used as a justification for 

leaving tubes in service which exceed GL95-05 guidelines.  

e Assumptions Made To Allow Operations Beyond GL95-05 limits 

- No tube damage from vibrations.  

- Relap5 & MB-2 can be used to predict TSP motion.  

- No tube damage from tube to TSP interaction 

- No Jet Erosion Damage during DBAs & severe accidents 

9 Future Research will be used to verify present assumptions 

* A. memo, "NRR users need request related to steam generator severe accident 

response and testing of steam generator tubes during severe accident conditions", 

Thadani to S.C. Collins, Sept 7, 2000 

* Jet Erosion Damage Under Severe Accident Conditions will be solved with 

SDAP/RELAP 5 & VICTORIA codes to determine particle size, composition and 

concentrations
22



Eamples of research on severe accidents in 

supports of GL 95-05 

"* NUREG/CR 6664 "Pressure and Leak Rate Model for Predicting 

Failure of Flawed Steam Generator Tubes" 

"* ANL developed a new leak rate model to predict leakage 

Q = 0.6A lAP/p 

A = f ( geometry, p) 

Comment 

The flow rate also depends on crack I/d and flow 

characteristics. The flow area depends on crack growth 
history.  
Erosion studies and tests are being conducted at ANL and the 

University of Cincinnati without adequate information about the 

characteristics of the abrasive materials.  

Scaling analysis report on ANL facility scaling is not available.

(
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. Inlet Plenum Mixing 

More rigorous analysis of the 1/7th W tests to obtain tube to 
to tube temperature variations.  

Comment 

The W 1/7 test were designed to describe mixing with 
primary/secondary leakage.  

* Additional work on attenuation of fission products in 
steam generators.  

Comment 

The MB-2 program conducted test on aerosol attenuation, 
the data has never been reduced or analyzed the NRC.

24



Pressurizer

Reactor 
Vessel

Steam 
Generator 
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Plenum
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.NUREG-1570 

The results of the document are not valid because leaks through degraded 

tubes are ignored 

Comparison of DPO & NUREG-1570 Results

Reference 

HOPENFELD 

DPO- Memo To Beckjord 
(Effect of degraded tubes on 
risk from severe accidents, 
Sept. 11, 1992 )

Failure Mode

SG tubes fail 
before surge line

1 4

DRAFT NUREG-1570 
(Feb. 1997)

Surge line fails 
before SG tubes 

for most 
sequences

CONTAINMENT 
BY PASS 

FREQUENCY

1.6 E-5/year

3.3 E-6/year

* Comparison of DPO & NUREG-1570 Assumptions Regarding Mixing In SG Inlet Plenum

DEGREE OF MIXING

DPO None

NT TREG-l 570 0.87
0.87NUREG- 1570

I - i
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MIXING OF STEAM STREAMS IN THE INLET SG PLENUM

Flow from leaking tubes into the secondary side 
Return flow from outlet plenum 
Forced convection flow (leakage) 
Free convection flow (buoyancy) 
Counter flow (hot) 
Counter flow (cold) 
Wall flow due to local temperature differences

Leaking Tubes Flow, (1) 
Counter Flow, (5)

= 10 - 250 Lbs/sec 
= 4 Lbs/sec

TUBE BUNDLE

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7),(8)



Comparison between mixing (left) and non mixing models (right).  

No -ixing results from high leakage (right)

NOTES

,/ "rDoer I

* fixing decreases tube temperature rise rate in comparison to the non mixing case 

NUREG analysis is based on 1/7th scale tests where there was no leakage 

Sensitivity studies which are based on 1/7th scale test data have no physical meaning. If the 

tests were conducted with leakage the flow pattern would have been different 

Varying the number of hot tubes and circulation ratios may be applicable when the counter 

flow is larger than tube leakage.

S 
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RISK ASSESSMENT ISSUE 

A. DESIGN BASIS ACCIDENTS, NRC CLAIM: CONTAINMENT BY 

PASS FREQUENCY: 7x10- 7 /RY 

NUREG-1477 (Draft) 

* Primary/Secondary Leakage Rate: 480- 540 gpm 

* Crack opening: 0.576 - 0.720 in.sq.  

* The crack area does not change once the corrosion products are 
forced out 

* Leakage depends on ECCS pump capacity which can not exceed 
1000gpm 

* Makeup water was added to RWST 

* Operator failure probability to depressurize: 10-3

25



(

ý Operator Response 

DPO Position: 10I4/RY (SO SRV =10-3, Operator Failure= 10-1) 

All NRC assumptions are arbitrary & should not be used to regulate plants.  

Operator Response 

"* RCS pressure must be reduced to RHR operating pressure capabilities.  

"* Reducing SI flow requires stoppage of pumps which were not designed for 

on/off operations 

"* For large leakage's SI stoppage decreases inventory and subcooling 

"* Conflict between SI flow reduction & core cooling requirements 

* Operating experience show that operators had difficulties in handling relatively 

mild event. For example, It took operators almost three hours to isolate the 

steam generator following a tube rupture at Palo Verde. The operator twice 

failed to recognize that a tube rupture had occurred. 28 minutes lapsed before 

recovery procedures begun.  
26



"* Indian Point 2 experience: inability to control steam flow to condenser, slow 
plant cooldown rate & maintain adequate condenser vacuum.  

"* Theoretical predictions : Operator will faill to terminate the accident when the 

leakage is in the range of 3000-6000gpm 

A. SEVERE ACIDENTS, 

NRC CLAIM: Containment By Pass Frequency =1.6 10-5/RY 
(NUREG 1570) 

DPO: 

* W 1/7 can not be used to benchmark RELAP because: 

1. Primary/ Secondary leakage was zero in these tests 

2. Mixing is a 3D phenomena not 1 D as considered by by RELAP 

3. The tests were not instrumented to determine up/down flow splits 

4. Creep rupture must be based on the hottest temperature not average 

bundle tube temperature 27
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* EPRI data show that even a small increase in leakage increases 
tube temperature by 25K which is above the 20K state in the 
NUREG.  

* Combined forced and free not included in RELAP calculations 

* JAERI results show that RELAP results are not conservative 

* Tube to tube temperature variations due to inlet aerosol deposition 
are not included 

* Tube Support Plate was not designed to act like a n O-ring to 
prevent leakage

28
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IODINE SPIKING 

NRC Claims: 
"* Part 100 will be met if licensees base their calculations on concentrations 

which are below the current TS limit (1 uCi/g), and the 500x iodine spike.  

"* The use of 500 is justified on the basis that MSLBs are low frequency events 
even though 500 may not be applicable to MSLBs.  

"* Since there is no data which would relate MSLB depressurization to iodine 

spike the present factor of 500 can be used.  

DPO Claim 
"* The 500 factor is a "consensus" empirical number when used together with 

coolant iodine concentration of 1 uci/mg will bound iodine spike intensities.  

"* Table 2 ( DPO Consideration Document) does not provide any new 
information, it only restates the DPO concern.  

"* Spiking factors in Table 2 do not have to be multiplied by a factor of 10 to 
equate to a dose of 300 rem thyroid. The SRP specified dose and activity level 
account for that. 29
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INDEPENDENT ASSESSMENT 

All actions involving relaxation of TS should be reviewed by 

an independent third party because: 

* Inexperienced NRC engineers have reviewed applications for 
relaxation of the 40%PC 

* NRC management prevents NRC reviewers from conducting a 
meaningful dialogue with plant operators (only one round of 
questions with the applicant is allowed) 

* Lack of adequate management supervision of SERs and RAIs.  

* The DPO process is ineffective 

* Accountability - ACRS requests & NRR response
30
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RELEASE RATE RATIO (R3/RO) VERSUS 
THE INITIAL IODINE CONCENTRATION

co 

"0 

0 
-cf a:

NUCLEAR TECHNOLOGY Vol 94, June 91

0 0.2 0.4 
1I1init (uCi g)

0.6
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* Statistical Mode 

Leakage 

* Other Leakage

Leakage/Voltage Coirrelation

0

0

S 

0 

0 
0 

0 
S 

0 

0

0

Voltage

Predictcions (Trojan):

33-1350 gpm (mean = 145) - NRC-RES, Jan. 15, 1993.

600 gpm- Technical Analysis Corporation, McLean, VA 
Jan.18, 1993

(
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DOSE = (Leakage, Spike, Initial Activity) 

SPIKING 
* Iodine release rate to the RC = 500x steady state release rate (empirical 

data prior to 1975) 
* MSLB Spike = SGTR Spike 

DATA 
o SGTR spikes are caused primarily by power transients 
o MSLB/L spikes are caused by rapid power and pressure changes 
o Spikes vary widely with the equilibrium release rates (Pasadag, 1977, 

Con. 770708) 
o Release rate ratio is not a suitable parameter for empirical spike modeling 

o Maximum iodine release during spiking sequence correlates with the 
equilibrium release rate prior to the spiking sequence 

OBSERVATION - A more appropriate description of MSLB/L spikes 
o The total curies which the plant would have released if it was brought to 

shutdown from full power operation divided by the depressurization 
period during the event
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INDEPENDENT ASSESSMENT 

All actions involving relaxation of TS should be reviewed by 

an independent third party because: 

* Inexperienced NRC engineers have reviewed applications for 
relaxation of the 40%PC 

, NRC management prevents NRC reviewed from conducting a 
meaningful dialogue with plant operators (only one round of 
questions with the applicant is allowed) 

* Lack of adequate management supervision of SERs and RAIs.  

"* The DPO process is ineffective 

"* Accountability - ACRS requests & NRR response
30
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ACRS Perspectives NRR Response 

Use GL-95-05 on an interim basis (9/9) DPO is directly related to rule making.  

More adequate data for empirical Not implemented 

correlation's is required. (9/94) 

Develop more adequate characterization Not implemented 

of degradation for leak assessment 
(9/94) 

NRR should quantify the level of We believe that the calculations are 

conservatism in the radiological data in conservative but no data is available to 

the light of uncertainties in the 500 support our conclusion 

spiking factor. (9/94) 

GSI-163 is directly related to rule making GSI-163 is inactive and unresolved. It is 

and should be resolved prior rule being linked to the resolution of the DPO 

implementation. (11/96) 

DPO is directly related to rule Agreement with NEI is not related to the 

making.(1 1/96) DPO.  
31
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SEPTEMBER 2000 OIG DPV\DPO REPORT 

"* Retaliation is viewed as a consequence of filing a DPV or DPO (30 instances 
identified) 

"* DPV & DPO processes are not viewed as effective 

"* The DPV/DPO processes are not timely DPO Claim 

My Comments: 

"* Does not separate DPVs from DPOs. DPOs are much more serious and the time 

to resolve, consequences and actions resulting from them (such as retaliation) 
are much more significant and are a more wide spread problem.  

9 Does not address the fact the DPOs involve possible prior formal positions to 

the industry, or improper actions, by NRC management which could reflect on 

their professionalism, and which effectively preclude an unbiased decision, 
mandating that DPOs be handled by independent third party panels outside the 
agency to obtain valid and impartial 'determinations.  

"* Does not identify that all regulatory responses to the serious safety-significant 
and risk significant issues raised by DPOs are ignored until a final decision is 

made. This means that plants could operate outside their design bases for 
periods of 18 (or more) years, in conditions contrary to the bases for risk 
analysis, resulting in non-conservative risk determinations. 32
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SUMMARY
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GL 95-05 

* The methodology in GL-95-05 was adopted by NRC in its entirety from 

Westinghouse at the time when, 

"o Westinghouse was involved in major litigations 

"o Serious allegations existed concerning Westinghouse providing 

misleading information to the NRC in connection with GL95-05 

o An unresolved DPO was outstanding 

* GL95-05 was released to the public on the basis that it was an interim 
measure 

* As problems with GL95-05 were encountered NUREG-1570 and other 

plant measures were taken to mask issues.



A LIST OF QUESTIONS FOR NRR 

1. NDE ISSUE- PRIMARYISECONDARY ACCIDENT LEAKAGE CALCULATIONS FROM NDE 

DATA 
I.A. WHY IS IT IMPORTANT 

ACCIDENT LEAKAGE IS PART OF THE LICENSING BASIS OF THE PLANT. RELIABLE 

ACCIDENT PREDICTIONS ARE REQUIRED FOR CFR PART100 DOSE RELEASE 

CALCULATIONS AND FOR RISK ASSESSMENTS.  

1.B. NRR METHODOLOGY FOR CALCULATING LEAKAGE IN GL-95-05 

A DISCUSSION OF THE RATIONALE AND OF THE ASSUMPTIONS FOR CALCULATING 

LEAKAGES IS NOT PRESENTED IN THE DPO CONSIDERATION DOCUMENT. THE STAFF 

MERELY STATES IN NUREG-1477 PAGE 3-21 AND C-2 THAT THE METHOD IS 

CONSERVATIVE. GL 95-05 ONLY DISCUSSES QUALITATIVELY HOW TO CALCULATE 

LEAKAGES; ONE MUST SEARCH SEVERAL DOCUMENTS TO GAIN AN UNDERSTANDING 

OF HOW THESE CALCULATIONS ARE PERFORMED. SEVERAL FACTORS ARE 

EMPLOYED TO PREDICT LEAKAGES DURING THE STEAM LINE BREAK AT THE END OF 

A FUELING CYCLE: N, G, POD, PLEAKAGE, L, , LEXPERIMENTAL

I
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N- NUMBER OF INDICATIONS FOUND AT THE BEGINNING OF THE FUEL CYCLE 

G- GROWTH RATE OF INDICATIONS DURING THE FUEL CYCLE 

POD- PROBABILITY OF DETECTING AN INDICATION 

PLEAKAGE - PROBABILITY OF LEAKAGE 

L -LEAKAGE DURING STEAM LINE BREAK 

LEXPERIMENTAL - LEAKAGE AS MEASURED IN THE LABORATORY FROM PREPARED 
SAMPLES AND PULLED TUBES AND EXTRAPOLATED TO SLB.

2
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1.C- QUESTIONS REGARDING LEAKAGE CALCULATIONS 

1.C.1. GROWTH RATE, G.  

(A) THE GROWTH RATE OF CRACKS PROCEEDS IN TWO STEPS, INITIATION AND 
PROPAGATION, THE PROPAGATION STEP IS RELATIVELY FAST AND DEPENDS ON 
VARYING LOCAL STRESSES. EXPLAIN WHY HISTORICAL DATA CAN BE USED TO 
PREDICT FUTURE CRACK GROWTH RATES? 

(B) WHAT IS THE ACCURACY OF MEASURING CRACK GROWTH RATES BY EDDY 
CURRENT PROBES CONSIDERING THAT THE GEOMETRY OF THE CRACK AND ITS SIZE 
AFFECT THE PHASE ANGLE OF THE EDDY CURRENT SIGNAL? 

(C) PLEASE PROVIDE DATA COMPARING THE HISTORICAL VOLTAGE CHANGES AS A 
MEASURE OF CRACK GROWTH RATES TO ACTUAL CRACK GROWTH RATES 
MEASUREMENTS?

3
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(D) NUREG-1477 PAGE 3-19 ACKNOWLEDGES THE UNCERTAINTIES OF USING 
HISTORICAL DATA TP PREDICT VOLTAGE GROWTH RATES. IN THIS REGARD NUREG
1477 SPECIFIES THAT LICENSEES MUST TAKE ACTIONS TO MITIGATE THE CORROSION 
ENVIRONMENT IN TSP CREVICES TO ENSURE THAT FUTURE GROWTH RATES AND 
CRACK MORPHOLOGY (DEPTH, ORIENTATION, LIGAMENTS, SIZE) FALL WITHIN 
EXPECTED BOUNDS. SINCE 17 PLANTS WERE GRANTED RELIEF FROM THE 40% 
PLUGGING RULE, WHAT CRITERIA WERE USED BY NRR IN ACCEPTING RESPONSES TO 
THIS REQUIREMENT.  

(E) THE VOLTAGE GROWTH FROM CYCLE TO CYCLE MAY HAVE SOME RELATION TO 
THE PROBABILITY OF LEAKAGE BECAUSE IT INDICATES AN INCREASE IN VOID 
CONTENT OF THE TUBE. CRACK MORPHOLOGY, HOWEVER, IS MORE SIGNIFICANT IN 
AFFECTING LEAKAGE. WHAT ARE THE UNCERTAINTIES IN CFR PART100 
CALCULATIONS DUE TO THE FACT THAT MORPHOLOGY CHANGES ARE NOT 
MEASURED NOR CAN THEY BE INTERPRETED FROM VOLTAGE MEASUREMENTS? 

(F) SINCE NUREG-1477 CLAIMS THAT THE PROBABILITY OF NOT DETECTING A CRACK 
IS 0.4; WHAT IS THE JUSTIFICATION FOR APPLYING VOLTAGE GROWTH RATES TO 
UNDETECTED CRACKS BASED ON HISTORICAL DATA OF DETECTED CRACK GROWTH 
RATES? THE IP2 EXPERIENCE INDICATES THAT UNDETECTED CRACKS WILL GROW 
INDEPENDENTLY OF THEIR HISTORICAL GROWTH RATES.

4



1.C.2 - PROBABILITY OF DETECTION, POD.  

(A) THE POD DEPENDS ON VARIABLES SUCH AS HUMAN FACTORS, TUBE 

GEOMETRY, TUBE DEPOSITS, CURRENT FREQUENCY, CRACK SIZE AND 

MORPHOLOGY. DESCRIBE HOW THESE PARAMETERS WERE USED IN DETERMINING 

THAT THE POD = 0.6. HOW IS THIS POD COMPARES WITH ACTUAL PLANT 

EXPERIENCE, E.G IP2, KEWAUNEE 1 2000 INSPECTION ? 

(B) A GIVEN PLANT MAY OPERATE WITH 1000 CRACKS EXCEEDING THE 40% LIMIT 

(FARLEY 1997); WITH LEAK RATES RANGING BETWEEN .01 TO 8 GPM (PNL 4008. PG. 25) 

THIS WOULD REPRESENT A POTENTIAL LEAK RATE OF 6 TO 6000 GPM FROM 

UNDETECTED CRACKS ONLY. SINCE A LEAKAGE OF ONLY 6GPM, AT TS IODINE 

CONCENTRATIONS, WOULD TYPICALLY EXCEED CFR PART100 REQUIREMENTS, HOW 

CAN ONE CLAIM THAT THE METHODOLOGY IN GL-95-05 IS IN AGREEMENT WITH 

EXISTING LAWS? 

(C) DESCRIBE THE FIELD TESTS WHICH WERE CONDUCTED (EXCLUDING LABORATORY 

TESTS) TO VALIDATE THAT THE POD EQUALS 0.6 ?

5
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(D) PAGE 5 OF THE DPO CONSIDERATION DOCUMENT STATES THAT SIGNIFICANT 

IMPROVEMENTS HAVE BEEN MADE IN THE SENSITIVITY OF EDDY CURRENT 

INSPECTION. THE RECENT TUBE RUPTURE AT IP2 CLEARLY DEMONSTRATES THAT 

EDDY CURRENT INSPECTION IS NOT A RELIABLE TOOL TO DETECT DEFECTS IN 

OPERATING PLANTS. THE IP2 EXPERIENCE HAS ALSO DEMONSTRATED (THADANI TO 

COLLINS MEMO, MARCH 20, 2000) THAT NRR EVALUATION OF LICENSEES NDE DATA 

IS INADEQUATE. WHY NOT REDUCE THE POD TO BELOW 0.6 ? 

1.C.3. PROBABILITY OF LEAKAGE, PLEAKAGE 

(A) WHY IS THE LOG-LOGISTIC DISTRIBUTION CONSERVATIVE, ( NUREG-1477 PAGE 3

23)? 

(B) THE PROBABILITY OF LEAKAGE DEPENDS ON THE SIZE AND MORPHOLOGY OF 

CRACKS, EPRI NP-7480 L-V1-R2. SINCE THE VOLTAGE IS NOT RELATED TO THESE 

TWO QUANTITIES HOW IS IT POSSIBLE THAT PLEAKGE CORRELATES STRONGLY WITH 

THE VOLTAGE AS STATED IN NUREG 1499-P 3-23)

6
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1.C.4- EXPERIMENTAL SLB LEAKAGE, LEXPERIMENTAL 

(A) NUREG-1477 PROVIDES NO GUIDANCE OF HOW TO CORRECT LABORATORY DATA 
WHEN THE DATA WAS OBTAINED IN AN ENVIRONMENT WHICH IS DIFFERENT THAN THE 

MSLB ENVIRONMENT. THE DATA BASE ON LEAKAGE VS. VOLTAGE INCLUDES MANY 
TESTS WHICH WERE CONDUCTED AT ROOM TEMPERATURE OR UNDER CONDITIONS 
OF REDUCED DELTA P ACROSS THE CRACK. WHAT ARE THE UNCERTAINTIES IN 
SCALING THE DATA TO SLB CONDITIONS? 

(B) WHICH TERM IN THE LEAKAGE EQUATION, P-3-21, ACCOUNTS FOR DIFFERENCES IN 
SIGNAL TO NOISE RATIOS BETWEEN EDDY CURRENT MEASUREMENTS IN THE 
LABORATORY AND EDDY CURRENT MEASUREMENTS IN SITU WHERE SIGNALS FROM 
METALLIC PLATING ON THE OD OF THE TUBE AND MAGNETIC OXIDE ON THE ID OF THE 
TUBE AND TUBE DENTING ARE KNOWN TO AFFECT THE SIGNAL TO NOISE RATIO? 

(C) (EPRI-NP-7480 L-V1) INDICATES THAT AN INDUSTRY COMPUTER CODE IS USED TO 
JUSTIFY THE USE OF CERTAIN " ADJUSTING FACTORS" TO SCALE LABORATORY 
DATA TO THE SLB EVENT. SINCE BOTH THE VOLTAGE VS. FLOW CORRELATION AND 
THE COMPUTER CODE RESULTS DO NOT ACCOUNT FOR DIFFERENT MORPHOLOGIES 
WHAT IS THE SIGNIFICANCE OF COMPARING COMPUTER CODE RESULTS WITH THE 
FLOW VS. VOLTAGE CORRELATION?

7



(D) SHOW A COMPARISON OF MASS FLOW PREDICTIONS BY THE COMPUTER CODE 
AND EXPERIMENTAL DATA. WHAT CRITERIA ARE USED BY THE CODE TO DETERMINE 
NON EQUILIBRIUM FLOW THROUGH THE CRACK? 

(E) THE EQUATIONS DESCRIBING FLOW THROUGH CRACKS ARE USUALLY APPLIED TO 
CONSTANT AREA AND WELL DEFINED GEOMETRIES. SINCE LABORATORY SPECIMEN 
MAY INCLUDE UN CORRODED LIGAMENTS IN THE FACE OF THE CRACK, THEREBY 
INTRODUCING AN UNDEFINED GEOMETRY AND UNKNOWN FRICTION. IF THE CRACKS 
DURING THE MSLB ACCIDENT ARE "OLDER" THAN THOSE CRACKS WHICH WERE 
TESTED THAN THE FLOW DURING THE MSLB WILL BE SIGNIFICANTLY HIGHER 
BECAUSE OF LESS RESTRICTIONS TO FLOW. WHAT ADJUSTMENTS ARE APPLIED TO 
THE EXPERIMENTAL DATA TO ACCOUNT FOR DIFFERENCES IN LIGAMENTS? 

(F) THE DATABASE FOR LEAK CORRELATIONS INCLUDES SAMPLES WITH CRACKS 
WHICH WERE PLUGGED WITH CORROSION PRODUCT DEPOSITS. HOW LEAK 
MEASUREMENTS THROUGH PLUGGED CRACKED TUBES ARE SCALED TO SLB 
CONDITIONS? WHAT PERCENTAGE OF THE DATA BASE WAS OBTAINED WITH 
PLUGGED CRACKS? HOW WAS PLUGGING MEASURED?

8
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(G) THE MECHANICAL ENERGY STORED IN THE COOLANT PER TUBE IS ABOUT 10000 
KJOULES WHICH IS MORE THAN SUFFICIENT TO RUPTURE A TUBE IN TENSION ( 
300KJOULES). IF ONLY A SMALL FRACTION, SAY 10%, OF THE ULTIMATE STRESS OF 
INCONEL 600 IS APPLIED TO A TUBE DURING THE STEAM LINE BREAK EVENT THAT 
FORCE COULD CHANGE THE TUBE MORPHOLOGY BY OPENING CIRCUMFERENTIAL 
CRACKS DURING BLOW DOWN. SINCE THE TEST SPECIMEN DESCRIBED IN EPRI 
DOCUMENTS ARE NOT SUBJECTED TO DYNAMIC AXIAL AND BENDING LOADS WHAT 
ARE THE UNCERTAINTIES IN THE PREDICTED SLB LEAKAGE WHEN AXIAL LOADS AND 
BENDING MOMENTS DURING THE INITIAL BLOW DOWN PERIOD ARE NEGLECTED? 

2. MSLB LEAKAGE ISSUE 

2.A. WHY IS IT IMPORTANT 

THE MAGNITUDE OF THE PRIMARY/SECONDARY LEAKAGE HAS A DIRECT IMPACT ON 
THE CORE MELT FREQUENCY AND CFR PART 100.  

2.B. NRR METHODOLOGY FOR CALCULATING LEAKAGE IN NUREG -1477 

NRR ASSUMES, PAGE 4-26, THAT THE PRIMARY TO SECONDARY LEAKAGE DEPENDS 
ONLY ON THE DELTA P ACROSS THE CRACK, AND ONCE THE CORROSION PRODUCTS

9



ARE FORCED OUT, THE CRACK OPENING WILL NOT CHANGE. AN ARBITRARY LEAK 

AREA WAS SELECTED FOR THE ANALYSIS. WHEN THE FLOW THROUGH THE LEAK 

AREA REACHES THE ECCS PUMP CAPACITY THE PRIMARY PRESSURE IS ASSUMED TO 

STABILIZE AND THE LEAK RATE WILL NOT INCREASE BEYOND THIS POINT.  

(A) WHY DOES THE PRIMARY /SECONDARY LEAKAGE DEPENDS ON DELTA P ACROSS 

THE TUBE ONLY? WHAT ANALYSIS WAS DONE TO EXCLUDE OTHER PARAMETERS 

WHICH COULD DAMAGE TUBES DURING THE EVENT? 

(B) NUREG 1570 PAGE 4-12- SHOWS THAT TUBES ADJACENT TO A LEAKING TUBES 

WILL FAIL ALMOST INSTANTLY BY JET EROSION DURING SEVERE ACCIDENTS. WHAT 

IS THE REASON THAT THE SAME JET EROSION RATES ARE NOT CONSIDERED FOR 

MSLB ACCIDENTS? WAS THERE ANY ANALYSIS DONE TO DETERMINE POTENTIAL 

DAMAGE FROM SUPERHEATED JETS AT VELOCITIES RANGING BETWEEN 300FT/SEC 

TO 400FTISEC.  

(C) TESTS AT PNL (NUREG I CR -2336 PAGE 33) INDICATE THAT UNCONTROLLED 

FACTORS SUCH AS CRACK PLUGGING AND CRACK ROUGHNESS WILL MORE LIKELY 

GOVERN THE FLOW THROUGH CRACKS THAN PRESSURE, CAUSING THE 

PRIMARY/SECONDARY LEAKAGE TO VARY IN AN UNPREDICTED MANNER DURING THE 

EVENT. ARE PLANT OPERATORS TRAINED TO DEPRESSURIZE THE PRIMARY SIDE 

WHEN THE LEAKAGE VARIES?

10
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(D) NRR INDICATED THAT THE POSSIBILITY OF SUPPORT PLATE MOVEMENT DURING 
THE MSLB EVENT CAN NOT BE RULED OUT. WHAT ANALYSIS WAS PERFORMED TO 
SHOW THAT THE MOVEMENT OF THE PLATES WILL NOT DAMAGE TUBES DURING THE 
INITIAL BLOW DOWN PERIOD OF THE MSLB EVENT.  

(E) NUREG 1477, P. 4-22 SHOWS THAT THE RISK STUDIES WERE LIMITED TO 
RELATIVELY LOW PRIMARY/SECONDARY LEAKAGE RATES, 480 & 540 GPM. WHAT IS 
THE JUSTIFICATION FOR SELECTING THESE FLOW RATES IN THE LIGHT OF THE 
UNCERTAINTIES IN NDE (ISSUE I ABOVE) AND THE 1000 GPM CALCULATED IN 
REFERENCE 10 OF THE NUREG.  

(F) NEREG 4-21 STATES THAT ABOVE 1000GPM THE PRESSURE DIFFERENTIAL 
ACROSS THE TUBE WILL DECREASE. HOW DOES THE 1000 GPM PREVENTS FURTHER 
INCREASE IN LEAKAGE IN THE LIGHT OF ITEMS B AND C ABOVE.

I1
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3.RISK INCREASE ISSUE 

3.A. WHY IS IT IMPORTANT 

REGULATORY GUIDE 1.174 SPECIFIES THE ACCEPTED RISK FOR LARGE EARLY 

RELEASE, LERF , (ALSO REFERRED TO AS CONTAINMENT BYPASS RELEASE 

FREQUENCY , CRBF), SHOULD NOT EXCEED10 51RY 

3.B DESIGN BASES ACCIDENTS 

(A) NUREG-1477, PAGES 4-35 AND 4-36 ASSUMES THAT THE PROBABILITY THAT THE 

OPERATOR WILL FAIL TO DEPRESSURIZE AND COOL DOWN THE PRIMARY SYSTEM IS 

ONLY 103 WHEN THE LEAKAGE IS 500GPM DURING THE MSLB ACCIDENT. NUREG 

0844 ASSUMES THAT THE PROBABILITY OF OPERATOR FAILURE IS 0.5 WHEN THE 

FLOW EXCEEDS 5000GPM. WHAT FACTORS COME INTO PLAY IN DETERMINING 

OPERATOR ERROR (INCLUDING EQUIPMENT FAILURE) AS A FUNCTION OF LEAKAGE?

12



(B) THE DPO CONSIDERATION DOCUMENT STATES, PAGE 9, THAT THE 

THERMALIHYDRAULIC ANALYSIS INCLUDED FLOW RATES UP TO 10O0GPM UNDER 

MSLB CONDITIONS. TABLE 4.2.3.1-1 INDICATES FLOW RATES UP TO 540 GPM ONLY.  

THE DOCUMENT ALSO STATES THAT "THE ANALYSIS CONCLUDED THAT, PROVIDED 

THAT SEVERAL KEY OPERATOR ACTIONS ARE TAKEN, THE RWST WILL NOT BE 

DEPLETED". DESCRIBE THOSE KEY ACTIONS, WHAT IS THE PROBABILITY OF FAILURE 

FOR EACH STEP? 

(C) NEREG 1477 PAGE 4-23 INDICATES THAT MAKEUP WATER WAS ADDED TO THE 

RWST. ARE THERE ESTABLISHED PROCEDURES AND QUALIFIED SOURCES FOR 

MAKEUP WATER INTO THE RWST DURING THE EVENT? 

(D) DO CURRENT EOPS SPECIFICALLY ADDRESS MSLBS EVENTS WITH A 

PRIMARY/SECONDARY LEAKAGES OVER 600 GPM ? 

(E) THE DPO CONSIDERATION DOCUMENT STATES, PAGE 9, THAT THE NDE REPAIR 

CRITERIA ARE DIRECTED AT MAINTAINING INDUCED LEAKAGE AT SIGNIFICANTLY LOW 

VALUES. DESCRIBE HOW THESE REPAIR CRITERIA WILL ELIMINATE THE LEAKAGE 

FROM JET EROSION AND AXIAL FORCES CRACK OPENING DURING THE BLOW DOWN 

EVENT (ISSUE 2, BC &D)

13
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(F) THE DPO CONSIDERATION DOCUMENT STATES, PAGE 9, THAT" NONE OF THE 
ACTUAL DEPRESSURIZATION EVENTS HAVE DEMONSTRATED SIGNIFICANT INCREASE 
IN LEAKAGE". WHAT IS THE RELEVANCE OF THIS OBSERVATION TO THE STEAM LINE 
EVENT? NONE OF THE DEPRESSURIZATION EVENTS OCCURRED UNDER MSLB 
CONDITIONS WITH HUNDREDS OF TUBES CONTAINING THROUGH THE WALL CRACKS.  

3C-SEVERE ACCIDENTS ( FOR ADDITIONAL QUESTIONS IN THIS REGARD REFER TO 
ISSUE 5) 

(A) ON PAGE 4-38 NUREG-1477 DISCUSES SEVERE ACCIDENTS BUT PROVIDES NO 
SUPPORTING ANALYSIS, IT SIMPLY STATES THAT THE PRIMARY /SECONDARY 
LEAKAGE WILL BE LOW AND THEREFORE ALL SAFETY CRITERIA WILL BE MET. AFTER 
GL-95-05 WAS RELEASED, NRR FOUND THAT THERE IS A POTENTIAL FOR LEAKAGE 
INCREASE DUE TO JET EROSION ( NUREG -1570 P 4-12) AND THAT CRACKS WOULD 
REDUCE THE CREEP RUPTURE PROPERTIES OF STEAM GENERATOR TUBES, NUREG
1570, FIGS 4-17 AND 4-18. WILL LICENSEES BE REQUIRED TO USE NUREG 1570 WHEN 
REQUESTING RELIEF UNDER THE PENDING AGREEMENT WITH NEI?

14
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(B) THE DPO CONSIDERATION DOCUMENT STATES THAT LARGE RADIOACTIVITY 
RELEASE DUE TO CONTAINMENT BYPASS (CBRF) DURING SEVERE ACCIDENTS WILL 
NOT EXCEED 3.9 X 10-61RY WHAT IS THE SENSITIVITY OF THIS FREQUENCY TO THE 

UNCERTAINTIES IN FLOW MIXING AND JET EROSION? 

(C) NUREG -1570, PAGE 3-12, INDICATES THAT THE CALCULATIONS OF THE FLOW 

MIXING IN THE SG PLENUM USING THE W 117 SCALE DATA REPRESENT A MAJOR 
UNCERTAINTY. GIVEN THAT THERE ARE UNCERTAINTIES IN SCALING THE W117 DATA 
TO THE FULL SIZE STEAM GENERATOR, HOW WERE THE SENSITIVITY PARAMETERS 
SELECTED? 

(D) THE W 1/7 TESTS INDICATE TEMPERATURE GRADIENTS IN THE FLUID. HOW CAN A 
ONE DIMENSIONAL CODE LIKE SCDAPIRELAP BE BENCHMARK AGAINST A TEST 
WHICH STRONGLY SUGGESTS THAT 3 D AFFECTS PLAY PART IN THE MIXING 
PROCESS? 

(E) IN BENCHMARKING THE CODE, IT WAS A ASSUMED THAT THERE WAS A 50/50 SPLIT 

BETWEEN THE DOWN FLOW AND THE UP FLOW. WHAT IS SENSITIVITY OF THE MIXING 
EFFICIENCY IN THE LOWER PLENUM TO THE HOT/COLD FLOW SPLIT?

15
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(F) THE W 117 TESTS WERE CONDUCTED WITHOUT PRIMARYISECONDARY LEAKAGE, 

HOWEVER, LEAKAGE MAY REPRESENT A SIGNIFICANT FRACTION OF THE TOTAL 

FLOW IN THE BUNDLE. WHY IS BENCH MARKING SCDAPIRELAP AGAINST THE W 117 

TESTS RELEVANT TO THE SEVERE ACCIDENT RISK STUDIES WHERE THE ENTIRE 

ISSUE CONCERNS PRIMARYISECONDARY LEAKAGES? 

(G) TO DETERMINE TUBE FAILURE BY CREEP RUPTURE ONE MUST BASE THE 

CALCULATIONS ON THE HOTTEST TUBE IN THE BUNDLE. SINCE SCDAPIRELAP CAN 

NOT CALCULATE THE TEMPERATURE THROUGHOUT THE BUNDLE, WHAT 

ALLOWANCE WAS MADE IN CALCULATING TUBE FAILURE FOR TUBE TO TUBE 
TEMPERATURE VARIATION? 

(H) BASED ON THE THERMAL-HYDRAULICS SENSITIVITY STUDIES, NUREG-1570 PAGE 

3-17, THE STAFF CONCLUDED THAT THE SG TUBE TEMPERATURE UNCERTAINTY AT 

THE TIME OF THE SURGE LINE FAILURE WILL NOT EXCEED 20K. EPRI- AN9602010207 

STUDY ON THE OTHER HAND SHOWS THAT INCREASING TUBE LEAKAGE FROM OGPM 
TO 200GPM WOULD INCREASE THE MAXIMUM TUBE TEMPERATURE BY 25(K). WHAT IS 

THE SIGNIFICANCE OF THE NUREG-1570 SENSITIVITY STUDIES IN THE LIGHT OF THE 

EPRI RESULTS SHOWING THAT EVEN RELATIVELY A LOW LEAKAGE HAS A MARKED 

AFFECT ON THE MAXIMUM TUBE TEMPERATURE?

16
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(I) THE DPO CONSIDERATION DOCUMENT AGREES THAT THE PRIMARYISECONDARY 
LEAKAGE MAY REPRESENT A SIGNIFICANT FRACTION OF THE NATURAL CIRCULATION 

FLOW THROUGH THE BUNDLE. CONSEQUENTLY ONE MAY EXPECT THAT FLOW IN THE 

HOT LEG PIPING WILL BE SUBJECTED TO COMBINED FREE AND FORCE CONVECTION 

FORCES. WAS SCDAPIRELAP BENCHMARKED WITH THIS TYPE OF FLOW? BOTH THE 

RESIDENCE TIME AND THE HEAT TRANSFER COEFFICIENTS MAY AFFECT THE TIME AT 

WHICH THE SURGE LINE FAILS. WHAT SENSITIVITY STUDIES WERE DONE TO 

DETERMINE THE EFFECT OF MIXED FORCED AND NATURAL CIRCULATION IN THE MAIN 

PIPING?

17
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4. IODINE SPIKING ISSUE 

4.A. WHY IS IT IMPORTANT- THE IODINE SPIKE IS USED TO MULTIPLY THE STEADY 

STATE IODINE COOLANT CONCENTRATION IN ORDER TO CALCULATE DOSE RELEASE 

LIMITS AS SPECIFIED IN CFR PART 100.  

(A) THE DPO SHOWS THAT THE IODINE SPIKE DEPENDS ON COOLANT PURITY AND 

COULD BE AS HIGH AS 10000 AT LOW RC IODINE ACTIVITIES. PROVIDE DATA TO 

JUSTIFY THE GL-95-05 PRACTICE OF USING 500 FOR THE IODINE SPIKE AT IODINE 

ACTIVITIES OF LESS THAN I UCIIGM ? 

(B)THE DPO CONSIDERATION DOCUMENT STATES THAT BECAUSE THE MSLB EVENT IS 

OF LOW PROBABILITY THE STAFF CONCLUDED THAT IT IS SUFFICIENT TO USE THE 

PRESENT DATA (IODINE SPIKE OF 500) EVEN THOUGH IT MAY NOT APPLY TO MSLB 

EVENTS. PART 100 DOES NOT LINK THE FREQUENCY OF MSLB EVENTS TO 

ALLOWABLE DOSE RELEASES. IS THIS A NEW LEGAL INTERPRETATION OF PART 100?

18



( ( K

(C) THE SGTR EVENT AND THE MSLB EVENT DO NOT PROVIDE THE SAME DRIVING 
FORCE FOR LEACHING IODINE FROM THE FUEL. SINCE THESE TWO EVENTS PRESENT 
DIFFERENT DRIVING FORCE FOR IODINE RELEASE, WHY IS THE PRESUMED 
CONSERVATISM IN SGTR IODINE SPIKE CANCELS OUT THE POTENTIAL INCREASE IN 
THE IODINE SPIKE DURING THE MSLB EVENT? (IODINE SPIKE DEPENDS ON CHANGES 
IN PRESSURE DURING THE TRANSIENT, THE PRESSURE HISTORIES DURING THE MSLB 
EVENT IS NOT THE SAME AS DURING THE SGTR EVENT, THESE EVENTS ARE 
DIFFERENT AND ARE NOT RELATED TO EACH OTHER).  

(D) IN EVALUATING THE RESULTS OF ADAMS, THE RESOLUTION OF GI 67.5.1
REASSESSMENT OF SGTR RADIOLOGICAL CONSEQUENCES" CONCLUDED THAT THE 
500X SPIKE MAY BE CONSERVATIVE ONLY WHEN APPLIED IN CONJUNCTION WITH THE 
TS LIMIT OF IODINE ACTIVITY OF IUCIIG. SINCE THE LICENSEES ARE ALLOWED TO 
BASE THEIR CALCULATIONS ON LOWER CONCENTRATIONS THAT THE ABOVE TS, 
WHAT IS THE RELEVANCE OF THE STATEMENT (PAGE 16) THAT THE PRESENT SGTR 
SPIKE IS CONSERVATIVE?

19
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(E) PLANT DATA CLEARLY SHOWS THAT MSLB TRANSIENTS CAN BE EXPECTED TO 
EXHIBIT IODINE SPIKES DURING THE EVENT. HOWEVER, SINCE THERE IS NO DATA TO 
DEFINE THE RELATION BETWEEN IODINE SPIKE AND PRESSURE FLUCTUATIONS 
DURING THE MSLB EVENT ONE MUST CONDUCT TESTS OR AT LEAST PERFORM A 
CREDIBLE ANALYSIS. THE ACRS ( DR. D. POWERS ) OUTLINED A METHOD OF 
ANALYZING THIS PROBLEM. WHAT STUDIES WERE CONDUCTED TO DETERMINE THE 
DIFFERENCES IN IODINE SPIKING BETWEEN NORMAL SCRAMS AND MSLB INITIATED 
SCRAMS TAKING INTO ACCOUNT THAT DURING DEPRESSURIZATION CYCLES THE GAS 
IN THE FUEL ROD WILL EXPAND AND FORCE ADDITIONAL WATER OUT OF THE CLAD 
DEFECT.  

(F) IN THE DPO CONSIDERATION DOCUMENT, TABLE 2, THE PRIMARY TO SECONDARY 
LEAK RATE IS LIMITED TO 100 GPM. GIVEN THE UNCERTAINTIES IN ISSUE 1, WHAT ARE 
THE REASONS THAT THE LEAK RATE IN THIS PARAMETRIC STUDY WAS LIMITED TO 
I OOGPM? 

(G) TABLE 2 SHOWS THAT FOR CERATIN LEAKS/SPIKE COMBINATIONS PART 100 WILL 
BE MET AND FOR OTHERS IT WILL NOT BE MET. WHAT IS THE PRACTICAL USE OF 
TABLE 2.? WHY SHOULD THE SPIKE FACTORS BE MULTIPLIED BY 10, THE SRP 30 REM 
THYROID IS GOVERNING AND THE 300 REM THYROID.

20
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5. SEVERE ACCIDENT ISSUE 

5.A. WHY IS IT IMPORTANT- THE NRC REQUIRES, UNDER RISK INFORMED 
REGULATIONS, THAT SEVERE ACCIDENTS BE INCLUDED IN THE ANALYSIS WHEN 
RELIEF IS SOUGHT FROM EXISTING TECHNICAL SPECIFICATIONS.  

(A) ON PAGE 18 OF THE RESPONSE TO THE DPO DOCUMENT NRR STATES THAT JET 
EROSION FROM 118 LONG CRACK WILL BE SEVERE BUT FOR SHORTER CRACKS 
EROSION HAS NOT BEEN ASSESSED BUT BASED ON STAFF JUDGEMENT THE STAFF 
ASSUMED THAT SHORT CRACKS WILL NOT CAUSE DAMAGE TO ADJACENT TUBES.  
WHAT ASSUMPTIONS WERE MADE IN REACHING THE ABOVE CONCLUSIONS? 

(B) ON PAGE 21 OF THE RESPONSE TO THE DPO DOCUMENT, NRR STATES THAT A 
SMALL CRACK ( .0025 IN. SQ. WILL NOT IMPACT INLET PLENUM MIXING BECAUSE IT 
REPRESENTS ONLY A VERY SMALL FRACTION OF THE BUNDLE FLOW., (0.5%). IS THE 
IMPLICATION THAT ONLY ONE CRACK WILL BE ACTIVE DURING THE ACCIDENT? 
TYPICAL NDE DATA INDICATE THAT HUNDREDS OF SMALL CRACKS WILL REMAIN IN 
SERVICE, WHY NOT MULTIPLY BY A 100. WITH 50 % FLOW BYPASSING PLENUM 
MIXING WILL DEFINITELY BE AFFECTED.

21
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(C) NRR CLAIMS THAT LARGE CRACKS (>118") ARE TREATED AS EQUIVALENT TO TUBE 

RUPTURE AND THEREFORE SUCH CRACKS ARE NOT CONSIDERED IN THE ANALYSIS.  

SINCE GL-95-05 ALLOWS OPERATIONS WITH THROUGH THE WALL CRACKS THAT ARE 

LARGER THAN 1/8" IT IS NOT CLEAR WHAT IS THE SIGNIFICANCE OF THE ABOVE 

CLAIM.  

(D) NUREG 1570, P 4-56, PRESENTS EXPERIMENTAL DATA ON THE EFFECT OF CRACK 

LENGTH AND DEPTH ON THE FAILURE TEMPERATURE OF TUBES DURING SEVERE 

ACCIDENTS. SINCE CRACK LENGTHS AND DEPTHS ARE NOT MEASURABLE 

QUANTITIES DURING REFUELING INTERVALS WHAT IS THE RELEVANCE OF THESE 

RESULTS IN PREDICTING RISK? (VOLTAGE MEASUREMENTS DO NOT EXCLUDE THE 

PROBABILITY THAT CRACKS WHICH EXCEED 55% THROUGH WALL WILL REMAIN IN 

SERVICE).  

(E) ON PAGE 21 OF THE RESPONSE TO THE DPO DOCUMENT NRR CLAIMS THAT THE 

JAERI RESULTS ARE UN REALISTIC BECAUSE THEY DID NOT CONSIDER THE FLOW 

MIXING IN THE LOWER PLENUM THE DPO , EPRI AND JAERI STUDIES ARE BASED ON 

THE OBSERVATION THAT THE FLOW IN THE TUBE BUNDLE IS VERY COMPLEX AND IT 

IS NOT POSSIBLE TO SHOW WITH THE EXISTING DATA THAT PERFECT MIXING EXISTS 

IN THE PLENUM. WHAT DATA OTHER THAN THE W 117 DATA DOES NRR HAVE TO 

SUPPORT THE PERFECT MIXING MODEL?

22
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(F) THE STAFF IS PLANNING TO USE THE SCDAP/RELAP AND THE VICTORIA CODES TO 

CALCULATE THE CONCENTRATIONS OF EROSION JETS FROM CRACKED TUBES.  

IDENTIFY THE DATA WHICH WILL BE USED TO BENCHMARK THESE CODES TO 

DETERMINE AEROSOL TRANSPORT IN THE STEAM GENERATOR PLENUM AND THE 

TUBE BUNDLE DURING SEVERE ACCIDENTS? 

(G) DESCRIBE HOW SCDAPIRELAP WAS USED TO CALCULATE THE CONTRIBUTION OF 

HEAT GENERATION FROM AEROSOLS TO THE MAXIMUM TUBE TEMPERATURE, NUREG 

1570, PAGE 3-17.  

(H) THE RESEARCH PLANS (SEPTEMBER 7, 2000, A. THADANI TO S. COLLINS) STATES 

THAT EROSION TESTS WILL BE CONDUCTED WITH PARTICLE LOADING AND SIZE 

DISTRIBUTION AS PROVIDED BY NRR. JUSTIFY THE USE OF SUCH DATA IN THE LIGHT 

OF THE FACT THAT WE DO NOT HAVE ANY INFORMATION ON PARTICLE 

AGGLOMERATIONS IN THE INLET TO THE SG PLENUM. PROVIDE SPECIFIC 
CALCULATIONS.

23
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6. MISCELLANEOUS QUESTIONS 

(A) AFTER THREE YEARS OF EXTENSIVE EFFORTS, NRR DECIDED THAT COST 
BENEFITS CONSIDERATION COULD NOT JUSTIFY TO PROCEED WITH RULEMAKING.  
BEFORE ONE EXPANDS LARGE SUMS OF MONEY ONE USUALLY CONDUCTS SOME 
ROUGH PRELIMINARY COST BENEFITS STUDIES TO DETERMINE WETHER FURTHER 
INVESTMENT IS JUSTIFIED. IDENTIFY THE SPECIFIC NEW RESULTS THAT WERE 
OBTAINED DURING THE 1993-1996 PERIOD THAT KILLED THIS EXPENSIVE 
RULEMAKING EFFORT.  

(B) NUREG-1477 AND NUREG-1570 AS WELL AS STAFF APPROVALS OF ALTERNATE 
REPAIR CRITERIA USE "STAFF JUDGEMENT" AS A SOLE JUSTIFICATION FOR MAKING 
SWEEPING ASSUMPTIONS AND STATEMENTS. DESCRIBE THE TECHNICAL 
QUALIFICATIONS INCLUDING A LIST OF TECHNICAL PUBLICATIONS OF THE STAFF 
MAKING SUCH JUDGEMENTS.  

(C) SINCE THE POSSIBILITY OF SUPPORT PLATE MOVEMENT DURING THE MSLB 
EVENT CAN NOT BE EXCLUDED, WHY SHOULD TUBE CRACKS IN THIS AREA BE 
TREATED DIFFERENTLY THAN OTHER AREAS SUCH AS THOSE IN THE SLUDGE PILE? 

(D). WHY IS NUREG-1477 STILL IN DRAFT FORM?

24
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RECCOMENDATIONS 

0 RESCIND GL 95-05 

0 All plants that do not meet the 40% plugging 
criteria should be shut down and all tubes 
plugged accordingly

59
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REACTOR GSIs RESOLVED BY 3CAL YEAR: F Y-1983 TO FY-2000

ISSUE 
NUMBER

_______________________________ I

TITLE RESOLUTION PRODUCT

DATE DATE TIME TO
DATE APPROVED 
FOR 
RESOLUTION

DATE 
RESOLVEDPRIORITY

TIME TO RESOLVE 
AFTER 

PRIORITIZATION 
(YEARS)

Reactor Vessel Materials Toughness

A-16 Steam Effects on BWR Core Spray Distribution 

A-39 Determination of Safety Relief Valve (SRV) Pool Dynamic Loads and 

Temperature Limits for BWR Containment

USI 

NR

USI

GL 82-26 

MPA D-12

SRP Revision

01/79 

NRR-OP FY83

10/82 3.83
10/82 

03/29183
I I I 01/79 10/82

B-53 Load Break Switch NR SRP Revision NRR 

II.E.5.1 (B&W) Design Evaluation NR No Req. NRR 

IV.C.1 Extend Lessons Learned from TMI toOther NRC Programs NR No Req. NRR 

FY-1984 

12 BWR Jet Pump Integrity Medium No Req. NRR 

20 Effects of Electromagnetic Pulse on Nuclear Plant Systems NR NUREG/CR-3069 NRF 

40 Safety Concerns Associated with Breaks in the BWR Scram System NR MPA B-65 07/1 

45 Inoperabllity of Instruments Due to Extreme Cold Weather NR SRP Revision 09/0 

50 Reactor Vessel Level Instumentation in BWRs NR MPA F-26 07/2 

69 Make-Up Nozzle Cracking in B&W Plants NR MPA B-43 12/0 

A-1 Water Hammer USI SRP Revision 01/7 
us' SRPRevisio i,.

A-12 

B-10 

B-26 

B-60 

I.A.1,4

-. -� - -- ......j .,...a... � D.,..,n Qaunnnr*Q

Behavior of BWR Mark III Containments 

Structural Integrity of Containment Penetrations

High
SteP Revision Na-O l-S t~I PuSuort

i t T

I I NR OL
Loose Parts Monitoring Systems (LPMS) 

Long-Term Upgrading of Operating Personnel
NR

-yr r T I

-OPFY3 0/2/8

-OP FY83 

•-OP FY83 

t-OP FY83 

8/83 

8/83 

8/83 

6/83 

'9 

F9

NRR-OP FY83 
NRR-OP FY83 
NRR-OP FY83

04/15/83 

09/25/84 

11/15183 

12/27/83 

03/23/84 

09/06/84 

09/27/84 

03/15/84 

10/83

09/27/84 

09/27/84 

09/25/84

New Rule NRR-OP FY83 01/01/84

September 27, 2000
Ronald C. Emrit 1
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FY-1983

A-11
0.50

0.80

0.580.58 

0 

2.00 

1.17 

0.42 

0.58 

1.17 

0.83 

5.25 

4.83 

2.00 

2.00 

2.00 

1.25

U!I01 /83

0.50
03121/8

0111SRP RevisionUSI

SRP RevisionHigh

Medium No Req.

GL
NR

NR_

A-1 I

1nF o] i I'g N•I 
.

-013 FY83

.4 0
0

3.8301/79 10/82

-OP" FY83
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REACTOR GSIs RESOLVED BY FISCAL YEAR: FY-1983 TO FY-2000

ISSUE TITLE PRIORITY RESOLUTION DATE DATE TIME TO 

NUMBER PRODUCT APPROVED RESOLVED RESOLVE 
FOR AFTER 
RESOLUTION PRIORITIZATION 

(YEARS) 

II.A.1 Siting Policy Reformulation Medium No Req. NRR-OP FY83 09120/84 2.00 

II.E.5.2 (B&W) Reactor Transient Response Task Force NR NUREG-0667 NRR-OP FY83 09128184 2.00 

III.D.2.5 Offsite Dose Calculation Manual NR NUREG/CR-3332 NRR-OP FY83 01/17/84 1.33 

FY-1985 
0 

22 Inadvertent Boron Dilution Events NR GL 85-05 11/05/82 10/15/84 2.00 

A-41 Long Term Seismic Program Medium No Req. NRR-OP FY83 10/10/84 1.08 

B-19 Thermal-Hydraulic Stability NR GL 01/03/85 05/21/85 0.42 

B-54 Ice Condenser Containments Medium NUREG/CR-4001 NRR-OP FY83 10/22/84 1.08 

8-58 Passive Mechanical Failures Medium No Req. NRR-OP FY83 07/09/85 1.83 

C-1I Assessment of Failure and Reliability of Pumps and Valves Medium No Req. NRR-OP FY83 07/09/85 1.83 

I.A.2.2 Training and Qualifications of Operating Personnel High Policy Statement NRR-OP FY83 06/24/85 2.75 
(No Req.) 

I.A.2.6(4) Operator Workshops Medium No Req. NRR-OP FY83 09/25/85 3.00 

I.A.2.7 Accreditation of Training Institutions Medium Policy Statement NRR-OP FY83 06124/85 2.75 
(No Req.) 

I.A.3.4 Licensing of Additional Operations Personnel Medium Policy Statement NRR-OP FY83 02/12/85 2.42 
(No Req.) 

I.G.2 Scope of Test Program Medium No Req. NRR-OP FY83 10/05/84 2.08 

ll.B.6 Risk Reduction for Operating Reactors at Sites with High Population High No Req. NRR-OP FY83 09/25185 3.00 

Densities

September 27, 2000
Ronald C. Emrit 2
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REACTOR GSIs RESOLVED BY FISCAL YEAR: FY-1983 TO FY-2000

ISSUE TITLE PRIORITY RESOLUTION DATE DATE TIME TO 

NUMBER 
PRODUCT APPROVED RESOLVED RESOLVE 

FOR AFTER 

RESOLUTION PRIORITIZATION 
(YEARS) 

ll.B.8 Rulemaking Proceedings on Degraded Core Accidents High 
0 

(a) Hydrogen Rule Rule/Policy NRR-OP FY83 07/19/85 2.83 
Statement 

(b) Severe Accidents Rule/Policy NRR-OP FY83 08/12/85 2.92 

Statement 

II.C.1 Interim Reliability Evaluation Program High No Req. NRR-OP FY83 07/09/85 2.83 

II.C.2 Continuation of Interim Reliability Evaluation Program High No Req. NRR-OP FY83 09/25/85 3.00 

I1.E.2.2 Research on Small-Break LOCAs and Anomalous Transients Medium No Req. NRR-OP FY83 07/25/85 2.83 

lIl.A.1.3(2) Maintain Supplies of Thyroid-Blocking Agent for Public NR Policy Statement NRR-OP FY83 08/15/85 2.92 

II1.A.3.4 Nuclear Data Link Medium No Req. NRR-OP FY83 06/26/85 2.75 

III.D.2.3(1) Develop Procedures to Discriminate Between Sites/Plants NR ESRP Revision NRR-OP FY83 08128/85 2.92 

II1.D.2.3(2) Discriminate Between Sites and Plants that Require Consideration of NR ESRP Revision NRR-OP FY83 08/28/85 2.92 

Liquid Pathway Interdiction Techniques 

II1.D.2.3(3) Establish Feasible Method of Pathway Interdiction NR ESRP Revision NRR-OP FY83 08/28/85 2.92 

II1.D.2.3(4) Prepare a Summary Assessment NR ESRP Revision NRR-OP FY83 08/28/85 2.92 

IV.E.5 Assess Currently Operating Plants High No Req. NRR-OP FY83 09/25/85 3.00 

FY-1986 
0 

3 Setpoint Drift in Instrumentation NR Reg Guide Rev. NRR-OP FY83 05/19/86, 3.67 

(No Req.) 

14 PWR Pipe Cracks NR No Req. NRR-OP FY83 10/04/85 3.08

September 27, 2000
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REACTOR GSIs RESOLVED BY FISCAL YEAR: FY-1983 TO FY-2000

(

ISSUE TITLE PRIORITY RESOLUTION DATE DATE TIME TO 

NUMBER PRODUCT APPROVED RESOLVED RESOLVE 
FOR AFTER 
RESOLUTION PRIORITIZATION 

(YEARS) 

36 Loss of Service Water NR SRP Revision 02/15/84 05/13/86 2.25 
(No Req.) 

61 SJV Discharge Line Break Inside the Wetwell Airspace of BWR Mark Medium No Req. 11/30/83 08/08/86 2.75 

I and II Containments ,, 

A-43 Containment Emergency Sump Performance USI SRP Revision 01/79 10/85 6.75 

(Req.) 

I.C.9 Long-Term Plan for Upgrading of Procedures Medium No Req. NRR-OP FY83 06107/85 2.75 

111.D.3.1 Radiation Protection Plans High No Req. NRR-OP FY83 05!19/86 3.67 

HF1.2 Engineering Expertise on Shift High No Req. 10/01/84 10/28/85 1.00 

HF1.3 Guidance on Limits and Conditions of Shift Work High No Req. 10/01/84 06/26/86 1.67 

FY-1987 
0 

91 Main Crankshaft Failures in Transamedca Delaval Diesel Generators NR NUREG-1216 07/85 09/87 2.17 

(No Req.) 

A-46 Seismic Qualification of Equipment in Operating Plants USI GL 87-02 (Req.) 02/81 02/87 6.00 

A-49 Pressurized Thermal Shock USI Rule/Reg. Guide 12/81 02/87 5.25 

1.154 (Req.) 

I.A.2.6(1) Long-Term Upgrading of Training and Qualifications - Revise Reg. High Reg. Guide 1.8 10/82 05/87 4.67 

Guide 1.8 (Req.) 

I.A.3.3 Requirement for Operator Fitness High No Req. 12/82 01/87 4.17 

I.A.4.2(1) Research on Training Simulators High Reg. Guide 1.149, 10/84 05187 2.67 
Rev. I (Req.) 

I.B.1.1 Organization and Management Lono-Tenn hnprovements - - 0

Ronald C. Emrit September 27, 20004



REACTOR GSIs RESOLVED BY FISCAL YEAR: FY-1983 TO FY-2000

ISSUE TITLE PRIORITY RESOLUTION DATE DATE TIME TO 

NUMBER 
PRODUCT APPROVED RESOLVED RESOLVE 

FOR AFTER 
RESOLUTION PRIORITIZATION 

(YEARS) 

I.B.1.1(1) Prepare Draft Criteria Medium No Req. 12/82 01/87 4.17 

I.B.1,1(2) Prepare Commission Paper Medium No Req. 12/82 01/87 0 

I.B.1.1(3) Issue Requirements for the Upgrading of Management and Technical Medium No Req. 12/82 01/87 0 

Resources 

I.B.1.1(4) Review Responses to Determine Acceptability Medium No Req. 12/82 01/87 0 

FY-1988 
0 

86 Long Range Plan for Dealing with Stress Corrosion Cracking in BWR NR NUREG-0313, 10/84 01/88 3.33 

Piping 
Rev. 2 
GL 88-01 (Req.) 

93 Steam Binding of Auxiliary Feedwater Pumps High GL 88-03 10/84 02/88 3.42 

(No Req.) 

I.D.4 Control Room Design Standard Medium No Req. NRR-OP FY83 03/88 5.50 

I1.E.4.3 (Containment) Integrity Check High NUREG-1273 NRR-OP FY83 03/88 5.50 

(No Req.) 

B-5 Ductility of Two-Way Slabs and Shells and Buckling Behavior of Steel Medium No Req. NRR-OP FY83 04/88 5.58 

Containments 

HF8 Maintenance and Surveillance Program High Policy Statement 03/85 05/88 3.25 

(No Req.) 

I.A.4.2(4) Review Simulators for Conformance High Rule (Req.) NRR-OP FY83 05/88 5.67 

A-44 Station Blackout USI Rule/Reg. Guide 01/79 06/88 9.50 

1.155 (Req.) 

43 Reliability of Air Systems High GL 88-14 12/87 09/88 0.83 

(Req.) I I

Ronald C. Emrit 5
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REACTOR GSIs RESOLVED BY FISCAL YEAR: FY-1983 TO FY-2000

ISSUE TITLE PRIORITY RESOLUTION DATE DATE TIME TO 

NUMBER 
PRODUCT APPROVED RESOLVED RESOLVE 

FOR AFTER 
RESOLUTION PRIORITIZATION 

(YEARS) 

66 Steam Generator Requirements NR NUREG-0844 11/83 09/88 4.92 

(No Req.) 

102 Human Error in Events Involving Wrong Unit or Wrong Train NR NUREG-1 192 02/85 09/88 3.67 

(No Req.) 

125.11.7 Reevaluate Provision to Automatically Isolate Feedwater from Steam High NUREG-1332 09/86 09/88 2.08 

Generator During a Line Break (No Req.)

Steam Generator Tube Integrity 

Shutdown Decay Heat Removal Requirements

NUREG-0844 
('No Req.)

I I t I 02/81 09/88 JAil
USI NUREG-1289 

(No Req.)

I ________________________________________ j _______ I' .1 .L 1 I' 

U

Proposed Requirements for Improving Reliability of Open Cycle Medium GL 89-13 (Req.)
06/83 08/89 6.25

Service Water Systems 

Beyond Design Bases Accidents in Spent Fuel Pools Medium NUREG-1353 12/07/83 04/89 5.42 

(No Req.) 

RCS/RHR Suction Line Interlocks on PWRs High GL 88-17 (Req.) 08/85 11/88 3.33 

BWR Water Level Redundancy High GL 89-11 (Req.) 05106/85 06/89 4.00 

Enhancement of the Reliability of Westinghouse Solid State High NUREG-1341 07/07/86 04/89 2.83 

Protection System (No Req.) 

Initiating Feed-and-Bleed High No Req. 01/86 04/89 3.33 

Auxiliary Feedwater System Reliability NR 2 Plant-Specific 02/86 01/89 3.00 

Backfits (Req.) ___

September 27, 2000
Ronald C. Emrit 6
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REACTOR GSIs RESOLVED BY FISCAL YEAR: FY-1983 TO FY-2000

ISSUE TITLE PRIORITY RESOLUTION DATE DATE TIME TO 

NUMBER PRODUCT APPROVED RESOLVED RESOLVE 
FOR AFTER 
RESOLUTION PRIORITIZATION 

(YEARS) 

125.1.3 SPDS Availability NR GL 89-06 05/06/88 04/89 1.00 
(No Req.) 

134 Rule on Degree and Experience Requirements for Senior Operators High Policy Statement 01/86 08/89 3.67 
(No Req.) 

A-17 Systems Interaction USI NUREG-1174 01/79 08/89 10.67 
(No Req.) 

A-40 Seismic Design Criteria USI SRP Revisions 01/79 09/89 10.75 
(Req.) 

A-47 Safety Implications of Control Systems USI GL 89-19 (Req.) 02181 08/89 8.58 

A-48 Hydrogen Control Measures and Effects of Hydrogen Burns on Safety USI Rules (Req.) 02/81 04189 8.25 

Equipment 

HFI.1 Shift Staffing High Reg. Guide 1.114, 10/01/84 05/89 4.67 
Rev.2 (Req.) 

HF4.1 Inspection Procedure for Upgraded Emergency Operating Procedures High IN 86-64 10/01/84 10/88 4.08 
(No Req.) 

I.F.1 Expand QA List High No Req. NRR-OP FY83 01/89 5.33 

II.C.4 Reliability Engineering High No Req. NRR-OP FY83 10/88 6.08 

I1.E.6.1 Test Adequacy Study Medium GL 89-10 (Req.) NRR-OP FY83 06/89 6.75 

FY-1990 0 

70 PORV and Block Valve Reliability Medium GL 90-06 05/14/84 06/90 6.17 

75 Generic Implications of ATWS Events at the Salem Nuclear Power NR Req. 10/19/83 05/90 6.67 

Plant

September 27, 2000
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REACTOR GSIs RESOLVED BY FISCAL YEAR: FY-1983 TO FY-2000

TITLE PRIORITY RESOLUTION DATE DATE TIME TO 
PRODUCT APPROVED RESOLVED RESOLVE 

FOR AFTER 
RESOLUTION PRIORITIZATION 

(YEARS) 

CE PORVs NR SECY-90-232 02/27/85 06/90 5.42 
(No Req.) 

Additional Low-Temperature Overpressure Protection for LWRs High GL 90-06 (Req.) 07/23/85 06/90 5.00 

Design for Probable Maximum Precipitation NR GL 89-22 (Req.) 09104/85 11/89 4.25 

Nuclear Power Plant Design for the Reduction of Vulnerability to Medium No Req. NRR-OP FY83 10/89 7.08 

Industrial Sabotage I I_ ___ 

Main Steam Line Isolation Valve Leakage Control Systems High No Req. NRR-OP FY83 03/90 7.50

I-r- iVw71 

128 Electrical Power Reliability High GL 91-06, 11/28/86 09/91 4.83 
GL 91-11 (Req.) 

130 Essential Service Water System Failures at Multiplant Sites High GL 91-13 (Req.) 03/10/87 09/91 4.58 

135 Steam Generator and Steam Line Overfill Medium No Req. 05/27/86 03/91 4.83 

II.J.4.1 Revise Deficiency Report Requirements NR Rule (Req.) NRR-OP FY83 07/91 8.83 

FY-1992 
0 

29 Bolting Degradation or Failure In Nuclear Power Plants High No Req. NRR-OP FY-83 10/91 9.08 

73 Detached Thermal Sleeves NR NUREG/CR-6010 08/20/91 09/92 1.08 
(No Req.) 

79 Unanalyzed Reactor Vessel Thermal Stress During Natural Medium GL 92-02 NRR-OP FY-84 05/92 8.67 

Convection Cooldown (No Req.) 

87 Failure of HPCI Steam Line Without Isolation High No Req. 09/26/85 12/91 6.25 

113 Dynamic Qualification Testing of Large Bore Hydraulic Snubbers High No Req. 07/02/87 08/92 5.17

September 27, 2000
Ronald C. Emrit
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REACTOR GSis RESOLVED BY FISCAL YEAR: FY-1983 TO FY-2000

ISSUE TITLE PRIORITY RESOLUTION DATE DATE TIME TO 
NUMBER PRODUCT APPROVED RESOLVED RESOLVE 

FOR AFTER 
RESOLUTION PRIORITIZATION 

(YEARS) 

121 Hydrogen Control for Large, Dry PWR Containments High No Req. 09/26/85 03/92 6.50 

151 Reliability of ATWS Recirculation Pump Trip in BWRs Medium No Req. 08/27/91 09/92 1.08 

FY-1993 0 

105 Interfacing Systems LOCA at LWRs High No Req. 06/11/85 06/93 8.08 

120 On-Line Testability of Protection Systems Medium No Req. 11/23/90 03/93 2.33 

142 Leakage Through Electrical Isolators Medium No Req. 06/20/90 03/93 2.75 

143 Availability of Chilled Water Systems and Room Cooling High No Req. 03/29/91 09/93 2.50 

153 Loss of Essential Service Water in LWRs High No Req. 03/29/91 06/93 2.25 

B-56 Diesel Reliability High Reg Guides: 1.9, NRR-OP FY83 06/93 10.75 
Rev. 3; 1.160 
(Req.) 

HF4.4 Guidelines for Upgrading Other Procedures High No Req. 10/01/84 07/93 8.83 

HF5.1 Local Control Stations High No Req. 10/01/84 06/93 8.75 

HF5.2 Review Criteria for Human Factors Aspects of Advanced Controls and High No Req. 10/01/84 06/93 8.75 

Instrumentation I 

I.D.3 Safety System Status Monitoring Medium No Req. NRR-OP FY83 09193 11.00 

FY-1994 0 

57 Effects of Fire Protection System Actuation on Safety-Related Medium NUREG-1472 06/08/88 02/94 5.75 

Equipment (No Req.) 

106 Piping and Use of Highly Combustible Gases in Vital Areas Medium No Req. 11/03/87 11/93 6.08

September 27, 2000
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REACTOR GSIs RESOLVED BY FISCAL YEAR: FY-1983 TO FY-2000

ISSUE TITLE PRIORITY RESOLUTION DATE DATE TIME TO 

NUMBER PRODUCT APPROVED RESOLVED RESOLVE 
FOR AFTER 
RESOLUTION PRIORITIZATION 

(YEARS) 

I.D.5(3) On-Line Reactor Surveillance Systems NR No Req. NRR-OP FY83 11/93 10.17 

II.H.2 Obtain Technical Data on the Conditions Inside the TMI-2 High No Req. NRR-OP FY83 02/94 11.42 

Containment Structure 

B-64 Decommissioning of Nuclear Reactors NR Rule (Req.) NRR-OP F B4 09/94 11.00 

FY-1995 
0 

155.1 More Realistic Source Term Assumptions NR NUREG-1465 02/26/92 03/95 3.08 
(Req.) 

FY-1996 
0 

15 Radiation Effects on Reactor Vessel Supports High NUREG-1509 02/-/89 05/96 7.25 

(No Req.) 

24 Autom3tic Emergency Core Cooling System Switch to Recirculation Medium No Req. 07/-/91 10/95 4.33 

83 Control Room Habitability NR NUREG/CR-5669 08/--/83 06/96 12.92 

(No Req.) 
" ~0 

FY-19970 

78 Monitoring of Fatigue Transient Limits for Reactor Coolant System Medium No Req. 07/10/92 02/97 4.67 

166 Adequacy of Fatigue Life of Metal Components NR No Req. 04/01/93 02/97 3.92 

173.B Spent Fuel Storage Pool: Permanently Shutdown Facilities NR No Req. 06/24/96 10/96 0.33 

FY-1998 
0 

None. 
0 

FY-1999 
0

September 27, 2000
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REACTOR GSIs RESOLVED BY FISCAL YEAR: FY-1983 TO FY-2000

ISSUE TITLE PRIORITY RESOLUTION DATE DATE TIME TO 

NUMBER PRODUCT APPROVED RESOLVED RESOLVE 
FOR AFTER 
RESOLUTION PRIORITIZATION 

(YEARS) 

171 ESF Failure from LOOP Subsequent to a LOCA HIGH No Req. 06116195 12/98 3.58 

B-61 Allowable ECCS Equipment Outage Periods MEDIUM No Req. NRR OP FY-83 03/99 16.50 

158 Performance of Safety-Related Power-Operated Valves Under MEDIUM Staff Report 01/26/1994 08/1999 5.58 

Design Basis Conditions (No Req.) 

165 Spring-Actuated Safety and Relief Valve Reliability HIGH Staff Report 11/26/1993 06/1999 5.58 
(No Req.) 

FY-2000 ..  

23 Reactor Coolant Pump Seal Failures HIGH* Staff Report NRR OP FY-83 11/1999 17.17 
(No Req.) 

145 Actions to Reduce Common Cause Failures HIGH* Regulatory Issue 02/11/1992 10/1999 7.75 
Summary 99-03 
(No Req.) 

190 Fatigue Evaluation of Metal Components for 60-Year Plant Life HIGH* Staff Report 08/26/1996 12/1999 3.33 
(No Req.) 

B-17 Criteria for Safety-Related Operator Actions MEDIUM Staff Report 03/22/82 03/2000 18.00 
(No Req.) 

B-55 Improve Reliability of Target Rock Safety Relief Valves MEDIUM Staff Report NRR OP FY-83 12/1999 17.25 
(No Req.) 

TOTAL TIME TO RESOLVE ALL 145 GSIs: 667.89 

Previously listed as Nearly-Resolved but changed to HIGH in SECY-98-166 

NOTES:
1.  
2.

The average time to resolve a GSI was 4.61 years 
The computation for HIGH-priority GSis is skewed by post management decisions to change the priority of Nearly-Resolved GSIs to HIGH 

Ronald C. Emrit 11 September 27, 2000
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ROBERT A. SPENCE, P.E.  

* REGISTERED PROFESSIONAL ENGINEER (NUCLEAR) FOR 25 YEARS 

* OPERATIONS EXPERIENCE 

- AEOD/RES REACTOR SYSTEMS ENGINEER 

- NRC ONSITE INSPECTION TEAMS (OPERATOR PERFORMANCE) 
- NRC HEADQUARTERS OPERATIONS OFFICER 

- STARTUP ENGINEER AT TURKEY POINT 3/4 
- TURBINE OPERATOR (FOSSIL) 
- LICENSED RESEARCH REACTOR OPERATOR 

* NUCLEAR POWER PLANT ENGINEERING 

- PRINCIPAL NUCLEAR ENG. (OFFSHORE POWER SYSTEMS 600MW STANDARD PLANT) 
- LEAD MECHANICAL/NUCLEAR ENGINEER (S&W JAMES A. FITZPATRICK NUCLEAR PLANT) 
- PRINCIPAL NUCLEAR ENG. (S&W BWR STANDARD PLANT) 

- PROJECT, SYSTEMS, LICENSING, AND CONSULTANT ENGINEER 

- ENGINEERING REVIEW OF BWR OPERATIONS PROCEDURES
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STEAM GENERATOR TUBE RUPTURE 
SAFETY SIGNIFICANCE 

* NRC ESTIMATED PROBABILITY OF FAILURE OF OPERATORS TO DEPRESSURIZE/COOLDOWN 
THE REACTOR COOLANT SYSTEM DURING STEAM GENERATOR EVENT IS 10E-3. 7 

* NRC ESTIMATED INCREMENT TO CORE DAMAGE FREQUENCY IN STEAM GENERATOR 
EVENTS. 8

ACCIDENT

MAIN STEAM LINE RUPTURE SEQUENCE 

STUCK-OPEN SAFETY/RELIEF VALVE 
DOESN'T RECLOSE BEFORE THE 
STEAM GENERATOR IS FULLY 
DEPRESSURIZED 

FEEDWATER LINE BREAK

CDF/YEAR 

6.3 X 10E-7 

4.8 X 10E-7 

6.1 X 10E-7

HUMAN ERROR CONTRIBUTION

93% 

62% 

29%

13
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STEAM GENERATOR TUBE RUPTURE 
SAFETY SIGNIFICANCE

* RISK OF SPONTANEOUS STEAM GENERATOR TUBE RUPTURES 
EXAMINATIONS. 9

FROM INDIVIDUAL PLANT

TOTAL CDF CDF FROM SGTR CONTAINMENT BYPASS

COOK 
INDIAN POINT UNIT 2 
INDIAN POINT UNIT 3 
KEWAUNEE 
MCGUIRE 
SEQUOYAH

6 
3 
4 
7 
7 
2

X 
X 
X 
X 
X 
X

1OE-5 
1OE-5 
1OE-5 
1OE-5 
1OE-5 
1OE-4

11% 
7% 
5% 
8% 
0.02% 
4%

11% 
20% 
79% 
99% 

2% 
75%

* DOES THE NRC ESTIMATE FOR THE PROBABILITY OF THE RUPTURE OF 1-10 TUBES (6.6E-6) 
AND > 10 TUBES (1.4E-7) DURING A STEAM OR FEEDWATER LINE BREAK, TAKE INTO 
ACCOUNT THE COMMON-MODE FAILURE MECHANISMS OF TUBE CRACK MOVEMENT 
FROM RESONANCE VIBRATIONS, WATER HAMMER, AND CRACK ABLATION EXACERBATED 
BY THE INITIAL BLOWDOWN AND REPRESSURIZATION OF THE REACTOR COOLANT 
SYSTEM?'°

14
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FAULTED/RUPTURED STEAM GENERATOR 
OPERATING GOALS 

"* MAKE THE REACTOR SUBCRITICAL AND MAINTAIN IT SUBCRITICAL.  

- TRIP REACTOR.  
- BORON ADDITION.  

"* IDENTIFY AND ISOLATE FAULTED/RUPTURED STEAM GENERATOR.  

- DETERMINE LOCATION OF LEAK.  
- ISOLATE FAULTED/RUPTURED STEAM GENERATOR.  
- DETERMINE PRIMARY SYSTEM LEAK RATE.  

"* DEPRESSURIZE AND COOLDOWN REACTOR COOLANT SYSTEM.  

- MAINTAIN ADEQUATE SUBCOOLED MARGIN TO ENSURE FUEL INTEGRITY.  

- LIMIT COOLDOWN RATE TO ENSURE VESSEL INTEGRITY AND AVOID RECRITICALITY.  

- INITIATE RESIDUAL HEAT REMOVAL COOLING AS SOON AS POSSIBLE TO MINIMIZE 

RADIATION RELEASES TO ATMOSPHERE.  

"* REFILL REFUELING WATER STORAGE TANK (LOWER PRIORITY)

9
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HUMAN PERFORMANCE PROBLEMS DURING 
STEAM GENERATOR TUBE RUPTURE EVENTS 5 

* MAKE REACTOR SUBCRITICAL AND MAINTAIN IT SUBCRITICAL 

- DELAY IN TRIPPING REACTOR 

- DELAY INCREASING BORON CONCENTRATION TO AVOID RECRITICALITY 

* IDENTIFY AND ISOLATE FAULTED/RUPTURED STEAM GENERATOR.  

- DELAY IN RECOGNIZING, QUANTIFYING, AND RESPONDING TO PRIMARY SYSTEM LEAK 
RATE USING THE CORRECT PROCEDURES.  

- DELAY IN ISOLATING, FEEDING, OR STEAMING RUPTURED STEAM GENERATOR FOR 
PROLONGED PERIOD.  

- MISDIRECTION OR INACTION FROM FAULTY RADIATION ALARMS.  

- RADIATION RELEASE THROUGH CONDENSER AND STEAM DRIVEN AUXILIARY 
FEEDWATER PUMP.  

- NOISE FROM MSLB AFFECTS COMMUNICATION AND OPERATOR PERFORMANCE.

10
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HUMAN PERFORMANCE PROBLEMS DURING 
STEAM GENERATOR TUBE RUPTURE EVENTS 

* DEPRESSURIZE AND COOLDOWN REACTOR COOLANT SYSTEM.  

- LACK OF SUBCOOLED MARGIN (STEAM BUBBLE IN REACTOR HEAD) 

- LOSS OF PRESSURIZER SPRAY 

- SOLID PRIMARY SYSTEM FOR PROLONGED PERIOD.  

- EXCESSIVE PRIMARY SYSTEM COOLDOWN RATES 

- OVERFILLED STEAM GENERATOR.  

- DELAY IN OPENING POWER OPERATED RELIEF VALVE.  

- DECREASED POWER OPERATED RELIEF VALVE PNEUMATIC SUPPLY.  

- DELAY IN DECREASING PRIMARY SYSTEM PRESSURE BELOW SECONDARY PRESSURE.  

- DELAY IN INITIATING RESIDUAL HEAT REMOVAL SYSTEM COOLING.

11
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Steam Generator Tube Rupture Operator Performance from NUREG/CR-6365

Date Plant Max. Tube Radiation Operator Equipment 
(SG) Leak Rupture Release Performance Performance 

Rate Location 
(9pm.) (Causes) 

02/26/75 Point Beach -1 125 Hot leg Outer Row 2,265 Ci Xe133  - 28 min. to recognize SGTR despite SJAE Radiation dose 
(W-44) rad alarm was small 

(Wastage) - Slow to reduce load and isolate SG fraction of 
(ODSCC) - Fed SG for 10 min after MSIV shut possible release 

- RCS press > SG press for 6-7 hrs if faulted SG SV 
- Overfilled SG or ADV had 
- Radiation release = 1 hr 8 min. opened.  

09/15/76 Surry -2 330 Row 1 U Bend low - 5 min to recognize SGTR SG Overfill 
(W-51) (CR movement mislead operators) prevented by 

(Deformed TSP) - "B" RCP tripped, but not bad SG RCP RCS 
(PWSCC) depressurization 

and FWIV auto 
closure on SIS 

06/25/79 Doel-2 135 Row 1 U Bend none - Tripped RCP (subcritical event) 
(W-44) - SG isolated early in event 

(PWSCC) - Setpoints for ADV increased to prevent 
release 

10/02/79 Prairie Island -1 336 Row 4, Col. 1 30 Ci Xe1' - Rapid RCS pressure drop, but operators Rad release via 
(W-51) 3" above tube 1ZCi 1131 did not start 2 nd and 3 rd charging pumps ADV of faulted 

sheet - Tripped both RCPs per NRC Bulletin SG, vent on AFW 
79-06C and lost pressurizer spray turbine, and air 

(loose parts wear) - Opening pressurizer PORV to decrease ejector 
RCS pressure equalized pressure in SG 
in 1 hour 

- RHR in operation at 16-1/2 hrs because 
of natural circulation flow in RCS



( (

Steam Generator Tube Rupture Operator Performance from NUREG/CR-6365
Date Plant Max. Tube Radiation Operator Equipment 

(SG) Leak Rupture Release Performance Performance 
Rate Location 

9.p m. (Causes) 

01/25/82 Ginna 760 1 Rupture Tube 90 Ci noble gases - Isolated faulted SG in 15 mins. -PORV stuck 
(G-44) 5 Ci Iodine - Tripped RCPs, but could not recover them open 

24 Degraded 1.3 Ci Co,Mo,B,Cs for 2 hrs (natural recirculation) -Faulted SG 
Peripheral tubes 25 Ci H3  - 3 hours to get RCS press < SG pressure safety valve 
(downcomer flow - Monitored steam bubble in reactor head periodically 
resistance plate) - Liquid filled pressurizer relieved to 

atmosphere 

05/16/84 Fort Calhoun 112 U Bend tube none - Added charging pumps to respond to 
(CE) pressurizer level decrease 

ODSCC - 32 min. to recognize SGTR 
- VCT level at 0%, shut down charging 

despite make up 
- RCS went solid and RCS pressure > SG 

pressure most of transient 
- Overfilled SG 

07/15/87 North Anna - 1 637 Cold Leg Row 9 0.16 Ci - SG isolated in 18 min. - air ejector rad 
(W-51) at top support plate - Water level stabilized at 34 min. monitor out of 

- Did not divert condenser air ejector to service 
(no AVB support) containment for 1 hr 25 min. because no 
(denting at TSP) rad alarm 

(high cycle fatigue) - release path steam driven AFW pump 

03/07/89 McGuire - 1 500 Cold Leg Row 18 43.4 Xe133  - SG isolated in 11 min.  
(W-D2) 0.001 Ci Iodine - Held RCS pressure at 1000 psi for 4.5 hrs 

(IGSCC) to adjust Boron concentration and 
dumped steam to condenser to control 
faulted SG level 

- Flow continued thru SG for 10 more hours 
- Initial leak estimate was only 100-150 
g.p.m., so operators used leak instead of 
tube rupture procedure



( (

Steam Generator Tube Rupture Operator Performance from NUREG/CR-6365 

Date Plant Max. Tube Radiation Operator Equipment 
(SG) Leak Rupture Release Performance Performance 

Rate Location 
(W-p-m.) (Causes) 

02/09/91 Mihama -2 700 Cold Leg Row 14 0.6 Ci Noble gases - 8 min. before reducing power MSIV failure 
3600 crack 0.01 Ci Iodine - Isolated SG in 15 min.  

.0002 Ci liquids - Delayed only 7 min by failure of MSIV on Pressurizer RVs 
(Fatigue failure) faulted SG failures 

- Dumped steam from intact SG for 22 min.  
- Delayed RCS depressurization 54 min 

because of failed pressurizer RVs.  

03/14/93 Palo Verde - 2 240 Hot Leg Row 117 2 hr EAB I < 0.3 mr - wrong preconceived notion of where leak Faulty rad alarms 
(CE) was were incorrect 

(ODSCC) 8hr LPZ < 0.04 mr - slow to trip reactor at 13 min.  
- slow to confirm SGTR at 54 min 
- slow to start cooling at 1- 1/2 hrs 
- Isolated SG at 2 hr 54 mins.  
- RCS pressure > SG pressure nearly 4 hrs 

02/15/00 Indian Point - 2 146 U Bend 1.7Ci Xe 133.' 35 A41 - excessive cooldown rate of RCS MS rad monitor 
Row 2 Kr85,88. 87  exceeded procedures and TS recorders OOS 

- slow to recognize aux spray lineup 
PWSCC problems in lower RCS pressure Installed temp N2 

- delayed heatup of RHR system for PORV in 
- procedural problems delayed cooldown containment 

and depressurizing RCS 
2 losses of 
condenser 
vacuum



( (

Steam Generator Tube Rupture Operator Performance from NUREG/CR-6365

Date Plant Max. Tube Radiation Operator Equipment 
(SG) Leak Rupture Release Performance Performance 

Rate Location 
(g.p.m.) (Causes) 

02/26/75 Point Beach -1 125 Hot leg Outer Row 2,265 Ci Xe133  - 28 min. to recognize SGTR despite SJAE Radiation dose 
(W-44) rad alarm was small 

(Wastage) - Slow to reduce load and isolate SG fraction of 
(ODSCC) - Fed SG for 10 min after MSIV shut possible release 

- RCS press > SG press for 6-7 hrs if faulted SG SV 
- Overfilled SG or ADV had 
- Radiation release = 1 hr 8 min. opened.  

09/15/76 Surry -2 330 Row 1 U Bend low - 5 min to recognize SGTR SG Overfill 
(W-51) (CR movement mislead operators) prevented by 

(Deformed TSP) - "B" RCP tripped, but not bad SG RCP RCS 
(PWSCC) depressurization 

and FWIV auto 
closure on SIS 

06/25/79 Doel-2 135 Row 1 U Bend none - Tripped RCP (subcritical event) 
(W-44) - SG isolated early in event 

(PWSCC) - Setpoints for ADV increased to prevent 
release 

10/02/79 Prairie Island -1 336 Row 4, Col. 1 30 Ci Xe1
3 - Rapid RCS pressure drop, but operators Rad release via 

(W-51) 3" above tube 1lCi 1"31 did not start 2 nd and 3Vd charging pumps ADV of faulted 
sheet - Tripped both RCPs per NRC Bulletin SG, vent on AFW 

79-06C and lost pressurizer spray turbine, and air 
(loose parts wear) - Opening pressurizer PORV to decrease ejector 

RCS pressure equalized pressure in SG 
in 1 hour 

- RHR in operation at 16-1/2 hrs because 
of natural circulation flow in RCS



(

Steam Generator Tube Rupture Operator Performance from NUREG/CR-6365

Date Plant Max. Tube Radiation Operator Equipment 
(SG) Leak Rupture Release Performance Performance 

Rate Location 
(A.p.m.) (Causes) 

01/25/82 Ginna 760 1- Rupture Tube 90 Ci noble gases - Isolated faulted SG in 15 mins. -PORV stuck 
(G-44) 5 Ci Iodine - Tripped RCPs, but could not recover them open 

24 Degraded 1.3 Ci Co,Mo,B,Cs for 2 hrs (natural recirculation) -Faulted SG 
Peripheral tubes 25 Ci H3  - 3 hours to get RCS press < SG pressure safety valve 
(downcomer flow - Monitored steam bubble in reactor head periodically 
resistance plate) - Liquid filled pressurizer relieved to 

atmosphere 

05/16/84 Fort Calhoun 112 U Bend tube none - Added charging pumps to respond to 
(CE) pressurizer level decrease 

ODSCC - 32 min. to recognize SGTR 
- VCT level at 0%, shut down charging 

despite make up 
- RCS went solid and RCS pressure > SG 
pressure most of transient 

- Overfilled SG 

07/15/87 North Anna - 1 637 Cold Leg Row 9 0.16 Ci - SG isolated in 18 min. - air ejector rad 
(W-51) at top support plate - Water level stabilized at 34 min. monitor out of 

- Did not divert condenser air ejector to service 
(no AVB support) containment for 1 hr 25 min. because no 
(denting at TSP) rad alarm 

(high cycle fatigue) - release path steam driven AFW pump 

03/07/89 McGuire - 1 500 Cold Leg Row 18 43.4 Xe'3 - SG isolated in 11 min.  
(W-D2) 0.001 Ci Iodine - Held RCS pressure at 1000 psi for 4.5 hrs 

(IGSCC) to adjust Boron concentration and 
dumped steam to condenser to control 
faulted SG level 

- Flow continued thru SG for 10 more hours 
- Initial leak estimate was only 100-150 

g.p.m., so operators used leak instead of 
tube rupture procedure



( (

Steam Generator Tube Rupture Operator Performance from NUREGICR-6365 

Date Plant Max. Tube Radiation Operator Equipment 
(SG) Leak Rupture Release Performance Performance 

Rate Location 
_ _ p m,) (Causes) 

02/09/91 Mihama -2 700 Cold Leg Row 14 0.6 Ci Noble gases - 8 min. before reducing power MSIV failure 
3600 crack 0.01 Ci Iodine - Isolated SG in 15 min.  

.0002 Ci liquids - Delayed only 7 min by failure of MSIV on Pressurizer RVs 
(Fatigue failure) faulted SG failures 

- Dumped steam from intact SG for 22 min.  
- Delayed RCS depressurization 54 min 
because of failed pressurizer RVs.  

03/14/93 Palo Verde - 2 240 Hot Leg Row 117 2 hr EAB I < 0.3 mr - wrong preconceived notion of where leak Faulty rad alarms 
(CE) was were incorrect 

(ODSCC) 8hr LPZ < 0.04 mr - slow to trip reactor at 13 min.  
- slow to confirm SGTR at 54 min 
- slow to start cooling at 1- /2 hrs 
- Isolated SG at 2 hr 54 mins.  
- RCS pressure > SG pressure nearly 4 hrs 

02/15/00 Indian Point - 2 146 U Bend 1.7Ci Xe1
3' 

1 35 A41  - excessive cooldown rate of RCS MS rad monitor 
Row 2 Kr5,88, 87  exceeded procedures and TS recorders OOS 

- slow to recognize aux spray lineup 
PWSCC problems in lower RCS pressure Installed temp N2 

- delayed heatup of RHR system for PORV in 
- procedural problems delayed cooldown containment 
and depressurizing RCS 

2 losses of 
condenser 
vacuum


