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as reported herein, is a record of the discussions recorded 

at the meeting held on the above date.  
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UNITED STATES OF AMERICA 

NUCLEAR REGULATORY COMMISSION 

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
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THERMAL-HYDRAULIC PHENOMENA

USNRC, ACRS/ACNW 

11545 Rockville Pike, Room T-2B1 

Rockville, Maryland 

Wednesday, November 17, 1999 

The subcommittee met pursuant to notice, at 8:30 

a.m.  

MEMBERS PRESENT: 

GRAHAM B. WALLIS, Chairman, ACRS 

THOMAS S. KRESS, Member, ACRS 

DANA POWERS, Member, ACRS 

ROBERT SEALE, Member, ACRS 
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PROCEEDINGS 

[8:30 a.m] 

MR. WALLIS: The meeting will now come to order.  

This is a meeting of the ACRS Subcommittee on 

Thermal-Hydraulic Phenomena. I am Graham Wallis, Chairman 

of the subcommittee. The other ACRS members in attendance 

are Thomas Kress, Dana Powers, and Robert Seale. The ACRS 

consultants in attendance are Virgil Schrock and Novak 

Zuber.  

I would like to welcome Novak Zuber back.  

MR. ZUBER: Thank you.  

MR. WALLIS: The purpose of this meeting is for 

the subcommittee to continue its review of the NRC code 

review guideline documents, the draft regulatory guide and 

standard review plan section.  

The subcommittee will also review the NRC and 

industry initiative with the Electric Power Research 

Institute to develop a methodology for addressing the issue 

of waterhammer in plant service water systems. Pursuant to 

issues raised in NRC General Letter 96-06, the subcommittee 

will gather information, analyze relevant issues and facts, 

formulate proposed positions and actions as appropriate for 

deliberation by the full committee. The subcommittee will 

also ask a lot of questions.  

Paul Boehnert is the cognizant ACRS staff engineer 
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for this meeting. Portions of this meeting may be closed to 

the public to discuss Electric Power Research Institute 

proprietary information.  

The rules for participation in today's meeting 

have been announced as part of the notice of this meeting 

previously published in the Federal Register on November 4, 

1999. A transcript of this meeting is being kept. It is 

requested that the speakers first identify themselves and 

speak with sufficient clarity and volume so that they can be 

readily heard.  

We have received no written comments or requests 

for time to make oral statements from members of the public.  

The first item is a presentation by Mr. Norman 

Lauben of the NRC Office of Nuclear Regulatory Research. It 

is something we have been looking forward to for a long 

time. It is going to clear up the matter of how to decide 

whether or not the code is good enough for the job.  

Please go ahead.  

MR. LAUBEN: I am Norm Lauben from the Safety 

Margins and Systems Analysis Branch in the Office of 

Research. I am here to talk about the regulatory guide for 

generic transient and accident methods.  

MR. KRESS: Is that a new name for that branch? 

MR. LAUBEN: Yes. We were reorganized in April.  

The whole Office of Research was reorganized. We are moving 
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1 around now. We have been combined with a lot of AEOD 

2 functions. I presume this has been discussed with ACRS on 

3 previous occasions.  

4 MR. WALLIS: It's not on the agenda today.  

5 MR. LAUBEN: No. We were basically a combination 

6 of two previous branches and some additional people. Farouk 

7 is our branch chief, as he was before.  

8 The purpose of this presentation is to present the 

9 status of the proposed regulatory guide on generic transient 

10 and accident analysis methods and to seek comments from the 

11 ACRS.  

12 I really am serious about that part of it. To 

13 date it has almost gone too easily, and I'm afraid something 

14 like this could potentially have a lot of regulatory 

15 pitfalls. So the sooner we can discuss those and resolve 

16 those and work those out with other members of the NRC staff 

17 and the ACRS, I think it would be very helpful.  

18 My presentation is going to be relatively brief.  

19 I will reiterate some background, give you the status of the 

20 guide, and then present a summary. Being that the 

21 presentation itself is brief, that gives you plenty of time 

22 to comment and ask questions.  

23 The requirement to issue guidance on accident 

24 analysis code development, assessment and application 

25 originated with two Maine Yankee review groups. One was the 
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1 independent safety assessment group and the second was the 

2 Maine Yankee task group.  

3 The first was a group that looked at all aspects 

4 of Maine Yankee operation, including all their analytical 

5 activities. The second one had a focus on the LOCA analysis 

6 which came to light early in 1996.  

7 In addition, there was a review by NRR of the 

8 Siemens analytical program focusing on LOCA analysis 

9 methods. That indicated a need for similar types of 

10 guidance in transient and accident reviews.  

11 Recently, which the ACRS subcommittee is very 

12 familiar with, was the RETRAN03 review which further 

13 reinforced the benefit of some coherent guidance that could 

14 be given on transient and accident analysis review.  

15 MR. WALLIS: Since your presentation is short, I 

16 am going to ask a question. You seem to be reacting. These 

17 are things that happened and stirred you to do the work you 

18 are doing now. Also, you might be doing the work in 

19 anticipation of what is needed in the future. That is 

20 another reason for doing the work you are doing.  

21 MR. LAUBEN: These are initiatives that came out 

22 of some fairly detailed reviews in the past.  

23 MR. WALLIS: Some experience. Wasn't there 

24 another reason, that you expect a move from what could be 

25 called conservative assumptions to best estimate codes? 
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MR. LAUBEN: This is a difficult area. Number 

one, in 1989 we did modify the ECCS rule to allow best 

estimate models. I think that was a very good benchmark for 

what could be done for other transients and accidents.  

However, generally speaking, it turns out that most of the 

other transients and accidents that you have to deal with do 

not have the same degree of thermal-hydraulic or analytical 

sophistication needed in their analysis as LOCA does.  

How you treat all these things in an equitable way 

but yet maybe not in the same degree of complexity is 

something that indeed has to be worked out. I personally 

would like to have the reviewers at NRR make sure that this 

sort of thing that we are discussing here doesn't present 

them with a great deal of heartburn when it comes to the 

less sophisticated transients that we have to deal with.  

Did that answer it at all? 

MR. WALLIS: What I didn't quite see from the 

material you gave us was you laying out what your guide is 

going to have to do in the future and what kind of things it 

is going to have to respond to. The "why" for writing the 

guide at this time and what it is supposed to achieve in 

terms of what is expected that the Commission is going to 

have to decide in the next ten years, I didn't see that sort 

of thing. But you must have thought about that.  

MR. LAUBEN: Yes. As a matter of fact, I do talk 
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1 to NRR and I talk to the members of our own branch, and, 

2 yes, we do have to worry about that. I wonder how reviews 

3 will progress. I don't have any clear answers.  

4 MR. STAUDENMEIER: Joe Staudenmeier, NRR. We 

5 tried to set up the reg guide and the standard review plan 

6 so that there would be one main section that laid out 

7 general principles that would be extensible and applicable 

8 to just about any analytical calculations or codes that were 

9 being developed. It was also set up so that appendices 

10 could be added for specific types of codes that were being 

11 worked on. I don't think there are any limitations in the 

12 way it is set up that would limit it to just one specific 

13 type of transients or accidents.  

14 MR. LAUBEN: I think this process that has been 

15 developed over the last dozen years is applicable to much 

16 more than Chapter 15 transients and accidents. It's a 

17 process that can be applied to any number of things. It is 

18 basically just good engineering common sense. We noticed in 

19 the Maine Yankee reviews and in the RETRAN reviews some of 

20 these areas that really seem to be common sense to those of 

21 us who have had to struggle with LOCA codes hasn't 

22 necessarily been followed in its most important forms.  

23 Just to lay these principles out in a regulatory 

24 guide is, I think, probably a pretty good idea. Even if it 

25 doesn't discuss a great deal of specificity, just to lay out 
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1 the principles so that people understand that you need to be 

2 concerned about scaling, you need to be concerned about 

3 appropriate assessment, you need to be concerned about 

4 identifying the appropriate phenomena, all that has to 

5 inform your whole code development assessment process. I 

6 think those are the important principles that we need to lay 

7 out.  

8 MR. ZUBER: Graham's question is very pertinent.  

9 This technology is now in a different era of the 

10 regulations. You will have quite a bit of competition 

11 between industry, and you will be decreasing the safety 

12 margin. Therefore you will have different requirements on 

13 the code in the future than you had in the past.  

14 This is not a criticism to you. Let me address it 

15 to the whole branch. You are really acting like generals 

16 who are always fighting the past war instead of looking at 

17 the future activities and wars you have to fight and what 

18 requirements will be required by the new codes. These 

19 guides you are writing now will be applicable for the new 

20 generations. That will be a period of about 25 years. What 

21 you did is essentially reflecting the technology of the past 

22 25 years.  

23 MR. LAUBEN: Dozen years.  

24 MR. ZUBER: Twenty-five.  

25 MR. LAUBEN: Dozen.  
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1 MR. ZUBER: No, 25. This technology had two fault 

2 lines. One was the ECC bypass. When you went from RELAP-4 

3 to RELAP-5 and TRAC, there were different requirements. The 

4 environment changed. That era lasted about 25 years. Now 

5 you are entering an age of competition. The requirements 

6 are different. What you did really was applicable to the 

7 past period. It doesn't really translate to the needs of 

8 the future. I would like to address it later.  

9 MR. LAUBEN: What I am talking about is the 

10 methodologies that have developed over the last ten or 12 

11 years. That's what I want to reflect in this regulatory 

12 guide.  

13 I agree that is certainly something in the past, 

14 but if people can help us with the rest of the agency in 

15 terms of what it is we are supposed to be looking forward to 

16 in the future that needs to be reflected in this, please 

17 tell us. We will be more than happy to do it.  

18 MR. ZUBER: I am thinking of the appendix to the 

19 lecture I gave last month. As soon as I get it typed, I 

20 will give it to you. We ought to discuss the items which in 

21 my opinion should be addressed in this new guide.  

22 MR. LAUBEN: Sure.  

23 Joe, did you have another comment you wanted to 

24 make? 

25 MR. STAUDENMEIER: I think the main principle that 
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1 does extend out into the future is basically that the 

2 uncertainty determined from your calculation has to be less 

3 than the available safety margin or the margin to the 

4 ultimate safety limit of the calculation that you are trying 

5 to calculate.  

6 MR. ZUBER: How good is good? This is the point.  

7 The things that you addressed in the last 25 years, you did 

8 one calculation. Now we have to go into uncertainties and 

9 repetitive calculations, because you are reducing the 

10 margin. It will be more important now than before. I think 

11 this is not reflected in this approach.  

12 MR. ELTAWILA: I think when Norm goes on in his 

13 presentation they are going to follow the principle of the 

14 CSA methodology and in fact identify the important phenomena 

15 for the particular transient that we are looking at. Once 

16 you identify this important phenomena, you want to be sure 

17 that the code will have this model and you have data to 

18 assess. That should be applied whether you are going to be 

19 reducing the margin.  

20 MR. ZUBER: That's correct. That was applicable 

21 for the past 25 years. This is not sufficient for the next 

22 25 years. That is my point.  

23 MR. WALLIS: Let's look at bullet 7. You say the 

24 guidance will be consistent with risk-informed regulation.  

25 If you seriously think about what would happen if the 
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1 regulations really became thoroughly risk informed and moved 

2 more in the direction of even being risk based, your codes 

3 would have to do things they haven't been asked to do 

4 before.  

5 MR. ZUBER: That is the point.  

6 MR. ELTAWILA: What is important is the physical 

7 phenomena.  

8 MR. ZUBER: Nobody argues with it. That was 

9 addressed 25 years ago. Now you have to address something 

10 different.  

11 MR. ELTAWILA: You expect the phenomena to be 

12 different? 

13 MR. ZUBER: No. The point is this. You will have 

14 to do many repetitive, very fast calculations which you 

15 didn't have to do in the past 25 years.  

16 MR. ELTAWILA: In principle I agree with you, but 

17 it is not going to happen.  

18 MR. ZUBER: What is not going to happen? 

19 MR. ELTAWILA: Nobody will allow us the luxury of 

20 running all this analysis. I am being honest with you. I 

21 think this is an issue that you might want to raise with the 

22 people looking at risk-informed regulation.  

23 MR. WALLIS: We will.  

24 MR. LAUBEN: I will give you an example. I wanted 

25 to do just two simple analyses, but we didn't have the 
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1 resources to do them. They applied directly to 

2 risk-informed regulation. What I am saying is we are 

3 limited by what we are able to do.  

4 MR. ZUBER: You mean the branch? 

5 MR. LAUBEN: The whole agency.  

6 MR. ZUBER: Limited by what, the money? 

7 MR. LAUBEN: Yes.  

8 MR. WALLIS: I think we should move back to your 

9 presentation. We are very aware of your limited resources.  

10 MR. LAUBEN: Exactly 11 months ago today we 

11 described the plan for the regulatory guide and the 

12 companion revisions to SRP.  

13 Two drafts of the guide were provided to the ACRS 

14 for their review.  

15 The SRP revisions will be discussed by Joe 

16 Staudenmeier later today. At one time I had a slight 

17 concern about the depth of detail between the standard 

18 review plan and the regulatory guide, but after seeing Joe's 

19 work, I don't have those problems anymore. I think the 

20 appropriate amount of redundancy appears in both documents.  

21 Since the regulatory guide generally contains more 

22 background, if someone reads both of them and decides some 

23 of the things in the standard review plan should be 

24 reflected in the regulatory guide, I will be more than happy 

25 to do that.  
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1 MR. SEALE: Can I ask you a question about number 

2 7? 

3 MR. LAUBEN: Sure.  

4 MR. SEALE: In your last bullet you raise a very 

5 interesting aspect of the PIRT-based importance measures.  

6 Quite independently I assure you, I have been trying to ask 

7 myself what a reasonable set of qualification criteria would 

8 be for a code which was purported to be the basis for 

9 evaluating a particular situation.  

10 It struck me that if one went through and defined 

11 the conditions that were expected to be encountered in the 

12 code, two-phase flow, perhaps reverse flow, whatever the 

13 circumstances might be, lamination or stratification of the 

14 flow, whatever it might be, and did a PIRT type assessment 

15 of what the important physics was in defining those 

16 processes, you could come up with a set of criteria for 

17 acceptability of a code that was going to analyze that 

18 situation. If two-phase flow ain't in it, ain't done, do 

19 it. That's clear, but there are other things as well.  

20 Does this mean that somewhere down the road that 

21 you are going to come up with a set of qualification 

22 criteria for a code that will tell whether or not it has got 

23 the horsepower to resolve a problem? 

24 MR. LAUBEN: We do that for our own codes all the 

25 time. We expect the industry will do that for their codes.  
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1 MR. SEALE: It has been very clear that they 

2 haven't done that, though.  

3 MR. LAUBEN: It's their responsibility. The 

4 expectation is that they will do it. That is why we do our 

5 own, to see that they come up with something very similar.  

6 MR. ZUBER: As a matter of fact, 'you don't have 

7 the capability to do what is required for the future.  

8 MR. LAUBEN: We don't have the capability? 

9 MR. ZUBER: The agency doesn't have the 

10 capability. Your codes, our codes are slow running.  

11 MR. LAUBEN: That may be true, but that shouldn't 

12 prohibit you from doing a PIRT-based importance measure.  

13 MR. ELTAWILA: Norm, I think Zuber is correct that 

14 our codes as they exist right now are slow running, and it 

15 would discourage anybody from doing the sensitivity study 

16 that they are talking about.  

17 MR. ZUBER: The industry is following your steps 

18 and they are doing the minimal amount of calculation.  

19 MR. ELTAWILA: I am like anybody in this room. I 

20 would like to start from scratch and develop a new code, but 

21 the resources are not there and they are not going to be 

22 there. We are trying to be realistic about what this agency 

23 can afford and what the industry is going to allow us to do.  

24 We are doing the best that we can with the resources that 

25 are allocated to us. As a matter of fact, there are some 
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1 people that want to stop all this work altogether right now.  

2 MR. WALLIS: Farouk, I understand what you are 

3 saying. I think what we should concentrate on now is what 

4 is the basis for this reg guide, what are the needs, what is 

5 the philosophy of approach, and so on. We appreciate that 

6 you have difficulty doing all the things you want to do.  

7 MR. POWERS: One of the questions that comes up is 

8 at what point your limitations in technical capabilities due 

9 to finances make it so you just throw up the hands and say 

10 there is no point in doing anything.  

11 MR. WALLIS: I think you first need to lay out 

12 what you need to do, what is the job, and then you need to 

13 say, given the resources that I have, how can I do this job? 

14 Unless you lay out the job first, we don't know how to 

15 measure it.  

16 MR. POWERS: I think in a very ordered world you 

17 can do that. I think perhaps in many cases they have 

18 truncated their list of things that need to be done mentally 

19 and not laid them out. It is perfectly apparent they 

20 couldn't do that and now probably have forgotten about those 

21 steps.  

22 MR. KRESS: I think it would be good to have it 

23 written down somewhere. The implications of the truncations 

24 need to be determined, particularly if there are safety 

25 implications. If they are significant, somebody needs to be 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034



16 

1 ringing a warning bell. That might be one of our roles, if 

2 the resources are not there to do the job right and there 

3 are safety implications.  

4 MR. POWERS: It may not be our sole responsibility 

5 but one we should take very seriously is when the resource 

6 base has fallen below and prevents doing the things that we 

7 think are essential to do.  

8 MR. LAUBEN: I hope these last two statements get 

9 italicized in the record.  

10 MR. POWERS: I think it is something that has to 

11 be explicit someplace in our report on the activities of 

12 Research.  

13 MR. ZUBER: I don't know what the limitations are.  

14 I can guess the limitations that Farouk was talking about.  

15 But this makes it in my mind even more important to see how 

16 most effectively we can use the resources we have to meet 

17 the future. As Graham said, to do that, you have to say 

18 what we need, and then you can say, okay, do we have enough 

19 resources that with this envelope I have today I can juggle 

20 to meet this requirement? 

21 I don't know what the envelope is, but the job can 

22 be done, in my judgment. One could defend it in any 

23 technical forum.  

24 MR. LAUBEN: This is guidance for the industry.  

25 We believe that we should follow the same kind of guidance 
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1 in developing and assessing our own stuff.  

2 MR. SCHROCK: The problem I have with it is that 

3 we have seen a recent example where there is a total 

4 mismatch between the concept in industry for a best estimate 

5 code and the concept here in the agency.  

6 It was my understanding that one of the major 

7 purposes for this reg guide was to ensure that when you got 

8 requests for review of a code that there would be a 

9 reasonable probability that the material was really ready 

10 for review. From discussions that have just taken place, it 

11 doesn't appear to me that this addresses that problem.  

12 Maybe as you go through it in more detail I will see how it 

13 does in some ways.  

14 First of all, item number 1 implies that you 

15 expect some new code development to come from somewhere. I 

16 don't know where that is. You are not going to do it in 

17 NRC. There may be some in DOE, but we don't know. Is there 

18 going to be any in industry? I think it's highly unlikely.  

19 So what is the anticipated source of this new code 

20 development that is going to require this kind of review? 

21 The pieces are not tying together well, in my 

22 mind. That is what I am trying to say.  

23 MR. LAUBEN: Let me deflect that question and ask 

24 NRR.  

25 MR. ELTAWILA: Here is the situation as I 
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1 understand it. In addition to the Maine Yankee, the 

2 industry has indicated that NRC has not provided them with 

3 enough guidance about what is expected of best estimate 

4 analysis methodology. The experience that Westinghouse went 

5 through discouraged other vendors from providing their best 

6 estimate methodology. This guidance will put a framework by 

7 which if this information is presented, there is a high 

8 likelihood that this best estimate methodology will be 

9 approved by the staff. The development and assessment part 

10 will be playing a major role.  

11 MR. LAUBEN: Virgil, this is only for industry.  

12 They are the ones that are going to submit codes for review.  

13 If they don't, then you are right. It's a useless activity.  

14 MR. ZUBER: My problem is I am not dividing 

15 industry into us and them. I am looking at the technology 

16 as a whole.  

17 MR. LAUBEN: You are way ahead of all of us.  

18 MR. WALLIS: What you are really doing is spelling 

19 out what questions are going to be on the test. Isn't that 

20 what you are doing? 

21 MR. LAUBEN: That is what this is.  

22 MR. WALLIS: What is what you are doing. Industry 

23 says, we don't know what to submit because we don't what 

24 questions are going to be on the test. You are going to 

25 tell them these questions are going to be on the test; you 
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1 had better be ready to answer.  

2 MR. WERMIEL: Jarad Wermiel, Reactor Systems 

3 Branch in NRR. This reg guide is no different from any 

4 other reg guide dealing with any aspect of a review that NRR 

5 performs of a particular phenomenon or a particular design 

6 feature in a nuclear power plant. It provides an acceptable 

7 approach -- only one -- an acceptable way for the industry 

8 to deal with an issue that NRR knows exists with regard to a 

9 licensing action. That's all it is. It is nothing more 

10 than that.  

11 What we are attempting to do and what Research has 

12 done, we believe is provided a template upon which a 

13 reviewer would judge the acceptability of a particular code 

14 that has been provided for us to review.  

15 MR. ZUBER: Okay. Now let me ask a question. You 

16 are now going to decrease the power on the reactor to make 

17 it more efficient. This is coming. In five years it will 

18 be there.  

19 MR. SEALE: It's already here.  

20 MR. ZUBER: I am just giving him some room to 

21 maneuver.  

22 How are you going to determine whether the 

23 uncertainty calculations are sufficient or acceptable? 

24 MR. WERMIEL: It wouldn't be any different from 

25 the way we would have analyzed the uncertainty for an 
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1 existing application.  

2 MR. ZUBER: How are you going to defend it if 

3 somebody starts criticizing you? 

4 MR. WERMIEL: One thing we hope we will be able to 

5 do in the future is actually run the code.  

6 MR. ZUBER: You cannot afford to run these codes 

7 because they address the problem which would generally take 

8 25 years.  

9 MR. ELTAWILA: Zuber, I think we have been going 

10 through this -

11 MR. ZUBER: I am asking a question.  

12 MR. WERMIEL: Two things. Number one, you have to 

13 understand phenomena are most important. Norm already 

14 pointed out that is a key aspect of any review, of any code.  

15 At this time, in the future, in the past, that was always 

16 important.  

17 The reviewer, presumably with his understanding of 

18 what the code is trying to do, would have an understanding 

19 of what phenomena are important and then would look at 

20 whether or not the calculation itself for that particular 

21 phenomenon addressed the uncertainty in the result somehow: 

22 Do we understand what the uncertainty result really is? Do 

23 we really understand how much uncertainty there is in that 

24 result, and how important is that? That is the first thing.  

25 The second thing is, if you can run the code, then 
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1 you will actually know from the output how much of a 

2 contribution the uncertainty in that particular phenomenon 

3 is to the result. If you can't do that, then you don't have 

4 that confirmation, but you at least will have asked the code 

5 developer how important is this particular phenomenon and 

6 how uncertain are you in the result, and why do you have 

7 that particular confidence you have in the output? 

8 We do that now. I don't think that is any 

9 different from what we have been doing for years. Is it, 

10 Norm? 

11 MR. WALLIS: I think we need to move on.  

12 MR. LAUBEN: I think maybe what Novak is trying to 

13 point out is that the whole question of uncertainty 

14 assessment has plagued us from the very start.  

15 MR. ZUBER: But it was not that important until 

16 now. This is the future.  

17 MR. ELTAWILA: We have goals. We are trying to 

18 achieve them. We are marching towards achieving them.  

19 MR. WALLIS: What I have learned so far is that 

20 essentially your philosophy of approach is to encode in a 

21 more useful way for industry what you have been already 

22 doing, and there might be more emphasis on uncertainty, 

23 because that is going to be more important in the future.  

24 Your basic philosophy hasn't changed. You are essentially 

25 going to clarify things you have been doing all along. Is 
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1 that a fair statement? 

2 MR. LAUBEN: Very much so, Graham. That was the 

3 intent of the results from the Maine Yankee lessons learned.  

4 MR. WALLIS: So maybe we should move on from 

5 there.  

6 MR. LAUBEN: Okay.  

7 The content of the draft guide. I am just 

8 reiterating the things that were presented 11 months ago.  

9 The proposals were made regarding the reg guide: 

10 Address analysis methods for all Chapter 15 

11 transients, stressing verification, validation, 

12 documentation, and quality assurance, the principles that we 

13 know about.  

14 Describe application of the evaluation model 

15 concept, which includes all computer programs, other models, 

16 input, output, and methodology used to show compliance with 

17 analyses required by 10 CFR 50.34 and Tech Spec 10 CFR 

18 50.36.  

19 Number 3, describe an acceptable evaluation model 

20 development and assessment process based on principles of 

21 CSAU derived and refined over the last dozen years. A key 

22 element of this process is a credible and scrutable PIRT 

23 which is used to inform the entire process.  

24 MR. WALLIS: Let me ask you about that. I think 

25 PIRT carries too much weight. I am sure it is simply people 
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1 sitting around and saying, I think condensation is 

2 important. Do you have a model? That's fine. What happens 

3 then is someone who has no clue about how to model 

4 condensation guesses some model, and because he has 

5 addressed it, it's okay.  

6 MR. LAUBEN: If you look at the development and 

7 assessment process, Graham -- let me reiterate what happened 

8 in AP-600. People take a first guess at a PIRT. We had 

9 three revisions of PIRT, or four. The first one is a guess 

10 with a bunch of people sitting around and guessing what's 

ii important. After that you perform experiments; you do 

12 analysis; you check your code.  

13 Then you decide with maybe the same bunch of 

14 people or maybe a more informed bunch of people or different 

15 people that are closer to what is going on to revise that 

16 PIRT, and you go through the process again.  

17 MR. WALLIS: PIRT is just the beginning. This 

18 business about verification, validation and so on becomes 

19 very important after PIRT. There is life after PIRT.  

20 MR. LAUBEN: It informs the process of development 

21 and assessment.  

22 MR. ZUBER: May I make a comment.  

23 MR. LAUBEN: A PIRT by itself means nothing. I 

24 think I've seen too many examples where people put up a PIRT 

25 and think they have done the job. That is a sad state of 
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1 affairs.  

2 MR. ZUBER: Let me take the blame.  

3 MR. LAUBEN: No.  

4 [Laughter.] 

5 MR. ZUBER: I was instrumental in the PIRT. We 

6 were in the Willstie Building. At that time the 

7 documentation was abominable. We didn't know what was in 

8 TRAC. We didn't know whether we could do it. Then I 

9 thought we should get an accounting system, something to 

10 check up. I came to the meeting to tell them we needed to 

11 have a gedankenexperiment to go through the steps to see 

12 what is important, and from that we developed TRAC in the 

13 CSAU.  

14 My second thought is essentially this was 

15 generating a jawboning activity and had a life of itself.  

16 It was first just to check whether the code had or did not 

17 have the capability, but now it is an activity itself. Now 

18 you go to a meeting and think, if I address PIRT, I have 

19 addressed everything.  

20 MR. ELTAWILA: As Norm indicated, it was just to 

21 inform the process. We should not spend resources on issues 

22 that are not important.  

23 MR. ZUBER: The shortcoming of PIRT is it was not 

24 designed to be used the way you are using it. It is a 

25 qualitative thing. It is good, bad, yellow, green, or 
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1 something. It doesn't have numbers. If you don't have 

2 money to perform experiments, you can then use other means 

3 to support the PIRT. For example, you have a meeting today.  

4 PIRT is one of the most prominent things in your activity.  

5 This afternoon we shall EPRI: PIRT is the panacea. Look at 

6 the thing you are getting from EPRI.  

7 MR. LAUBEN: If you do not focus on importance, 

8 then you end up with exotic equations for phases of the moon 

9 or maybe other things -- I don't want to say what codes that 

10 might be -- that derive things that don't even matter.  

11 MR. WALLIS: I think what you need to think about 

12 is that just identifying and ranking doesn't go far enough.  

13 Though needs to be given to how good a description of this 

14 phenomena are we going to need.  

15 MR. SEALE: Precisely.  

16 MR. WALLIS: Your issue document has a lot of good 

17 things in it which aren't on your transparencies. Are we 

18 going to get to those? 

19 MR. LAUBEN: I wasn't planning to. That is right.  

20 There are measures of importance.  

21 MR. WALLIS: I think the details are, how are you 

22 going to do this verification or validation right? That is 

23 where the real issue is. You can use these words, I think 

24 we all agree. Then there has got to be a process which 

25 works.  
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1 MR. LAUBEN: I may have a backup slide. The 

2 backup slide, by the way, is a slide that appears in the 

3 regulatory guide. In the regulatory guide draft there was a 

4 figure. I will tell you that this does come from the PIRT, 

5 but this is something that I think our experience with 

6 AP-600 subsequently showed was a way that we could diagram 

7 this process.  

8 It was, in our mind, something that was more 

9 applicable to development and assessment, whereas I think 

10 CSAU was something that assumed that the development and the 

11 assessment was already done and now let's go through a 

12 process that tells us how to perform the uncertainty.  

13 MR. WALLIS: I think this is very useful. The 

14 text helps describe what is going on here. But it doesn't 

15 say much about assessing things on the left, like code 

16 description theory. What hung us up on the last code we 

17 looked at was that the code description theory seemed to be 

18 strange.  

19 MR. LAUBEN: What may not really appear here is a 

20 block that says "here's where I'm doing some assessments." 

21 This assumes that we do assessment here and it's documented.  

22 Then it goes into this box.  

23 MR. WALLIS: Is there something about the order in 

24 which you do these things and priorities with which you 

25 examine various pieces and A and B depend on C? 
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1 MR. LAUBEN: I've tried to think this through 

2 sometimes. What usually happens is because the process by 

3 its nature become iterative, you end up having so many lines 

4 that go back and intersect with so many others. What this 

5 gives is the main paths of how you do it, but indeed there 

6 can be iterations and flows that go back through.  

7 Everything feeds into this box here of the 

8 assessment. Right down here, when you make your decision 

9 and if you decide there is significant inadequacy, you go 

10 back and decide which of these things needs to be 

11 reevaluated.  

12 MR. WALLIS: Is there some agreement on the 

13 criteria used to determine adequacy with what is good 

14 enough? 

15 MR. LAUBEN: I have about a page of that in the 

16 reg guide. It is very subject. We do the best job we can 

17 in terms of describing it.  

18 MR. SEALE: Have you thought about green and red 

19 and yellow and white? 

20 MR. LAUBEN: Let us hope we don't think about 

21 that.  

22 [Laughter.] 

23 MR. WALLIS: When I look at the waterhammer data 

24 we are going to see today, it is all over the map and 

25 someone is going to draw a line through it and say it's 
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1 reasonable. I don't know if it's reasonable until I look at 

2 the risk associated with the uncertainties. You can't just 

3 say I look at a curve and some points and see does it look 

4 reasonable. What is the safety implication of my being 

5 uncertain about my prediction? That is what should 

6 determine the criteria, not just somebody looking at it.  

7 MR. LAUBEN: This is a weakness of the regulatory 

8 guide. I think it needs to be improved, and I am looking 

9 for all the help I can get.  

10 MR. KRESS: The problem with PIRT is it usually 

11 defines the figure of merit that you are using. Most of the 

12 time that figure of merit is not even well related and 

13 correlated with actual risk. That is where you need to make 

14 the first step.  

15 MR. LAUBEN: We have Gary Wilson under contract to 

16 do some uncertainty work on this thing. It's not easy. If 

17 it was easy, we would have done it a long time ago.  

18 MR. ZUBER: I have two problems with this thing.  

19 When I look at this, I don't see anywhere the importance of 

20 the experiments. They are really buried in this 2.2.3, 

21 scaling experiment or database.  

22 MR. LAUBEN: Scaling and assessment.  

23 MR. ZUBER: Essentially experiments are the 

24 foundation for verification, and they should be reflected in 

25 the document, in the evaluation process.  
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1 MR. LAUBEN: More than just scaling.  

2 MR. ZUBER: When I look at this, I see PIRT has a 

3 dominant position, and then you have all these boxes, and I 

4 don't see scaling, and then, oh, by God, this is 2.2.3, and 

5 there are somewhere the experiments. What kind of 

6 experiments? This should be kind of put that this is an 

7 important factor in evaluating the whole capability of the 

8 code.  

9 The second thing is the shortcoming of PIRT is 

10 qualitative. It's good, bad, A, B, C, or green, red and 

11 white, or whatever it is.  

12 For the future, when you run this uncertainty 

13 analysis, you have to support this by numbers. I think this 

14 is where you have to put scaling at the same level of PIRT 

15 and feed it in PIRT.  

16 What you could do in this case here is to have an 

17 arrow. Put this thing to feed the PIRT, to verify PIRT. Is 

18 this phenomena ten times more important than this? You 

19 defend your analysis and your uncertainty. Then you can 

20 throw this garbage out.  

21 You have to put a number on it, and the number is 

22 provided by scaling. So you have something to support this 

23 thing here. Then you have to use this in terms of the 

24 experimental data. This is where you can save quite a bit 

25 money and have efficiency in the future.  
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There are other things you can do to be able to do 

good calculations, but the first thing is you have to put 

numbers in scaling. Otherwise it's a jawboning.  

MR. ELTAWILA: I think I am going to repeat myself 

here. When you use the PIRT and use the code, you have to 

repeat that for each scenario and for the particular plant 

that you are studying. You are not doing a generic PIRT for 

all the scenarios. From there you look at the important 

phenomena.  

You look at the uncertainty in the major 

phenomena, and you might have about ten or 20 minor 

phenomena, but each one has a high uncertainty and a 

cumulative uncertainty.  

MR. WALLIS: I think there is something important 

about this diagram here that we need to clear up. Your 

point is you have got to start with a plant and a transient.  

MR. LAUBEN: Absolutely.  

MR. WALLIS: These assessment have to be made 

again for every different plant and every different 

transient.  

MR. LAUBEN: You can see that that was a 

difficulty with the RETRAN review. You didn't have a plant, 

you didn't have a transient, and so how can you review the 

code? 

MR. WALLIS: That is a tremendous amount of work.  
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1 Everything is fine and dandy all over this diagram for 

2 everything except for one transient.  

3 MR. ELTAWILA: Professor Wallis, when you have the 

4 code that is going to be used for all purposes, all 

5 phenomena are going to be important.  

6 MR. ZUBER: Come on. Not everything is important.  

7 MR. LAUBEN: It is, Novak. If you are doing all 

8 31 transients that appear in Chapter 15, then everything is 

9 important. You have to start somewhere. Identify the 

10 plant, identify the transient. You've got to do that. If 

11 it was going to be large break LOCA in this plant, then that 

12 is what you did.  

13 MR. WALLIS: Here is a nuclear plant, and I say, 

14 okay, it has got pipes and bends and junctions. I've got a 

15 code, and the theory is developed entirely for straight 

16 pipes. That immediately tells me the code does not apply by 

17 PIRT to the plant.  

18 MR. LAUBEN: Somebody has to sit down and decide 

19 whether the PIRT says that is important or not.  

20 MR. WALLIS: Of course it's important.  

21 MR. LAUBEN: It might not be. I'm serious. You 

22 may have a transient that lasts ten seconds, like a rod 

23 ejection, for which all this stuff isn't important at all.  

24 I'm just saying for certain kinds of LOCAs or steamline 

25 breaks or whatever, the kinds of things that you are 
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1 thinking about, yes, it's important, but it might not be 

2 important for some of the transients and accidents.  

3 MR. WALLIS: There are some generic questions.  

4 All plants look kind of similar, and there are certain 

5 things that all codes have to do no matter what the 

6 transient. I think you ought to be able to separate some of 

7 those things out so that the amount of work that has to be 

8 done is less.  

9 MR. ELTAWILA: In your question, Graham, you said 

10 that you have bends and pipes and bundles, but your model is 

11 developed on a straight pipe. When you do the assessment of 

12 the code and you say the range of applicability of that 

13 experiment is what is expected in the plant. You do that 

14 separate assessment. Then you assess the code against an 

15 integral experiment which has all these bends and bundles 

16 and things like that, and you reach a reasonable agreement 

17 on an integral basis. That gives you some confidence of the 

18 model that you develop from straight pipes.  

19 MR. ZUBER: My answer to that comment is you have 

20 enough dials in that code to be able to tune to everything.  

21 MR. ELTAWILA: I agree with you. We are really 

22 trying very hard to make the analyst specify the assumption 

23 that he or she used in their analysis and see if it is 

24 justifiable or not, not just running the code as a black 

25 box.  
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1 MR. ZUBER: Farouk, I have been sitting in this 

2 committee as an adviser or consultant for the last ten years 

3 only, and I have seen all of these analysts follow each 

4 others footsteps.  

5 MR. ELTAWILA: I'm not talking about NRC analysts.  

6 Analysts will use the code and they will not specify the 

7 limitation of the code, and we will try with these reg 

8 guides and the standard review plans to highlight some of 

9 the shortcomings of the code so when they use it outside the 

10 applicability range they have to know that.  

11 MR. ZUBER: I won't belabor this. This is my last 

12 comment. My concern is that this opens the door to 

13 jawboning for the next 20 years, and there are no numbers in 

14 it to support the PIRT. This is a very mushy environment to 

15 make a safety regulations.  

16 MR. LAUBEN: That's why you do it iteratively.  

17 MR. ZUBER: That costs money, and that is what you 

18 don't have.  

19 MR. LAUBEN: But you do it. You have to do it.  

20 MR. ZUBER: 

21 MR. ELTAWILA: There are no other alternatives.  

22 MR. WALLIS: Isn't there some way you can get some 

23 generic requirements for a code approved which are 

24 independent of plant and transient and then focus on the 

25 particular things that are different about this plant and 
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1 this transient. If everything has to be done each time, it 

2 won't be done.  

3 MR. STAUDENMEIER: Joe Staudenmeier, NRR. I think 

4 there is a lot of assessment that applies to almost every 

5 plant, like some basic flow losses in straight pipes or 

6 something, or flow losses in bends, or heat transfer 

7 coefficients. That assessment can apply to multiple plants 

8 and multiple transients.  

9 I don't think there is anything in Norm's guidance 

10 document that precludes not duplicating everything every 

11 time. You have this sitting there and all this assessment 

12 done. You could hook it together as an applicability 

13 document for that specific plant and transient that 

14 references the specific assessment that applies to that.  

15 MR. LAUBEN: There is a paragraph that says that.  

16 To be honest, I am almost paying lip service to it, because 

17 I believe that you do need to start with a plant and a 

18 transient. If it is possible to do something very generic 

19 with a code that would apply to every plant, fine, do it. I 

20 think that so often what is important to one thing is 

21 completely irrelevant to another.  

22 MR. WALLIS: So the guy in NRR who has got the job 

23 of reviewing some request for plant X has to look at the 

24 whole basis of the code from square one every time? 

25 MR. LAUBEN: No. A methodology will be submitted 
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1 to NRR for a steamline break or a rod ejection or any one of 

2 the transients or class or transients that are similar.  

3 Yes, then they will review the models for that transient or 

4 that class of transients, but they don't have to repeat it 

5 every time there is a requirement to do that analysis.  

6 MR. WALLIS: Conceivably they might say, well, for 

7 this transient, I think the flow around the bends is really 

8 important; therefore, the code description is not adequate.  

9 They will actually go back to the basic, first part of the 

10 framework of the code and question it? 

11 MR. LAUBEN: No.  

12 MR. WALLIS: Many of these code descriptions are 

13 nowhere near rigorous.  

14 MR. ELTAWILA: That's a different story.  

15 MR. WALLIS: They have assumptions and 

16 limitations. You have to assess them every time in every 

17 situation? 

18 I think the reason that we see some of these 

19 assessments not being done very well is that the poor guy 

20 with the job doesn't have the time because he is overloaded.  

21 He has got to look at mountains of documentation. Because 

22 he can't focus on what is important, he doesn't focus on 

23 anything.  

24 MR. LAUBEN: I'm not so sure that transient and 

25 accident methodologies come in that often to be reviewed.  
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1 RETRAN may be one of the first in a very long time.  

2 The problem is that RETRAN has to be associated 

3 with other codes, other methods that go along with it, and 

4 that is why you need to start with the transient and 

5 accident. Then you see, okay, I have a transient and 

6 accident. This is what is important. Is RETRAN an 

7 applicable code, or is RETRAN, the way it is configured in a 

8 certain way, applicable? 

9 All that has to be addressed for the plant and 

10 transient. It may be assessed for certain things and not 

11 for other things. This is what we learned at Maine Yankee.  

12 The specific example was they wanted to use RETRAN for a 

13 steamline break accident. We said, all right, show us the 

14 assessment. They had an assessment for a B&W plant. We 

15 said we didn't think that was an adequate assessment.  

16 MR. WALLIS: The ACRS, when we review codes in the 

17 next year or so if they come to us, is going to have to do 

18 the same thing? We are going to have to say, well, here's a 

19 code, but how about the particular plant and transient? We 

20 are going to have to then examine that in detail to see if 

21 it applies to each one of these things that it is submitted 

22 to be used for? 

23 MR. LAUBEN: Hopefully, something will be 

24 applicable to a class of plants. Indeed there are some 

25 plants that are so individualized that you may need to treat 
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1 them separately, but most of them you can treat as a class 

2 of plants. There are 2-loop, 3-loop, 4-1oop plants.  

3 MR. WALLIS: The difficulty I see is right at the 

4 start of it there are some assumptions made, and then for 

5 certain transients with certain experiments the predictions 

6 look reasonable. This then begins to bless something at the 

7 level of code description, which would really be pretty 

8 hokie. Simply because it has been fixed up to fit certain 

9 transients it gets some authority which it maybe doesn't 

10 deserve when it gets to some other plant.  

11 MR. LAUBEN: For some transients the degree of 

12 sophistication isn't important; for some it is important.  

13 MR. WALLIS: Some transients can be modeled with 

14 very poor theory.  

15 MR. LAUBEN: That is correct. That is the idea.  

16 MR. WALLIS: The danger is then the theory gets 

17 kind of blessed.  

18 MR. LAUBEN: That is why it has to be plant and 

19 transient specific. I could say plant class or transient 

20 class.  

21 MR. WALLIS: I would prefer to have a theory which 

22 is so good that that is not the weakness, that the plant 

23 specific transient is somewhere in the closure relations or 

24 something which you can identify as being the thing that is 

25 different about this plant, not whether or not some lousy 
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1 theory applies.  

2 MR. LAUBEN: In some transients, like rod 

3 ejection, physics is very important, sub-channel analysis is 

4 very important, but the basic system thermal-hydraulics, as 

5 long as you get some fundamental compliance, you don't need 

6 to get much more sophisticated than that. Why worry about 

7 all this sophistication for one transient if you don't have 

8 to worry about it? 

9 I think that is why you have to do plant and 

10 transient and then PIRT for that plant and transient. If 

11 you are going to carry along some sophisticated physics 

12 along with it, that's okay. Carry it along. If it doesn't 

13 cause you a lot of calculational heartburn, carry it along.  

14 That's fine. You do it for the most demanding transient, 

15 and then you can be done with it.  

16 MR. WALLIS: In your code description you could 

17 very carefully spell out the assumptions and then assess the 

18 error due to those assumptions.  

19 MR. LAUBEN: That is an A&S requirement.  

20 MR. WALLIS: I haven't seen it in anything.  

21 People simply write down what they said: this is a momentum 

22 occasion. They don't say this is an approximate momentum 

23 equation and here are the sources of error in it so that 

24 somebody can measure how big those errors are.  

25 MR. SEALE: I think there is an important point 
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1 here. A lot of these traditional requirements have been 

2 systematically ignored for 20 years. So I don't think that 

3 we should rely on the fact that these requirements are there 

4 to be the basis for presuming that suddenly people are going 

5 to start honoring them.  

6 I think you have to be sure, or you ought to try 

7 to be sure, that those requirements which are specifically 

8 applicable to this process get included in your reg guide.  

9 That reg guide is not only a cheat sheet for the applicant, 

10 but it is also a standard review plan, if you will, for your 

11 staff member that is going to be asking what the 

12 requirements should be in that proposal.  

13 I think you should strive for completeness to the 

14 degree you can. You shouldn't assume that traditional and 

15 systematically ignored requirements are suddenly going to 

16 start being honored.  

17 MR. LAUBEN: This is one reason I took NRR's 

18 suggestion to beef up the part on quality assurance. I 

19 agree.  

20 MR. POWERS: I have a question. This chart that 

21 compares the code to experiment, a lot of times people want 

22 to compare a code to a code. Is that addressed in this? 

23 MR. LAUBEN: It is talked about, but very briefly.  

24 At least I think it is.  

25 MR. POWERS: Everybody objects to it, but we all 
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1 do it all the time because it is going to short-circuit a 

2 lot of this stuff.  

3 MR. LAUBEN: That's right. In fact, the RETRAN 

4 people talk about RETRAN02 versus RETRAN03.  

5 MR. ZUBER: The problem with that is if one is 

6 rotten, you are comparing one rotten apple to another.  

7 MR. KRESS: They both smell the same.  

8 MR. POWERS: Suppose a guy came in and said, okay, 

9 I'm going to look at this thing. I know the British looked 

10 at it with this fancy 3D thermal-hydraulic calculation, and 

11 I compared my code to their CFD code, and I got the same 

12 answer.  

13 MR. ZUBER: That's fine. In Paris they have a 

14 standard meter.  

15 MR. POWERS: Do you discuss what the criteria are 

16 for that sort of thing? As soon as you get a code through 

17 this process for some application, everybody and his dog is 

18 going to try to use comparisons to it to short-circuit a lot 

19 of this effort.  

20 MR. ELTAWILA: I don't think the code to code 

21 comparison should substitute for the actual code assessment.  

22 Only in very unique cases when you have almost the same code 

23 but you made some changes to that code, you can make a 

24 comparison between an old version of the code to the new 

25 version of the code, but the original code was assessed 
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1 against experimental data and using the same assumption and 

2 models and so on. That is the only way you can allow code 

3 to code comparison.  

4 MR. POWERS: I think you need to be explicit on 

5 these matters. People are going to come in with code to 

6 code comparisons, and they are going to be more and more 

7 common because it gets harder and harder to get experimental 

8 data. Like I say, once you have got one code through this 

9 process for one purpose, everybody is going to compare 

10 against that.  

11 MR. BOEHNERT: Is that addressed in the reg guide 

12 somewhere? 

13 MR. ELTAWILA: There are a lot of assumptions that 

14 enter into the assessment. The way you nodalize your 

15 experiment and the way that you apply this nodalization to 

16 the actual plant, the input assumption, the user effect, all 

17 of these factors are going to influence the results. As 

18 long as there are experimental data, it is better to go to 

19 the experimental data than to go to a code to code 

20 comparison.  

21 MR. POWERS: I will agree with you probably on 

22 everything you said and then confess that I am probably the 

23 most blatant code to code comparer that I know of.  

24 MR. KRESS: I think it's a reasonable thing to do.  

25 You can view a code as an empirical correlation to the data 
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1 if it follows the rules. It is a measurement for the data 

2 to some extent. So it's a reasonable thing to do.  

3 MR. POWERS: I think what I am saying is whether 

4 they like it or not, they ought to either ban it and say 

5 "thou shalt not do this," or if they are going to give in 

6 to the reality of the situation, which is people will use 

7 the code to code comparison, then say here are the kinds of 

8 things you need to worry about and the kinds of things we 

9 will ask you about when you do these code to code 

10 comparisons.  

11 MR. ZUBER: You then have to apply a standard code 

12 which everyone agrees is the best. Unless you have a good 

13 meter, I don't think you can compare something to another 

14 because you don't have the quality.  

15 MR. KRESS: I think NRC ought to have that 

16 standard code.  

17 MR. ZUBER: You have to have a meter. If you have 

18 it, then you can do many things.  

19 MR. LANDRY: Ralph Landry, NRR. First, let me 

20 say, Dana, that we don't allow that code to code comparison 

21 when we are comparing a code for a BWR, a code for a PWR, a 

22 CE plant, a B&W plant. If the code has been reviewed and 

23 accepted for one specific class of plant and someone else is 

24 coming in with a code for a different class of plant, the 

25 comparison doesn't mean anything, unless you are comparing 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034



43

1 it against a generic set of data that have been assessed, 

2 such as when we are doing the RETRAN 3D review looking at 

3 the neutronics.  

4 We did comparisons in-house using our own and 

5 industry standard neutronics codes to see how the neutronics 

6 package in RETRAN 3D is performing for our own comfort 

7 level: Is the result from the neutronics package 

8 reasonable? Let's run another code to see what that code 

9 says, and say, okay, they are both getting reasonably close 

10 answers. That gives us a comfort level. We are not doing 

11 it for an assessment purpose.  

12 When you come in with a thermal-hydraulics 

13 package, if the code is coming in for one vendor's plant, 

14 you are not going to compare it against another vendor's 

15 code and say it's acceptable because the two compare, 

16 because they are for two entirely different plants. The 

17 phenomena that are important for one plant may be slightly 

18 different for another.  

19 MR. WALLIS: Ralph, if I were reviewing submission 

20 X for code A, B, C, which is supposed to describe some plant 

21 and I see some things I'm not quite sure about, I would say, 

22 well, what does our code predict? 

23 MR. LANDRY: That's a different story. The whole 

24 purpose years ago of developing RELAP5 and TRAC was to give 

25 us internally a confirmatory audit capability, a capability 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034



44

1 to run a code that we sponsored that is not assessed for 

2 purpose of licensing; it's assessed for the purpose of, yes, 

3 we have confidence in the code to a certain degree.  

4 Vendor A comes in with an analysis for a 

5 particular accident or transient. We run code X, Y, Z, and 

6 that gives us an answer that says, okay, we have got the 

7 right phenomena going in the right direction and around the 

8 right time. We can have some confidence level that what 

9 they have done and what they have shown us is reasonably 

10 acceptable with that code. But that is not for the purpose 

11 of assessing their code. That is for the purpose of giving 

12 us confidence and a warm fuzzy feeling that what we are 

13 seeing is reasonably appropriate.  

14 MR. WALLIS: What is the difference? I thought 

15 assessment was the warm fuzzy feeling.  

16 MR. LANDRY: You can only assess the code as far 

17 as the database extends. By using a code for a transient or 

18 an accident that does not have a good experimental database, 

19 you are extrapolating into that space. We run another code 

20 that is also extrapolating into that space: are the two 

21 giving reasonable results? 

22 That is not assessing the code. It is saying 

23 that, okay, the code does not look like it's completely out 

24 in left field.  

25 The real warm fuzzy feeling is if you have a good 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034



45 

1 solid database in the transient or accident space where you 

2 are going to assess. You can adequately assess the code; 

3 you can put a figure of merit on it, an uncertainty, 

4 whatever.  

5 MR. POWERS: You are giving us a great lecture on 

6 what is ideal, but I think you are really being unfair with 

7 what actually happens. You brought up the neutronics code, 

8 which I know something about, and I wouldn't have thought 

9 fair in this circumstance to bring in. Since you did, you 

10 leave yourself open. What is done there is a good deal more 

11 blatant. It is to say, here, I have done this calculation 

12 with my code, and it shows I have margin below the safety 

13 limits that you have set, and I know this code is good 

14 because I compared it to this 3D code, and it gives me a 

15 much bigger margin. So I know my calculation is 

16 conservative.  

17 There is no comparison made at all. There is 

18 comparison to data that is hidden way, way back in the 

19 history of this thing.  

20 MR. LANDRY: Dana, what we are doing now with the 

21 RETRAN, even though this is not a discussion of that code, 

22 we did go back and insist that their neutronics package be 

23 assessed against specific data, which Professor Schrock 

24 pointed out. We assessed our code against it first before 

25 insisting that they present the assessment of their code 
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1 against the data also. So we have data, our code performing 

2 well against the data, their code performing against the 

3 data, and our codes are comparing well against one another 

4 in other areas.  

5 MR. POWERS: Based on this, you firmly are 

6 convinced there is no need in this reg guide to address the 

7 question of code to code comparisons because it is never 

8 done? 

9 MR. LANDRY: We are saying there should be some 

10 statement about it because it is not ergo acceptable, that 

11 you run one code against another code, you submit that and 

12 say it's acceptable, because you haven't necessarily shown 

13 that they are codes being used for the proper purpose.  

14 MR. ELTAWILA: I think you are raising a very good 

15 point. I think we should have a section about the condition 

16 under which code to code comparison can be applied. There 

17 are cases where you can apply it, but it is not a generic 

18 substitute for the code assessment against the data.  

19 I think you are raising a good point, but I think 

20 the discussion we are having is about complete substitution 

21 of the assessment by code to code comparison.  

22 MPý. LAUBEN: We will have a statement about there 

23 may be times when a limited degree of this acceptable and it 

24 is okay, but it doesn't substitute.  

25 MR. SEALE: I think there is one particular 
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1 situation you want to take issue with, and hopefully not 

2 just by assuming that that will be done. The comment was 

3 made that the basis for using a code or accepting a code 

4 might be that it has been used in the past for the same 

5 class of plants, 3 loop, whatever.  

6 MR. LAUBEN: That is what a generic review tries 

7 to do.  

8 MR. SEALE: That's right, and that may not be a 

9 sufficient set of criteria for acceptability. In 

10 particular, the problem is what was it used for? If it was 

11 used for a bounding calculation, that says nothing about its 

12 adequacy to do a best estimate calculation. That has to be 

13 in there.  

14 MR. LAUBEN: Here is the point. What this tries 

15 to do is address Chapter 15 transients and accidents that 

16 can indeed be bounding as long as they meet the criteria of 

17 the GDC. Once you start to use these things in 

18 risk-informed space, indeed we open up something a lot 

19 bigger than this reg guide at this point. I think we have 

20 been talking about that all this morning. To the degree 

21 that we want to do that, maybe we need to sit down and talk 

22 about it.  

23 MR. ZUBER: You are going to discuss vendors who 

24 come to get their licenses.  

25 MR. LAUBEN: Like somebody who comes and wants to 
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1 make a change in technical specifications, and he is 

2 supposed to look at the success criteria and he is supposed 

3 to do some traditional engineering analysis to show that he 

4 can make these changes, and this all gets into the 

5 risk-informed business, and how do we do that? You hit one 

6 of my favorite points.  

7 MR. WALLIS: You have got ten minutes more. We 

8 are not finished with this today. This is sort of an 

9 opening discussion with you. We are going to meet you again 

10 on it. The ACRS is going to think itself about the codes 

11 and their quality. The reason we have gone all over the 

12 place in the discussion today is because this is a 

13 preliminary thing.  

14 Have you covered the things that you want to cover 

15 today? And what sort of next step do you think would be 

16 most useful to you from our end? 

17 MR. LAUBEN: I would love to see some written 

18 comments.  

19 MR. WALLIS: Written comments on the document? 

20 MR. LAUBEN: Yes.  

21 MR. ELTAWILA: The next step is we will go for 

22 public comments.  

23 MR. LAUBEN: I think NRR and Research have to sit 

24 down and discuss some of these philosophical questions about 

25 risk informed.  

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034



49

1 MR. ZUBER: Practical questions.  

2 MR. LAUBEN: It is more than philosophical. It is 

3 indeed how this may be used in other ways besides conforming 

4 to the GDC Chapter 15 analysis. I think that is right.  

5 MR. SEALE: It seems to me that since we are one 

6 foot in the Chapter 15 world and one foot in the 

7 risk-informed world that you not only have to say what this 

8 particular process applies to, but you have to say what it 

9 doesn't apply to.  

10 MR. LAUBEN: I try to make my job easy.  

11 MR. SEALE: I think it is really important.  

12 Otherwise you are going to be arguing with people ad 

13 infinitum that here you have got this reg guide and I want 

14 to apply it over here to this risk-informed thing, and there 

15 is nothing in there that says that is not an appropriate set 

16 of criteria for that application. Yet you mentioned clearly 

17 that it's not.  

18 MR. LAUBEN: Okay.  

19 MR. KRESS: Before you leave this slide, I have 

20 got one more question I want to ask about it. It is all 

21 this circular area on the "agreement with data," the 

22 excellent, reasonable, minimal, insufficient. My 

23 understanding of that is it is when you compare the data for 

24 specific models or for integral stuff you look at the 

25 uncertainty in the data and then make an assessment as to 
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1 whether the predictions stay within that uncertainty.  

2 To me that has a flaw, and the flaw is you are 

3 tying your acceptance criteria to how good the data are. It 

4 seems this "excellent," instead of "agrees with the data 

5 within the uncertainty," you need to translate it into what 

6 actually the uncertainty is in the calculation itself. It 

7 has to have a quantification to it. That is the problem I 

8 have with it.  

9 MR. ZUBER: What you really need is to have 

10 quantification of the data.  

11 MR. KRESS: That's right.  

12 MR. ZUBER: You have to quantify the data. This 

13 is a shortcoming of this.  

14 MR. KRESS: That was part of my problem.  

15 MR. LAUBEN: I got the point three times.  

16 MR. WALLIS: What is the position about data? It 

17 seems when we stress money, experiments are not done. Is 

18 there a good enough basis of experiments which is being 

19 recorded and is in good shape and understood well enough 

20 that there is a database for making these evaluations? 

21 MR. LAUBEN: If there is uncertainty in the data 

22 and that is reflected in uncertainty in the model, that 

23 would fall out in your results.  

24 MR. WALLIS: I guess what I am asking is, is there 

25 a database there which is adequate for making these 
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1 assessments? 

2 MR. ELTAWILA: That is one of the saddest things 

3 about this. A lot of the data has been lost. In some cases 

4 we are relying on the data that the codes in the 1970s were 

5 assessing. We are trying to recover this data. We are 

6 spending resources and we are calling people internationally 

7 and things like that, and we will try to collect that data.  

8 MR. ZUBER: Why were they lost? How were they 

9 lost? 

10 MR. ELTAWILA: They were lost at people's desks.  

11 Somebody would say, can I save this data, and they said, no, 

12 go ahead and throw it, and they throw it.  

13 MR. POWERS: The recorded media on which they have 

14 been recorded cannot be reloaded anymore.  

15 MR. KRESS: You would be hard pressed to go to the 

16 thermal-hydraulic test facility in Oak Ridge and find that 

17 data.  

18 MR. SCHROCK: There was a session at the NURETH 9 

19 meeting that was very amusing. A former fairly senior NRC 

20 official was speaking and he was asked what about the 

21 preservation of all this valuable data. His answer was that 

22 it is all well archives, it's all available, and there are 

23 no problems. Do I need to mention who he was? 

24 MR. ELTAWILA: I think there was only one senior 

25 official there.  
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[Laughter.] 

MR. POWERS: The other reality that has to be 

recognized is that as experiments become more integral and 

more useful for the purpose of code comparison, the less 

likely it is that there is a measure of experimental error.  

When you ask about uncertainty of the results, you 

will get, here's what the uncertainty in a thermocouple is, 

and here's the uncertainty in what a pressure transducer is.  

You don't get a comparison that says, and here's the 

experimental error; I redid this experiment a dozen times.  

That is the biggest problem in doing an 

uncertainty analysis and saying how good the data are, doing 

this good, excellent, so-so comparison. It should be done 

with the experimental errors.  

MR. WALLIS: You put up this transparency. I 

don't know what the findings for Maine Yankee reviews were.  

So I am not quite sure what it is addressing.  

MR. LAUBEN: That we needed to provide guidance 

for a scrutable process.  

MR. WALLIS: It was a vague kind of conclusion.  

It wasn't pinpointing certain faults which need to be 

corrected.  

MR. LAUBEN: No.  

MR. WALLIS: I would have expected if you are 

going to address a problem, first of all, you start out 
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1 clearly what the problem is, and then if what you propose 

2 really solves the problem.  

3 MR. LAUBEN: I could put up the slide I put up 

4 last November on what the Maine Yankee things were.  

5 MR. WALLIS: I think if there are specific issues 

6 raised by that review, at some time you ought to at least 

7 check off in some way that you have addressed them and that 

8 you what you have done has resolved some problem.  

9 MR. LAUBEN: They were very general in nature.  

10 This is what I presented 11 months ago on this subject.  

11 They were very general.  

12 MR. WALLIS: We don't have ACRS expectations and 

13 policy relative to code validation. So I guess not only is 

14 industry nervous about what yours may be; they may be 

15 nervous about what ours may be.  

16 MR. LAUBEN: Write it all on the draft reg guide 

17 and we'll fix it up.  

18 MR. WALLIS: I am so naive. I look, first of all, 

19 at the very basic level. I say, look, would I accept this 

20 as a homework problem solution? That doesn't appear in your 

21 criteria, but it is certainly in mine.  

22 MR. KRESS: That's the trouble with these 

23 professors.  

24 [Laughter.] 

25 MR. ZUBER: If this can be picked up any professor 
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1 in the technical community and they say, look, they are 

2 violating conservation of momentum, something we have been 

3 using since 1650, how can you license a reactor? A simple 

4 thing like that can destroy everything which may be very 

5 good.  

6 MR. WALLIS: It certainly should be robust against 

7 that sort of criticism.  

8 MR. ZUBER: Definitely.  

9 MR. WALLIS: Is there anything else? I would like 

10 to recess at 10:00.  

11 MR. LAUBEN: As I said in the last slide, I really 

12 would like your written comments on the guide. It's very 

13 important, I think.  

14 MR. WALLIS: I think we need to discuss that among 

15 the subcommittee.  

16 We will recess until 10:15. Thank you very much, 

17 Norm.  

18 [Recess.] 

19 MR. WALLIS: Please come back in session.  

20 We are going to hear now about the resolution or 

21 the proposed resolution of generic issue 96-06, having to do 

22 with waterhammer.  

23 I would ask the presenters to help us to conclude 

24 whether or not the information that is provided is adequate 

25 for making plant calculations and what the basis of that is.  
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I would also like to be made clear what the logic 

is for resolving this particular issue. Although there may 

be many interesting details, if we could focus on answering 

those questions.  

I call on Mr. Tatum. Please go ahead.  

MR. TATUM: My name is Jim Tatum from Plant 

Systems Branch, NRR. I thought it would be good before we 

get into the actual presentation by the industry 

representatives that I give you a little background on the 

work that was done leading up to that.  

General Letter 96-06 was issued in September of 

1996. One of the issues that we asked utilities to focus on 

was the potential for waterhammer in the cooling water 

systems that cool containment fan coolers.  

The specific scenario deals with a local loop 

situation where you have cooling water flow going to the fan 

coolers, and that flow is stopped because of the loss of 

offsite power during the event initiation.  

At that time the pumps, of course, would come to a 

rapid stop and you would lose the fluid flow through the fan 

coolers, but the fans themselves would take longer to wind 

down. So you have a situation where potentially you are 

moving air through the fan coolers and the fluid that is 

stagnant in the fan coolers then is accepting the heat, and 

you can get quite a rapid void formation or steam bubble
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1 formed in there.  

2 The concern is that once you restore power to 

3 those pumps for initiating flow through the coolers, you 

4 could have a condensate induced waterhammer or perhaps some 

5 other sort of waterhammer occur.  

6 We wanted to make sure that the utilities had 

7 looked at that scenario and could assure that they were not 

8 going to have some severe waterhammer that would damage the 

9 system to the point of having some integrity problem or 

10 something like that.  

11 That was one of the issues that was discussed in 

12 General Letter 96-06. That is what we are focusing on here.  

13 The work that was done by the industry, I wouldn't 

14 characterize it as industry resolution of that issue. The 

15 generic letter basically recognized NUREG/CR-5220 as an 

16 approach that the NRC would find acceptable for analyzing 

17 the situation. We recognize it as being very conservative 

18 and something that we would feel comfortable with if the 

19 utilities use that approach to make their determination.  

20 However, when the utilities were looking at using 

21 that methodology and the actual scenario involved, they 

22 concluded that it was rather conservative and perhaps in 

23 being able to take credit for some of the non-conservatisms 

24 that really aren't quantified in the NUREG they may be able 

25 to address the issue without making too many modifications 
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1 to the plant.  

2 NRC was receptive to that approach. It's just a 

3 matter, I think, that there was a lack of data for the low 

4 pressure fluid systems operating in this mode. There was a 

5 question about the air effects, thermal layer effects that 

6 you see in the interim TBR that is being presented today.  

7 The initiative was really to try to take a look at 

8 the event scenario, do some testing, gather data, and see 

9 how that might apply to this low pressure fluid system for 

10 this event scenario. That is what is going to be presented 

11 here, the work that EPRI and the utility group has pulled 

12 together.  

13 I would also add that the utilities that are 

14 participating chose to sign up for this initiative. There 

15 are some that are not participating. These are the ones 

16 that had an interest in pursuing the analytical approach.  

17 There are others that have similar situations, but for 

18 whatever reason they did not sign up for the initiative. So 

19 we are looking at probably a dozen utilities representing 

20 maybe on the order of 30 plants.  

21 The NRC staff involved with the review, myself and 

22 George Hubbard, have been actively involved, meeting with 

23 the industry, and going over the data with them as it has 

24 been progressing.  

25 Also, Gary Hammer from MEB and B.P. Jain has been 
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1 somewhat involved from MEB.  

2 We have Dr. Serkiz helping us out because of the 

3 nature and the complexity of the issue.  

4 Also, we have a contractor, Dr. Hossein 

5 Nourbakhsh, who is also with us here today, who is helping 

6 us do the review.  

7 If you have no questions of me at this time, I 

8 will go ahead and ask EPRI and the utility group to go ahead 

9 and make the presentation.  

10 MR. WALLIS: Any questions? 

11 [No response.] 

12 MR. WALLIS: Thank you. We'll move on.  

13 MR. TATUM: Vaughn Wagoner.  

14 MR. WAGONER: Good morning. I'm Vaughn Wagoner 

15 with Carolina Power & Light Company. I'm the chair of the 

16 Utility Advisory Group that was put in place to fund and go 

17 after this project relative to part of the issues related to 

18 Generic Letter 96-06.  

19 What are going to do this morning is three parts.  

20 I have some brief introductory comments. Professor Peter 

21 Griffith is going to talk about the operation and workings 

22 of the expert panel that we employed to oversee this 

23 process. Then Dr. Tom Esselman from Altran Corporation will 

24 make the body of the presentation relative to the TBR 

25 itself.  
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General Letter 96-06 dealt with several issues.  

What we focused on in this effort was the issue of the 

potential of waterhammer either during or after a LOCA or 

main steamline events in these low pressure containment 

coolers. We are not focused on the penetrations or the 

two-phase flow issue. This was only waterhammer.  

Jim talked about the background. The generic 

letter came out. The utilities did their thing relative to 

responses.  

The RAIs came out to the utilities. We looked at 

these RAIs and looked at the nature of these questions and 

met with the NRC back in early 1998 to get clarification on 

exactly what the substance behind the RAIs was. From that 

we realized that there was a general consistency to the 

questions and that had been asked such that we felt a 

collaborative effort on the part of industry would be a 

worthwhile undertaking to address certain aspects of the 

general letter.  

We put together a group of utilities, about 14 or 

so overall. We funded this effort and went after more or 

less about a one-year effort. That was our projected time 

frame to pull this together.  

MR. WALLIS: Are you going to present analyses for 

real systems, or is it all for the ideal systems 

investigated by EPRI? 
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MR. WAGONER: There is a combination of 

information that has been developed over the time that 

looked at both real occurrences in the plants as well as the 

testing that had been done, as well as research that we felt 

was applicable to the project.  

MR. WALLIS: It seems there are several questions.  

One is whether the research base provides the right kind of 

recipes to make predictions. The other one is what other 

information might be needed to make real predictions for a 

plant, because a plant geometry is much more complicated, 

and so on, than the tests.  

MR. WAGONER: I hope during the course of the 

presentation we will be able to do that.  

MR. WALLIS: You are going to make the bridge 

between the ideal experiments and the real plant.  

MR. WAGONER: Yes. I will leave to folks who get 

paid a lot more than I.  

MR. WALLIS: This committee has the lowest pay 

rate of anyone in this room.  

[Laughter.] 

MR. WAGONER: Our objective. From a utility 

perspective, we wanted to be able to realistically address 

this potential phenomena. Most of our thinking in the past 

was geared to the NUREG-5220 kind of problems, high 

pressure, high temperature issues. Here we are dealing with 
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1 a system that was a couple orders magnitude difference in 

2 driving pressures, 10, 15 psia gauge versus 1000 psia gauge.  

3 We felt there were fundamentally some differences: open 

4 systems; opportunities for boiling; release of 

5 noncondensibles, all those kinds of things.  

6 We felt there ought to be alternatives from an 

7 analytical process other than modifications. Frankly, from 

8 a utility perspective, that is always an important 

9 consideration at the power plant.  

10 Our efforts, then, were to develop this better 

11 understanding of these low pressure phenomena and then take 

12 that research information and make it applicable to the 

13 analytical folks that reside at our power plants so that 

14 they could in fact apply the information gleaned to the 

15 analysis of the particular problems at our respective power 

16 plants.  

17 We set up a process to go through. I won't go 

18 through all the details here. Basically, to collect 

19 research information that was available, derive the 

20 experiments that we felt were require to develop additional 

21 information, and then put it all together into the TBR, as 

22 we call it, the technical basis report.  

23 Two things about this process I would like to 

24 point out. One was that we were interactive with NRC staff 

25 from the get-go. We understood that we are doing research 
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in some areas where probably not a whole lot information 

existed. So the data was the data. But we wanted to be 

interactive during the entire process. It wasn't like a 

cloak of secrecy and then great revelations coming forth.  

That was an interactive process to help us shape, review, 

analyze, and understand the data that evolved.  

Secondly, we wanted a group of independent outside 

experts to oversee our process for the same reasons, to keep 

us on track, to help us to digest and understand the 

research information and its applicability to the geometries 

and circumstances of our particular plants.  

MR. WALLIS: When you planned these tests, someone 

must have looked at the real geometries of the plants and 

said that these two or three geometries we are going to test 

are going to cover the range of possibilities or something 

or plant geometries? 

MR. WAGONER: Yes.  

MR. WALLIS: You will convince us of that? 

MR. WAGONER: Absolutely.  

MR. WALLIS: Okay.  

MR. ZUBER: Just to follow up. Then you will show 

that the experiments which you performed really address the 

particular geometry? 

MR. WAGONER: I think we will do that.  

MR. ZUBER: And scale to that geometry?
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1 MR. WAGONER: Yes. I feel confident that we will.  

2 The big picture of our schedule. We kicked this 

3 thing off. We gathered enough support to get started about 

4 October of 1998. We had a number of expert panel meetings.  

5 The testing, data gathering and reduction was going on 

6 during this time.  

7 The first interim report was put together and 

8 submitted to NRC in September. Now we are going through the 

9 process to try to finish this up.  

10 Basically, we have had about a one-year effort 

11 here of tests, analysis, data reduction, and processing the 

12 applicability to what we are doing.  

13 MR. ZUBER: Did you have regular meetings? Was 

14 there a guiding committee? How was it structured or the 

15 problem organized? 

16 MR. GRIFFITH: That is next. That is what I will 

17 be talking about.  

18 MR. WAGONER: As I said, there are two parts. The 

19 utility oversight committee, we were interesting in where 

20 does the rubber meet the road; how do we apply these results 

21 from the lab to our power plants? Then there was the expert 

22 panel that Dr. Griffith is fixing to talk about, that 

23 oversaw the technical merit of our process during that time.  

24 MR. POWERS: Is there any significance to the fact 

25 that all members of the expert panel are retired? 
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[Laughter.] 

MR. POWERS: I noticed on your flow chart that you 

chartered this panel to think outside the box.  

MR. WAGONER: Very good observation. That was not 

a misprint.  

[Laughter.] 

MR. ZUBER: It was a Freudian slip.  

MR. WAGONER: Right.  

With that, let me turn it over to Peter Griffith.  

MR. GRIFFITH: This is the panel. I was retired, 

but I think Ben and Fred were still working when we started.  

We just retired.  

It was much more interactive than a review group.  

We were in at the first meeting.  

We had a chance to suggest all the experiments 

that we would like to have seen run.  

We could evaluate the experiments as the data came 

out, send them back to the kitchen to run more experiments, 

and where there was a question of what might happen, an 

exploratory experiment could be run.  

MR. ZUBER: How was the experiment program 

organized? When did you come into the program? Did you 

come after the experiments were run or were partly run? 

MR. GRIFFITH: Both Altran and FAI had run 

experiments before the program was in existence. I was
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familiar with both those sets of experiments. I did some 

work for FAI on theirs and also the ones that Altran ran.  

These gave us the idea that the conservatisms that were in 

5220 were very conservative, and there was an opportunity to 

improve the predictions.  

We came together with some experiments already 

run. The apparatuses were both in existence at the time 

that the program started. They were altered as a result of 

the recommendations that the expert panel made. Those 

alterations gave us some more information. As questions 

came up, we would run to the lab. The lab for Altran was 

right downstairs; the lab for FAI in fact was in a 

neighboring building.  

So it was very interactive experimentation. It 

wasn't fill in a matrix; it was, gee, we ought to look at 

this. Let's run an experiment and see what we can do about 

it.  

There were changes continuously made in the 

apparatus. It was almost academic in style.  

MR. WALLIS: I think in the report there is a 

statement that waterhammer is unlikely to happen in the fan 

cooler, or something like that.  

MR. GRIFFITH: That's right.  

MR. WALLIS: Is that a conclusion of your panel? 

MR. GRIFFITH: It's not in the conclusions. Let 
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me qualify that. I think it is not quite what we said. It 

was that the waterhammer that might occur in the fan cooler 

would be in such small tubes that the effect of it would be 

negligible. They are 5/8 inch diameter pipes.  

MR. WALLIS: It also had headers. It is probably 

a complicated geometry.  

MR. GRIFFITH: That's right.  

MR. WALLIS: You directed the experiments in the 

direction of the U-tube and the horizontal as being typical 

of geometries that needed to be worried about in the plant? 

MR. GRIFFITH: Not particular that way. We did a 

PIRT. The most important element was the piping. We 

decided that the most important element was the piping. We 

decided that both horizontal and vertical were important for 

different reasons. We then went through and ran some 

experiments.  

Because of the preliminary experiments which had 

already been run at FAI and Altran, I think we understand 

what the effect of orientation and flow rate is. All flow 

rates and orientations were included in the experimental 

matrix. We didn't build a matrix and fill in the blanks, 

but we went beyond the pressure ranges and beyond the 

velocity ranges that we were interested in and completely 

covered the pressure ranges that we were interested in.  

MR. ZUBER: Two questions. Your original 
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experiments, what was the purpose of the original 

experiments? Two, did you run them in high pressure or low 

pressure? 

MR. GRIFFITH: The FAI experiments were funded by 

a utility. Isn't that right? 

VOICE: Northern States and Wisconsin Electric 

Power.  

MR. ZUBER: At what pressure? 

VOICE: The typical that you might see up to maybe 

rebar.  

MR. GRIFFITH: The Altran experiments, to be 

honest with you, I don't know what the genesis was.  

VOICE: They also were sponsored by a group of 

five utilities, Consolidated Edison, Northeast Utilities, 

Entergy, Baltimore Gas & Electric, and Pacific Gas & 

Electric.  

MR. ZUBER: At what conditions? 

VOICE: Low pressure. I think it was prototypical 

of this event.  

MR. GRIFFITH: The thermal-hydraulic conditions 

encompassed the entire range of all the plants and 

interests, pressure, mass velocity, quality, all that. In 

fact, the air contents, too. I think the most innovative 

part of the experimental program was systematically 

investigating the effect of air.
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1 This is the way we operated. We first assisted in 

2 the construction of the PIRT. We met probably four times.  

3 Because I was on the PIRT group, was sort of a convener of 

4 it, when we had a problem we would meet at Altran. The 

5 other members of the PIRT group were Tom Esselman, Greg 

6 Zysk, and Matt Zweigle, and anybody else that we thought 

7 could contribute. We went over the group several times and 

8 edited the PIRT.  

9 MR. ZUBER: We have often referred to PIRT like a 

10 jawboning activity, an activity that depends on the quality 

11 of the people who are doing the PIRT.  

12 MR. GRIFFITH: I was on the group.  

13 [Laughter.] 

14 MR. ZUBER: And I know that you can jawbone. But 

15 who are the other people? 

16 MR. GRIFFITH: Tom Esselman, Greg Zysk. You want 

17 to know their background? 

18 MR. ZUBER: No. Just how many people.  

19 MR. GRIFFITH: Four were the core group.  

20 MR. ZUBER: In the report, when somebody presents 

21 a PIRT, at least state who are the members. Otherwise it is 

22 very questionable. It is somebody's opinion against 

23 somebody else, and opinions are flexible.  

24 MR. GRIFFITH: Okay. Agreed.  

25 MR. ZUBER: I would really like to see who are the 
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1 members on the PIRT.  

2 MR. WALLIS: Maybe someone can supply a list.  

3 VOICE: Peter Griffith, Ben Wylie and Fred Moody 

4 were the primary individuals that provided input.  

5 MR. ZUBER: You had meetings or something. The 

6 people who were sitting in during that meeting would be very 

7 useful, at least for me. If you would provide the list to 

8 Paul.  

9 MR. GRIFFITH: Coming up. Action item.  

10 MR. WALLIS: That is the easiest question we have 

11 for you.  

12 [Laughter.] 

13 MR. GRIFFITH: We participated in all the project 

14 review meetings. This meant that we could shape the 

15 program. They didn't just look for a stamp of approval.  

16 We suggested various ways of going. Ben Wylie was 

17 particularly useful in getting specific about what we needed 

18 to know about the pressure signature in order to do an 

19 analysis of a piping system. I think we closed that gap 

20 quite well with that.  

21 We reviewed three drafts of the TBR. The first 

22 draft came out in June. The second draft came out about a 

23 month later. Then the final draft.  

24 The reviews were ongoing. We would suggest some 

25 changes and we shipped them into Altran and they would 
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1 appear in the next draft. The reports were continually 

2 written over a period of about three months.  

3 Some of the work was completed before the three 

4 months. There was some work that was completed right up to 

5 practically when the report was sent to print.  

6 MR. ZUBER: This is obvious.  

7 MR. GRIFFITH: Yes.  

8 We consulted individually as requested on specific 

9 aspects of the work. The three of us on the expert panel 

10 had different areas that we were particularly competent in.  

11 Phone calls, letters and faxes would result in some comments 

12 as to how things were going.  

13 That is what I wanted to say. Are there any other 

14 questions? 

15 MR. ZUBER: You want to give it a pedigree? 

16 MR. GRIFFITH: Yes. We will give it a pedigree.  

17 I particularly, and I think all of us, edited the 

18 conclusions, and I certainly endorse all the conclusions 

19 strongly.  

20 MR. SEALE: I have a comment or question. This 

21 set of experiments is sort of in the middle range in the 

22 sense that it's clearly a multiple set of phenomena that are 

23 involved. On the other hand, they are relatively modest in 

24 size.  

25 More importantly, there is the opportunity to 
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1 gather some statistical feeling or some feeling for the 

2 degree to which the results are statistical. You don't get 

3 the same answer when you replicate the same geometry, same 

4 experiment every time.  

5 That is one of the difficulties we have when we 

6 babble about this uncertainty analysis, when we talk about 

7 complicated phenomena. I was wondering if you were going to 

8 take the opportunity to look at these phenomena in the 

9 context of that uncertainty analysis to give us some feel in 

10 this case for the degree to which you get a spread and so 

11 on.  

12 MR. GRIFFITH: In a formal statistical sense, no, 

13 we didn't do that. However, you will see when Tom presents 

14 the results that the recommended lines basically bound all 

15 the data.  

16 You can run exactly the same waterhammer 

17 experiment ten times and get a factor of 10 variation in the 

18 peak pressure, for instance. The reason for that is that 

19 the interface shape -- this is my opinion -- when they come 

20 together and make the waterhammer is not identical from 

21 experiment to experiment. That is obvious when you look at 

22 them. Some of the experiments have been run in plastic 

23 pipes, and they don't look exactly the same each time you 

24 run them when you have controlled as best you can the system 

25 variables, like the temperature, pressure and flow rate.  
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I think the statistics is tied up practically at 

the turbulence level in the liquid. I think that is really 

where the problem is. It is not turbulence in a formal 

sense, but the kind of random fluctuations that you find in 

any fluid mechanics experiment, which are amplified, I 

think, in a system which has two phases. Your fluctuations 

are bigger in a two-phase system than they are in a single 

phase system. I think that is what it is.  

I don't think we ran any of these experiments 

enough so that you could justify a formal statistical 

application, but I think we ran it enough so that we are 

sure that there wasn't something that was outside the bounds 

which we hadn't discovered. It wasn't that we had three 

points that differed a lot. There were more than three 

points, and all of them were below the line that we drew.  

MR. SEALE: I think it would be very helpful even 

if you don't have a formal statistical analysis if you could 

share your insights in a way that they might be available to 

people who are involved in some of these other integral 

experiments that we don't have the luxury of repeating a 

lot, and yet we know there is a spread and we are trying to 

figure out what all could be part of the perpetrators for 

that spread.  

MR. GRIFFITH: Okay.  

MR. WALLIS: You say you were there for the whole 
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thing. If you look at some of the graphs, a conclusion is 

drawn where there is a whole part of the data all over the 

place and there are two points over here. Because these two 

points are less than those, a conclusion is drawn. I would 

think one would say, well, wait a minute. If we are going 

to draw a really good conclusion, we want more than two 

points. Do you intervene to say that kind of thing? Why 

don't you go back and get more points and lower Jakob number 

and that sort of thing? 

MR. GRIFFITH: If I thought it was important, yes.  

On the Jakob number issue particularly, I didn't think that 

was crucial. The Jakob number was something that I fiddled 

with to.  

MR. WALLIS: You were responsible for the first 

transducer not measuring more than 968 psi or whatever? 

MR. GRIFFITH: We discussed that.  

MR. WALLIS: It seems very odd if you are trying 

to prove something is less than 2000 to have a pressure 

transducer that tops out at about that.  

MR. GRIFFITH: There were other transducers also 

in the system. There were some that topped out, yes.  

MR. WALLIS: Thank you very much.  

MR. BOEHNERT: I have a question. There is data 

in here. None of this stuff is considered proprietary? 

MR. ESSELMAN: That's correct. This is from a 
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1 report that is proprietary, but we have extracted data.  

2 MR. BOEHNERT: Fine. I just wanted to make sure 

3 you understand that we are in open session.  

4 MR. ESSELMAN: Yes.  

5 MR. BOEHNERT: Thank you.  

6 MR. WALLIS: We may ask questions and you may have 

7 to tell us that something is proprietary.  

8 MR. ESSELMAN: We don't anticipate getting there, 

9 but if we do, we will let you know.  

10 MR. SCHROCK: I was a little puzzled by this 

11 proprietary issue. It looks to me like the whole report is 

12 considered proprietary. By and large it consists of 

13 information which is common knowledge and would be difficult 

14 to justify a claim of proprietary. Is there not a need to 

15 identify specific items within such a report that are really 

16 proprietary? 

17 MR. ESSELMAN: Procedurally, as we make the final 

18 submittal, I think we need to decide whether to leave the 

19 whole report as proprietary or to declare parts of it as 

20 proprietary. The proprietary nature is primarily because a 

21 group of utilities funded it and a group of utilities 

22 didn't, and it is an EPRI methodology for dealing with it 

23 this way.  

24 VOICE: It is more of a commercial reason rather 

25 than an economic reason.  
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MR. SCHROCK: I am aware of that. To claim 

proprietary for this entire document seems to me to be 

absurd. If it came to a court challenge about whether items 

on 90 percent of these pages had any proprietary content, I 

think you would lose.  

VOICE: We just wanted to keep the data into which 

most of the investment has gone to create that data 

proprietary.  

MR. SCHROCK: The purpose is clear enough. I 

understand what you have in mind. I think you need to 

identify what that content is that is truly proprietary as 

apart from what is general information taken from textbooks 

and other open literature information.  

MR. ZUBER: Out of curiosity, how many pages does 

your report have? Do you have a number? 

MR. WALLIS: For the record, it's about two inches 

thick.  

MR. ESSELMAN: Two to three inches thick, yes.  

My name is Tom Esselman. I am with Altran 

Corporation. I will be joined today by Greg Zysk and Matt 

Zweigle, also of Altran, who worked with me on this, and 

also Bob Hammersly of Fauske and Associates, who also was 

involved in the project.  

The participants, that is, both us and the folks 

form Fauske, were involved in this program because we had
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been involved in the initial responses to the 90-06 for many 

plants in the country.  

We both started doing a testing program for 90-06 

because it became clear to both of us independently before 

we brought together that in fact the 5220 data that was 

referenced and suggested for use by the NRC was overly 

conservative. So testing was begun.  

Initially it was brought together by EPRI when in 

fact we wanted to get another level of detail, but yet what 

is important is that both of us and the utilities that were 

involved bring a great deal of individual plant analysis 

experience. This is directed to providing a resolution of 

individual plant problems.  

This is not, though, the resolution. This is the 

input to individual plants that have to take data that we 

will describe and use it to qualify their systems. Their 

systems are complex. I will describe to you amazing 

similarities between the systems that allowed us to do a 

series of tests that covered many plants, but yet this is 

input to individual plant evaluations that will then have to 

be done and submitted to the NRC for review.  

The activities that we started with were 

activities that started with characterizing the system 

behavior. I will describe the system during a LOOP, loss of 

offsite power, coincident with either a LOCA or a main 
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1 steamline break.  

2 We went through a process which Peter described 

3 briefly to determine the waterhammers that could be 

4 potentially significant. We decided to do testing for 

5 column closure waterhammers and condensation induced 

6 waterhammers as the significant waterhammers. We wanted to 

7 determine the pressures and durations.  

8 We knew that many of these systems were open loop 

9 systems where it was river water or cooling tower water.  

10 The boiling of that water would reduce non-condensibles.  

11 Closed loop systems also have non-condensibles that would be 

12 released. We wanted to quantify the effects of 

13 noncondensibles and the void steam collapse rate or void 

14 condensation rate in the void, and we wanted to look at the 

15 support reaction forces, which is clearly what you have to 

16 get back to in the plants to show that the plant is okay.  

17 Look at the piping, look at the components, and look at the 

18 supports.  

19 We did testing. We also did analyses and used the 

20 testing to validate the analyses. It is the analyses that 

21 allow us to look broadly at the wide range of parameters 

22 that vary from plant to plant. What we want to get to was a 

23 set of guidelines that can be used by plants to do their 

24 individual plant assessments.  

25 The primary conclusion that we have was that if 
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1 voiding occurs in a plant due to loss of offsite power only 

2 without a LOCA, that waterhammer is more severe than that 

3 produced when it is combined with a LOCA.  

4 MR. WALLIS: Is this in the report that you sent 

5 us? 

6 MR. BOEHNERT: Yes.  

7 MR. ESSELMAN: Yes.  

8 MR. WALLIS: Maybe I never got to it. I saw an 

9 assertion, but I didn't see the backup analysis. I didn't 

10 read every word. I didn't know where to find it. We will 

11 go through some of it.  

12 MR. ZUBER: May I just amplify what Graham said in 

13 a very diplomatic way. This is the most user unfriendly 

14 report I have had to confront in almost 40 years of my 

15 career. If I wanted to find something, it is almost 

16 impossible to do it.  

17 Let me be honest, or candid. My experience with 

18 reports of that thickness is essentially that the people who 

19 wrote it didn't really do a good job and they wanted to 

20 replace quality with quantity. The only reason I think 

21 there may be something worthwhile here is because Peter and 

22 Moody are participating, and Professor Wylie. I hope you 

23 address these questions, because this is really not clear by 

24 reading this report.  

25 It is a most frustrating report to deal with. I 
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am really surprised that the industry would present 

something like this. You make a statement on these three 

items in a summary. Then you have to go through I don't 

know how many inches to try to find this information. It 

may not be there. It is difficult to address a safety issue 

based on that kind of information. I'm really serious.  

MR. WALLIS: This is a draft report. So maybe you 

can address some of these points when you rewrite it.  

MR. ESSELMAN: I appreciate and accept the 

seriousness. We tried to push much of it into appendices, 

and clearly we didn't push enough into appendices. There 

was a great deal of information that we can take another 

look at.  

MR. ZUBER: For example, in the executive summary 

or in the introduction, it should say what kind of 

experiments, what geometry, what scaling, where I can find 

it in the report. I don't have to go through three inches 

of paper to find the information which may not be there.  

This is the way to -- I don't know whether you did it -

cover up for things you didn't do. Just present here is the 

whole thing; look how much work I have done.  

MR. WALLIS: We should move on. This should be 

written in a form that is useful to a user. It is not just 

criticism from Dr. Zuber. I think also you have to rewrite 

it so that it is most usable, not just for this sort of 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034



80

1 presentation. If someone seriously wants to use it, you 

2 have to think about how the information is presented.  

3 MR. POWERS: You have gone to a lot of effort to 

4 produce these primary conclusions. Did they surprise you at 

5 all? I think they look like conclusions I would come to 

6 before I started the study.  

7 MR. ESSELMAN: What we wanted to do was to allow 

8 these factors to be quantified so that they could be taken 

9 advantage of. The struggle before this effort was how to 

10 take advantage of non-condensibles of steam condensation 

11 rates.  

12 MR. POWERS: The primary conclusion is you could 

13 or could not take quantitative advantage of these things.  

14 MR. ESSELMAN: The work was done so that we could 

15 take quantitative advantage, and there was a great deal of 

16 struggle with how to take quantitative advantage.  

17 MR. POWERS: There is another set of primary 

18 conclusions beyond this.  

19 MR. ESSELMAN: There is detail that follows.  

20 MR. WALLIS: I think the main conclusion surely is 

21 that you have, I hope, created framework which enables an 

22 analyst to make predictions, and that doesn't seem to appear 

23 anywhere in the conclusions.  

24 MR. ESSELMAN: That we believe are accurate, yes.  

25 MR. WALLIS: I couldn't the basis for the last 
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statement either. It certainly isn't during void formation; 

it's during void collapse, presumably. Otherwise it's a 

false statement. Even then I couldn't find the backup 

evidence that supported the final conclusion.  

MR. ESSELMAN: We will talk about condensation 

induced waterhammer and go towards that conclusion.  

This was from the beginning developed to provide 

data that would allow an analysis to be validated so that 

utilities could find it useful. There was a tremendous 

amount of data generated. This volume was chosen so as to 

provide input but also a record so that data was available.  

Let me say very firmly that this, I think, is very 

comprehensive, and I would be very bothered by a thought 

that the volume was here because of lack of detail and lack 

of rigor in the process.  

MR. ZUBER: Let me clarify. If someone is bitten 

by a snake once or twice, then you start looking in every 

bush to see if there is a snake. I have been bitten by 

reports like this for the last ten years in my participation 

here. So this is my first reaction. I am conditioned to 

that. I am not implying that you did, and since Peter and 

Moody participated, I have confidence, but I couldn't find 

information I wanted. This is my problem.  

MR. ESSELMAN: It will be our objective then to 

prove that there is not a snake behind this bush.  
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MR. WALLIS: The kinds of things are there are 

graphs which don't have enough information for the reader to 

tell what the conditions were. If you try to connect the 

data in the tables with the data on the figure, you can't 

figure out which figure goes with which. That sort of 

thing. I tried to make connections and was really 

frustrated. Of course, we didn't have the time. So it may 

just be that we didn't have the time, but I think you might 

have helped us a bit more.  

MR. ESSELMAN: Okay.  

MR. WALLIS: Please go ahead.  

MR. ESSELMAN: Let me describe the systems briefly 

and come back to the question about the actual plant 

analyses.  

There are two primary system types, an open loop 

system and a closed loop system.  

The open loop systems are characterized wholly by 

fan coolers that are generally high in the containment.  

They are supplied water which is from a cooling tower or a 

lake or a cooling pond through pumps that pump water through 

the fan cooler, through a flow control valve or orifice, and 

then back into the cooling tower.  

We have done a survey of all the plants that were 

participating and other plants that we are aware of to 

characterize the designs of the fan coolers, the designs of 
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1 the piping systems, the size of the piping, and all of that 

2 has been incorporated into the planning process that we have 

3 gone through.  

4 MR. WALLIS: Actually this doesn't represent the 

5 full geometry. These pipes run all around containment.  

6 They are very long pipes.  

7 MR. ESSELMAN: Absolutely. Generally you will 

8 have four or five fan coolers. Your pipes will come out.  

9 They will be headered together. They will run around 

10 containment and head out.  

11 MR. WALLIS: Very plant specific.  

12 MR. ESSELMAN: That layout is very plant specific.  

13 The closed loop systems are similar in their 

14 in-containment design. What contrasts these is that you 

15 will have a heat exchanger in a closed loop, a head tank 

16 that commonly is nitrogen blanketed, and a service water 

17 pump, so that you are removing heat from this loop from an 

18 intermediate heat exchanger.  

19 In contrast to the open loop systems, in these 

20 systems when your pumps stop you will get voiding up here 

21 due to gravity, and then that voiding will be augmented by 

22 boiling in the fan cooler. What happens in these systems is 

23 that you will get voiding because you get boiling in the fan 

24 cooler.  

25 These systems are typically found in seawater 
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1 plants. We have looked at similarities and differences in 

2 design for these plants also and have incorporated that.  

3 MR. WALLIS: Something like this system, the gases 

4 don't have a way of escaping? They have to stay in the fan 

5 cooler or somewhere where they can be trapped and cushion 

6 the waterhammer? One of the bases of your result is that 

7 the gas once released is available to cushion, but it is not 

8 being circulated yet. So it can't get out somewhere else? 

9 MR. ESSELMAN: Yes. In fact, the key is that the 

10 gases evolve when your pumps are stopped. You lose power, 

11 so you lose your pumps. The fans that are in the fan 

12 coolers stop also, so that your flow stops. You are forming 

13 a void because of gravity and because of boiling in the fan 

14 cooler, and your void is of limited length and it gives you 

15 a place for the non-condensible.  

16 MR. WALLIS: When you first boil, you degas, and 

17 then there is later boiling that goes on as heat transfer 

18 proceeds. You sort of assume that all the gas evolved is 

19 available to cushion at some later date.  

20 MR. GRIFFITH: If you go through sort of a though 

21 experiment about what the transient does, in fact the gas is 

22 available. You release gas whenever you make steam. Some 

23 of that steam is condensed and heats the pipes. The gas 

24 remains behind. You make gas. As the water goes through 

25 the fan cooler rather slowly, the fan cooler units have 
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amazing heat transfer when you have got steam on the 

outside.  

MR. WALLIS: If you get the gas in the fan cooler, 

if the water level drops enough, you are going to get 

waterhammers in these pipes which run around the 

containment, which are not fan coolers. You could actually 

trip steam which is pressure steam and doesn't have so much 

gas in it somewhere else in the manifold.  

MR. GRIFFITH: The voiding starts in the top fan 

cooler. I don't think the void gets down to the floor.  

MR. WALLIS: But it gets into all these pipes that 

run around the containment.  

MR. ZWEIGLE: Yes. You can have air in the fan 

cooler during some part of the transient. You may have less 

air in the steam down towards the water-steam interface.  

There may be less, but there will be air in that steam.  

MR. WALLIS: The utility has to assess how much 

air in the particular steam which is going to collapse and 

make the waterhammer.  

MR. GRIFFITH: I think the experiments that were 

run will answer that question. The recommendation we made 

is conservative. You assume the air is one bubble, but you 

distribute the air. In fact, the pressures are lower.  

MR. WALLIS: You have a very simple system. This 

is fan coolers and piping and junctions and ups and downs 
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and various things. It's a big system.  

MR. GRIFFITH: Yes.  

MR. WALLIS: And your systems never duplicated all 

those places where there could be more air in one place than 

another, and there may be waterhammers at someplace which 

isn't directly the fan coolers yet, because as the cold 

water comes in it contracts steam somewhere else. It's a 

fairly complicated system.  

MR. GRIFFITH: We did some loop seal experiments.  

MR. ESSELMAN: The dominant number of plants the 

piping goes from the high elevation and then continues 

downward and only downward. There is a small number of 

plants where you may have a small number of rises or the 

ability to create a loop seal. We have looked at the loop 

seal configuration. The great number of the plants you are 

going to have a single void that starts at the highest 

elevation and then is created as a single void, so the air 

is going to go into a void, and that is going to be the void 

that finally collapses when you start your pumps again.  

I believe we have kept track of the air. Clearly 

the utilities as they go through their individual plant 

analyses also have to look at the void, characterize the 

void, and be confident that the air is in the void that is 

going to finally collapse.  

MR. ZUBER: This theory depends very much on the 
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size of your pipe. Maybe I am jumping, but you did 

experiments in small pipes. You may say, yes, you may do it 

in a smaller pipe, but this is not really scaled to plant 

conditions. In the plant you may have a different bubble 

size and bubble distribution, and that will collapse.  

MR. ESSELMAN: The testing was done in two sizes 

of pipes. The column closure waterhammer testing was done 

in 2-inch pipe. Those test results were used to validate an 

analysis method that was used to go to different 

configurations.  

The condensation induced waterhammer testing was 

done in 4-inch pipe and in 2-inch pipe, and scaling 

evaluations were done that we can describe that show that 

that would be applicable to larger pipe.  

MR. ZUBER: You are going to discuss the scaling 

or not? 

MR. ESSELMAN: Yes.  

MR. ZUBER: I have problems. The other question I 

have. Peter mentioned that he attributed the scatter of the 

data to turbulence and fluctuation, a factor of 10. If you 

run ten experiments, you have a factor of 10. For the first 

set of experiments did you change the pipe size to see 

whether this was characteristic of different pipe sizes? 

You experimented with a 2-inch pipe. Is the scatter only 

characteristic for a 2-inch pipe, or does it occur also in a



88

1 5-inch pipe? 

2 MR. GRIFFITH: Four inch.  

3 MR. ESSELMAN: For condensation induced we did 4 

4 inches and 2 inches, and I will show you a plot with the 

5 4-inch data and the 2-inch data.  

6 MR. ZUBER: I am talking about what Peter said, 

7 that you run ten experiments and the pressure can vary by a 

8 factor of 10, which is really huge. My question is, is 

9 there any association or relation between the pipe size and 

10 the experiments to that scatter? 

11 MR. GRIFFITH: The theory that we put together is 

12 an upper bound theory, and the scatter is down from that.  

13 MR. ZUBER: But your database is only one set.  

14 For the first set of experiments you did it only with a 

15 2-inch pipe. Can the pressure vary by a factor of 10? It 

16 can be more; it can be less; I don't know. The question is, 

17 do you have data to substantiate your conclusions? 

18 MR. GRIFFITH: If your analysis gives you a 

19 maximum pressure and all the data points are below that -

20 MR. ZUBER: For that particular size pipe, and you 

21 did it only with a 2-inch pipe.  

22 MR. GRIFFITH: The theory is good for 2-inch pipe 

23 and 4-inch pipe to the extent that it's a limit.  

24 MR. ZUBER: You don't have data to make a 

25 statement this is the limit.  
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MR. GRIFFITH: Not unless you understand it.  

MR. ZUBER: You don't understand the turbulence.  

You cannot predict that you run ten experiments you have a 

factor of 10 in pressure. This is what you told. You said 

this is independent of the pipe size. I said, that's fine.  

At least I know this is the case. If the pipe size has an 

effect, I don't see it, because you didn't run the 

experiments.  

MR. ZYSK: Greg Zysk, Altran Corporation. For the 

column closure waterhammers we are advocating use of 

Joukowski equations, which is independent of pipe diameter.  

The effects that we saw were changes to closure velocities, 

which is a factor in the Joukowski equation. Nowhere does 

the diameter play into that.  

MR. WALLIS: I think we need to get on to that, 

because it wasn't clear to me what theory you were 

recommending was used. Maybe that is because I didn't know 

where to find it. I saw all this data all scattered around.  

I never saw a comparison with the recommended theories.  

Let's go ahead to that.  

MR. ZUBER: One more statement. I am really 

concerned if you ran ten experiments you can vary the 

pressure by a factor of 10. The question is, what is the 

effect of pipe size for the real plant? Did you cover the 

entire range for the plant? 
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MR. GRIFFITH: The pipe size, no. The column 

closure waterhammers don't just occur in these pipes.  

Column closure waterhammers occur in all kinds of systems.  

The theories that are appropriate for them have been 

developed.  

MR. ZUBER: I am talking about when you have these 

fluctuations, a factor of 10 in pressure. Is there an 

effect of pipe size or not? Can you answer that what you 

have done has really covered the situation for a reactor? 

MR. GRIFFITH: I will say that you can calculate 

what the peak pressure is -

MR. ZUBER: I know I can calculate. Do you have 

data to back it up? Yes or no. If you have, fine. Tell me 

where.  

MR. ZWEIGLE: In some of the charts that Tom is 

going to show will demonstrate -

MR. ZUBER: I am just referring to his statement 

that you can vary the pressure by a factor of 10.  

MR. ZWEIGLE: I think the variation of factor of 

10 is specific to some of the test configurations. The 

significant variations on the condensation induced were not 

the same type of variations on the column closure testing.  

I think that will come clear in some of the charts that Tom 

is going to present.  

MR. WALLIS: I think what we need to determine is
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what you are recommending. If you are recommending some 

upper bound which is so conservative that nobody cares about 

the scatter, that is one thing. If you are going to 

recommend something which is some sort of best estimate with 

scatter around it, then I think we need to worry a lot about 

what are the causes of the uncertainty.  

MR. ESSELMAN: We are not recommending a best 

estimate. We are making a recommendation that takes the 

bottom part of the scatter with maybe several data points 

that fall below but with the predominant number above. I 

will show you examples of that.  

I have a flow chart that may help walk through 

this. I will try to get to it quickly.  

MR. WALLIS: I think we have to move ahead, 

because there is a lot of substance we haven't got to yet.  

MR. ESSELMAN: Absolutely.  

Typical fan cooler designs are in banks. There 

are several different kinds of designs.  

The piping that comes into the fan cooler 

typically either will come down with a loop seal so that 

there could be water trapped here, or some designs do drain 

out of there. We have considered and understand both of 

those.  

MR. WALLIS: That loop seal is a place where a 

waterhammer might occur? 
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1 MR. ESSELMAN: Yes. You need to be concerned 

2 about how that behaves.  

3 There is plant to plant variation, but yet there 

4 is great similarity between plants. We start time equals 

5 zero with the concurrent events.  

6 In the first several seconds your pumps stop, you 

7 flow coasts down. Your pumps coast down faster than your 

8 fans. You lose you fans also. The LOCA is ongoing in the 

9 containment, but your fans generally will coast down more 

10 slowly.  

11 Between 5 and 10 seconds, when your flow stop, you 

12 will begin boiling in the fan coolers, you will begin steam 

13 generation, and you will have void formation.  

14 At approximately 30 seconds, and this varies 

15 within maybe 5 seconds or 7 or 8 seconds, your pumps 

16 restart. After a LOOP, your auxiliary power starts, and 

17 then your equipment is sequenced in.  

18 The pumps generally restart within the 30 second 

19 time frame. So we are talking about the event between times 

20 equal to zero and time 30 seconds or so when your pumps 

21 restart, and then it's another 7 or 8 seconds before your 

22 flow catches up and you close the void. So the event 

23 occurs. The analysis needs to look at these 37 seconds or 

24 so.  

25 MR. WALLIS: There are branches of pipes. It is 
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1 not just one pipe and one void. It's a system that has got 

2 to be predicted.  

3 MR. ESSELMAN: It's a system that has to be 

4 analyzed, but yet I would suggest that the void is generally 

5 a single void even if you go through branches.  

6 MR. WALLIS: Presume you have got a header that 

7 has got a void in it and the water comes in and runs along 

8 the header and fills it or doesn't fill it, and some has to 

9 go up to the fan coolers. It has got to condense steam in 

10 various places where it could trap the steam.  

11 MR. ESSELMAN: However, once your pumps coast 

12 down, when your pumps get power again they will come up to 

13 speed very quickly, and your flow velocities in the pipes 

14 will go up to approximately 15 to 20 feet per second very 

15 quickly.  

16 MR. WALLIS: They are governed by the pump.  

17 MR. ESSELMAN: It is governed by the pump, and 

18 that governs the velocity at closure also. As we look at 

19 what characterizes the column closure event, your velocity 

20 is limited by your pump. That is unlike your condensation 

21 induced where you can get very high velocity based upon the 

22 delta P from your saturation pressure and your system 

23 pressure. From a column closure point of view your pumps 

24 start. They come up to speed very quickly, and then you 

25 will close the void at a relatively constant velocity.  
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We tried to prepare a flow chart which I was 

hoping would help, and it still may help.  

We did several things in parallel at the beginning 

of the program. We had a preliminary plan development. We 

did the PIRT table. We interacted with Peter and Ben and 

Fred. Peter was a driver in creating the PIRT. We sat down 

and we went through it several times. It went through 

several iterations at the expert panel meetings with the 

utilities also.  

We used the PIRT to feed into the plan 

development. We also did a plant survey of the plants that 

were participating. This was, give us your piping layouts, 

give us your piping sizes, give us your water conditions, 

your fan cooler designs, your fan properties, how will they 

coast down, how do your pumps coast down. All of that plant 

geometry and system dependent information we got for the 15 

or so utilities that were represented.  

MR. WALLIS: Did they give you transients that 

they had predicted? 

MR. ESSELMAN: We also looked at reports that they 

had submitted already.  

MR. WALLIS: So you had a good idea of about how 

low the level drops and all that? 

MR. ESSELMAN: All of this was preceded by 

individual plant analyses and submittal to the NRC. This 
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1 had been reported and submitted. So we were also able to 

2 look at that. There are system analyses that we did not 

3 perform here that are very detailed and have to be performed 

4 on a system-specific basis.  

5 The plan focused in three testing regimes, if you 

6 will. We did column closure waterhammer testing and we did 

7 condensation induced waterhammer testing, and we all did 

8 some air release testing to find that in this 30-second 

9 period of time how much air would be released from water. I 

10 will describe that briefly also.  

11 We were aware that we could not test every pipe 

12 size and every geometry. These are up to 12-inch pipes, and 

13 we knew that we couldn't do 12-inch pipe tests to measure 

14 waterhammers in the pipes. We did, however, have plant data 

15 where waterhammers like this have occurred in the plant, and 

16 we did have some plant data for actual plant transients.  

17 That was very important to us.  

18 We knew that we could not produce the test data 

19 that would cover every pipe and every configuration. So we 

20 decided to do what we call prototypical tests and thermal 

21 layer tests, but we did those really to allow us to validate 

22 method of characteristics, model of the transient, have an 

23 analysis model with non-condensibles introduced into it, and 

24 then to take these test data, plus testing that would come 

25 from textbooks and other references and other sources of 
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1 test data from a number of sources that we could use to 

2 validate our model.  

3 I would like to have the opportunity to go back 

4 and see what every one of those pipe sizes were for every 

5 piece of the industry data that we looked at, but this 

6 included textbook references, tests that had been run at 

7 many other places that we also used for model verification.  

8 The intent of the column closure waterhammer test 

9 to understand the phenomena, number one, but to produce data 

10 that could then be used to validate a model, that could then 

11 be used on a system-specific basis to predict the response.  

12 MR. ZUBER: How did you define prototypical tests? 

13 MR. ESSELMAN: If I could describe how those tests 

14 were set up in a minute, I will get to those. I will 

15 describe this test also as we developed it and then 

16 performed it.  

17 These tests provided data that we used in the 

18 hydraulic model, if you will, the model that allowed us to 

19 look at air and steam. This also produced data that allowed 

20 us to look at support loads, reaction forces in the pipe 

21 that were taken coincident with the pressure transient in 

22 the pipes. So we were able to have pressure transient and 

23 pipe support reaction forces taken contemporaneously so that 

24 we could do a one-to-one comparison.  

25 It is in fact the structural loads that the 
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utility finally will get to to show that the system was 

okay. Doing this without doing this wasn't valuable.  

With this data we did a structural model, 

basically a piping analysis model, taking the hydraulic 

transient. Then we compared the structural tests and the 

structural model to verify that model also.  

The method of characteristics validation then ran 

into what we call a rigid body model that produced 

guidelines that we are proposing utilities use to assess in 

their configuration once they do their detailed analyses th 

amount of cushioning they will get from air and steam.  

These guidelines allow an individual plan to say 

here is my system, here is my detailed analysis of my 

system. The only thing they don't know how to do that they 

use this for is to assess the cushioning for the column 

closure waterhammer. So we have prepared guidelines 

basically to allow them to take a cushioned versus 

non-cushioned velocity and look at how that velocity would 

be reduced.

That is one of the conclusions that is provided in 

the TBR. That requires the utility to know what is 

happening in their fan cooler, how big their void is, how 

their pump will start, and what the uncushioned velocity is 

at closure and those kind of system-specific parameters.  

With those system-specific, we are interested in 
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1 the air, and we have worked predominately to provide the 

2 ability to cushion the final impact to get an impact 

3 velocity that takes the cushioning into account. That is 

4 the intent, and that is how that data is going to be used.  

5 MR. WALLIS: Where is the final impact in the 

6 plant? 

7 MR. ESSELMAN: It's in the pipe. The voids do not 

8 go very far outside containment. They are typically inside 

9 containment. Outside containment there is an orifice or a 

10 flow control valve where you take the pressure drop.  

11 MR. WALLIS: The impact is in which pipe 

12 typically? 

13 MR. ESSELMAN: It's in the service water piping 

14 discharging from the fan coolers. Typically a 10- or 

15 12-inch pipe.  

16 MR. WALLIS: So the fan cooler still has air in it 

17 at that time.  

18 MR. ESSELMAN: At that time the fan coolers will 

19 not. When you start your pumps again -

20 MR. WALLIS: Will they fill the fan cooler first 

21 and drive the void somewhere else? 

22 MR. GRIFFITH: They fill the fan cooler first.  

23 Sometimes it's in a horizontal run and sometimes it's in a 

24 vertical run, but you are running the pipe fast enough. The 

25 orientation of the pipe in the column closure waterhammers 
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1 doesn't matter much.  

2 MR. WALLIS: You clear the fan coolers first? 

3 MR. GRIFFITH: Yes. If you look at the first 

4 diagram that Tom showed, the flow comes out of the pumps, 

5 goes up to the fan coolers. The fan coolers is where the 

6 voiding occurs. The void sometimes is just on downstream 

7 side. It can be in the horizontal run or it can be in the 

8 vertical run.  

9 Your void generally will be in this segment, and 

10 it will be around containment. Some plants have a check 

11 valve here and some plants don't. So some plants void on 

12 the supply side and some plants don't. When your pumps 

13 start, you are going to fill the supply side piping if in 

14 fact it is voided at all. You are going to fill the fan 

15 cooler with cold water and basically start removing heat at 

16 that point, and then proceed at approximately 12 to 15 or 18 

17 feet per second until you close the void, typically before 

18 you get to a lot of the other loads also.  

19 MR. ZUBER: What is the diameter of that pipe? 

20 MR. ESSELMAN: This pipe will vary from 6 inches 

21 up to 12 inches. Typically it goes from a 4-inch or 6-inch 

22 pipe at the fan cooler and they will header together into a 

23 larger pipe that may be 12 inches.  

24 MR. WALLIS: So you are concerned with predicting 

25 waterhammer loads in something like a 12-inch pipe? 
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MR. ESSELMAN: Yes.  

MR. ZWEIGLE: Depend on the configuration.  

MR. SCHROCK: I have done enough experiments that 

involved waterhammer being a problem to come away with a 

firm conviction that the stochastic behavior of these events 

is induced to a large extent by variation in the interface 

configuration. I think Peter alluded to this earlier.  

I think your discussions in the report and what I 

am hearing now imply that the thinking is still about the 

impact of a more or less planar front against an unyielding 

boundary. You are going to take credit for cushioning 

effect of the non-condensible, and it seems to me if you are 

going to do that you need a better understanding of what 

these interfaces are like where the waterhammer occurs.  

More detail about what is the point of highest pressure.  

I am not hearing this. I guess it makes me uneasy 

that you are not thinking of it in those terms.  

In my mind, it is very hard to see how one can 

justify any credit for a cushioning effect unless it 

involves a statistically massive quantity of data that could 

be argued covers all the worst geometries that may ever 

occur in these plants, or you have some understanding of how 

the geometry influences the consequence of the pressure 

rise. I don't hear anything about this latter point. How 

does the geometry influence the magnitude of the pressure 
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pulse? 

MR. ZUBER: When you talk about these variations 

of pressure, a factor of 10, this is what my concern is, if 

the geometry has an effect on the interface.  

MR. GRIFFITH: The worst interface, though, is a 

plane interface. Two pieces coming together like that are 

the worst. The cushioning slows up that closure. It also 

causes the interfaces to break up. We are treating it as 

though it is a plane. That's the conservatism.  

MR. ZUBER: My problem is you are going to a 

12-inch pipe. You have data for 2 and 4. That size will 

determine the shape of the interface and therefore the rate 

of condensation and the cushioning effect. Do you have 

enough data to substantiate your conclusions? 

MR. WALLIS: They are going to tell us, Novak.  

MR. BROWN: Tim Brown from Duke Power. We have 

time tests for loss of offsite power.  

MR. WALLIS: We are asking questions. You are 

going to give us the answers if we let you proceed.  

[Laughter.] 

MR. ESSELMAN: Let me finish with it.  

So we have a path that we need to come down that 

integrates testing with analysis. That takes us into 

producing these guidelines for the cushioning effects. We 

also have a structural model.  

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034



102

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034

There is also a method that is required to 

determine how much air is released, and we have done testing 

and provided recommendations about how much air will come 

out of solution in this 30-second period. I will describe 

that.  

The last piece that is coming together into the 

TBR is how to deal with the condensation induced 

waterhammer, and I will also deal with that.  

So this testing, where we have concluded it, is 

not a significant strength to affect the integrity. It also 

leads into the TBR.  

MR. WALLIS: You are now half way through your 

time.  

MR. ESSELMAN: I know.  

Tim brought a very important point. These are 

events that have occurred in power plants. The combination 

of loss of offsite power and a LOCA has not occurred, but 

yet a LOOP has occurred. If you take a configuration like 

this, whether you have a real loss of offsite power that 

causes your pumps to stop or you simulate a loss of offsite 

power, as is done nearly annually at many plants, you create 

a void because of gravity, and you restart your pumps and 

you get a column closure waterhammer.  

These have been done tens of times, 20 or 30 times 

at nearly every plant. This is open loop plants, because in
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a closed loop plant you don't get voiding when you stop your 

pumps. You have a head tank that keeps everything full.  

But in open loop plants like the one I showed you, when you 

have a loss of offsite power, you get a voiding, and when 

you start your pumps you close that void and you get a 

waterhammer.  

These are very similar to the LOOP plus LOCA 

conditions. You need to look at the data and say, am I 

lined up the same, am I voiding the same way, have I started 

the same number of pumps that I would start? 

Many of those conditions are very similar to what 

happens following a LOCA. Six plants have recorded pressure 

data during the events and have recorded pressures on the 

order of several hundred, 300, 150, 300 or 400 psi, in the 

magnitude that we are also predicting.  

MR. WALLIS: Do they have transducers which can 

really pick up the rapid rise of these pressure spikes? 

MR. ESSELMAN: Generally we know that some of them 

did. Some of the data was collected before. We had thought 

that we could some correlation, but frankly there was not 

enough detail in sensing and transducer recording that 

allowed us to do a one-to-one coincidence with a plant 

prediction. We know magnitudes. We are able to watch the 

progression of a waterhammer where you can look at flows and 

general pressures, and then you can see waterhammer 
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pressure.  

It was interesting data, but not sufficient to do 

model validation.  

MR. WALLIS: You need a response time which is 

less than a millisecond.  

MR. ZWEIGLE: Some of it had it and some of it 

didn't. So there wasn't enough data.  

MR. WALLIS: You knew when a LOOP was coming? 

MR. ZYSK: We simulated one of the plants. We had 

4000 hertz.  

MR. ZUBER: Did you have conditions in a given 

plant for the same initial conditions and take two pressure 

readings? 

MR. ESSELMAN: We have seen multiple data. You 

don't do this ten times. You do this once or maybe twice.  

There is not enough data here to look at the scatter issue, 

to look at the reproducibility.  

MR. WALLIS: But they saw several hundred psi.  

MR. ESSELMAN: Several hundred psi was the order 

of magnitude that these pressure pulses were in.  

What is important both for the recorded plants and 

for all the other plants is there have been walk-downs done 

of these systems, especially once there was greater 

awareness that we were getting waterhammers.  

There was no challenge that was recognizable at 
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all to pressure boundary integrity. There were two plants 

that I can think of where they recognized support damage 

that was caused by the occurrence of these waterhammers.  

They strengthened the individual supports and have gone on 

from there.  

It is an event that from a column closure point of 

view only because you don't have steam of significance, you 

are not generating steam without a LOCA, but yet the rest of 

the transient is very similar to what would happen with a 

LOCA. I believe this is important.  

We have talked about the PIRT a great deal. The 

PIRT explanations are provided in the report. It was 

performed with the expert panel. We will add the 

backgrounds. You are familiar with these. You look at the 

important components, the important phenomena, go through a 

ranking and an evaluation. The bases for the rankings were 

provided.  

It was concluded from the PIRT that condensation 

induced waterhammers needed to be evaluated and column 

closure waterhammers needed to be evaluated.  

The program that was put in place for the column 

closure waterhammer, the scope was to perform what we refer 

to as separate effects tests to demonstrate the effects of 

the thermal layers and steam and gas contents on column 

closure waterhammer.  
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We performed what we call prototypical tests. I 

will describe these to you in a minute.  

Those were used to validate an analytical model so 

that we could show for different air contents in the water, 

different expected or anticipated air content in the void, 

how these would behave.  

Then we wanted to use this to allow us to 

characterize the in-plant behavior and also to identify 

methods that could be used to go from a pressure magnitude 

to a support load, which is basically how do you get piping 

segment forces and turn that into a support load.  

MR. WALLIS: When are we going to get to this? 

You say correlate and validate the model against test data.  

What I saw when I went through the report was many graphs 

which had test data which one could describe as all over the 

place. I never saw any model comparison. There is nothing 

labeled "model." 

MR. GRIFFITH: There is later in the report.  

MR. WALLIS: It must be well hidden. The main 

message is you have a model which works and is validated.  

Because I didn't have time or something, I didn't get to the 

real meat of the matter which said "here's our model and 

here's our validation of it." Maybe you could get to that 

today.  

MR. ZUBER: I am glad that you expressed that.  
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1 You have to look in the appendix to dig out something which 

2 may be important.  

3 MR. ESSELMAN: We chose what to put in the 

4 appendix. It is clear that some of stuff that is back there 

5 needs to be put forward. We provided it in great detail, 

6 though.  

7 The scope of condensation induced waterhammer is 

8 to perform testing and to provide a scaling justification to 

9 allow us to apply the results up to prototypical pipe sizes.  

10 We started with a Joukowski equation as the 

11 equation that we wanted to be able to use.  

12 It was clear that the density and the constant was 

13 well known.  

14 The delta V, or the impact velocity, is what we 

15 clearly were going to focus primarily on. We were also 

16 interested in measuring sonic velocities. We also collected 

17 data on that.  

18 We are starting with this as the primary factor.  

19 We wanted to be able to adjust or treat the change or 

20 adjustment in the impact velocity that would occur due to 

21 air and steam.  

22 We have talked about the column closure 

23 waterhammer. The magnitude of the waterhammer is 

24 proportional to the impact velocity. When you have gas and 

25 steam in the void as you are closing the void, we wanted to 
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be able to keep track of the pressurization within the void 

so that when you get final closure of this void we would be 

able to calculate the impact velocity or the cushioned 

velocity of impact.  

MR. ZUBER: Do you think that the size of this 

void depends on the pipe size? 

MR. ESSELMAN: The size of the void surely depends 

on the pipe size. The void will fill the pipe size and will 

clearly depend upon the pipe size and the system-specific 

parameters.  

MR. WALLIS: It is surprising that that stagnant 

water as a vertical face on it.  

MR. ESSELMAN: In fact, this is an artist's 

rendition, which I will apologize for.  

MR. SEALE: An inspired artist.  

MR. WALLIS: You sketch what you think you have 

analyzed.  

MR. ESSELMAN: Clearly this interface is either 

going to be at a vertical downward piece of pipe where you 

will have a straight interface or it will be in a horizontal 

pipe where you are not going to have a straight interface.  

MR. WALLIS: If you are cushioning and you have 

advancing water mass at a certain speed, you have that 

impulse to stop no matter whether you cushion or not. It is 

like a car in a crash. You are going to stop the car 
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sometime, and if you provide cushioning, you lower the peak 

pressure, but you have still got to stop it. So you have 

still got the impact.  

MR. ESSELMAN: Yes. What is clear is that your 

duration is going to extend. You need to look at rise 

times.  

MR. WALLIS: One of your conclusions was that 

there can be a certain rise time which is worse or 

something; a sudden bang is not the worse condition.  

MR. ESSELMAN: Yes, and we will come back to that.  

We have three configurations of testing. We will 

refer to them, and I will show you a figure and describe 

them as configuration 1, thermal layer test, and 

configuration 2, which is 2a and 2b.  

These were done to understand the phenomena and to 

benchmark the analytical model.  

Configuration 1 was a configuration in which we 

had a test section that was approximately 3-1/2 feet long.  

We had a rapidly opening valve above an below this test 

section.  

We circulated steam through the test section until 

it was saturated and full of steam. We closed and isolated 

the test section. We opened up the valves and drove the 

column of water that was above the test section into the 

water that was below the test section and got a waterhammer.  
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There was very little air in this column. The 

water that was above this was cold. We measured the 

waterhammer pressure.  

We were able to vary the driving pressure. There 

was a pressure back here that would drive this column of 

water down into the void.  

This was not a prototypical test. This was test 

data that allowed us to get some initial data for 

validation. It also drove a pressure pulse that was well 

characterized through the piping system, so we also could 

measure piping reaction forces.  

MR. SCHROCK: I'm not clear yet on where the final 

impact is.  

MR. ESSELMAN: This will be water solid, this will 

be steam, and this will be water solid. Once they valves 

are open, you will drive this column down and it will impact 

the stationary water that is here, and your final 

waterhammer will be at this point.  

MR. SCHROCK: You mean it could be in the valve? 

That kind of complicates things, doesn't it? 

MR. ESSELMAN: These are ball valves that will 

open in a tenth of a second. You will have a full flow ball 

valve. There will be no valve shape issues that you have.  

We open this valve first. It was tenths of a 

second before the other valve would open. So basically in 
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1 the region of the waterhammer you will have a straight pipe.  

2 MR. WALLIS: This establishes that Joukowski is a 

3 pretty good upper bound more or less? 

4 MR. ESSELMAN: This is Joukowski. This is our 

5 data.  

6 MR. GRIFFITH: This is for deaerated.  

7 MR. WALLIS: But you never did experiments with 

8 aerated in this configuration.  

9 MR. ESSELMAN: Not in this configuration.  

10 MR. WALLIS: I was a bit surprised you didn't do 

11 that.  

12 MR. ESSELMAN: The scatter in the condensation 

13 induced waterhammer testing is much greater than this 

14 scatter, and this scatter is not the factors of 10 generally 

15 that is seen in many other waterhammer tests.  

16 MR. WALLIS: The factors are infinite, because 

17 sometimes you don't get a waterhammer; you get zero.  

18 MR. ESSELMAN: I don't think so.  

19 MR. WALLIS: Yes.  

20 MR. GRIFFITH: You can get zeros down there. What 

21 you said is true. But the scatter is down, not up.  

22 MR. WALLIS: Are you saying that because it's an 

23 exception? 

24 MR. GRIFFITH: That's my experience.  

25 MR. WALLIS: When you say what I said is true.  
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MR. ZUBER: What was the diameter of the pipe, 2 

inches? 

MR. ESSELMAN: Yes.  

MR. SCHROCK: You attribute this generally smaller 

pressure pulse to cushioning by the non-condensible gas.  

MR. ESSELMAN: In this test there is very little 

cushioning. We flow the steam through here and your 

circulating steam through the test section. So in this 

there is very little non-condensibles. You can still get 

cushioning here from the steam that has to condense as you 

are driving this column, and as you are driving this column 

at higher and higher velocities it is less and less likely 

that you are going to collapse all of the steam.  

MR. WALLIS: Showing what we know already, that if 

you do things in the worst possible way, you can get the 

worst possible load. You may not get the full, but you can 

get close to it.  

MR. SCHROCK: I am wondering if the experiment is 

the worst possible way. Is this advancing interface in fact 

stable? 

MR. WALLIS: If you accelerate it rapidly enough, 

it probably is.  

MR. SCHROCK: If you accelerate it rapidly enough, 

but why is it accelerating? By the time your interface gets 

there the pump is long since at its steady-state delivery.
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I don't see that it's accelerating. In fact, in the end it 

will be slowing down a bit because of the build-up of steam 

pressure.  

MR. ESSELMAN: In fact, at the higher velocities, 

if you are driving this at 60 feet per second, you are 

clearly closing this very rapidly.  

MR. KRESS: Are those velocities measured? 

MR. ESSELMAN: Those are calculated.  

MR. SCHROCK: Do you have an experiment where you 

have the water coming up against something? 

MR. ESSELMAN: Yes. The next experiment. The 

next experiment is what we call the thermal layer tests.  

This test configuration also had 2-inch pipe, primarily 

looking at the effects of a thermal layer. Clearly in this 

30-second period you have all that condensation of steam 

going on in the pipe. You get a hot layer at the surfaces.  

You have a quick opening valve. You have steam in 

this area. You don't close in this configuration against 

water; you close against a top of the pipe, against a hard 

stop. You have a quick opening valve. The heat tracing 

below here was used to control the depth of the thermal 

layer.  

In this test we were able to create a depth of a 

thermal layer, and we could run this with cold water, with a 

thermal layer, which we expect to have in the plant, or with 
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a hot bulk temperature in the pipe.  

Testing was run by filling this, venting the 

steam, stabilizing it, opening the valve. You also have a 

pressure supply down here that drives this water column 

through the steam and into the end of the pipe.  

MR. SCHROCK: A thermal layer would control rate 

of condensation. For example, the thermal resistance of the 

liquid is the controlling factor in how rapidly the steam is 

condensed by the advancing liquid. But this looks like a 

thermal layer on the pipe wall. I don't understand.  

MR. ESSELMAN: This is a thermal layer in the 

water that is closing into the steam void.  

MR. SCHROCK: A picture of the interface and what 

you mean by thermal layer would be very beneficial to me.  

MR. ESSELMAN: I don't have one. Typically these 

tests were run with a hot layer that was 6 to 10 L over D's 

in length. So that you had maybe 12 or 18 inches of hot 

water at typically 60 to 80 degrees C followed by the bulk 

fluid that was at room temperature. This was a 6 L over D, 

10 L over D layer of hot water that was leading the water 

into the steam void.  

MR. WALLIS: A rough conclusion from the scatter 

there is that there is no effect at all.  

MR. ESSELMAN: There is a lot of scatter in these 

plots. The effect that is seen is that at this temperature 
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1 you would expect these points to be higher here if in fact 

2 the bulk temperature were controlling the closure. In fact, 

3 the data was not controlled by the bulk temperature and the 

4 data that was recorded with the thermal layer is represented 

5 by by the open circles here, again looking at whether or not 

6 there was cushioning, whether there was an effect by the 

7 thermal layer.  

8 MR. WALLIS: I don't quite understand.  

9 MR. ZUBER: Can you draw a picture on the 

10 blackboard what the thermal layer was, what it looked like? 

11 MR. ESSELMAN: Sure.  

12 MR. WALLIS: You just condense all the steam, and 

13 it doesn't matter what you do.  

14 MR. ESSELMAN: I'm sorry.  

15 MR. WALLIS: One you have enough condensation, you 

16 just condense all the steam, and then there is no more 

17 effect at all of rate of condensation.  

18 MR. ESSELMAN: With cold water.  

19 MR. WALLIS: Yes.  

20 MR. ESSELMAN: The thermal layer typically would 

21 have hot water for 6 L over D's, and then there would be 

22 transition, and then the water layer behind that would be 

23 cold, at room temperature.  

24 MR. ZUBER: Does the column move down? 

25 MR. ESSELMAN: In the stationary column, you then 
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1 open up the valve, and because of pressure you drive the 

2 column up.  

3 MR. SCHROCK: Of column of 6 L over D may just as 

4 well have been hot water injection. How does the business 

5 end of thing know that it's cold water pushing it? I don't 

6 think it does.  

7 MR. ESSELMAN: In fact it doesn't 

8 MR. ZWEIGLE: That was the intent of the 

9 experiment.  

10 MR. ESSELMAN: To demonstrate that in fact a depth 

11 of -

12 MR. SCHROCK: So it was not the thermal layer 

13 test; it's sensitivity to temperature of the injected water.  

14 MR. ESSELMAN: Correct, but it was intended to 

15 demonstrate that in fact there was a short layer, like a 6 L 

16 over D, that would cushion this, and that you did not get 

17 the reaction that you would expect if the bulk temperature 

18 were compared.  

19 MR. WALLIS: It doesn't take much work to condense 

20 all the steam. Isn't that what matters? 

21 MR. SEALE: Yes.  

22 MR. ESSELMAN: Correct.  

23 MR. WALLIS: I understand what you are showing.  

24 The figure looks to me like some recruits that don't know 

25 how to fire a rifle at a target. There is no trend. There 
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is no meaningful conclusion.  

MR. GRIFFITH: The conclusion is the bulk 

temperature doesn't matter.  

MR. WALLIS: That is not what it says up there.  

It says you are trying to draw a conclusion from something.  

MR. ESSELMAN: It is a thermal layer that controls 

the condensation.  

MR. WALLIS: That is a hypothesis that is not 

checked by the data. The data simply say the bulk 

temperature doesn't matter. They don't say what matters; 

they simply say bulk temperature does not.  

MR. SCHROCK: I really think you need to change 

the words here for what you are trying to describe.  

MR. ESSELMAN: This provided us with data that we 

were also able to use in detail by taking data in traces and 

showing that it follows the analysis.  

The second configuration we considered to be 

prototypical. With 2-inch pipe we built a heater exchanger 

that surrounded the pipe, a jacket. We were able to boil 

water in the 2-inch pipe by passing steam through the 8-inch 

pipe.  

This test was designed to simulate what was 

happening in the fan coolers. This test was designed so 

that you would get boiling in the 2-inch pipe, that the 

steam would then travel up through a vertical pipe, which is
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a common configuration, and would collect in a horizontal 

pipe.  

This test was run by boiling the water in the 

2-inch pipe until a void was recognized in the horizontal 

pipe by level transducers, and when the void in the 

horizontal pipe got to a given size, we then opened up a 

quick opening valve and drove this water back around and 

closed the void, and your waterhammers here would occur over 

here, because in fact this was a void.  

When you open up your valve to simulate starting 

the pump, your water in the 2-inch pipe is going to be 

driven through to close this void, and your final closure 

will occur over on this side of the pipe.  

This test also was attached to the test loop that 

allowed those pressure pulses to run down and around the 

pipe and also measure reaction forces.  

In this test we also varied the oxygen content in 

the water that was in the 2-inch pipe. So we were able to 

look at the deaerated water effect. When you have deaerated 

water in here, you are going to get very little air 

accumulate up in the void versus a nearly saturated 

condition. Similar to an open loop plant that has just 

pulled water out of the lake, you have a saturated water 

condition. When that is boiled the steam and air will 

collect up in the horizontal pipe.  
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The data here, again with two different driving 

pressures so the circles are a set of data with only the 

dissolved oxygen content varied, you get a parameter change, 

a waterhammer pressure pulse from 800 to approximately 400 

or 300 at a saturated condition.  

MR. WALLIS: This is just for this particular 

configuration. Are you claiming that there is some sort of 

a line which can now be used to predict other 

configurations? 

MR. ESSELMAN: No. We are only claiming that this 

is data that when this configuration is modeled in an 

analysis model, you can then use this data to validate the 

analysis model.  

MR. WALLIS: So there is some dynamic model of the 

cushioning effect of the air? 

MR. ESSELMAN: Yes.  

MR. ZUBER: Is the geometry the same as in the 

plant? What is the diameter of the pipe in the plant? 

MR. ESSELMAN: It is larger pipe in the plant.  

This closure will occur in a 4-inch to 12-inch size in the 

plant.  

MR. WALLIS: Is the black a correlating line or is 

it a prediction from your model? 

MR. ESSELMAN: A correlating line.  

MR. WALLIS: It's just a line someone drew through 
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1 the data.  

2 MR. ESSELMAN: It is line that someone drew 

3 through the data. It is helpful to show that the black 

4 circles are in fact the same data except for your single 

5 parametric variation.  

6 Again, column closure waterhammer tests with 

7 reasonably tight scatter in this test. It would be bold to 

8 do a statistical variation, but it allows us to get a feel 

9 for what kind of statistical variation we are getting.  

10 MR. WALLIS: Why is the scatter less in this test 

11 than in the other test? In the other test you just showed 

12 us it was all over the place. This seems to be much less.  

13 Did someone select the data or something.  

14 MR. HAMMERSLY: Bob Hammersly from Fauske and 

15 Associates. The tests that were just presented looked at 

16 the effect of the existence and the size of this thermal 

17 layer, that is, a heated length of water surrounding the 

18 void.  

19 It also looked at other effects, which was the 

20 nature of the gas content in that void. It looked at only 

21 steam or steam with some air or steam with a larger amount 

22 of air to simulate a situation when that void could be 

23 produced in the plant, namely, by voiding and condensing on 

24 the walls depositing a lot of air.  

25 So there is a lot of information on that slide.  
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1 MR. WALLIS: We had a discussion about factors of 

2 10 and so on. I only see a factor of 2. Why is this so 

3 much more precise than the usual? 

4 MR. ESSELMAN: Let me go back to Peter's comment.  

5 I believe that there is an additional factor that has 

6 produced a variation in test data, and that is lack of 

7 precise control of all the parameters, like what is the 

8 steam, what's the water, what's the air content in the 

9 water. If you didn't know what was in the water, you would 

10 be looking at this data without that knowledge.  

11 I believe what we have done that has allowed us to 

12 tighten this up some is that we have taken great care to 

13 control every parameter to know what the water temperature 

14 is, to know what the air content is in the water, to know 

15 what the steam is that are are producing, to know what the 

16 driving pressure is, and control that very precisely test to 

17 test. That is one thing.  

18 The second thing that I would suggest is that the 

19 column closure phenomena where you just have two columns 

20 closing on each other is a more controlled thermal-hydraulic 

21 event than is a condensation induced waterhammer where in 

22 fact most of the data where you see a factor of 10 comes 

23 from.  

24 So I think those are two parameters that are 

25 important.  
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MR. GRIFFITH: This has the air content pretty 

well controlled and the scatter is much less. That is one 

of the parameters that causes scatter. I think it's fair to 

say that in the experiments that we ran the importance of 

air wasn't appreciated.  

MR. ZUBER: Why would this influence the shape of 

the interface then? 

MR. GRIFFITH: The air? 

MR. ZUBER: Yes.  

MR. GRIFFITH: This is column closure. When the 

closure is closed and there is air present, you decelerate 

one column and accelerate the other one. If you look in 

detail at pressure time, it is not smooth curve. It has 

jittering on it. The jittering, I think, causes an 

instability at the interface. You get a lot of little 

fingers of liquid penetrating the gas. That gives you much 

more area that you have with a plane surface. I think the 

air has that effect.  

MR. SCHROCK: It also gives you new interface 

conditions. You go to essentially potential for clean 

liquid previously uninvolved in the heat and mass transfer 

process. It suddenly becomes very, very important, and it 

can change the rate of things very rapidly.  

MR. WALLIS: The cushioning depends on how much 

air you evolve. It's not just how much is in the water. So 
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the whole history of the test has an influence.  

MR. ESSELMAN: Absolutely, and that is very 

important. We build this line up in the boiling process.  

The time it took to create the void was independent. We 

boiled it sufficiently to get a void across this length.  

MR. ZUBER: Horizontal void.  

MR. ESSELMAN: A horizontal void. There is a 

quick opening valve. This is confusing. There is a valve 

here. When you open up this valve you have a pressurized 

water column behind that that simulates the pump start.  

This line is out of this plane. So you are driving a quick 

opening valve and a pressurized column. You are driving 

this closed.  

MR. WALLIS: What matters is how much air is in 

the void, presumably.  

MR. GRIFFITH: Exactly. We look at how much steam 

we have made.  

MR. WALLIS: It depends not just on the dissolved 

oxygen content but how much water you get.  

MR. ESSELMAN: What we looked at when we did the 

correlation with tests is that you have a length of water, 

and this length of water is the water that would have -

MR. WALLIS: You calculate the degassing and then 

you have a theory for the effect of gas? 

MR. ESSELMAN: What we are doing is creating test 
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data for validation in an analytical model that again takes 

the amount of air and allows us to calculate cushion.  

MR. WALLIS: This thing called RBM, what is that? 

It's not on your figure; it's on mine.  

MR. ESSELMAN: That is a rigid body model that we 

will get to.  

MR. WALLIS: I didn't understand how rigid body 

had anything to do with what gas is doing.  

MR. ESSELMAN: We are going to get to that.  

MR. WALLIS: Okay.  

MR. ZUBER: The thing you are trying to relate 

those conditions to conditions you might have in a reactor 

where the length is much longer than what you have here and 

you may have a different air content and steam content.  

MR. ESSELMAN: Yes. Except what we know happens 

in the plant is that you have a horizontal line that is full 

of steam and you are closing it at a given velocity. The 

velocity is relatively fixed, and we needed to be sure that 

we covered the closure velocity that was prototypical. We 

know that that closure in the plant is going to occur at 

about 15 feet per second. So our testing here had to 

include 15 feet per second. We wanted the velocity of this 

column to be in that range before the testing occurred.  

MR. ZUBER: Is this addressed in the report? 

MR. ESSELMAN: Yes, sir.  
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MR. ZUBER: Where? 

MR. ESSELMAN: If we could take five minutes 

afterwards.  

MR. ZUBER: I would like to see if I can relate 

your conclusions in a rational way to the conditions in the 

reactor. Up to now I cannot put my arms around it.  

MR. ESSELMAN: We are simulating velocity. We are 

trying to simulate the air.  

MR. ZUBER: Just show me how you calculate it and 

what are the criteria.  

MR. WALLIS: We have to move along.  

MR. ESSELMAN: The other test that we ran that is 

very important was a gas release test. The amount of gas 

that is given up was reasonably controversial until we ran a 

test. We ran a test that had two columns of water. We had 

the test column, if you will, that was enclosed between 

valves. It was jacketed so that we could induce boiling in 

this test column.  

Above this test column was a sight glass and then 

a condensing jacket so that we could maintain pressure.  

The test was run by filling this with water, 

measuring the air content, the oxygen content in the water 

that we put in here, closing these two valves, pulling a 

vacuum above here, and then starting to heat this bottom 

column, that is, heating the jacket, and opening up this 
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valve.  

Both exposed this test column to a vacuum, which 

is what happens in the plant, because as you get gravity 

drainage you get sub-atmospheric pressure, and you subject 

it to boiling.  

We boiled it for 10 seconds and then for 30 and 

then for 60 seconds, stopped the test, and then measured the 

amount of air that was remaining in the water. We stopped 

the test by reversing the heating and jacketed that with 

cold water basically to stop the boiling and then allowed 

the bubbles to go up.  

By measuring the air content before and after we 

were able to conclude that in the prototypical time in the 

plant, the 30 seconds, we would give up approximately 40 

percent of the air that is in here.  

This simulated nearly precisely what happens to 

the water in the plant. Our boiling started within 3 

seconds of when we started the test. We pulled the vacuum.  

We adjusted the condenser vacuum so that your pressure would 

creep up to about atmospheric pressure at the time that you 

had reached 30 seconds, which is what happens in the plant, 

and then we stopped the test and measured it.  

We believe that this is very prototypical of what 

happens to the water in the plant.  

MR. WALLIS: You have got three points at a short 
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time which are above the points or three times the time of 

the scale. In 15 seconds you have released more air than 

you do at 30 according to that figure.  

MR. SCHROCK: I think your results will depend on 

the heater configuration here. I wonder if a more 

meaningful experiment might not be to measure the gas 

content of steam evolving in a simple flashing experiment.  

You have a heated liquid that is suddenly depressurized 

while it contains a given amount of non-condensible in 

solution, and then see how much of that comes out as the 

flashing process is complete. I think that is more like 

what happens in your system.  

MR. ESSELMAN: But that is not more like what 

happens in the system. In the system you have cold water 

that is exposed to hot air steam no the outside of the fan 

cooler tubes.  

MR. WALLIS: Only if you have a LOCA.  

MR. ESSELMAN: This is for the LOCA case.  

MR. WALLIS: But also for the LOOP case you pull a 

vacuum on it.  

MR. ESSELMAN: This is what happens with the LOCA 

case, yes.  

MR. WALLIS: It just seems to me that this is a 

pretty thin read on which to rely. You have got geometry 

effects, history effects, and your data aren't even 
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consistent. So few data. Even this experiment doesn't seem 

to be very conclusive.  

MR. ESSELMAN: I believe this is very prototypical 

of what is happening in the plant, the pressures that you 

have, because you have both vacuum that is appropriate to 

the plant and boiling, and we have nine data points that 

clearly indicate that 40 percent is a reasonable place to 

be. Plotting this from zero to 60 would make it look 

better, but yet it would still be the same data.  

MR. GRIFFITH: Let me give you a little bit of 

history on that. I was skeptical that would generate gas 

fast enough to give us the gas that we apparently had in the 

system. In this experiment it took only 3 seconds for the 

boiling to occur at the wall. The boiling resulted in very 

small bubbles, and those rose up, and they are very good at 

stripping the air out of the water. So we got a goodly 

fraction of the air which was in the water out in 10 

seconds.  

MR. WALLIS: The water that is on the wall makes 

the bubbles on the wall. What happens to the bulk of the 

liquid? 

MR. GRIFFITH: You can watch the bubbles come up.  

MR. WALLIS: But the bulk of the liquid isn't 

degassing; there is no nucleation in the bulk.  

MR. GRIFFITH: There is no nucleation, but there 
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are little bubbles coming off the wall. Those little 

bubbles rise up, and you get an amazing amount of air out in 

10 seconds. That's the conclusion I would draw from that.  

MR. POWERS: The curve that is due to these data 

points is simply a polynomial that somebody invented? You 

get this perplexing situation where you get more gas at 15 

seconds than you do at 30 seconds. Why is a polynomial the 

right thing to put there there? 

MR. ESSELMAN: A polynomial is not the right thing 

to put through there. We will take the polynomial out. I 

believe that there is a relationship.  

MR. POWERS: Suppose that one said there was a 

straight line for those data points and you used this data 

for any purpose, and you said I want to be 90 percent 

confident that the amount of gas I predict or less is there.  

What kind of a bound would that be? It would be an enormous 

bound.  

I think if you made it a zero to 100 percent plot, 

it would look like there was a constant independent of heat 

addition time.  

MR. ESSELMAN: We are recommending that in the 

30-second period of time that for water that is in the fan 

coolers, for instance, that a presumption be made that 40 

percent of the air is being given up and is available to 

reach the void. This is the curve. We are using this 
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number to say that 40 percent of the dissolved gas is 

released in 30 seconds.  

Is there data that is at 38 percent? Yes. Is the 

fact that it's 38 versus 40 significant? Absolutely not.  

MR. POWERS: The question is, if you did the 100 

tests, would you end up with those other points down at 5 

percent? If I changed the geometry a little bit, would I 

end up 5 percent? 

MR. ESSELMAN: I don't believe that we would, but 

until you ran the 100 tests you wouldn't know. I think 

phenomenologically we are looking at a fairly flat curve.  

MR. WALLIS: I think we have established a pretty 

flimsy piece of evidence on which to rely that is really 

important. If it makes a big difference whether it's 40 or 

50 or 30 percent, then you need much better evidence than 

that.  

We should probably move on. We haven't got very 

far yet, and we're going to be here all day.  

MR. ESSELMAN: The intent of the testing that we 

did was to produce data. We wanted to combine it with other 

data that we had collected from textbooks, from papers, and 

we wanted to use that data to validate an analytical model.  

We produced the model. We used Ben Wylie's in the 

beginning. We included the effects of non-condensibles. We 

included in it distributed void and non-condensibles that
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would be placed into the steam void.  

In general, the methodology that we went to was to 

put the non-condensible into the steam void and to use that 

as the representation, which is very conservative relative 

to leaving the gas distributed in the column.  

We also looked at steam condensation rates in the 

void. We assumed with the steam temperature at saturation 

we would derive from the experiments an hA term. We assumed 

that constant through the event. We selected it so as to 

match the experiments that we had run.  

MR. WALLIS: This hA thing, when you change the 

scale it's still the same hA? Is a 12-inch pipe at the 

same h as a 2-inch pipe in your model? 

MR. ZWEIGLE: Yes.  

MR. ESSELMAN: Basically in the hA the A is the 

cross-sectional area of the pipe.  

MR. WALLIS: And h is some magic number which is 

always the same? 

MR. ZWEIGLE: Correlated to test data within a 

given range of conditions. We provide the limits of what 

those conditions are that we are confident that provides 

conservative results.  

MR. GRIFFITH: In essence, I think the 

configuration of the interface is a reflection of the Taylor 

instability. The wavelength of the Taylor instability is



132

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

-- 15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25

small enough so that is dominant.  

MR. WALLIS: I got the impression in some of these 

tests that there was condensation induced breakup, that as 

the steam rushed into the interface it actually helped to 

break up the interface. With that air in there that's what 

happens, and therefore the condensation was so rapid that it 

essentially got zero pressure in there.  

The big questions here are, how much air is there 

and what is h? If you know how much air is there and you 

know h, you can predict. So your objective was to find an h 

which fit your data in some way and then generalize it? 

MR. ZWEIGLE: Yes.  

MR. ESSELMAN: We have an appendix in the report 

that provides a lot of detail. This is a verification 

curve. We were able to get really good type correlation 

between the method of characteristics results and the test 

data. We show a number of experiments and a number of 

textbook examples for the validation of that code.  

In order to generalize it to a plant and to 

provide the parametric variation that we need, we produced 

what we call the rigid body model, which considers the 

closing water column as a rigid body but includes the 

pressurization of the void from both steam condensation and 

gas compression as an ideal gas. It does not include the 

wave travel back through the closing column.  
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We developed this model to do a parametric 

variation and we benchmarked it against the MOC model and 

the test data. This is a plot that shows the rigid body 

model versus method of characteristics in both 4-inch piping 

and 16-inch piping analytically. This is one of several 

comparisons that we have done.  

If you take the rigid body model and also compare 

it back to the configuration one data, you can see the rigid 

body model curves in here. We possibly over boldly drew a 

curve, but yet the rigid body model fits on that curve well.  

We developed the rigid body model and validated it 

and then used the rigid body model to do parametric -

MR. WALLIS: Let's go back a bit here. The method 

of characteristics takes into account the compressibility of 

the water.  

MR. ESSELMAN: Yes, it does.  

MR. WALLIS: The rigid body, I take it, the 

compressibility is all in the steam and the gas and the 

water is rigid.  

MR. ESSELMAN: Yes.  

MR. WALLIS: Because the gas never disappears, you 

never run into waterhammer at all. You are compressing gas.  

Your whole transient is compressing gas. You never actually 

have a bang.  

MR. ZYSK: That's right.  
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MR. WALLIS: One would expect that as long as the 

pressures aren't too high these two predictions would be 

almost the same. The compressibility of the water only 

comes in when you get a proper waterhammer. As long as it's 

just a squishy transient, it's a plug of water compressing a 

gas bubble.  

MR. WYLIE: Ben Wylie, University of Michigan.  

When the gas bubble is small enough. That is what they are 

seeing here.  

MR. WALLIS: It's three dimensional.  

MR. WYLIE: Yes, but the pulse generated is a 

pretty sharp pulse under those conditions, which propagates 

through the system and through your plant at the speed of 

sound.  

MR. WALLIS: You compressed it enough that you 

have to worry about the compressibility of the liquid.  

MR. WYLIE: Yes. You are right, though, in 

getting to that position. The compressibility has nothing 

to do with it, and the MOC model does it very well.  

MR. WALLIS: So if you have shown the model on 

your MOC verification curves, it would come out to be almost 

the same thing.  

MR. WYLIE: Yes.  

MR. ESSELMAN: We developed that model so that we 

could develop curves like this which provide a ratio of the 
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cushioned velocity to the uncushioned velocity. That allows 

a power plant engineer to calculate an uncushioned velocity 

based upon the system parameters, the flow resistances and 

the pump curve, and then to come in here based upon how much 

air that was, milligrams of air. There are also other 

curves for steam. And to then come in and enter these 

curves based upon rigid body model and calculate the 

cushioned velocity.  

MR. WALLIS: I have some curiosity about these 

curves. The axis says milligram air. Does that depend upon 

how big the pipe is and how long the column is and all sort 

of things? Just the amount of air alone is all that 

matters? 

MR. ZWEIGLE: No.  

MR. GRIFFITH: Look up at the top. It says 

diameter for 6 and 8 and 10 and 12.  

MR. WALLIS: Still, it's only the total amount of 

air that matters? It doesn't how much steam you start with? 

MR. ESSELMAN: For these parameters there are 

limits on the sizes of the voids and the length of the 

column and on this uncushioned velocity. If you have a 

4-inch pipe or a 16-inch pipe, it is limited to the void 

size. We looked at those parametrically and tightened in on 

those parameters that had to be followed in order to make 

this a valid ratio.
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MR. WALLIS: 

MR. ZWEIGLE: 

initially and a length 

MR. WALLIS: 

back to the pump? 

MR. ZWEIGLE:

larger header.  

MR. WALLIS: You really need an infinite number of 

these graphs for different lengths.  

MR. ZWEIGLE: Sure.  

MR. WALLIS: But they all predict it from some 

theory.  

MR. ESSELMAN: A theory validated to a test.  

MR. ZUBER: But all your tests are based on the 

shape being constant and gas content being .4.  

MR. ZWEIGLE: Not all of them. There is a set of 

runs that were done considering that the steam condenses 

nearly instantaneously and provides no cushioning. There is 

another set of curves that provides both the air and the 

steam cushioning. There are two sets.  

MR. ZUBER: You assume always the hA for your 

experiments and you translate it for a plant.  

MR. ZWEIGLE: Yes.  

MR. WALLIS: This ratio, you made a calculation 

assuming no air, and then you multiplied by this number? Is
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So what are those L's there? 

You have a length of a water slug 

of a void.  

Doesn't the water slug go all the way 

It may, or it may come up to a
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that what you did? 

MR. ESSELMAN: Yes.  

MR. WALLIS: So the no air is the Joukowski 

calculation? 

MR. ZWEIGLE: No air would be a system 

steady-state and static analysis.  

MR. KRESS: The correction is the velocity that 

goes into the Joukowski equation.  

MR. ESSELMAN: The steady-state is to get a 

velocity at impact. You then adjust that velocity based 

upon the amount of air you have. Obviously if don't have 

very much air, you are going to get almost no adjustment.  

MR. WALLIS: So steam cushioning is not there 

then.  

MR. ESSELMAN: Not in this curve.  

MR. SCHROCK: I didn't understand where your V is 

coming from when you have cushioning. Theoretically you 

don't have impact. You simply compress the gas to some 

maximum pressure. How do you get that V? 

MR. ZWEIGLE: In any column closure there is still 

air in that void, a little bit of air or a lot of air. It's 

still the change in the velocity that you are looking at.  

We are saying when you get that peak velocity, what is it? 

MR. WALLIS: I think what you really mean is the 

ratio at the peak pressure.
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MR. ESSELMAN: The velocity is the only term that 

we are varying in the Joukowski equation. So, yes, this is 

the same as the ratio of the peak pressures. It would be 

easier to deal with peak pressures, because in fact you get 

a peak pressure even when you are squishing air.  

MR. SCHROCK: You seem to have the concept that 

you have an impact even though what you do is decelerate the 

column and reverse the direction, according to your 

one-dimensional idealization. It's not an impact. That's 

why I asked what is the meaning of the velocity that you 

have in this.  

To me, if you are going to describe something in 

terms of a physical parameter, it has to have meaning. I 

think velocity is the wrong thing to talk about here.  

MR. KRESS: I think what they are doing is using 

this rigid body calculation to calculate the peak pressure.  

MR. ESSELMAN: Yes.  

MR. KRESS: You could stop there. You wouldn't 

even have to use the Joukowski. It's just a way to use an 

equation.  

MR. SCHROCK: That is understandable, Tom. My 

point is describing it in this obtuse way doesn't help 

clarify the issue that you are trying to resolve.  

MR. ESSELMAN: I don't disagree. We can add 

clarity.
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MR. ZYSK: The only point of clarification on that 

is that most of the plants can very easily calculate 

velocity based on some hydraulic models they have. This is 

a known parameter that they can usefully use.  

MR. ESSELMAN: Despite the fact that this lacks 

precision in science, this is what is easy for a user to 

use.  

MR. SCHROCK: You mean you don't care if the user 

has the wrong physical concept? 

MR. ESSELMAN: No. I do care a great deal. I 

also want them to get the right answer.  

MR. WALLIS: I have a question for you now. You 

have got four minutes more.  

MR. ESSELMAN: Yes, I know.  

MR. WALLIS: I think this is important. I'm not 

quite sure why the schedule is quite the way it is. Is it 

because you folks have to leave? 

MR. ESSELMAN: No. It's not based on our 

schedule. It's not our schedule at all.  

MR. WALLIS: If you could reach a point where it's 

convenient to break for lunch, I think we could spend 

another hour with you if you have the patience and energy 

after lunch. Is this a good place to break? 

MR. ESSELMAN: There is no time better than the 

present. There is not much that I can with confidence say
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that we are going to get through in ten minutes.  

Given that you have reduced the peak of the 

pressure by this ratio, you then need to deal with what the 

shape is. So you need to deal with duration; you need to 

deal with what the rise time is. What I would propose that 

we do after lunch is why don't we talk about this, because 

this is the last thing we do to provide input to a utility 

that wants to analyze their system.  

There is a ratio of peak waterhammer pressure.  

Once we define what the curve looks like, they can enter 

into their piping analysis models and perform an analysis 

and qualify the system.  

We will then talk about condensation induced 

waterhammer.  

MR. WALLIS: I wish you could put it all together 

at the end. When I read this report, there is an awful lot 

of time spent on experiments where the scatter seems to be 

all over the place. So this isn't a very predictable 

phenomenon. Then you are now coming up with what looks like 

pretty close bounds on what you recommend the utilities use.  

So you have got to somehow make the case that you have done 

things that have brought down the uncertainty a lot by your 

experiments.  

MR. ESSELMAN: We want to walk through this and 

show you especially to these what data we took and how that 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25

141 

bounds on the conservative side of the data, and I will try 

to tie it together when we are done.  

[Whereupon at 12:30 p.m. the meeting was recessed, 

to reconvene at 1:15 p.m., this same day.] 
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AFTERNOON SESSION 

[1:15 p.m.] 

MR. WALLIS: We will come back in session. We 

will continue where we broke off before lunch and hope to 

finish in under an hour.  

MR. ESSELMAN: Before we go to the definition of 

pulse shape, let me offer a curve that discusses the impact 

of where you put the air.  

In the rigid body model that we used to produce 

the many curves that are in the report, in the TBR, we have 

taken the air and we have presumed that it all gets into the 

void space and that it tends to collapse but that you don't 

have any air distributed in the water.  

In fact, that is what this curve is. If you look 

at 100 percent to zero percent, this curve takes a volume of 

air. This is actually for one of the figures that we have 

in the report, figure 9-28. We presume that all the air 

goes into the void.  

If we took the air and presume that it was 

linearly distributed through the air and through the water 

column -- this is the advancing water column -- what you see 

is a curve that looks like this primarily because of sonic 

velocity. You then take the sonic velocity of the 

approaching column and drive the sonic velocity, the C term 

way down in the Joukowski equation, and you get a much more 
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dramatic reduction.  

The air still has to be distributed. You have 

active boiling going on. You start your pumps. You have 

steam bubbling up through the closing column. You start 

your pumps and you stop boiling at the instant that you 

start moving that column.  

MR. ZUBER: That is in the vertical tube? 

MR. ESSELMAN: This would be in, for instance, a 

vertical header. Come out of the fan cooler. You have this 

pipe. Many of them have the water, the trap, so that you 

have the steam boiling up through water into the void.  

MR. ZUBER: You did these experiments only with a 

2-inch pipe? 

MR. ESSELMAN: The tests that were used to 

validate this model was from the 2-inch pipe.  

MR. ZUBER: I have a problem. This is truly scale 

dependent. You are boiling on the area. The amount of 

liquid is in the core. You are comparing area to water.  

That is size dependent. When you compute how much air you 

have concentrated in that pipe, it will depend on the pipe 

size.  

MR. GRIFFITH: I don't agree with you, Novak.  

MR. ZUBER: Why? 

MR. GRIFFITH: I agree what you say is correct, 

but the air is mostly generated in the fan cooler unit, and 
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the pipe size is probably typical.  

MR. ZUBER: He said in 2-inch pipe. In the plant 

you have differences. You may have a 4-inch pipe.  

MR. GRIFFITH: But the air is virtually all 

released within the fan cooler unit. The experiments that 

he ran are in a pipe which is virtually the same size as the 

fan cooler unit pipes.  

MR. ZUBER: Is it the same length? 

MR. GRIFFITH: No.  

MR. ESSELMAN: The air release test was a half 

inch pipe that was three feet long.  

MR. WALLIS: I think what is more important is 

whether all the air is available in the void you are 

considering. The air is released in the fan cooler, and you 

are assuming it all gets flushed out with the steam into the 

void which is now going to be collapsed. It seems to me 

that some of it could stay in the fan cooler and not be 

flushed out.  

MR. GRIFFITH: Let me talk to what I think happens 

in this transient. The pumps coasts down very rapidly and 

the fans on the fan cooler unit keep going. Very shortly 

after the pumps have stopped the velocity of water into the 

fan cooler unit is very low.  

The hottest place in the fan cooler unit is the 

exit of the fan cooler unit. That is where the boiling is
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1 going to begin. If you get 20 percent or 30 percent void 

2 fraction, you have practically stripped the air out of the 

3 water.  

4 It's a little bit of void. The size that we are 

5 talking about, these are little tiny bubbles. They are 

6 nucleate boiling bubbles on the walls of the fan cooler 

7 unit. The have a lot of area. Those bubbles are pushed 

8 out, but new bubbles are formed upstream. All that passes 

9 through the fan cooler unit I think is pretty well stripped 

10 of air.  

11 MR. ZUBER: They ran experiments only on three 

12 feet, and you are talking now about a much longer L over D.  

13 MR. GRIFFITH: It is going to strip the air 

14 better. The longer you make it, the longer have time to 

•5 strip the air out.  

16 MR. ZWEIGLE: In the accident analysis typically 

17 you have 250 to 300 degree range, and the maximum of our 

18 steam supply temperature was at 220. In addition, you have 

19 better heat transfer across the tubes than you do in our 

20 single tube experiments.  

21 MR. WALLIS: I guess Peter's answer is to Novak.  

22 I was asking about your statement. It does matter where the 

23 air is. There can be air in other voids which have already 

24 collapsed or in other places. The air isn't all either in 

25 one void or distributed in the water near that void.  
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MR. ESSELMAN: Correct.  

MR. WALLIS: Therefore I'm not sure what is 

conservative. Some air can be somewhere else.  

MR. ESSELMAN: Yes, except that it is in one 

place. If you have air that has been released, it is either 

in the void or it's in the column leading to the void, 

because that is what is in the fan cooler and the pipes 

right around the fan cooler.  

MR. WALLIS: And it all gets flushed out of the 

fan cooler when the water comes in? 

MR. ESSELMAN: Yes.  

MR. WALLIS: It flushes out all the air? 

MR. ESSELMAN: Yes.  

MR. WALLIS: Has someone analyzed that? 

MR. ESSELMAN: That is the moving column that is 

eventually going to impact. What we are saying is, do you 

presume that it is distributed as bubbles in that column.  

MR. WALLIS: That cooler has parallel passages.  

It seems to me you could retain some air at the top which is 

not condensed which isn't necessarily flushed out.  

MR. ESSELMAN: No. Your pumps are now at full 

speed. You have a tremendous capacity with the flow 

resistances of all the 3/8 inch tubes. You may do it 

preferentially top to bottom or bottom to top based upon how 

the flow is, but you will certainly wash those out very 
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quickly.  

MR. GRIFFITH: You design the fan cooler so that 

you take the air out. You don't want to have air trapped in 

parallel passages. You always vent near the top.  

MR. WALLIS: Okay. So you are saying there is an 

analysis which predicts where the air goes, which presumably 

is part of the task of doing the analysis, showing where the 

air goes out of the transient.  

MR. ESSELMAN: Correct. What I will propose or 

suggest is conservative is that we presumed that the air 

that is released is all around the fan cooler and around the 

void. We have taken all that air and put it in the void, 

because if we had left it distributed, we know that would 

have been hard to justify where it precisely was.  

It was conservative to put it in the void, which 

gives us this relationship. If it were distributed through 

the column of water that was closing, you would see a much 

more dramatic reduction because the sonic velocity drops off 

so quickly for low concentrations of air.  

As we have looked at this and as we have looked at 

the air that is released also, we are comfortable because we 

know that where we put the air is conservative relative to 

the response that we would expect to see.  

MR. ZUBER: Where is this addressed in the report? 

MR. ESSELMAN: This is not in the report. This we 
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produced since we produced the report, because we have 

continued to think about where the air is and what the 

impact of the air is. This we will add to the report.  

MR. KRESS: The dotted line is strictly the 

Joukowski equation.  

MR. ESSELMAN: It's Joukowski with a reduction in 

sonic velocity.  

MR. KRESS: The other one is strictly the rigid 

body model? 

MR. ESSELMAN: Rigid body model with a cushion.  

MR. KRESS: It is two different models you are 

comparing against each other? 

MR. ESSELMAN: Yes. For this model where we did 

the sonic velocity reduction, we distributed half of the 

air. The other half of the air we put into the void. What 

we ignored in calculating this was a little bit of 

additional cushioning that you would get even then when you 

close it.  

MR. SCHROCK: In order to get that reduction in 

sound speed, this void has to be distributed in many 

bubbles. So I think you need to have an argument as well as 

to how you get to that kind of a bubbly mixture from your 

starting condition. I don't see that you are plausibly 

going to get a substantial amount of that advancing liquid 

that is a really bubbly mixture and have the kind of sound



149

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25

speed reduction that you are imagining.  

MR. ZWEIGLE: You are dealing with a column 

closure. The vast majority of the column closures in the 

analysis will occur on the return side of the coolers. If 

you are looking at a hot cooler environment, when the cooler 

refills obviously the water that is coming out of there on 

the leading edge is going to be hot and boiling and bubbly 

just as a result of the heat transfer that occurs as it goes 

through the cooler. This analysis takes credit for that.  

MR. SCHROCK: By this time the degassing was 

somewhat ancient history, and those bubbles are likely to be 

pretty pure steam bubbles for which you do not get this kind 

of dramatic reduction in sound speed.  

MR. ZWEIGLE: You can get a tremendous reduction 

in sound speed.  

MR. SCHROCK: You can, yes, but not as much.  

MR. ESSELMAN: The point that I felt was important 

and the reason why we put this together is that we didn't go 

here. We came here and we went here because of the 

questions about distribution of the bubbles and being able 

to confidently say that we knew what it was.  

MR. GRIFFITH: This is a measure of the 

conservatism which is in the model that we are recommending.  

We are using the top line.  

MR. SCHROCK: Yes, but it is implied that it is 
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very, very conservative because you have this sound speed 

reduction concept which gives you a much more dramatic 

reduction than you are claiming. I still feel that the idea 

that you are getting a bubbly liquid, which is then going to 

have this very low sound speed, is pretty questionable.  

MR. GRIFFITH: No, no. We are not using that. We 

are showing that it could happen.  

MR. WYLIE: I would offer the comment that it 

takes a very, very small void fraction to really reduce the 

sound speed.  

MR. SCHROCK: If it is distributed as small 

bubbles. If there are small bubbles attached to a wall or 

the solid liquid core, the pressure pulse propagates through 

there just like a solid liquid.  

MR. WYLIE: I'm sorry. That's not so. If you 

have a small bubble on the wall, it influences the local 

compressibility which influences the wave propagation. If 

you have a void fraction and it is half way around the 

circumference -

MR. SCHROCK: It is much more multidimensional 

problem than it is in the case of a distributed void, and 

they are not the same. Do you have measurements with small 

amounts attached to the wall that show this? 

MR. WYLIE: Right.  

MR. WALLIS: This is just a fringe benefit.  
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1 MR. SCHROCK: The way to do that is to cite the 

2 reference in the documentation if that is the case.  

3 MR. WALLIS: It may well be that a big 6-inch 

4 bubble collecting on a 12-inch pipe three-dimensionally 

5 makes a local spike which is bigger than any of these 

6 things. But it's only very local.  

7 MR. ESSELMAN: Yes.  

8 MR. WALLIS: Why don't we move on.  

9 MR. ESSELMAN: We will add that in the report and 

10 cite references.  

11 Before we broke we talked about waterhammer 

12 magnitude and how to take a cushion peak pressure versus an 

13 uncushioned peak pressure. As soon as you reduce the 

14 pressure your duration of the wave will extend. You also 

15 need to consider rise times in order to accurately define 

16 the peaks.  

17 The one thing that we are doing and we mentioned 

18 this earlier is that the impulse or the area under the 

19 pressure time curve will be constant, and that will be 

20 preserved as we walk through this.  

21 MR. WALLIS: You are comparing theoretical with 

22 idealized. What does the real pulse look like? 

23 MR. ESSELMAN: Let me talk about rise times.  

24 MR. WALLIS: But you don't have a picture of a 

25 real pulse? 
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MR. ZWEIGLE: Yes, we do.  

MR. WALLIS: They all look different, don't they? 

MR. ZWEIGLE: We have a bunch of them.  

MR. WALLIS: Maybe you can come up with it later.  

MR. ESSELMAN: What is in here are forces. We 

have four pressure transducers. The P1 is the pressure 

transducer closest to the location of the waterhammer. In 

the configuration it is the one right at that first elbow; 

it's in the first elbow, 

This is the closest pressure pulse. We have 

pressure transducers that are -

MR. WALLIS: That is an air cushion pulse.  

MR. ZYSK: If I could refer people to page 15 of 

the handout. There is a plot plan of the test setup. We 

created a waterhammer down here. We show the configuration 

1, 2a and 2b. In this section we swapped in through the 

flange connections either one of those three different 

configurations, 1, 2a, 2b.  

We created the waterhammer pressure pulse, and we 

measured it as it passed through the piping system at P1, 

P2, P3 and P4. These were pressure transducers tapped into 

the bottoms of the elbows. They were measured at 4000 hertz 

up to 8000 hertz in some of the tests. So we had enough 

speed to measure the rapid rise.  

We also measured the reaction forces in line with 
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those axial sets of pressure pulses.  

So when you see this data, you will see pressure 

pulses at P1, 2, 3 and 4, and you will see a support 

reaction force, F1, F2 and F3, F1 being across this leg, F2 

being in line with this long leg.  

MR. ZUBER: Is that the vertical or the 

horizontal? 

MR. ESSELMAN: Your vertical pipe where the 

waterhammer is comes up vertically from this. This is 

looking down at a plane.  

MR. ZUBER: So this is a horizontal.  

MR. ESSELMAN: That's correct. The waterhammer 

occurs here, and P1 comes out in the vertical plane. You 

produce it there. Then your waterhammer comes down and goes 

through an elbow and then propagates through this pipe.  

MR. ZUBER: What is the geometry of that pipe? 

MR. ESSELMAN: Two-inch pipe.  

MR. ZUBER: It's always 2-inch pipe? 

MR. ZYSK: For the column closure test, that is 

correct.  

MR. ESSELMAN: For this test it's 2-inch pipe.  

MR. POWERS: Pressure per unit force? 

MR. ZYSK: This is actual pressure or force 

normalized. This is the trace of the pressure measured at 

P1, P2 and P3.  
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MR. POWERS: I guess I just don't understand.  

It's pressure per unit versus time.  

MR. ZYSK: PSI.  

MR. KRESS: It's pressure or force.  

MR. POWERS: Or force.  

MR. KRESS: That's the problem there.  

MR. ESSELMAN: The pressures in psi are this, 

this, this. Those are pressure in terms of psi. We have 

over plotted because of the importance of seeing how is your 

support reaction versus your wave propagation. We have 

plotted the force reactions, which are F2, which is your 

long run, F1 and F3, which is your second long run. Those 

are plotted as a force. So this is both pressure and force, 

but it's pressure for these curves.  

Let's go to the pressure traces. If I had this 

without force, that would make it much easier to understand.  

MR. ZYSK: This is similar data, different 

configurations. The same kind of thing. 'Four pressures and 

three forces. It's a little messy, but that is the same 

idea.  

MR. ESSELMAN: This is pressure, pressure,

pressure.

here?

MR. POWERS: What is the area that is changing 

MR. ZYSK: The pressure is measured with a
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pressure transducer in the pipe. The force is the pipe 

reaction, which takes into account the structural dynamics.  

MR. SEALE: And it's a vector.  

MR. ESSELMAN: The force is a strain gauge on this 

hanger basically that is at the end of each of these 

segments. So the force is converted from a strain in a 

classical type of commercially purchased pipe support.  

MR. ZUBER: I have a problem with your 

presentation. You are jumping from vertical pipes to 

horizontal pipes and the configuration is quite different.  

The effect of geometry size may be different whether it is 

vertical or horizontal. It is not clear really what the 

initial conditions are.  

MR. ZYSK: If I can address that. This was 

stagnant water filled pipe with a pulse traveling through 

it. This is not a flow condition-related problem. This is 

stagnant water through which the pressure pulse traveled.  

It should be independent of that.  

MR. KRESS: The first transducer is before you 

went around any curves? 

MR. ZYSK: Correct.  

MR. KRESS: It's non-geometry-related then.  

MR. ZYSK: Correct.  

MR. ESSELMAN: The important thing is that we have 

taken a lot of this data and we came back and we looked at 
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rise time as an example, and we went into all those curves 

and measured the rise time. We said, okay, here is a 

pressure curve. What is the rise time? We have a 

relationship of rise time in time versus data points for 

closure velocity.  

For this closure velocity, which was calculated 

for configuration, I believe, the rise time data was in that 

point. There are other curves in the report. This goes out 

to higher velocities.  

MR. WALLIS: It's not clear that the data support 

the theory in any way in the left-hand figure.  

MR. ESSELMAN: This is an inverse relationship 

with closing velocity, which you would predict.  

MR. WALLIS: There is no gas in this bubble.  

MR. ZYSK: That's correct.  

MR. WALLIS: You just have a regular waterhammer.  

The rise time would be zero.  

MR. ZYSK: That's not what we found.  

MR. ESSELMAN: In the ideal case.  

MR. WALLIS: So these are all gas cushion type 

waterhammers, I would guess.  

MR. ZYSK: It seems to be steam condensation rate 

which is cushioning.  

MR. WALLIS: Also it's not just a plane front. It 

may be jiggly or whatever.
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MR. KRESS: I would have guessed that the integral 

under the curve would have been about constant. Did you 

check that? 

MR. ESSELMAN: Yes. We have done that here.  

There is also some data that we will show you later for 

condensation induced where we have looked at the integral 

under the curve which also is constant. That data developed 

also developed much more up this side of the curve. There 

is other data that follows this and tracks at the higher 

velocities. This curve is consistent with the constant 

impulse curve. The data that we had was consistent with 

that.  

This region that we selected, the 10 to 20 feet 

per second, is the prototypical closing velocity. We didn't 

choose to run data that were in that region.  

MR. SCHROCK: What are the units on this time 

scale? 

MR. ESSELMAN: This one is zero to a tenth of a 

second. This is much longer. We just pulled a different 

plot than the one that is in the report.  

Basically, what we wanted to show here was many 

parametric runs of the rigid body model where we calculated, 

analyzed a number of cases and then plotted velocity versus 

rise time. We used this to show that selecting this 

relationship, which is 1 over 8 V for rise time,
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conservatively bounded the analysis model.  

First of all, we developed that based upon data.  

Then we ran the rigid body model and showed that the rigid 

body model generally gave longer rise times. So we selected 

this curve as the curve to define the rise time for this 

pressure wave.  

MR. POWERS: I guess I'm just dense. How in the 

world do the data on the left-hand chart support that model? 

MR. ZWEIGLE: There is some more data.  

MR. ZYSK: If I can refer to the figure in the 

report, it gives a little better idea.  

MR. POWERS: How in the world do the data on this 

plot support that model? 

MR. ZYSK: What we did is essentially take a best 

curve fit.  

MR. POWERS: You have got to have some functional 

thing here. You have got a reciprocal function here. Any 

evidence of the reciprocity of the number is a mystery to 

me.  

MR. ZYSK: It's empirical.  

MR. POWERS: There is empiricism and then there is 

empiricism. I can fit a pascal function to these data that 

is a star.  

MR. ESSELMAN: We know what the shape has to be 

because of the conservation.  
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1 MR. KRESS: You have got an analytical basis for 

2 assuming the shape.  

3 MR. ESSELMAN: That's right. We chose a shape 

4 that bounded the test data in the region of importance. In 

5 this region where the velocity was controlled we chose a 

6 factor that would bound the data other than a couple of data 

7 points.  

8 MR. POWERS: Why not say this is the region of 

9 importance and just put constant in there? 

10 MR. ZUBER: They want to use the argument from the 

11 left.  

12 MR. POWERS: They're never going to make use of 

13 this from 5 to zero.  

14 MR. ESSELMAN: In this region you have a closure 

15 velocity. Frankly, you could draw a straight line in there 

16 and do the same thing. I guess we knew that the curve 

17 looked like this. We said let's pick that curve, let's pick 

18 a number that bounded the data generally, and let's use 

19 that. Then let's test to see whether or not in the region 

20 where we were interested -- and this was less important 

21 because now we are out in here.  

22 We are seeing that the rigid body model generally 

23 follows this. Whether we picked a 1 over 8 V or drew a 

24 straight line through there is immaterial.  

25 MR. WALLIS: How do you define rise time? You 
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have got sort of a bell-shaped curve. Your ideal thing is a 

trapezoid. How do you fit a bell-shaped curve with a 

trapezoid? How do you define rise time for the bell-shaped 

curve? 

MR. ZYSK: We define rise time in the real test 

data that we took based on starting at 10 percent of the 

peak pressure.  

MR. WALLIS: Then as soon as it gets there it is 

coming down again.  

MR. ZYSK: In the test data, yes.  

MR. WALLIS: So you are modeling a bell shape 

exponential growth and decline thing with a trapezoid, which 

is going to look quite different. It will make it much 

bigger.  

MR. ZYSK: And it will give you higher piping 

loads.  

MR. WALLIS: Much more, it seems to me. This is 

much bigger.  

MR. ZWEIGLE: You will see the structural model 

again.  

MR. KRESS: I'm still not sure what the second 

curve does for. You are comparing a constructed model that 

has little basis in reality.  

MR. ESSELMAN: We used the data to say that this 

curve was valid. This is the curve that we used to define



161

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034

the rise time that we are proposing be used.  

MR. KRESS: I understand. I don't see what you 

are gaining out of the next curve. That is my point. It 

doesn't tell me anything other than if I were to try to use 

the rigid body model to get some sort of a rise time, and if 

I use that rise time, I would have had a worse problem. But 

you are not advocating that.  

MR. ZYSK: We are not advocating using the rigid 

body model. We are putting forth some curves, and saying, 

well, a conservative number would be 1 over 8 V.  

MR. KRESS: I'm still at a loss as to what this 

second curve is doing for you.  

MR. ESSELMAN: Since the rigid body model includes 

gas cushioning and steam cushioning, I think that I'm 

comfortable knowing that the rigid body model is giving us 

rise times, because we can do a rigid body model and look at 

the rise times. It is giving us rise times that are 

consistent with what the data was. That for me is a 

validation of what the rigid body model is telling us, and 

what it is telling us is consistent with what the data was.  

MR. WALLIS: Time varies as 1 over velocity. Then 

there is just the time it takes to go a certain distance.  

Isn't that what it does? 

MR. SEALE: Yes.  

MR. WALLIS: You're saying it has got a certain
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closure distance.  

MR. ESSELMAN: Yes.  

MR. WALLIS: Wouldn't that be pipe size dependent? 

MR. ZWEIGLE: In a sense it is. If you look at 

the curve on the right there, the rigid body model 

demonstrates that. You can see almost a family of three 

curves. Those are for three different pipe sizes.  

MR. WALLIS: So there is a pipe size dependence 

for this kind of thing.  

MR. ZWEIGLE: Yes. The limits are from 2 inch up 

to 16 inches.  

MR. GRIFFITH: It's conservative when we use it 

for larger pipes.  

MR. WALLIS: It may be overly conservative.  

MR. GRIFFITH: Yes. We had no justification with 

the amount of large pipe data that we had to tune the curve 

fit. We had lots of 2-inch pipe data and a little bit of 

4-inch pipe data.  

I agree with you. I think this is pipe diameter 

dependent.  

MR. WALLIS: Is this a big deal in terms of the 

bottom line? 

MR. ESSELMAN: Yes, because this defines what the 

shape is. However, in this progressive disclosure process 

that we are going through here, I will get to the point to
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show you where we have compared -

MR. WALLIS: This is the dance of the seven veils.  

[Laughter.] 

MR. ESSELMAN: We have run structural analyses 

both with the trapezoidal shape and a time history, taking 

the real time history, to show that the trapezoid using this 

data is in fact representative of what you would get by 

using as time history.  

What you need to do is define a curve so that 

somebody can take it and go into their structural analysis 

and show adequacy of the system. This is not a primary 

factor of importance, but yet you have to define it.  

MR. WALLIS: I asked about real curves, and they 

have a certain shape. You might want to go back, I guess in 

hindsight, and say, if I really wanted to represent that, 

why would I want to use a trapezoid? I guess the trapezoid 

probably is there for historical reasons.  

MR. GRIFFITH: Sometimes you do have low sonic 

velocity and the pressure acts for a long period of time. A 

trapezoid is a better representation than a bell-shaped 

curve. You can sort of reduce a trapezoid to a triangular 

spike, which is getting close to the bell-shaped curve.  

That's the reason.  

MR. ESSELMAN: We have real force data points in 

the supports that we showed you. We took actual force,
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measured force, versus an analysis performed with a 

trapezoid and an analysis performed with the actual time 

history that shows the bell-shaped curve. There is a very 

close coincidence, which makes us think that going to a 

trapezoid, which is simplifying and is easier to apply, is 

the appropriate thing to do.  

MR. WALLIS: If you break a pipe, instead of 

having fan cooled containment, you have a spray cooled 

containment? 

MR. ESSELMAN: It is not quite as effective.  

There is something about containment integrity that we have 

always found important also.  

MR. WALLIS: The containment integrity is still 

there, isn't it? 

MR. ESSELMAN: Except that you have broken the 

pipe. That's a breach of containment.  

MR. SEALE: You've got a bypass.  

MR. KRESS: You are going to tell us how you 

convert all this to those forces, right? 

MR. ESSELMAN: Yes.  

MR. KRESS: I would have thought that would be 

highly geometry dependent.  

MR. ESSELMAN: The shape of the force is, but yet 

what is more highly geometry dependent is the length of the 

pipe segments and where your supports are.  
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MR. KRESS: That's where I would have thought the 

geometry would have mattered.  

MR. ESSELMAN: Yes.  

This one I have no plots for. In the actual plant 

we are proposing that the partial reflections of the 

pressure wave be tracked and that you reflect your wave with 

a 2 L/C kind of duration of the pressure pulse when 90 

percent of the pressure pulse has been reflected.  

From the point of the waterhammer we are tracking 

the progression because theoretically it would go out to a 

free surface, but yet it is reflecting area changes, and we 

are keeping track of that and we are declaring L in the 2 

L/C for the duration to be the point at which you have 

reflected 90 percent of your pressure wave. We are using 

that to define the length or the duration of the event.  

MR. WALLIS: Actually, some of these waterhammers 

go on bang, bang, bang, bang, don't they? 

MR. ESSELMAN: With the reflections, yes, they 

can.  

MR. WALLIS: So the pipe does get loaded or kicked 

a series of times. You seem to be regarding the pulses over 

once it is reflected once or something.  

MR. KRESS: That is probably the biggest one.  

MR. ESSELMAN: Relative to taking a pulse and 

entering a structural analysis. Taking the single pulse,
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1 which is the largest pulse, and driving that through your 

2 system, we believe is very adequate for showing that the 

3 system is acceptable.  

4 MR. SEALE: I think that L is not the distance 

5 between reflection points; it's the distance to the number 

6 of reflection points that you have to have to get down to 10 

7 percent, isn't it? 

8 MR. ESSELMAN: It is. It's a total L to go out to 

9 the point where you have 10 percent.  

10 MR. GRIFFITH: It's a total L to part of the fan 

11 cooler unit, but it may be somewhere else.  

12 MR. WALLIS: You assume no attenuation along the 

13 pipes.  

14 MR. SEALE: Just at the reflection points.  

15 MR. ESSELMAN: The other thing that we dealt with 

16 and provided guidance for is what to do with attenuation or 

17 amplification due to flow area changes; if your area is 

18 increasing or decreasing diameter, how to attenuate your 

19 system for pipe movement. Friction we have discussed, but 

20 we haven't suggested attenuation for friction. Basically 

21 it's instructions for what happens in the plan if you get to 

22 an area increase or an area reduction.  

23 If your waterhammer occurs and your rise time is 

24 such that you have an area reflection within that rise time 

25 period such that you will reach an area reflection, we 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25

167 

provided some instructions if you have that case for showing 

that you can get some clipping or amplification of the peak, 

depending on what kind of an area reduction you can get.  

That also needs to be tracked as you enter the actual plant 

analyses.  

We have also spent a lot of time looking at 

potential for fluid-structure interaction. We have dealt 

with that and have concluded that there is a potential for 

amplification. We think the potential is peaked at a 15 

percent maximum increase in waterhammer pressure.  

We have recommended that if you want to take 

attention due to pipe movement at elbows with supports as 

your pipe moves away from your pressure pulse, if you want 

to take advantage of that, you should also take the penalty 

for fluid-structure interaction. Otherwise, if you are not 

taking attenuation, the fluid-structure interaction 

potential increase has limited potential for changing the 

conclusion at all.  

We recommended a travel velocity of the wave. We 

measured travel velocities in our tests. The sonic 

velocities are very close to what you would calculate in a 

textbook for temperature and pipe size. We have recommended 

that typically in these systems 4600 feet per second or so 

is the velocity that is appropriate for having your wave 

travel through the system.  

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034



168

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25

What you will end up with at this point is a 

magnitude of your column closure waterhammer, a duration and 

a rise time, and instructions for how to take that through 

your piping system.  

MR. WALLIS: The rise time is also decay time? 

These things always look symmetrical. You assume they are? 

MR. ESSELMAN: Yes. We presume it's symmetrical, 

and your bell-shaped curve is reasonably symmetrical also.  

Clearly, as you go through a piping segment 

whether you have a short duration or a long duration with a 

long rise time makes a difference.  

What we have recommended is that the delta P 

across a straight segment is of primary importance, and if 

your pulse looks like this, that will be developed fully 

within this pipe length and you will get a forcing function 

that first pushes the pipe in this direction. Then when 

your wave gets to the other end, it will push in the other 

direction.  

If you have a pulse and the total duration with 

the rise time effect is longer than a segment, or if you are 

in a very short segment, when you enter this side your 

pressure starts going up. Before you reach the peak you 

will start subtracting from the other side. Basically with 

the shape and with the sonic velocity we have recommended 

that you take your pulse shape and track it through your 
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piping system and develop for every segment a delta P, 

pressure times area, based upon this defined curve, and then 

you enter your piping analysis model and use that to develop 

acceptability of the system.  

MR. KRESS: Are these tensile loads? 

MR. ESSELMAN: These are axial loads in the pipe, 

yes. They are acting along the axis of the pipe.  

MR. KRESS: You don't get any bending? 

MR. ESSELMAN: You will get bending reactions, but 

your applied loads will all be axial. As this bends here, 

you are going to get bending loads into the segment, but yet 

your applied loads are all axial.  

We were interested in the structural response of 

the system. We looked at the test data. We showed you the 

three force we have in here.  

This is a horizontal plane. We create the 

waterhammer here, and then we pass the pressure wave into a 

36-foot pipe, the across about an 8-foot pipe, and then this 

is about 24 feet coming back.  

This might have been helpful earlier. Your 

waterhammer is back here. This is the horizontal pipe going 

36 feet down. You have a support here, a support here, and 

a support here.  

MR. ZYSK: There is a pressure transducer tapped 

into the bottom of the elbow.  
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MR. ESSELMAN: We have a tank with a free surface 

in it at the end of it.  

We have F2, F3 and F1 that are measuring the three 

reaction forces. We measured the frequency of the system 

and entered a classical dynamic load factor curve. Biggs is 

the classical reference that everybody uses for dynamic load 

factors.  

We have taken a response for a triangular pulse, 

which is this curve, the Biggs DLF, dynamic load factor. We 

have also put on this the Biggs DLF for a square load shape 

and plotted the actual data measured as a ratio of duration 

of the pulse divided by the period of response and have seen 

that it behaves well within what you would expect for a 

basically triangular pulse. Other than some outliers, it 

behaves well within the triangular pulse.  

MR. WALLIS: The basis of the calculation is your 

theory for the waterhammer load? 

MR. ESSELMAN: Dynamic load factor is the peak 

pressure times the area.  

MR. ZYSK: It's the measured force divided by the 

peak times.  

MR. ESSELMAN: It's the measured force divide by 

the PA force. Basically a static application for the peak 

force.  

MR. WALLIS: If you know both of them, the answer 
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should be about 1, shouldn't it? 

MR. GRIFFITH: I can be as much as 2.  

MR. WALLIS: Why does it differ by a factor of 10, 

and what are the points way down below? What do they mean? 

MR. ESSELMAN: This is the duration of the pulse 

divided by the period of response.  

MR. WALLIS: The theory says they should be on the 

black line.  

MR. ESSELMAN: Yes.  

MR. WALLIS: They are off by a factor of 10 or 

something.  

MR. ESSELMAN: Conservative.  

MR. WALLIS: They are both measured, aren't they? 

MR. ZYSK: The theory is for a triangular shaped 

load. The data points are actual measured support forces 

divided by the applied force, which is the delta P times A.  

What we are showing is that if you were take a pseudo-static 

approach to analyzing this, it is reasonable to use the 

Biggs triangular dynamic load factor to determine the 

appropriate response.  

MR. WALLIS: I don't understand why the theory can 

be off so much, because you know the force pretty well, and 

you know the pressure pretty well.  

MR. ZYSK: In Biggs, which is a single degree of 

freedom model, there is no credit taken for any kind of 
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damping of the piping system.  

MR. WALLIS: There is nothing about Biggs that 

says I'm conservative.  

MR. ESSELMAN: If were to take this and say, 

number 1, here is the data, and then ask does the data 

coincide to the behavior that you would expect for classical 

triangular pulse, the answer is yes, because in fact for the 

short duration pulses we are seeing low loads, which is what 

you would expect also for short duration pulse here.  

MR. KRESS: You delta P is the peak pressure 

subtracted from your regular pressure. It's a variable with 

time. You taking the peak of A. The response that you get 

is also variable in time. It depends on how your actual 

system responds.  

MR. ESSELMAN: This is how the system responds.  

This says that the actual data is performing like you would 

expect where a duration pulse gives you a very low load.  

That is what you would expect to happen.  

MR. POWERS: Before you go off this, explain to me 

again what experimental data points are here. I will tell 

you what the problem is. If I look at the DLF from F1 

measured response, the little squares, and I come along here 

starting at 3-1/4, and about 3.15 there is a peak, and then 

it drops down. I don't know what it does down to 3.20, but 

there is a resonance peak at about 2. There is another 
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resonance peak here.  

I've these spikes here, and I don't understand 

exactly why it spikes.  

MR. ESSELMAN: Why you have these data points up 

here? 

MR. POWERS: Yes.  

MR. ZYSK: This is configuration 1 test data. In 

configuration 1 test data we varied column length and 

driving pressure. You would expect for a given column 

length to have a set of data with about all the same 

duration. If you drive a 20-foot column, your duration is 

essentially 2 L over C. If you drive a bunch of data in a 

20-foot column, you would expect all that data to have 

essentially the same duration. Along that x axis you would 

expect to see some grouping around different column lengths.  

MR. WALLIS: Aren't you driving a known column 

with a known load, with a known pulse, or a pretty estimate 

of a pulse? This is just the structure response to a known 

load, isn't it? 

MR. ESSELMAN: If you we just take the squares and 

kind of isolate it, we are looking at data with long 

duration pulses and short duration pulses for that first 

length. There are other variables that you need to provide 

in order to get a long duration or a short duration pulse.  

Mostly driving pressure and other things that would vary to
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get that kind of variation in the pressure pulse.  

If you just look at the squares, we are saying for 

the long duration pulses you are getting a wide variation.  

Coming back in here, you can see that your squares drop off.  

You can see a lot of squares down in here. Your squares for 

Fl, which is the short span, your data looks like it doesn't 

do this, like it stays up here. That is a much shorter 

span.  

The point is that only the short span is behaving 

that way, because the two long spans are behaving a little 

bit different. I guess I have to think about that a little 

bit more. That is a good question. Let us think about that 

a little bit more.  

I think the important thing for pulling the 

structural analysis together is this. We have taken the 

peak measured support force, which is what somebody would 

use to qualify a support. We have taken data where we 

plotted the measured support force versus a calculated 

support force using both the curve fit or the time history 

curve and drove that through our test loop and calculated 

loads and compared it to measured loads. We then took the 

trapezoidal curve fit for the same data and ran it through.  

There are about three or four plots that come up 

to this, but yet basically this is the predicted equal 

measured, which is the 1 is equal to 1 line. This curves 
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defines the center, the line through the points for the time 

history loads. You are calculating a load that is slightly 

higher than what you measure.  

This is the line that is drawn through the 

trapezoidal simulation, which again is a little bit higher 

but not wildly conservative, but conservative relative to 

the 1 to 1. There are only a small number of points that 

fall below the 1 to 1.  

Either a time history where you took the curve and 

did the bell-shaped curve thing and analyze it that way or 

in this trapezoid that we are proposing be used will give 

structural loads in the piping supports for qualification 

that are conservative but only a tad conservative versus 

what we measured in our test loop.  

I think for us thinking about providing a method 

for someone to qualify a support, getting to the point where 

we have produced a trapezoidal shape of the curve and then 

validated it against time history analysis versus the actual 

measured support force was an important factor.  

MR. WALLIS: Are these the same experiments as the 

previous transparency? 

MR. ESSELMAN: Yes.  

MR. WALLIS: So maybe I misunderstand the previous 

transparency. Here it looks as if your predictions are not 

so bad.
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1 MR. ESSELMAN: The triangular pulse is not a 

2 prediction. It doesn't have to behave like the triangular 

3 pulse. We are not recommending that anybody use a 

4 triangular pulse to qualify their system. The best way to 

5 look at this is to take out these two curves and just look 

6 at the data. The data behaves the way you would expect. If 

7 you have short duration pulses relative to the natural 

8 period, you are going to get low loads; you are just not 

9 going to get a structural reaction.  

10 MR. WALLIS: But you might bulge the pipe. You 

11 might bulge or split the pipe.  

12 MR. ESSELMAN: These are 300 psi.  

13 MR. WALLIS: What is the bursting strength of the 

14 pipe? 

15 MR. ESSELMAN: Several thousands of psi.  

16 MR. WALLIS: That is something you worry about 

17 with certain kinds of waterhammer. You actually stretch the 

18 pipe.  

19 MR. ZUBER: What troubles me is -- just take the 

20 squares. You have this kind of a grouping along .25. Then 

21 the spread increases, increases, increases. Then you have a 

22 large spread. I didn't hear you addressing what is the 

23 cause of that.  

24 MR. GRIFFITH: I think there are some resonances 

25 in there. For some of those short pipes, you hit it twice 
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with one pulse, so you get some resonance.  

MR. ESSELMAN: I would want to spend some time 

doing some one to one comparison. I think it is dependent 

upon the shape of the time history. The curve that you are 

getting from the waterhammer also. The scatter is very 

large in this one, but I believe that is only because we are 

looking at the period versus period and there are just a lot 

of other factors that are going on. The points are valid.  

We can go back and look at these a little bit more.  

MR. ZUBER: You compact the points at .25. Then 

you got out to 1 something and the spread increases, and 

it's a maximum of 3.  

MR. ESSELMAN: That's what you expect.  

MR. KRESS: What relationship did you use to 

calculate T? 

MR. ESSELMAN: The time duration. We measured T.  

This is the frequency of response of the piping system with 

the support.  

MR. KRESS: It's just natural frequency.  

MR. ESSELMAN: It's a nature frequency.  

MR. ZYSK: We actually banged it with a hammer.  

The second plot is an actual ANSYS model, which is 

a computer model of the piping system that will take 

advantage of much more detail.  

This is a pseudo-static, if you will. The other 
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one is a full dynamic model. What we are showing here is 

the trapezoid is a reasonable way to model the pressure 

points.  

MR. ESSELMAN: In this we did time history 

analyses both with the time history shape and with the 

trapezoid shape, the time history around the loop, and then 

compared those peak loads to the measured peak loads.  

This is the more important of these two plots.  

The first one just says it behaves like you expect it to 

behave with short pulses, not getting the full reaction.  

This is the one that we thought was important because it 

shows that using a trapezoid we are able to accurately 

predict versus the test data where we are.  

MR. POWERS: You are recommending that people use 

this trapezoidal curve? 

MR. ESSELMAN: No. We are recommending that 

people use the trapezoid to put it into their own structural 

model that represents their plant and calculate the support 

loads.  

MR. POWERS: So these curves actually don't ever 

get used.  

MR. ESSELMAN: No.  

MR. WALLIS: Do you have some guidance about 

uncertainties? 

MR. ESSELMAN: The issues will only be for the 
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data points that are down here. I think in general my 

thought about this is that we are using a trapezoid that 

appears to be appropriately conservative versus most of the 

data, and there are some outliers that, given the knowledge 

and the margins that we have, I don't consider these to be 

important.  

MR. GRIFFITH: I think it is mostly instrument 

error of some kind or other. You have more errors on 100 

psi than you do on 500 psi.  

MR. ESSELMAN: I've lost control of my flow chart 

that I started with earlier today.  

What have we done? We have taken the column 

closure waterhammer. We have created some test data that we 

feel are appropriate to validate a model. We validated a 

model, taken a simplified model, a rigid body model, and 

validated that back against the analysis and the test, and 

then used that to create a shape of a pressure pulse that 

represents this column closure waterhammer.  

The guidance we provide to an actual plant is for 

that actual plant, number one, to calculate their velocity 

without cushioning, using their system parameters and their 

pump characteristics. To then calculate the air and the 

steam and use this to get a cushioned peak pressure, the 

velocity in a Joukowski pressure, and then use this to get a 

modified or an adjusted peak pressure; guidance for duration 
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of the event, rise time of the event. Then our 

recommendation is to take that and look at their structural 

model to demonstrate support acceptability for their plant.  

The complexity that we have left out of this is 

the initial system parameters that define what their 

velocity is when they finally close this void. Actually, 

the system parameters that define how the void develops. We 

have also left out the back end, which is taking this and 

putting it back into the plant to show that your system is 

structurally acceptable.  

We feel that this is a path to allow someone to 

take the column closure waterhammer, calculate the void, 

calculate the cushioning, get a shape, and go back and show 

that your system is acceptable.  

The thing that I would suggest that we run through 

next is condensation induced waterhammer. The other thing 

that can occur during the voiding phase while you are 

draining your pipes, you are going to be draining down 

through horizontal pipes, but when you get to a horizontal 

pipe, you then are uncovering a horizontal pipe that is 

going to be sub-cooled or potentially sub-cooled, and you 

have the potential to drag steam in behind it and get a 

counterflow kind of condensation induced waterhammer event.  

If you take this only as a very simplified test 

schematic, we have transferred now from column closure to 
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condensation induced. We have produced for this project 

4-inch diameter test data. We have taken 2-inch diameter 

test data that has been produced previously and over plotted 

it as an initial look at scaling.  

It's a 4-inch diameter test section. We have the 

ability to drain your water column. As will happen during a 

voiding phase where you are draining down through a vertical 

pipe and you will get to a horizontal pipe, that will allow 

you to get a free surface on here. This is going to be full 

of steam behind here, and this then allows you to get the 

counterflow kind of waterhammer where you draw waves up and 

trap bubbles.  

We have 4-inch piping. The long horizontal run is 

24 feet long. There is an L over D threshold that you need 

to be above, and we wanted to be sure that were above that.  

What is your L over D threshold, Peter? 

MR. GRIFFITH: Twenty-four to 48 L over D.  

Twenty-four is not enough and 48 is more than enough.  

MR. ESSELMAN: We have 24 feet with a 4-inch pipe.  

So we have an L over D of 75 approximately.  

We are very concerned about having sufficient 

steam. When you uncover your long sliver of cold water, you 

will consume a great deal of steam. In the plant that steam 

is available because the fan cooler is providing steam.  

We provided sufficient steam so that the steam was 
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able to keep up. I will describe briefly how we did that.  

We were able to keep up with the steam. We ran the steam 

pressures up to 30 psia. Typically you will get to a 15 to 

20 psia at 30 seconds. You initially go sub-atmospheric as 

you draw vacuum because of gravity, and then as you boil, 

you will eventually re-pressurize but you will get up into 

the 15 to 20 psia range. So we bounded what is prototypical 

in the plants.  

We chose to do this in a controlled and 

conservative way. We chose to not put any air into the 

steam. So we created the steam with deaerated water just to 

eliminate that variable. We chose to do it that way to see 

what the results were. We expected these pressures to be 

low. We decided if they weren't low enough, then we could 

go put air into the steam, which is appropriate, as we have 

just discussed. We ran these tests with steam created from 

deaerated water, so there is very little air in the steam.  

We varied the drainage rate so that we would bound 

the voiding rates in the plant. We did vary the air in the 

water. We went from normal tap water, which is 6 to 8 ppm, 

to a saturated of oxygen, to a fully deaerated water. So 

you have water that was either normally aerated or deaerated 

and steam that was always deaerated.  

We measured the temperature along the horizontal 

pipes so we could watch how your interface ran. We measured 
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the peak waterhammer pressure pulses, and we also had an 

axial support at the end of this long run that we measured 

support forces from also so we could do the same thing 

again, and that is related to support forces.  

An isometric of this configuration is that we had 

a vertical pipe that ran into our 24-foot test section. We 

had thermocouples along that test section.  

We had a flanged section. This is the vertical 

pipe coming down. This is our long horizontal run. This 

was our steam works over here, if you will.  

In our steam works we had a high pressure tank and 

a low pressure tank with flow control valves. If we ran 

this at 30 psia, we ran our low pressure steam tank at 30 

psia and then had a high pressure steam tank available to 

feed this tank so that this would be kept at 30 psia, and we 

let this tank run down in pressure. We ran this one about 

75 or 80 psia. This was a mechanism that we used to 

maintain a lot of steam available to be able to make up what 

was consumed by condensation.  

Clearly we knew that if we ran this test and we 

ran out of steam, you run out of waterhammer potential, and 

that isn't what we wanted to do.  

In the photograph, this is where we had the high 

pressure/low pressure tank. We had these flow control 

valves. I guess they are pressure control valves that 
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opened as there was a pressure drop.  

This was the vertical run. We drained the water 

down through the vertical pipe until we got to the 

horizontal pipe. It would bang-bang-bang. You got three or 

four bangs as this propagated across there.  

On the back end we came down. We had a support 

that looked like the other ones. It was instrumented with a 

strain gauge. This came vertically down and then came 

around and turned about 4 meter so we could measure the 

draining velocity. Then we had several valves that were 

here that we used to control the draining velocity.  

So we were able to vary the draining velocity, the 

velocity at which this came down and uncovered that, because 

that is a variable in the plant. We were able to vary steam 

pressure, and we were able to vary the air dissolved in the 

water, but we used deaerated steam.  

We didn't preheat or have any thermal layer 

effects in this column. We decided to leave this column 

fully sub-cooled at room temperature so that when you 

finally uncover your sliver of steam you would have maximum 

condensation. In actuality, we know that this is going to 

be the layer that you are going to have all your steam that 

is condensing on the cold inside of the pipe collecting 

there. We knew that if we needed to get more margin or the 

flows were too high, the actual case would have a thermal 
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layer in here that would tend to greatly mitigate the 

condensation rate of the trapped bubbles.  

MR. ZUBER: Could you please put that schematic 

back up, the one where you had the valves. Can you walk me 

through how you initiated the experiment? 

MR. ESSELMAN: This will be water solid up to 

here. We will have steam back here. All this water will be 

cold.  

MR. ZUBER: You controlled the height of that 

water in the pipe, or what? 

MR. ESSELMAN: We controlled the height of the 

water. We had a sight glass.  

MR. ZUBER: You have a valve there, right? 

MR. ESSELMAN: Yes.  

MR. ZUBER: Above it you have liquid sub-cooled.  

MR. ZYSK: When we started the test, what we did 

was actually pump the water up above the valve. So this is 

water solid up through the valve. We closed this valve and 

we drained this down. So we didn't have a lot of water 

attracting the steam water condensate built up. We might 

have had an inch or two inch of hot water below the drain 

and above the top of the valve.  

Pretty much we have cold water all the way through 

here except for maybe some little hot water residual up 

here.  
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To start the test, we opened the downstream and 

set this drain to the drain level we wanted, and we opened 

this valve. This water would start to drain down, be pushed 

by the steam supply pressure, which we would set at the tank 

10 or 15 psi. It would drain down through here and enter 

the horizontal section, and then it would start to stratify, 

and then you would have the transition slug flow which 

caused the waterhammer.  

MR. SCHROCK: Are these T's transducers? 

MR. ZYSK: They are actually high speed 

thermocouples. We drilled through the pipe and put these 

thermocouples down into the flow, and within about a tenth 

of a second they should give us the temperature. We could 

see that the front was uncovering the various positions.  

MR. SCHROCK: They protrude into the stream? 

MR. ZYSK: Between a 1/4 to 1/2 inch.  

They gave us a pretty good idea that we were 

getting about a slope of 4 or 5 degrees for most of the 

test.  

MR. ZUBER: Between what and what? 

MR. ZYSK: The steam-water interface. Between the 

horizontal and the steam-water interface.  

MR. ESSELMAN: It was very dramatic when they went 

from water to steam. You could watch that and track them 

across there and plot this.
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MR. ZYSK: Two inches and 4 inches.  

MR. ZUBER: What was the difference.  

MR. ZYSK: We will show you that.  

MR. ESSELMAN: That is next, I think.
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MR. ZUBER: You mean like a ton of steam going 

through.  

MR. ZYSK: Correct, across the top. What would 

happen is that eventually you would trap a bubble that would 

collapse and give you the waterhammer.  

MR. SCHROCK: Where is that measured? 

MR. ZYSK: That was measured downstream in the 

test section. We actually measured at the end of the 

section and then farther downstream.  

This is just a couple of data points. I took off 

all the temperature data because that greatly complicates 

the plot. You get a spike as bubbles would collapse, and 

can see what actually caused the flow, which is this green 

line, to dip a little bit. As you would pull that bubble 

closed you would slow down your downstream flow.  

This is typical kind of data we got. We got 

pressure pulses here in this particular test 50 psi or so 

close to the test section. We measured that at the very end 

of the test section.  

MR. ZUBER: You ran this test with how many pipe 

sizes?
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MR. ZUBER: Before lunch you presented some 

conclusions in which you hA. You could get an h from these 

experiments. Did you obtain it? 

MR. ZYSK: No. This was independent of the 

modeling that we tried to do for column closure.  

MR. ZUBER: The h was for condensation, and you 

assume hA is equal to a constant.  

MR. ZYSK: Correct.  

MR. ZUBER: You assume that you had 40 percent of 

air or something like that. Here you varied the air 

content? 

MR. GRIFFITH: No. That is not appropriate, 

Novak.  

MR. ZUBER: Why? 

MR. GRIFFITH: The condensation is occurring 

partly around the pipe and partly around the water.  

MR. ZUBER: You mean here? 

MR. GRIFFITH: Yes. You get a wave not there, but 

probably somewhere up here. All the water area along here 

is exposed in addition to the pipe. There is a lot more 

condensation area in this experiment, because you have got a 

cold pipe and cold water, than there is in the column 

closure experiment where the pipe is hot because it was in 

contact with the steam, not the cold water. The water 

surface is probably heated some as a result of the hot water
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that has been carried along.  

It's not the same problem and shouldn't have the 

same h.  

MR. ZUBER: Is it a constant here or not? 

MR. GRIFFITH: No, it isn't. What you is an h, 

which is about what you would expect on a smooth stratified 

water surface. Until a condensation event occurs which 

gives you a high enough velocity so the water is ruffled the 

ruffling increases the amount of area which is exposed, 

which increases the condensation rate, and momentarily you 

have, I think, a sonic velocity in the steam. Very high 

velocity in the steam, a millisecond or something like that.  

You basically reduce the pressure down to the 

saturation temperature for the pipe, or less.  

It is very dramatic reduction in pressure. It's 

not the same as the column closure. The pressure goes up in 

a column closure.  

MR. ZUBER: I am bothered about your argument 

before, that you have a constant h for those experiments. I 

don't think you have made a case.  

MR. GRIFFITH: That may well be.  

MR. ZUBER: You didn't convince me.  

MR. GRIFFITH: I think it's right, as a matter of 

fact, but continue.  

[Laughter.]
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MR. ZUBER: This may be your faith. I may not be 

a Protestant; I may be a Catholic, a different religion.  

[Laughter.] 

MR. GRIFFITH: You're a Serb.  

MR. ZUBER: And therefore you keep quiet.  

[Laughter.] 

MR. ZUBER: I was trying to see whether from these 

experiments you would be able to provide some additional 

ammunition to put the other problem to rest.  

MR. GRIFFITH: I don't think this is appropriate.  

I don't think it is appropriate to this geometry.  

MR. ZUBER: Okay. From this experiment you should 

have been able to determine h as a function of gas 

concentration.  

MR. GRIFFITH: No.  

MR. ZYSK: The steam that is coming into to the 

top is deaerated.  

MR. ZUBER: I thought ten minutes ago you said you 

varied the air content.  

MR. ZYSK: In the water.  

MR. ESSELMAN: The steam is produced from 

deaerated water. So there was no air in the steam that was 

introduced. There was only air in the water.  

MR. GRIFFITH: If you didn't deaerate the steam, 

you wouldn't get any waterhammers at all. You have already 
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fooled around two months trying to make waterhammers, and 

Westinghouse's waterhammer experiments had air in them.  

That's why they didn't measure anything.  

MR. ZUBER: How much air content must you have in 

the steam to avoid any problem? This gives you an argument 

if it has so little air in it, you are safe. My question 

is, how much is it? 

MR. GRIFFITH: If it's gaseous air, it's 20 cubic 

centimeters per kilogram of water. If have pure deaerated 

water and the amount of air that might be saturated at one 

atmosphere and 60 degrees, that is 20 cc's of air that you 

would have in 1000 cc's of water.  

MR. KRESS: You are taking these out of the 

Westinghouse test? 

MR. GRIFFITH: I don't know exactly what they did.  

I don't think they made any effort to degas, and that is why 

they didn't get any waterhammers.  

MR. ZUBER: Where is this addressed in the report? 

MR. ESSELMAN: The chapter on condensation induced 

waterhammer.  

MR. ZUBER: I can get information there on the gas 

concentration? 

MR. GRIFFITH: Yes. That was controlled. That 

was the major control variable.  

MR. ZUBER: I would really like to get something 
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MR. WALLIS: I just wonder what the bottom line 

is. I see data which is so far from the model you do have 

that I don't know what to conclude.  

MR. ZYSK: The bottom line is essentially that 

with the conservatisms these waterhammers do not pose a 

credible risk to the system.  

MR. WALLIS: But you don't have a way of scaling 

because you don't really have a theory.  

MR. ESSELMAN: We think we do have a way of 

scaling. Let me run through the data a little bit and then 

let's talk about scaling if we can.  

This line needs to be clarified because of an 

extra variable in the Joukowski equation of alpha, which is 

the ratio of your volumes, which tells you how big your void 

is.
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in percent. You give me something which I have to make some 

conversation.  

MR. GRIFFITH: Twenty cc's air per liter of water 

at standard atmosphere.  

MR. WALLIS: Is there any theory for these 

results? 

MR. ESSELMAN: There is, but yet the theory is 

based on Joukowski, and we have not addressed the theory.  

We haven't developed the alternative theory that predicts 

the test.
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MR. WALLIS: You have to calculate the velocity of 

this plot.  

MR. ESSELMAN: Yes. We have taken an alpha of .5 

to develop this curve, and then just on the energy balance 

to get a velocity using these pressures. These pressures, 

20 psia in cold water, only gives you a driving pressure of 

18 or 19 psi, but even with 18 or 19 psi Joukowski would get 

you up to 1600 psi.  

In fact, the data that we saw, this is for aerated 

or what we call normal tap water. The water is not 

deaerated but the steam is deaerated, and we are using cold 

water. That is what this data is versus Joukowski.  

In this data are some black diamonds, which are 

the 2-inch data. I have taken the Joukowski off of this and 

plotted the zero to 200. So this is this data except that 

it's a zero to 200 psi.  

The 2-inch data, which is the beginning of the 

scaling discussion, is shown here. There are 5 data points; 

there are 2 data points on top of each other right here.  

MR. WALLIS: It's quite an achievement to get 2 

points to agree.  

[Laughter.] 

MR. ZUBER: The problem is here you had the small 

pipe and you just take 2 inches and look at the data going 

from a factor from 40 to 180. If I go now to a 12-inch 
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pipe, I have to extrapolate.  

MR. ESSELMAN: We will come to that in a minute.  

There is a basis for extrapolating this and drawing a 

conclusion versus a 12-inch pipe.  

MR. ZUBER: Again, this is where the scaling comes 

in.
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ESSELMAN: It's in there. I will tell you 

it is before we leave.  

WALLIS: I'm a bit surprised you didn't get

some zeros.  

MR. GRIFFITH: We did.  

MR. WALLIS: They are not shown there.  

MR. GRIFFITH: The bottom black point.  

MR. WALLIS: There is one zero in the whole thing.  

I would have thought you would have had some cases where you 

just couldn't make it waterhammer at all.  

MR. GRIFFITH: Suppose you put 1000 psi pressure 

transducer on there. Would you see 20? 

MR. WALLIS: I don't know what I would get, 

because I didn't do anything. I'm asking what you did.  

MR. ESSELMAN: This was from a completely 

different test setup. I guess once we got it going we were 

able to reliably get waterhammers every time we did this.  

MR. WALLIS: You did? That's amazing.  

MR. SEALE: Sometimes you can't win.
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[Laughter.] 

MR. ESSELMAN: Let me present this and then I will 

come back to it again as we look at deaerated.  

This is for the aerated test. This is the support 

load.  

MR. WALLIS: This is aerated what? 

MR. ESSELMAN: This is normal tap water, aerated 

water, but deaerated steam. All the steam is always 

deaerated. We only have normal or aerated water and 

deaerated water. This is normal water with deaerated steam.  

The support loads for the low waterhammer pressure 

peaks follow the pressure times the area line up until you 

get one data point that indicates that maybe it is tailing 

over. We did not draw a conclusion from that. We did more 

testing, but in fact as we have looked at aerated tests we 

have seen the same effect.  

MR. KRESS: Remind where this support was.  

MR. ESSELMAN: This support is right at the very 

end of the axial run. It was a welded lug and a 

commercially purchased pipe hanger with a strain gauge on 

it.  

MR. SCHROCK: You pointed to that one last point 

and say everything was in agreement.  

MR. ESSELMAN: Let me come back to that point.  

MR. SCHROCK: I am just looking at a couple of
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other points there that are off by almost as much 

percentage-wise. You are putting an awful lot on one point 

up there.  

MR. ESSELMAN: Obviously. I'm not drawing any 

conclusions from that point. So I retract my comment. It's 

a leading point. We have developed more data that shows how 

it behaves at that point.  

We then ran the same testing with deaerated water.  

Still deaerated steam but with no air in the water. We got 

much larger pressure pulses, up to 500 to 1000 psi but of 

lower duration. As you got to higher and higher magnitudes 

your duration got lower and lower.  

We had the constant impulse and we had data that 

went up the curve that we will show you. We did look at the 

same support effect as the data went up.  

MR. WALLIS: Are these the ones where the 

transducer went off scale or bottomed out? 

MR. ESSELMAN: Some of these are, yes. We 

replaced the transducer after that data, but some of the 

data was collected that way.  

MR. WALLIS: There were quite a few points.  

MR. ESSELMAN: On a couple of plats there was a 

series of tests where we were that way, and then we replaced 

them.  

What I have reproduced on this line is the 
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straight line. The dotted line that reproduced without the 

data now, the line that we had for aerated water. Again, 

normal water versus deaerated water, and these data points 

for the deaerated water were much higher. If you boldly 

draw a straight line through them just to kind of split the 

least squares, you can see that these are approximately 

three times as large.  

The difference is that we have gone from the exact 

same parameters except that instead of normal tap water, we 

have gone to deaerated water, and in fact the magnitudes of 

the waterhammers are much larger, indicating the importance 

of the air in this case.  

I think, as Peter say, if we had run the other 

tests which are much more difficult to control the amount of 

air that is in the steam, if we had gone that direction, we 

would have expected something well below this line.  

MR. WALLIS: You presume the air has to get into 

the steam in order to have any effect.  

MR. ZYSK: No. This gets to the water.  

MR. WALLIS: How does it make any difference to 

the water? 

MR. ZYSK: As the void collapses, it actually 

pulls small bubbles. It actually softens that bubble.  

MR. GRIFFITH: If you look at a picture during a 

waterhammer, there are 2 or 3 milliseconds when the 
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waterhammers actually occur. The water is foam.  

MR. WALLIS: It's like opening a Coke bottle.  

MR. GRIFFITH: It is exactly that. That changes 

the waterhammer. It has a major effect on it. If you look 

at the paper that Yorgi and I wrote, there are some pictures 

that were taken during exactly this process in the 2-inch 

left-hand pipe where you can see what I'm talking about.  

It's about a 1/2 inch thick foamy layer on top of the 

interface between the water and the steam.  

MR. ESSELMAN: The pressures are significantly 

larger. If we look at the support loads for this case, this 

is with both the normal and deaerated water plotted over the 

top of each other. This is that data point we were looking 

at before.  

You can see that is a limit, because as your 

waterhammer pressures get larger, your duration is getting 

smaller and smaller, which can be seen here by plotting 

pulse duration versus magnitude of the pressure pulse. As 

your pressures go to 400 to 600 to 800 psi, your pulses are 

so short that it has the same structural response data as 

does this data down here. These data points and these data 

points are the same.  

You can see that your PA line is straight up, and 

in fact at about this level your support loads tail off 

because it's impulse controlled and not magnitude
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controlled. It's the duration of the event, and that is 

what is giving you a low structural response, and actually a 

limited structural response.  

MR. ZUBER: What is the acceptable force? 

MR. ESSELMAN: Probably on that hanger, which was 

typical for a 4-inch inch, probably 4000 or 5000.  

MR. ZUBER: What is interesting about this graph 

is it not really the highest peak pressure; it really can be 

much lower.  

MR. GRIFFITH: An awful lot of data is not usable 

because they didn't have durations; they just had peak 

pressures.  

MR. KRESS: Whether that force is acceptable 

depends on the type of support you have.  

MR. ZYSK: In the report, we looked at a typical 

piping system. If you look at natural frequencies and how 

fast the pipe can respond, you will see that the 

waterhammers, if we are following that constant impulse 

line, can't be all that big to really get the system to 

respond. We talk about that in the report.  

MR. KRESS: It's because of the natural 

frequencies.  

MR. ESSELMAN: We were worried about length, but 

yet what we saw was repetitive waterhammers, three or four 

waterhammers in this 24 feet of pipe. You would get a 
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collapse and then the thing would develop again, and then 

you would get another collapse. Then this wave front would 

develop again three or four times. From that we concluded 

that we were dealing with basically a length independent 

phenomena.  

Relative to the pipe size, we have the 2-inch data 

and the 4-inch data. We chose 4 inch because that was as 

large as we thought we could get to and would get away from 

the obvious questions that we have already discussed 

relative to 2-inch, but we also knew that in order to look 

at the effects of larger pipe we would have to look at 

something else. So we looked at draining rate.  

As you drain slower or faster, that is going to 

tend to tip your wave front, and that is going to change 

your condensation rate. It is controlled by steam flow 

rate, which is controlled by the condensation area.  

As you look at larger pipe, I believe you have to 

be most concerned at how you are going to get rapid steam 

flows to develop the waves and capture the bubbles.  

MR. WALLIS: Let's think about the plant. The 

plant doesn't just have one pipe with one place where the 

steam is coming in. You have got several fan coolers maybe 

draining into the same circumferential pipe. So you get 

some places where there is fresh water coming in to what may 

already be a partially voided pipe.  
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MR. ESSELMAN: This is prior to the pump starting.  

This is zero to 30 seconds. You may have several horizontal 

pipes.  

MR. WALLIS: Different places at different times.  

MR. ESSELMAN: Different places at different 

times, but you are uncovering them one at a time. The 

phenomena that we have tried to capture is how each one of 

them individually would behave.  

MR. WALLIS: I'm saying you don't necessarily just 

have steam coming in over water which is lying in a 

stratified form in the bottom of a pipe. You could actually 

have water cascading in from some other places which is 

still in the process of draining into that pipe. So it's 

not as simple as just one pipe with one source of steam and 

stratified water on the bottom of it. That's a way of 

getting the condensation going.  

MR. ESSELMAN: Thinking about the plants and the 

configurations that we are dealing with, I guess I'd have to 

go back to look and see if that were feasible for any of 

these. Generally you have multiple headers that are 

draining and voiding, and you will go through a vertical 

run.  

MR. WALLIS: One wonders if these experiments 

which seem to be pretty good for the particular geometry you 

have tested really cover all the circumstances possible in 
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the plant.  

MR. GRIFFITH: I think in fact they do. The 

duration of the waterhammer is fairly short comparing to 

draining time. You are talking about milliseconds for these 

waterhammers. It is unlikely that they would be coordinated 

from different parts of the system. You are not talking 

about a larger.  

MR. WALLIS: Let's say you get a situation where 

it would like to waterhammer but it is not going to because 

it's stratified water and there is gentle condensation and 

steam coming in, and the a burp of water comes in from some 

other place, from some other pipe, which disturbs things.  

MR. ESSELMAN: I don't believe that that 

configuration exists.  

MR. WALLIS: I don't know, because I don't see the 

evidence. Whether you believe it or not, I can't tell.  

MR. ESSELMAN: Then I will review the drawings.  

MR. ZYSK: Let me add something to that. Your 

characterization of having a gentle, stratified 

condensation, this is an extreme event. When that water 

passes from the vertical pipe into the horizontal pipe, the 

area that expands along that pipe is huge compared to the 

cross-sectional area of the 4-inch which is draining 

vertically. The steam consumption rates were up in the 

thousands of pounds per hour for a couple of seconds.  
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MR. GRIFFITH: I think the number of L over D's 

where you have got stratified water is limited. If the 

amount of stratification gets large, the area of 

condensation is such that you get a transition to sub-flow, 

and you get a waterhammer. It piles the water up at one end 

of the pipe and then it begins to run back again. It runs

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034

203 

We took a 200 gallon tank at 80 psi and drained it 

down to 10 psi over a 10 second test. We consumed a heck of 

a lot of steam. This is a violent event. The waves are 

formed because you have got huge steam flow rates over the 

top of that water.  

To characterize as, well, this is a kind of 

quiescent test that you did and it could be much worse out 

there is, I think, false.  

MR. WALLIS: I don't know, because it may be that 

you have this even that happens and then you have still got 

the pipe half full of water which is still cold with a warm 

top, and then something else comes in. That's all I'm 

saying. I'm leery of these qualitative arguments.  

MR. ESSELMAN: I will review every system 

configuration to determine whether that occurs not. Unless 

that happens and there is some way that you can have this 

half full and more water is pouring in, I don't believe that 

this is a qualitative argument. I think this is 

quantitative.
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back until you get somewhere around 24 or 36 L over D's, and 

bang again. This continues.  

I think if you were able to look into the pipe, 

you would see that you have practically swept up all the 

water which is left in the pipe from the last waterhammer.  

You keep sweeping it forward. The waterhammers are 

basically replications themselves.  

MR. WALLIS: So if the void gets down to them, 

this main circumferential pipe which is feeding the fan 

coolers, then you expect it to be sloshing to and fro in 

there many times.  

MR. GRIFFITH: Yes.  

MR. ZYSK: We are starting off the test with very 

cold water and hot steam. What you are saying is you 

eventually heat it all up and we have got this nice thermal 

layer. You expect this second waterhammer and third 

waterhammer to be much less. Yes, they do decrease to some 

extent, and generally the first two were approximately the 

same and they started to tail off. If what you are saying 

is we are heating all this water due to the condensation and 

we don't get this mixing each time we create the event, then 

these would drop off significantly, and they don't.  

MR. WALLIS: I didn't say that they dropped off.  

I just said if there is something else that could trigger 

them.  
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1 MR. ZYSK: You raised the idea of introducing new 

2 cold water. This was with cold water.  

3 MR. WALLIS: New water which stirs up the surface; 

4 something which stirs up the surface and gets the rapid 

5 condensation going.  

6 MR. ZUBER: Since you are discussing this point, 

7 going back to page 18, you have test results scaling, and 

8 you said you were going to address the effect of pipe size.  

9 Are you going to do it? 

10 MR. ESSELMAN: Yes. That is what I was starting 

11 to do.  

12 We did drainage rate tests. In a larger pipe what 

13 you would expect to have is a shallower slope of the 

14 interface just because your diameter is much larger. So we 

15 simulated that by doing prototypically, non-prototypically 

16 small drainage rates so that we would flatten out that 

17 interface as much as we could. We looked to see if there 

18 was any dependence in waterhammer magnitudes for drainage 

19 rates.  

20 We ran Froude numbers in 4-inch pipes from point 2 

21 up to 1-1/2, that range of draining velocities, and we saw 

22 no variation in pressure, indicating that in a larger pipe 

23 where you would expect a shallower wave front with more heat 

24 transfer area that in fact we saw no difference in 

25 waterhammer magnitude.  
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MR. ZUBER: Wait, wait, wait. If this is the 

case, how do you explain that you see such a big difference 

between 2 inches and 4 inches.  

MR. ESSELMAN: I don't believe that that is a big 

difference. Where is the big difference? It's within the 

scatter.  

MR. ZUBER: It's not, If you look at what you 

have on this graph on page 18.  

MR. ZYSK: It is certainly pressure dependent.  

MR. ZUBER: What I am really trying to find out 

since we have 12-inch pipes and larger, does your data cover 

that range? Are your conclusions which you are basing on 

this 2 and 4 inches applicable to 12? 

MR. WALLIS: I agree with Novak. There is no 

convincing evidence that there is not a pipe diameter 

effect, and the 2-inch tends to be lower than the 4-inch.  

MR. ZUBER: If I just look at this, I would expect 

6 inches and 12 inches to even be bigger.  

MR. ESSELMAN: Let me find it.  

MR. GRIFFITH: Let me say one thing here, Novak.  

The NRC has turned down at least 5 waterhammer experiments.  

MR. ZUBER: Let me answer that question. When I 

was here at NRC ten years ago I was pushing for waterhammer 

tests, and I was turned down. This is like Dracula. All 

this comes out of Transylvania.  
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[Laughter.] 

MR. ZWEIGLE: We talk about the importance of air 

in the steam. The 2-inch testing that was performed, the 

source of the steam was from deaerated water.  

MR. ZUBER: Going through this as much as I was 

able to go through this and absorbing it and listening to 

what you presented, you didn't convince me that there is no 

pipe size effect.  

MR. WALLIS: You have got the experiments. It's 

not a question of money. If you really want to show no 

scale effect, you should take something like 20 psi where 

you have maybe 8 or 10 experiments at 4 inches and do 8 or 

10 experiments at 2 inches. Do enough of them so there is a 

meaningful result. Not just two data points in the middle 

of a cloud of the others and say that's much lower.  

MR. ESSELMAN: It would be great to do 6-inch pipe 

testing also and plot it.  

MR. WALLIS: It's not money that is limiting what 

you do. It's something else. It's a human factor of some 

sort.  

MR. ESSELMAN: It's not a human factor. We did 

not produce the 2-inch tables.  

MR. WALLIS: No. If you do a scaling test, you 

must lay it out so that it is scaling test.  

MR. ESSELMAN: We chose 4 inches rather 2 inches 
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so that we would be much closer and away from a lot of the 

small pipe effects. We did not design and run the 2-inch 

tests. We extracted the 2-inch tests that were run in test 

programs before we started.  

MR. WALLIS: Oh. So you didn't have control of 

that.  

MR. ESSELMAN: No. As Matt says, it was not with 

deaerated steam. So we took that data and plotted it over 

the same curve.  

MR. WALLIS: I think your conclusion is that the 

scaling evidence is inconclusive.  

MR. ESSELMAN: That's not my conclusion.  

MR. WALLIS: You can't conclude anything from 

that.  

MR. ESSELMAN: But this is an indication. Then 

you need to look at whether area enters into any of the 

energy balance relationships that you have. Then you can 

look at what happens in the larger pipe relative to your 

interface surface and deal with how that is going to change 

and show that that is not a parameter that has any impact on 

the waterhammer pressure.  

MR. ZUBER: That also depends on the length of the 

pipe.  

MR. ESSELMAN: No, sir, it doesn't depend on the 

length of the pipe. The slope is such that it is within
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the 

and 

we

MR. ZUBER: I still don't believe it. You may 

disagree, but you didn't convince me. I could have said 

this is my gut feeling without even looking. You didn't 

convince me that you really have run enough tests to 

convince me that your tests cover the reactor conditions 

based on what you have presented here on this figure and 

based on the scatter of the data. I wish you did.  

MR. SEALE: Part of the problem is that the 4-inch 

tests, there are enough. I guess you can blame for that, or 

credit, as the case may be. There are enough of those to 

demonstrate that there are a few wild cards in there, and 

you get these larger pressure pulses. Who is to say that if 

you had a 6- or an 8-inch pipe you might have even more 

dispersion on the sizes of those wilder pressure pulses. It 

may well be that the majority of them would still on that 

curve, but the wild cards, which are the ones you worry 

about, could be larger.  

MR. ESSELMAN: I agree. I would only point out 
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this pipe length. That is independent of the length of 

pipe. You will change your slope which changes your 

condensation surface area by diameter or drainage rate, 

we drove this to a very low drainage rate thinking that 

might get it to increase by getting a much higher 

condensation area, and we did not. That can't be 

discounted.
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that the wild cards came from deaerated water. The scatter 

in the normal tests -

MR. SEALE: If you are going to have an 8-inch or 

a 12-inch line, it is probably going to be a higher 

temperature deaerated water you are talking about.  

MR. ESSELMAN: It's the same water that is 

draining in. I believe that it will also be aerated water 

like the water that is in the entire system. It is going to 

be water that was in the system before the event started, 

which is aerated water.  

MR. KRESS: The other way to argue against the 

scaling question you are bringing up is to have some sort of 

a theoretical analytical model. You have a line up there 

that says analytical model. I don't see it on the curve.  

You have given us qualitative analytical considerations. If 

you have an analytical model you could use it perhaps with 

the scaling considerations to make sort of conclusions.  

MR. ESSELMAN: That analytical model is Joukowski 

model 

MR. KRESS: That doesn't apply here.  

MR. ESSELMAN: Except that it is very 

conservative.  

MR. KRESS: You don't want to use that.  

MR. POWERS: I think we ought to look for this 

analytical model somewhat more carefully. If you didn't
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have this linear line in there and you just had the data up 

there, I don't think it would lead you to -- you wouldn't 

want to do a straight line on there. Of if you did, you 

would want to say that there was a threshold.  

MR. GRIFFITH: I think there is a pressure effect.  

The amount of air is fixed by what you can dissolve in water 

at 60 degrees or something like that. As the pressure goes 

up, the volume which is occupied by that air goes down.  

After a while it doesn't matter. After a while, I'm not 

sure where that is.  

MR. KRESS: Your transitioning the cushion effect 

to non-cushion.  

MR. WALLIS: You are getting into research instead 

of into the realm of what is the right thing to assume for a 

reactor system in order to make calculations. That is what 

you really need to some extent all along.  

MR. ESSELMAN: Our conclusion is that waterhammer 

pressures of several hundred psi in these nuclear systems 

that are being qualified for the column closure waterhammer 

are not significant and do not challenge the integrity of 

the system if your system pressure is controlled. We have 

proposed a limit of 15 psig. If the system draining water 

contains non-condensible, not the steam -

MR. WALLIS: You have to say how many. You can't 

just contains some.  
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MR. ESSELMAN: We could do that. If the piping is 

adequate for the column closure -

MR. WALLIS: These are qualitative conclusions.  

Things are so low we don't need to worry about them. They 

don't even need to be calculated.  

MR. ESSELMAN: We looked a the data and we know 

how it is behaving, and we know that we are going to 

calculate the column closure event and qualify the system 

for that. These are low enough that it will not challenge 

that acceptable system.  

MR. WALLIS: Because something else is worse.  

This is based on the assumption that there is no 

scaling problem and on the assumption that no complete 

theory is needed because the data are so low? 

MR. GRIFFITH: Yes.  

MR. WALLIS: This isn't quite liberal arts 

engineering, but it is getting close.  

[Laughter.] 

MR. ESSELMAN: At this point we have stepped into 

that realm a bit.  

MR. WALLIS: Is there any more we have to say? 

MR. ESSELMAN: I have a series of conclusion 

slides. We have talked about all these conclusions.  

This is a conclusion that we just spoke about.  

This is the impulse discussion.  
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We went through earlier this morning and this 

afternoon the column closure event.  

We have discussed the non-condensibles.  

We have discussed the analytical models that we 

have used. We discussed how Joukowski is used and can be 

adjusted.  

We talked about the shape and the pressure pulse.  

This is the discussion of the effect without the 

effects of the steam and air. If the lineups are the same, 

the waterhammers for the LOOP only are more severe than the 

LOOP plus LOCA just because of the cushioning.  

We talked about the pulse propagation and 

attenuation, the fluid-structure interaction, and the 

unbalanced pressure loads in the piping supports and how we 

think we have developed a way to reliable go from a pressure 

in the pipe out to the support load.  

With that, I thank you.  

MR. WALLIS: What you are looking for here is a 

blessing from the NRC that licensees can use these methods? 

Or is it more qualitative than that, that they can reference 

your report, but they still have to show that it really 

applies to their plant? 

MR. ESSELMAN: They need to show that it applies.  

In the report there is a number of other check list items, 

as we call them, that have to be checked. We believe that 
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this is a way that a licensee can take their plant, do a lot 

of analysis themselves, take some of these results and apply 

it and show that their systems are acceptable.  

MR. SCHROCK: You have a graph that was not in 

this package. Paul, did you ask him to provide that? 

MR. BOEHNERT: I'm sorry.  

MR. SCHROCK: There was a graph that he used in 

some earlier arguments.  

MR. ESSELMAN: That was the air? 

MR. SCHROCK: Yes. Could we get that? 

MR. ESSELMAN: Yes.  

MR. SEALE: We are going to hear some comments 

from NRR.  

MR. WALLIS: Are you read for that? 

MR. SEALE: Yes.  

MR. WALLIS: I would like to hear what NRR has to 

say and then have a recess. We will meet again towards the 

end of the day and see where we are.  

MR. KRESS: And decide what to do for the full 

meeting? 

MR. WALLIS: Yes, before we leave tonight.  

MR. TATUM: Jim Tatum.  

MR. WALLIS: Welcome back.  

MR. TATUM: This was a very interesting meeting 

from my perspective in the gallery.  
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Our comments are pretty brief. I did want to 

mention a couple of things.  

First of all, we have been involved with the 

program that the industry has been pursuing right from the 

front end. We are familiar with the plant designs and what 

not. The testing that has been done and the data gathering 

at least from our perspective seemed to fit.  

There are questions. As our good friend in 

Research Al Serkiz likes to point out, data is data. The 

question is what do you make of it. I think that is really 

where you all are coming from here today and challenging 

some of what has been done.  

We are very interested in hearing what you think.  

Having been involved somewhat with the process ourselves, we 

think it has been a pretty good effort actually from what we 

have seen being done here. But it's a complicated issue.  

Part of what I think needs to be remembered here 

is that what the industry is trying to do is develop a 

methodology for analyzing waterhammer. We have referenced 

the NUREG-5220 in the generic letter. That is something I 

think we would all agree is very conservative for the 

application.  

Here we are looking at low pressure fluid systems, 

very specific event analysis that we are looking at, 

specific conditions, and piping sizes that vary somewhat but 
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are in a particular range. I think the application is 

important to keep in mind.  

Other than that, we are still making our way 

through the report also.  

MR. POWERS: The report makes a big case about 

here all these things that make the process small. Yet you 

come away with a feeling that, gee, if I just make sure 

there is little gas in my water, a little care on the design 

of things, I just don't have any waterhammer problems at 

all.  

MR. KRESS: In the fan coolers.  

MR. POWERS: In the fan coolers. The trouble is 

we do have waterhammer problems. I am not very familiar 

with the situation in commercial nuclear power plants, but I 

know at the P reactor at Savannah River we just bent pipe 

all over the place because of waterhammer.  

In looking at what the industry is doing here, are 

you trying to look at these historical events of waterhammer 

in these and similar types of systems to see if in fact what 

they are coming up with applies to that or if there is a big 

gap between what they are doing and what other people have 

encountered experimentally? 

MR. TATUM: We have been focusing on the fan 

cooler situation. We are aware of the waterhammer events 

that have occurred. What you will typically is that they



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034

217 

are related to higher pressure systems. The NUREG/CR-5220, 

that effort was the steam generator and the large volume 

that you had there driving the water slug. It is kind of a 

different situation.  

I think part of the problem coming into this that 

the industry recognized was there very little data for doing 

some sort of correlations for the low pressure systems and 

for the situation where you are forming steam. You are 

actually boiling water and so you are releasing whatever gas 

you have in the steam along with creating the steam. So 

it's rather a unique application.  

If you look at events per se relative to service 

water in the fan coolers loss of power events, part of their 

review was to look at that, and what sort of waterhammer 

experience do you have from those.  

MR. POWERS: Are you looking for the experience 

strictly in fan cooler systems? 

MR. TATUM: Not necessarily just strictly fan 

coolers, but our review is the fan cooler systems, because 

we are focusing on the generic letter and whether or not the 

licensees have adequately analyzed the situation for their 

plants.  

MR. POWERS: Where are you going to look for data 

besides the nuclear industry? 

MR. TATUM: I don't know.
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MR. POWERS: Have you been talking to the American 

Institute of Chemical Engineers? 

MR. TATUM: Right. They can have some data too.  

How applicable it would be to a low pressure service water 

system I don't know.  

MR. POWERS: I guess what I am struggling with is 

that these guys are going to come up with a theory instead 

of working rules. They have already done it. They say here 

are situations you don't have to worry about.  

Are you looking for experimental data or event 

data that would challenge that theory? And how would you go 

about it? What are the critical things about that theory 

and susceptibilities of that theory where you think it would 

not work? The limits of its applicability.  

MR. TATUM: It's a good point. What we are 

relying on is the strength of our contractor and Research.  

Al Serkiz has a lot of experience in waterhammer. He has 

been very much involved with this whole process. To the 

extent that his experience has come to bear on that, they 

are reflected in the questions and what not that we have 

posed for the industry on this.  

MR. SEALE: But there have got to be all kinds of 

relatively low temperature heat removal systems required in 

other industries. What are their recipes? 

MR. ZUBER: Not only recipes, but basic data.  
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MR. SEALE: Yes. They either have theories or 

recipes or something. They seem to have addressed the 

problem.  

MR. GRIFFITH: They have a lot of waterhammer.  

The pressures are low. They ride out most of them. Some of 

them get in the LER reports. If you talk to consultants, 

you find that people have experienced these.  

Usually the information that you have about the 

system and the scenario is far less than we have for the 

nuclear plants, and you can't use that information to verify 

any theory. You can say it's not inconsistent with what we 

know.  

MR. WALLIS: There is quite lot of experience with 

the steam heating systems and events where people have 

allowed a common safety pool and tried to blow it out in 

theory, but there they have tried to keep the 

non-condensibles out. I think the thing which is very 

different about this circumstance is that the 

non-condensibles are there and they seem to play a critical 

role. I think you ought to look for experience with 

non-condensibles.  

MR. SEALE: A relatively benign role.  

MR. WALLIS: Right.  

MR. POWERS: I think I am very attracted to this 

argument that it depends on the pressure of the system, that 
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they are very important for low pressure systems, but as the 

pressure goes up they have a decreasing effect on the 

system.  

If I were going to look for ways to challenge this 

theory, I would be looking for things in somewhat higher 

pressure systems, somewhat bigger diameters. Those are the 

things I would just look at, things where I could not get 

small bubbles flow freely up through the foaming liquid.  

MR. WALLIS: Oil refineries have experience with 

waterhammers. You can go to some oil refineries and they 

have waterhammers going all the time.  

MR. POWERS: Anybody that is running steam trace 

lines and is blowing something out one time or another as a 

result of a waterhammer.  

MR. WALLIS: Where do we go from here? 

MR. TATUM: We are still looking at the technical 

part of it. We have gone through the report. Even though 

we have been involved with it, it is quite a lot to digest.  

Having gone through it once myself, I still have to go 

through it a couple more times.  

MR. WALLIS: Do you guys want approval by 

Christmas? 

[Laughter.] 

MR. TATUM: Yes. A Christmas present would be 

nice. Something before that would be even nicer.  
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MR. SEALE: Would you like for us to write you 

something that told you what our difficulties are with it, 

like the fact that it is hard to use what is in this report 

in analyzing your own particular situation unless you hire a 

consultant, or something like that? 

MR. KRESS: I suspect how well this report is 

usable by the targeted place is probably not our business as 

long as it is usable.  

MR. TATUM: Right.  

MR. KRESS: Is it technically correct? 

MR. TATUM: Right. That is what we are looking 

at, the data and the application of the data. You brought 

up some points about scaling and that sort of thing. Those 

are some of the questions we have been pondering over as 

well.  

MR. SEALE: I guess my point, Tom, is that if I am 

convinced that the data are correct, then I don't need much 

more to be able to figure out how to use it. The problem is 

figuring out whether or not the data are correct.  

MR. KRESS: It's just making their job harder.  

MR. SEALE: That's right.  

MR. WALLIS: It's more like a research report than 

a user's guide. You have to sort of figure out what's the 

experiment and what does it really mean and do I believe the 

conclusions drawn or do I believe the design methods.  
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MR. KRESS: If the NRC blesses this, I don't think 

there will be any problem. Industry will figure out how to 

use it, where to use it.  

MR. WALLIS: What is the ACRS role? We have 

listened to this. We have obviously got something in the 

record here for comments.  

MR. TATUM: What we were hoping for, I guess, is 

just your views on the application of the data, any 

particular fatal flaws that you may see there. We have been 

involved with it, and I don't think it's a fair 

characterization to say that the report is dismissing 

waterhammer. What it is doing is it has kind of made a 

distinction between condensate induced and column closure, 

and it is focusing on the column closure aspect of it, 

recognizing the physics involved with the condensate induced 

and what is going on with that process and comparing it with 

the column closure.  

So it is not dismissing it. There are things that 

have to be analyzed and plant-specific application has to be 

considered. That is something for us to do when we write 

the response to EPRI on their report.  

We have recognized and acknowledged the use of 

NUREG/CR-5220 as a methodology that we find acceptable, and 

would it be appropriate and acceptable based on the study 

that has been done and the data to also recognize the use of 
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this TBR methodology. I guess that is the bottom line that 

we are trying to get to.  

MR. KRESS: I think you will find that the key 

issue with us for the column closure is the issue of the 

cushioning with the air. The questions I would have there 

is, number one, how little air can you have and get yourself 

into trouble. I really didn't see that come out in the 

report. Then the issue of how much air is actually there.  

To me that seems to be the real stumbling block.  

MR. SCHROCK: And where is the air.  

MR. KRESS: Where is an issue, yes. That is the 

one that I didn't really see put to bed. As far as the 

methodology, I think they had a pretty good case.  

MR. TATUM: I think we had questioned the air also 

based on our review.  

MR. ZUBER: Let me say I would like to compliment 

the industry for really addressing this problem. I had a 

problem with the report. My first thing would be to advise 

them to write an informative executive summary telling 

exactly what they did, and then make reference to where I 

can find information in the report.  

I have two problems. You know that if you air the 

pressure will not increase that fast, that high or that 

much. The problem is have is that all this was addressed 

through the amount of air and there are only about nine data 
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points. Everything rests on data points which is really not 

well addressed. If you make it more robust and a better 

explanation, you have a much better case.  

MR. KRESS: The 40 percent number.  

MR. ZUBER: Yes. You assume 40 percent. The 

other one is, do you need 40 percent? 

MR. KRESS: That's exactly right.  

MR. ZUBER: The other thing is we assume this hA 

is equal to constant. What is the basis for that? What is 

the rationale that I can use this not only in these 

experiments but also in a full plant? 

I went through the report with some difficulty. I 

was listening here and making some comments, but the thing I 

didn't hear from the industry is what is really relevant; 

what do I really have to address to put this problem to 

rest, and how much air I need, and if I have that, I can 

really sleep well. I think this is also missing in the 

report. If they address this in an executive summary, I 

think you might have a good case.  

The other thing I would like to see addressed is 

the effect of scaling and pipes and the scatter of data.  

They base everything on 4-inch. I think it's a flimsy 

argument.  

You can do the minimum amount of work and hope 

nobody is going to jump on you and nobody is going to 
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question your results. If there is a snake, take a stick 

and rattle the bush and see if there is something there. I 

think you should do this before you go out.  

Since you have only set of experiment, try to find 

some additional data or something to be able to extrapolate 

to a larger pipe size and present a case. I have no problem 

with the methodology. I have no problem that it will be 

helping us. The problem is you have to see how much and how 

you go about it.  

MR. TATUM: I would like to thank you all for 

fitting us into your schedule and trying to accommodate our 

travel needs and what not for the industry. It has been a 

good experience.  

MR. WALLIS: All right. Are we through with this 

item now? 

MR. SEALE: I think so.  

MR. WALLIS: We can take a short break and try to 

catch up with the other item.  

[Recess.] 

MR. WALLIS: We will come back in session.  

Joe, can you use all your brilliance and wit to 

get us out of here at a reasonable time? 

MR. STAUDENMEIER: I will try.  

I guess this is the companion SRP to the reg guide 

that Norm Lauben talked about this morning. They are being 
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developed in parallel. The reg guide is guidance for the 

industry; SRP is guidance for the staff review of the 

analytical codes.  

This effort grew out of problems identified from 

Maine Yankee lessons learned and ACRS also had these same 

criticisms about our code reviews and industry submittal of 

codes.  

The three main problems that have been identified 

are adequacy of code documentation and inconsistency of code 

documentation between different submittals.  

Adequacy of code assessment.  

Inconsistencies in the staff code review process.  

That is, two different organizations may have submitted a 

LOCA code that calculate the same thing and a much higher 

standard may have been applied to one than was applied to 

the other, and why don't both of them have to meet the same 

consistent set of standards.  

That was the main problem identified by Maine 

Yankee. Their LOCA code turned out to have not met very 

high standards at all, and if you read the SER and all the 

restrictions that were placed on it, you could see it was a 

code that somebody didn't really want to approve, but it was 

approved anyway. It was pretty shoddy work and wouldn't 

have met standards that were applied to other similar codes.  

As we have discussed before, the activities that 
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1 were put in place to try to correct these problems was to 

2 develop a standard review plan section which NRR and I have 

3 the lead on, and develop a standard format and content guide 

4 and regulatory guide, which RES had the lead, and Norm 

5 Lauben has been the lead on that.  

6 What do we hope that the SRP section will do for 

7 code reviews? 

8 We are hoping that it will improve on the 

9 standardization of the process and make for more consistent 

10 reviews.  

11 That all reviewers that will apply the best 

12 practices that have been put in in the past where practices 

13 have been inadequate in the past and will develop adequate 

14 processes for all areas.  

15 Eventually when we get all these appendices done 

16 that will be applied to transient or accident specific type 

17 of reviews that it will give a road map of where the 

18 reviewer can look to for information that will aid him in 

19 the review in terms of assessment or things that are 

20 important for that accident or transient.  

21 MR. SEALE: These are still clearly Chapter 15 

22 kinds of analysis codes? 

23 MR. STAUDENMEIER: Yes, transient and LOCAs. I 

24 don't think there is anything that precludes it from doing 

25 that, but I guess when the Maine Yankee lessons learned were 
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put out, Reactor Systems Branch was the place that was hit 

hard by this inconsistency stuff. As the NRC often does, 

even though it can be applied anywhere, we are the ones 

being hit with it. It hasn't spread to other parts of the 

NRC, although it could be spread.  

MR. SEALE: There has been considerable concern 

for the notion that you can take one of these codes and 

change some of the input data and that is all you need to do 

in order to make a so-called best estimate calculation and 

make comparisons which are then applied to risk assessments.  

That has not generally been very successful, and I think you 

need to impress that in your what it does and what it 

doesn't do instructions or what the expectations are for 

your reviewer. You heard the comment I made this morning to 

Norm.  

MR. STAUDENMEIER: Yes. I agree with that 

comment. Sometimes these type of codes can be taken and 

used for risk assessments. It depends on the question they 

are asking for the risk assessment. If the question they 

are asking is what is the best estimate prediction of this, 

then a code that has been reviewed and had many conservative 

models put in it and wasn't reviewed for uncertainty or 

things like that certainly couldn't be used to answer that 

type of question.  

MR. WALLIS: Are you going to address the question 
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MR.  

MR.  

MR.  

about as best 

Correct me if 

documentation 

in the past.

POWERS: Yes, but they are totally hopeless.  

STAUDENMEIER: They are just general.  

WERMIEL: Dr. Powers, a lot of what we talk 

practices is what is documented in staff SERs.  

I am wrong, Joe. A lot of that has come from 

of safety evaluation reports from code reviews
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of how to recognize a best estimate code when you see one? 

MR. STAUDENMEIER: Possibly. We haven't spelled 

out anything about what is a best estimate code. I think we 

spelled out more in general what we would look to to review 

and validate a code. If you mean by best estimate that all 

the correlations go through the mean of the data or 

something and have some well defined functional form that 

matches up with the data, we haven't gone into that extent 

of defining things.  

MR. POWERS: How do you approach this job? If I 

go to the literature, where do I look for what the best way 

to review and document a computer code? Is there a 

literature on this? 

MR. STAUDENMEIER: On reviewing and documenting a 

computer code, there is some draft standards I've seen from 

ANS. Standards like NQAl, NQA2 give computer codes as 

examples of design, control and validating and verifying 

things.
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MR. POWERS: I am absolutely convinced that a guy 

can sit down and write a huge number of requirements if he 

is not constrained the questions of necessity as well as 

efficiency. I am wondering what have other people found 

out. Is this an area where there is academic pursuit? 

When I found out that they had academicians that 

were experts on expert opinions, then I figured there is an 

academic profession on everything.  

MR. WERMIEL: I don't know that I would call it an 

academic pursuit. What I would call it is an evolution 

through experience of what we found over time turns out to 

be -- I'll use Joe's word -- a best practice when doing a 

code assessment.  

MR. POWERS: That is what I want to know. How do 

you know a best practice when you see it? 

MR. WERMIEL: Picking the brains of the people 

that have been involved is about the best we have been able 

to do in this area. The development of this SRP section was 

kind of a collegial thing.  

MR. POWERS: Collegial between the guys that live 

with you.  

MR. WERMIEL: Right.  

MR. POWERS: But there is another guy that it is 

not collegial with, and that is the guy that in the future 

has to live up to it.
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MR. WERMIEL: True.  

MR. WALLIS: When Joe started out, it seemed to me 

he was saying part of the problem was that code review had 

developed by this sort of historical best practice, and that 

was not good enough.  

MR. WERMIEL: That is why we are documenting it 

now.  

MR. BOEHNERT: That's right, because it has been 

inconsistent.  

MR. WERMIEL: That is also why we are soliciting 

input from others that may not have been involved in this 

collegial process that I spoke about. This will, of course, 

be reviewed by you; it will be reviewed by the public, by 

our industry when it goes for public comment. So we will 

get reaction from the practitioners to what we think we have 

learned over the years. Maybe they will have some insights 

that they believe are appropriate that we might have missed.  

We are certainly very open to that.  

MR. ZUBER: I have no problem with what you are 

saying. We had this thing years ago when we were developing 

the CSAU. The problem I have is when I want to extrapolate 

this to the future. The problem I see is you are decreasing 

the margin. You will have to perform many sensitivity 

calculations.  

MR. WERMIEL: Correct.



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25

232 

MR. ZUBER: As you decrease the margin there will 

be many what-if questions. If I have an itsy-bitsy 

uncertainty here, I really don't care. I can live with it.  

But as I come closer and closer increasing efficiency, there 

will be many what-if questions. We have to have a 

capability to be able to address it.  

My experience now is that we don't have the tools.  

The codes we have now, RELAP5 and TRAC cannot really do the 

thing. We cannot do many sensitivity calculations 

economically and in time and sufficient of them.  

MR. WERMIEL: This is my perception and my staff 

can certainly speak otherwise if they think otherwise. I 

don't anticipate that the industry is going to refine codes 

over the years to any great extent.  

MR. ZUBER: This is where I am really concerned.  

They will be pushing to do sensitivity calculations, and if 

they use the same kind of codes we have, they will not be 

able to perform many calculations. They will perform the 

minimum amount of calculations, even less than the minimum, 

and then put pressures on your management and from the 

management on you to approve it.  

MR. WERMIEL: Yes.  

MR. ZUBER: This is going to become worse and 

worse. You are bound to have an accident. The plants are 

getting older. The quality may decrease. They may move 
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out. The knowledge will not be there to address that. I 

think this is something you have to think about in advance.  

MR. WERMIEL: You are raising an issue that isn't 

even necessarily part of what would go with the guidance for 

a reviewer of a code. You are raising a bigger question.  

MR. ZUBER: You develop this guidance, and 

somebody has to use it for at least ten years. You are not 

going to revise it. You have to expect what is going to 

happen in ten years.  

MR. WERMIEL: That is a little different focus.  

The SRP section here is a living document. It can be 

refined and it can be revised over time. For example, if we 

recognize that the issue of uncertainty isn't being properly 

considered based on the guidance that is currently in this 

section, as maybe some things change, they start to use 

these codes for things that we hadn't anticipated, 

uncertainty of certain phenomenon becomes more important, 

the section can be revised to accommodate that.  

I thought your point was maybe we wouldn't be in a 

position to even recognize it.  

MR. ZUBER: I'm afraid that once you write 

something which applies to what we have today and the codes 

we have today cannot really be used efficiently in the 

future, we are putting ourselves in a very difficult 

position, and you are forcing the industry to say, well, I 
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will do the minimum amount needed.  

MR. WERMIEL: The industry by nature would tend, I 

think, to want to do as little as they can to get by.  

MR. ZUBER: The thing is even you, NRC, doesn't 

have the tools to address this minimum.  

MR. POWERS: I don't even understand how we know 

what the minimum is. There is no scale here at all.  

MR. WERMIEL: That was my concern.  

MR. ZUBER: As the plants become older and people 

try to get more efficient, that margin is going to decrease.  

This is what you have to recognize when you write something, 

that you can project it. NRR has to have this capability to 

do these calculations.  

MR. WERMIEL: You made that comment this morning.  

We are going to look back to see if this question of 

recognizing how uncertainty affects the margins particularly 

as things change in the future is being properly addressed, 

or if it is addressed at all.  

MR. KRESS: I think your problem is deeper than 

that. Our regulatory system is based on design-basis 

accidents. It really is. We have figures of merit for each 

of these design-basis accidents that you have to meet.  

MR. WERMIEL: Correct.  

MR. KRESS: Some of them are doses; some of them 

are temperatures. So you have a series of them or series of 
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1 figures of merit.  

2 MR. WERMIEL: Correct.  

3 MR. KRESS: The presumption is that if you meet 

4 all of these using the codes as approved, then you will have 

5 achieved a plant which is safe, and safe has not been 

6 defined. Safe to me is more than just risk. It includes 

7 proper defense in depth, it includes proper operation, it 

8 includes lots of things.  

9 MR. WERMIEL: It includes the margin that Dr.  

10 Zuber speaks of.  

11 MR. KRESS: It includes this margin. What you 

12 have got to do is take some sort of new top-down approach 

13 and say, what do we mean by safe? How is that these 

14 design-basis accidents assure this safety? These codes in 

15 calculating these, what is their relationship? 

16 MR. WERMIEL: Remember, Dr. Kress, we are not 

17 changing the template or that gauge upon what is safe.  

18 MR. KRESS: I understand that. What I am saying 

19 is this is what you have to face in the future.  

20 MR. WERMIEL: I think that is a bigger question.  

21 MR. KRESS: Right now you are going to keep them 

22 safe just like you always did.  

23 It's a huge problem. I want to know what the 

24 relationship is between design-basis space and risk space.  

25 Not just risk space; safety space.  
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MR. WERMIEL: The other thing that came up this 

morning that we hadn't though about was how does the SRP 

section that we are developing here relate to risk informing 

of Part 50. We had not thought about that.  

MR. KRESS: That is sort of the same question.  

MR. WERMIEL: We are risk informing Part 50.  

MR. SEALE: Let me remind you, the one thing you 

have seen as you do risk-informed assessments is that the 

line between design-basis accidents and severe accidents is 

getting very, very, very faint.  

MR. WERMIEL: We know many of the codes that have 

gone through this kind of a review process that Joe is going 

to lay out are being used for assessment of severe accidents 

or beyond design-basis events, beyond design-basis 

situations.  

We also know that when they do that in many cases 

it is inappropriate, that the code does not properly model 

the phenomena. It cannot provide you an understanding of 

what the uncertainty is when you are starting to deal beyond 

design basis. Yet it is still being used in that manner.  

We have to recognize that.  

MR. ZUBER: That is irresponsible.  

MR. WERMIEL: It's certainly not appropriate.  

MR. WALLIS: I don't see how you can review a code 

with having the specifications of what is going to be used 
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for.  

MR. WERMIEL: That's exactly right. What we are 

being told, Dr. Wallis, is that this code is being used for 

this and you, NRC, should accept that it is perfectly 

appropriate because it's a thermal-hydraulic code, and all 

you are talking about is thermal-hydraulic phenomena, 

therefore, why is there any issue? 

We have to say, oh my goodness, if we are talking 

about melting cores or we are talking about situations that 

were never intended to be modeled by these kinds of codes, 

that is still thermal-hydraulics, but it is not something 

that this code can properly simulate.  

MR. WALLIS: Also, you are going to when the 

margin was so and so, this kind of precision in the code was 

okay, but when it is that, we need to have a different kind 

of accuracy in our code.  

MR. ZUBER: Absolutely.  

MR. WERMIEL: A lot of these codes were not 

necessarily intended for that. They are intended to 

demonstrate compliance with Appendix K and they have got 

very conservative models that don't do that.  

MR. WALLIS: What you are going to tell us in the 

next slide is it is going to be tightened up. Is that what 

is going to happen? 

MR. WERMIEL: It is going to be documented for the 
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1 first time. It is going to be explained, I guess.  

2 MR. WALLIS: So the measures of quality are going 

3 to be tightened up, aren't they? 

4 MR. POWERS: Not very much. They will standardize 

5 and improve the consistency. That is not what I would call 

6 rigid and demanding requirement for this exercise.  

7 MR. WERMIEL: Much of the basis for acceptance is 

8 still going to be the judgment of the reviewer. What we are 

9 trying to do here is just provide the reviewer with a better 

10 understanding of what he or she should be looking for when 

11 they go about making the assessment or verifying the 

12 validity of the code for the purposes intended.  

13 It's not something where you can take somebody who 

14 is unfamiliar with these kinds of codes, sit them down, and 

15 say, hey, here is the SRP, now go off and do a code review.  

16 It doesn't work that way.  

17 MR. ZUBER: What you are saying is absolutely 

18 correct. This new era is going to put a much bigger burden 

19 on NRR, on the quality of technical people who are 

20 performing this analysis. Not only for the NRR, for also 

21 for the industry. Because you are decreasing the margins, 

22 you will have to be much more astute. Your capability will 

23 have to be much higher. If the quality of the staff 

24 decreases, we are really facing a problem.  

25 MR. WERMIEL: I think the RETRAN 3D review 
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demonstrates what you just said. For the first time we 

started to look at things in a way that perhaps we hadn't in 

the past. In the course of doing that we discovered that 

some of what we assumed in the past had been relatively 

straightforward consideration was not. As a result, we 

ended up with some difficulty.  

MR. SEALE: With those comments in mind, don't you 

think that perhaps one of the things you need to strive to 

do is to stiffen the backbone of your reviewer? 

MR. WERMIEL: If we can.  

MR. SEALE: One of the ways you can do it is the 

question of what the code applies to and what it does not 

apply to.  

MR. WERMIEL: And that's all in here. That's 

clearly in the guidance.  

MR. WALLIS: Give the reviewer tenure.  

[Laughter.] 

MR. WERMIEL: A tenured reviewer would certainly 

be a prize.  

MR. WALLIS: He probably doesn't have the guts to 

speak out without fear of being fired.  

MR. WERMIEL: Are you guys in fear when you tell 

me that something is unacceptable? They're not shy.  

MR. LANDRY: No, but it still has to go through 

the signature chain to get out. We can say what we want, 
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1 but it has to get out.  

2 I think what we really need to do is let Joe 

3 continue. This is the key slide. The purpose of what we 

4 are doing here is to put down on paper the way in which code 

5 reviewers perform. The people now are experience people, 

6 and there is only a handful of those in the agency. We are 

7 trying to get down on paper what is done in a code review so 

8 that people who haven't had this experience can come in and 

9 be tutored and understand how to do the kind of things you 

10 are talking about.  

11 MR. ZUBER: Last comment. I think ACRS should 

12 address this question and write a letter to the Commission 

13 on the importance of maintaining the high technical quality 

14 stuff in this new era of regulation. You don't want to have 

15 intervenors going to some court in Washington or somewhere 

16 and saying you cannot perform this because of this and that.  

17 We had an experience just two weeks ago.  

18 The ACRS should say this is what is needed. If we 

19 want to go the regulations and best estimate codes, you have 

20 to have a high quality staff.  

21 MR. WALLIS: Can we go on to the script.  

22 MR. STAUDENMEIER: In terms of the standard review 

23 plan organization, the areas of review are consistent with 

24 the reg guide. I think these general principles are 

25 applicable to any analytical code, not just LOCA or 
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transient codes. I think you could extend it to severe 

accident or engineering type of codes or anything else.  

The way we decided to divide up the review of a 

model, we identified these key things as being the key areas 

of the model.  

The evaluation model consists of documentation 

that defines everything within the model.  

As part of that, there is something that will 

define the accident scenario and what are the important 

processes in the model. That is the first thing you need to 

decide, what are the requirements that this code has to have 

and what mathematical models and physical processes have to 

be in the code.  

MR. POWERS: As soon as you this in an SRP, I 

guarantee you that every code that gets submitted will have 

in its table of contents identified accident scenario and 

process identification. They have it. Now what? 

MR. STAUDENMEIER: Actually, it's a good thing in 

itself that they have it organized in a consistent manner.  

It makes it easier to review just from that if it is 

organized in an easily identifiable way.  

MR. POWERS: It doesn't matter at all what I put 

in under those sections. As long as I've got these sections 

here, I'm up to a D now.  

MR. STAUDENMEIER: 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 MR. WERMIEL: In a sense that is true.

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034

242 

MR. BOEHNERT: They are going to have a reg guide 

that you heard about this morning that is going to tell them 

what is supposed to be in this.  

MR. WERMIEL: More than that, the SRP section 

itself will have underneath each of these specifics about 

what we are looking for.  

MR. WALLIS: I think what we are concerned about 

is what we saw with CSAU. CSAU looks great. If you do 

everything in there, it's a tremendous amount of work. We 

are worried about someone going through the methodology 

without really thoroughly doing it.  

MR. WERMIEL: I would expect that the reviewer 

would be able to pick that up and would be able to 

understand. When they describe what the purpose of the code 

is and what it is intended for, the reviewer can then tell 

from the documentation provided and the information there 

that, yes, indeed it does to do that, or, no, indeed it does 

not; you have not properly modeled this for the purpose 

intended. Something of that sort.  

MR. STAUDENMEIER: I think that is true.  

MR. WERMIEL: We have words to that effect in 

there. Not just anybody, I will say again, can do that.  

MR. WALLIS: It always takes a thief to catch a 

thief.
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MR. STAUDENMEIER: After accident scenario and 

process identification you can start to think about laying 

out the field equations and closure relationships that you 

are going to put in your code, which I have labeled code 

theory here.  

Once you have decided what is in the code, you 

have to assess all the parts of the code and find out that 

they are all working okay and that they are actually 

adequate to do what you say it's doing.  

Plant modeling is another key section. Plant 

modeling you could think of as having component models, like 

models to model a pump or a pressurizer or things like that.  

Another part of plant modeling is nodalization that you use 

within something like RELAP or TRAC and whether that 

nodalization is adequate to predict and resolve the 

transients that are under consideration.  

We believe quality assurance is an important part.  

That is to make sure that it is developed under a quality 

assurance plan and maintained and error corrections and 

things like that are done so that we have some sort of 

assurance that what the licensee or vendor says is in the 

code is actually implemented that way and is checked and 

defined to be in there.  

MR. WALLIS: How do you do that? Do you read 

every line of code?
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code.  

MR. WALLIS: You just randomly read sections? 

MR. STAUDENMEIER: On an inspection, yes, we would 

go out and randomly sample sections of the code or maybe 

look at error corrections and see how they were implemented 

in the code and see that assessment was done on the error 

correction and testing, and that it was checked, that it was 

implemented in the code correctly.  

When we get a code in to review we are not reading 

100,000 or 200,000 lines of code line by line. I think that 

probably wouldn't do much good to someone that wasn't 

familiar with the code. It would take an awful long time to 

figure out the structure of the code if it was written in 

old Fortran 77 or something like that.  

MR. WALLIS: But you need to have some assurance 

that what is in the documentation is actually in the code, 

and I am not sure that is always 100 percent the case.  

MR. STAUDENMEIER: I'm sure it's not always 100 

percent the case. Once you get into a piece of code that is 

200,000 lines long, you can be assured that there are some 

sort of errors in there. Hopefully through your testing and 

assessment and QA process you have caught all the major 

ones, but there are probably going to be some minor ones in 

there that were subtle and weren't readily apparent from
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your testing.  

MR. WALLIS: There is a minus instead of a plus or 

something.  

MR. LANDRY: That's the purpose of the QA program.  

This is assuming that they have a QA program that is in 

compliance with NRC requirements and they are following set 

procedures to assure that what is in the code is what is 

supposed to be in the code. We have a confidence level then 

that it has been done properly.  

We still go in when we do an audit or an 

inspection and spot check. We can't go through the entire 

code, but we do spot checking. We look at the results. We 

can run the code ourselves, look at results and see is this 

performing the way that you would expect it to perform.  

MR. WALLIS: That's about the way that we look at 

documentation. We get three feet of papers. We look at 

bits of it, and we start making sample reviews, and if we 

begin to get a queazy feeling about the bits we look at, 

then we sort of extrapolate that to the whole document, and 

vice versa. If we love it, we tend to love the rest of it 

even though we have never seen it.  

MR. KRESS: As a person who has written a couple 

of codes in the past, it has always bothered me that the NRC 

considers the plant modeling as part of the code itself.  

Is this SRP going to say "I want you to fix this 
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plant modeling and time increments. You are going to stick 

to those, and if there is any change in those, this is a 

change in the code"? 

MR. STAUDENMEIER: Right now, especially with 

Appendix K models, it is viewed as that. Really it is that.  

If you change the codes, you are changing your mathematical 

equations that you are solving, and changing the answers.  

MR. KRESS: The thing that bothers me is also when 

you change the timing you get that. I haven't seen that 

addressed. In plant model they usually just talk about the 

finite difference. Will you address the time increments in 

this? 

MR. STAUDENMEIER: Yes. I think time step 

convergence has to be studied also when you are qualifying 

your code to make sure that you are getting converged 

answers. I think Appendix K also explicitly talks about 

time step studies.  

MR. WALLIS: There is a whole lot of detail with 

the last code we looked at. You have a theory which you say 

is one dimensional and some person has got to somehow code 

things up for elements which obviously are not one 

dimensional. He's got to make a lot of choices and 

assumptions and guesswork, and that is very much individual 

choice for someone who is going to try and model a plant 

using the framework which is there. There is very little 
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that helps you to tell whether assuming something which is 

round is square or that something that is bent is straight 

is adequate or not. It is very difficult to tell.  

MR. STAUDENMEIER: Yes. I think that is where you 

have to bring in your assessment. I guess your favorite 

example is the elbow or the U-bend or something. The codes 

all think that they are straight pipes, and I guess you 

could say the model of the bend is a loss coefficient 

because in most cases all you care about is the additional 

pressure drop by going around a bend instead of going 

through a straight pipe.  

I guess you have to show that you are not getting 

into conditions where that invalidates your conception or 

model of the elbow, that you need some sort of higher 

sophistication; if you are looking at details of flow fields 

in the T or in the vicinity of an elbow, this one 

dimensional model isn't going to tell you anything about 

that because you have averaged out all that kind of 

behavior.  

That is the thing about almost every model that is 

used. You can't afford to solve too many things from first 

principles, and you have some sort of averaging or 

approximations in just about everything.  

I think it is up to the developer to justify that 

the averaging or approximations that he is using are okay, 
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and what are the limitations on this averaging and 

approximation and what is the range of applicability or what 

you should be looking for: if you get into this range of 

conditions, hey, my assumptions have been violated and you 

can't use this code anymore.  

MR. WALLIS: It is very difficult to tell. As you 

would know, if you take something like a lower plenum or 

something and try to write a momentum equation for it, you 

can't. You have to do all kinds of hocus-pocus or something 

to make it come out. It is very difficult to tell when you 

have done that, which is the best you knew how to do, 

whether or not it's good enough.  

MR. STAUDENMEIER: Yes. That is why I guess you 

have to look to assessment against data that is applicable 

of similar to the application that you are going to be using 

it for. As you know, these things are very highly 

empirically based. The system codes aren't even close to 

first principles in most cases For maybe single phase flow 

through a straight pipe you can relate it to first 

principles.  

MR. ZUBER: There is another point which goes to 

assessment and what Tom said. You may use a very fine 

nodalization to assess your code. You may say, look, my 

code is perfect. But you cannot afford that kind of 

thinking, that kind of nodalization when you apply to a 
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plant.

I think there should be a statement somewhere to 

the effect that if you want to determine uncertainties for 

the full plant, you have to use the same nodalization in 

integral facilities as for the plant. You cannot compare 

apples and oranges. You have to compare oranges to oranges.  

MR. KRESS: I'm not sure I even know how 

nodalization scales. When you take the nodes that have for 

a full plant and apply it to an integral test facility, I 

don't know how to scale that.  

MR. ZUBER: I think it can be scaled, but the 

thing you just nodalize it so fine. You have to insist that 

the nodalization you use in your experiments should be the 

same as in the plant.  

MR. WALLIS: In some cases you might want to do 

analyses and for some range of variables change the 

nodalization and see how sensitive things are.  

MR. ZUBER: Yes.  

MR. STAUDENMEIER: I think nodalization is a more 

difficult issue to deal with in these codes than in 

something like conduction through a solid where you can keep 

adding nodes and get more and more refined results, but 

since you have all these sub-node level models in these 

two-phase flow codes that don't converge as you go to the 

limit of small node size, in some cases you run into
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Kelvin-Helmholtz instabilities and don't have physical 

models in there that can resolve that sort of thing.  

It becomes not a real straightforward issue to 

deal with, but I think you do have to deal with it by 

nodalization sensitivities, and also making sure your 

nodalization in your assessment is consistent with how you 

are using it in the plant, or at least have some way of 

measuring the error incurred in not using the same 

nodalization as you did in the plant or in the assessment 

cases.  

MR. KRESS: Your write-up in the standard review 

plan will flag that as something the guy ought to think 

about? 

MR. STAUDENMEIER: I think I had something in 

there about that. If I don't, I will certainly add 

something. I thought I pointed out examples or pitfalls you 

could run into in a lot of cases. That may have been one 

that I pointed out, but I'm not sure now.  

MR. WALLIS: Did we talk about confirmatory 

analysis? I'm not sure where we are. We talked about QA.  

How does analysis confirm something? I thought it was data 

that confirmed something.  

MR. STAUDENMEIER: By confirmatory analysis I mean 

comparing to an assess code, like maybe one of our own 

assess codes.  
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MR. WALLIS: So it's code to code comparison.  

MR. STAUDENMEIER: It would be a code to code type 

of comparison, or using maybe more of a first principles 

type of calculation to compare to your more approximate 

calculation that would be used in a systems code. I didn't 

have a well defined thing for that, but it could mean either 

thing.  

MR. POWERS: I still have a poor idea of what 

appears under these various headings, but I think you have 

hit upon an answer to the problem. You frequently made 

mention of, gee, we could compare a submitted code to our 

own code. Are you going to pilot this SRP by reviewing what 

folks are doing on thermal-hydraulic code.  

MR. WERMIEL: I hadn't thought about it. It's 

something we can think about.  

MR. KRESS: Farouk is probably going to have to do 

the work.  

MR. POWERS: Farouk is going to end up having to 

do it sooner or later. If you could get an audience that 

has a vested interest. We are always talking about pilot 

studies. It sounds like a good pilot.  

MR. SEALE: And it would reduce the time required 

to then implement the use of the code once it's finished.  

MR. POWERS: Probably the guys that you put in 

charge of doing it are going to have to learn to use that
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code anyway. They are going to have to read this stuff.  

MR. WERMIEL: We will pursue that.  

MR. SEALE: An inspired suggestion.  

MR. POWERS: Will you send a guy along to be a 

food taster for me when Farouk finds out.  

[Laughter.] 

MR. WERMIEL: To the extent that we are making the 

SRP and the reg guide consistent, the whole philosophy of 

the reg guide, a lot of it came from the development of the 

assessment process that we went through for AP600. So there 

is nothing in the reg guide that to me would be so uniquely 

different from what we have used before in our code 

development assessment process.  

MR. POWERS: That is great, except this 

subcommittee is not exactly giving you a ringing endorsement 

of what was done in the past.  

MR. WERMIEL: Okay.  

MR. STAUDENMEIER: Maybe you can broach the idea 

to Farouk the next time he comes down for a meeting and 

gauge his reaction.  

MR. WALLIS: I'm almost inclined to think there is 

so much history in this agency that it is so much better to 

have a fresh look by people involved who are not incumbents.  

It is nice to base things on things in the past that worked.  

MR. WERMIEL: Like a peer review of some sort 
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maybe? 

MR. WALLIS: Yes. Maybe people who are involved 

with some similar sort of thing but not in the nuclear 

business.  

MR. STAUDENMEIER: I think the ideas in the SRP 

are kind of universal for anybody doing simulation of 

physical systems. I know I have read books that came from 

various areas, and I think they all kind of espouse these 

same type of ideas and good practices for developing and 

verifying models.  

MR. BOEHNERT: Joe, I have a question. Is it 

written somewhere that you guys will get a copy of the code 

like you did with RETRAN and run it for comparison? 

MR. STAUDENMEIER: I think I have it written that 

the reviewer can request a copy of the code.  

MR. BOEHNERT: Can request.  

MR. WALLIS: It seems to be essential.  

MR. BOEHNERT: That should be a requirement in the 

reg guide or something.  

MR. STAUDENMEIER: In Appendix K it is explicitly 

written in the regulations that we can get a copy of the 

code.  

MR. WERMIEL: Remember, this is just guidance to 

the reviewer. It is not a requirement. That is certainly 

desirable. I think the reason Joe says "can" is because in 
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some cases it probably isn't practical. We may not be able 

to get the code and run it.  

MR. LANDRY: The way we have dealt with this is 

that it is a requirement to make the code available should 

we desire it. It is up to the reviewer if the reviewer 

wants the code to request it.  

MR. BOEHNERT: Is that written down somewhere, 

Ralph? 

MR. SEALE: So that needs to be in the standard 

review plan.  

MR. BOEHNERT: It needs to be in the reg guide 

too.  

MR. LANDRY: The reg guide is what goes out to the 

public. The standard review plan tells the staff how do you 

look at what comes in here.  

MR. SEALE: And that tells the reviewer he needs 

to require it.  

MR. WALLIS: I think you need to require it.  

MR. WERMIEL: The reg guide has to make the 

statement that it is a required part of the submittal that 

the code will be made available.  

MR. SEALE: But then I think the reviewer needs to 

be aware of the fact that his review has more brownie 

points, has more weight, has more support if he has in fact 

done that review on the basis of having the code available.
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MR. WERMIEL: That is our future intent.  

MR. WALLIS: You have to have resources to do 

that. You don't just pick up a code and run it.  

MR. WERMIEL: That is what I am saying. In some 

cases it may not even be practical, but in cases where it 

is, it should be done.  

MR. WALLIS: I never got a very warm feeling from 

an applicant coming in here and showing us the graphs they 

want to show us. What is behind that? Are there graphs 

they have got they didn't want to show us? If you run it 

yourself, you know what you have to do.  

MR. WERMIEL: If we were to run it, we would run 

different cases and get outputs and compare. That is what I 

would call the confirmatory analysis that Joe speaks about.  

MR. WALLIS: You might want to write it into this 

SRP that this has to happen.  

MR. WERMIEL: I thought you had.  

MR. BOEHNERT: I must have missed that, Joe.  

MR. STAUDENMEIER: Yes: The reviewer may request 

that the licensee or vendor provide a copy of the evaluation 

model source code, an executable version of the code, and 

any input of code, test or assessment cases.  

MR. WALLIS: I think you may want to say that in a 

stronger way.  

MR. SEALE: Yes.  

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034



256

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

1025 Connecticut Avenue, NW, Suite 1014 
Washington, D.C. 2.0036 

(202) 842-0034

MR. WERMIEL: We could.  

MR. KRESS: "Shall" instead of "should." 

MR. STAUDENMEIER: I don't know if we can say it 

in an SRP, because then it becomes a requirement.  

MR. WERMIEL: SRP is not a requirement at all.  

Remember what it is. It is guidance to the reviewer.  

MR. STAUDENMEIER: The CRGR may reject it if you 

say that they have to.  

MR. WERMIEL: They may. But if we believe that 

stronger words are necessary, we can do that.  

MR. STAUDENMEIER: It may have to be cost-benefit 

backfit analysis that you have to go through to give you the 

right to do it.  

MR. SEALE: All you have to do is cite what 

happened on the AP600. I think there is adequate reason 

there to suggest you ought have that capability.  

MR. WALLIS: I'm have suggested in the past you 

should take a smart student, one of these summer students or 

someone, a fellow or whoever you have, and say, here is this 

code, run it and see where it screws up. A hunting license.  

Just run it, try things, and let us know what the problems 

might be.  

MR. STAUDENMEIER: I guess another concern is that 

us bringing the code in house and attempting to run it puts 

some burden on the licensee or vendor who submits the code,
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because they may have to put in some time to give us some 

training or support. If we run into problems using it, it 

would take up some of their time to resolve problems. That 

would be one issue that would have to be resolved.  

MR. WALLIS: That may force them to do some work 

up front.  

MR. WERMIEL: I don't see that as much of a 

hurdle.  

MR. OSTERRIEDER: This is Bob Osterrieder from 

Westinghouse. I agree with that statement and the fact that 

I think there needs to be some discussion in the 

confirmatory analysis section of what they need to be 

looking for. Certainly we endorse looking and evaluating it 

to meet the requirements that are set, but we need to 

understand what they are.  

The industry would be disappointed if it said you 

must do confirmatory analysis but doesn't say what is tied 

to either the code theory or what aspects so that we can 

gauge how much effort will be involved. You could go on 

forever, or you could be looking at very specific things.  

MR. STAUDENMEIER: Yes. There is a paragraph or 

so about when that reviewer may want to choose to do 

confirmatory analysis, and is not this open-ended type of 

thing to look at everything with a confirmatory analysis.  

It's refining your search to what you think are important
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processes or things that you have a strong belief are 

implemented incorrectly or aren't behaving in the code that 

you are reviewing. It is not this open-ended look at 

everything by confirmatory review type of thing. There are 

restrictions on that and guidance for when it might be 

appropriate to do it.  

MR. WALLIS: If you did it in a kind of sampling 

way, it couldn't be open-ended without involving everything.  

That means that the code has to be robust enough so that any 

test that someone chooses to do it passes.  

MR. STAUDENMEIER: Yes. That is highly unlikely 

to be the case, I'd say, just from examples I am familiar 

with.  

MR. WALLIS: If that's the case, you need to fix 

things up so that it is more robust.  

MR. STAUDENMEIER: In the future we hope to add 

specific appendices for certain different accidents or 

classes of accidents that would specify more detail on 

reviewing modeling requirement and code assessment that 

would be required for specific plant or accident type.  

The reason the SRP or the draft SRP is laid out 

the way it is in your copy, it follows standard SRP format.  

Section I is always areas of the review, defining 

what is going to be reviewed.  

Section II is an acceptance review, what is 
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acceptable, what are the acceptance standards for this 

review that is under way.  

Section III is review procedures, which is how the 

reviewer is going to conduct his review, what he should be 

looking at.  

Section IV tells how to document evaluation 

findings. I don't know if you have ever read any SRP. Some 

SRPs go down to the extent of certain words that the 

reviewer has to write in and has blanks where the reviewer 

fills in the blanks of his specific statement.  

MR. WALLIS: Multiple choice.  

MR. POWERS: The issue is a public acceptance or 

public assurance question. Typically, if you are not 

intimately familiar with what the licensee has submitted, 

reading the SER is not very helpful.  

The question is, should the SER be a stand-alone 

document that a member of the public can read and come away 

and say, I know they are using computer codes in this design 

and the computer code is just wonderful? I can have 

confidence based on reading this. The people I employ 

through my taxes to protect my safety are indeed out there 

protecting my safety.  

Or is it a more jargony document that really is 

only comprehensible by someone involved in the process? 

MR. WERMIEL: It's the latter. It may be 
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unfortunate.  

MR. POWERS: Does it have to be? I don't think it 

has to be.  

MR. WERMIEL: It may not have to be, but in order 

to reflect what is being done there has to be some level of 

understanding about what the issues are. Can we go back to 

first principles in the safety evaluation and describe what 

a LOCA is and describe the phenomenology that occurred 

during a LOCA? Do we do that in an SER? 

MR. WALLIS: I think you could go back to this 

acceptance criteria, and you could try to write criteria 

which are scrutable and understandable by average people.  

MR. WERMIEL: The acceptance criteria for the most 

part are going to be derived right out of the rules and 

regulations.  

MR. WALLIS: If you had a criterion which said 

that you should vary your h and your hA model for 

waterhammer based on all the physical evidence and then 

multiply by 10 and start at that range and look at 

sensitivity or something, some would say the range which we 

have studied is so much bigger than is ever going to happen 

that we are sure we have covered everything that is going to 

happen. That is sort of intelligible.  

MR. WERMIEL: We do that kind of thing.  

MR. STAUDENMEIER: Some standard review plan 
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sections do go into that sort of detail, saying you have to 

do exactly this, this and this, and show that your pressure 

or something then is less than 1.2 times design pressure, or 

something like that.  

MR. WERMIEL: In this case, particularly for LOCA 

codes, you have got some very definitive and pretty well 

defined parameters that you have to stay within in order to 

demonstrate acceptability of your code. In those cases I 

believe it's not hard to describe exactly what is being done 

and why it does satisfy those values. It may be a little 

bit more difficult with codes where there is no line that is 

so well defined.  

MR. WALLIS: I guess you weren't here for the rest 

of the day, but if someone came in and said, my code says 

that h for a condensation waterhammer is 10,000, or whatever 

it is, what would you use as a test whether that was an 

acceptable value? 

MR. STAUDENMEIER: I guess that would go back to 

the assessment to show that they had assessed their model.  

If their model was this constant h equals 10,000, that they 

would have had to assess it against applicable data and show 

that it is conservative.  

MR. WALLIS: Eventually you would have to see what 

is the consequence of assuming some other value, and what is 

the risk consequence or something? 
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MR. WERMIEL: If we are satisfied that 10,000 is 

an acceptable range or acceptable value, and they are below 

that.  

MR. WALLIS: On what basis is it acceptable? That 

is always the question. What are the acceptance criteria? 

MR. WERMIEL: The acceptance criteria here are 

often defined right in our rules, and those are based on 

values that were established from tests that were done over 

the years.  

MR. WALLIS: It gets to be more than just that, 

though. If someone says, oh, I'll assume an h which is 

constant and 10,000, it's not just whether it's 10,000, but 

whether assuming it was constant was a reasonable thing to 

do. It is very hard to assess whether or not these are 

appropriate.  

MR. WERMIEL: Sometimes it is. That's true.  

MR. STAUDENMEIER: Some of that would probably 

feed into your uncertainty evaluation. If you had a bad 

model and it was important to your calculated results, 

whatever they may be, then that would show up as a large 

uncertainty in your calculated results and would penalize 

you in terms of margin, I think.  

MR. WALLIS: I don't think this happens. I think 

with AP600 review that Westinghouse would say, oh, we looked 

at this phenomenon and we think that a Freud number of .5 is 
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going to bound something or other, and this is all written 

in the documentation. I doubt very much if anyone reviewing 

this goes into the detail as to whether or not that is a 

reasonable assumption to make.  

MR. STAUDENMEIER: That may be the case. In 

something like COBRA TRAC with tons of models, every one of 

them may not have been looked into.  

I have found cases where I have traced it back and 

it isn't a valid assumption in inspections.  

MR. WALLIS: What bothers me with this kind of 

thing is that it is very difficult to catch all these 

things. Then what happens is someone like an ACRS member 

who hasn't been through all this is then asked to review 

this and looks at this and happens to look at this page 

where this Freud number appears and says, gee, I don't 

believe that; looks at the pedigree and says, that doesn't 

make sense to me. And then tends to extrapolate and says, 

well, this is true of the whole document because that is the 

only thing I actually looked at in detail.  

You ought to be able to be robust enough that 

someone who comes in and makes that kind of spot check is 

unlikely to catch things which give rise to doubt.  

MR. WERMIEL: I've got you.  

MR. WALLIS: I don't how you do that.  

MR. WERMIEL: I don't know how we do that either, 
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but we ought to think about that. Somehow in our guidance I 

think we have to avoid that kind of situation.  

MR. SEALE: The SRP ought to be more than a set of 

requirements for a document which the staff should prepare 

in order to cover themselves if there is a problem later.  

Your sights need to be higher than that is what I'm saying.  

MR. WERMIEL: I agree with you. We are trying to 

take a knowledgeable reviewer and lead that reviewer through 

a process to come to a bottom line which we call an 

evaluation finding. That is what we are trying to do.  

I appreciate what Dr. Wallis is saying, that it's 

a pitfall. The reviewer may get so bogged down in looking 

at a particular phenomenon and say, oh my God, they did such 

a horrible job with this, and lose sight of the forest for 

the trees.  

MR. WALLIS: Because he cannot see the forest.  

MR. WERMIEL: He can't see the forest. He's got 

this tree in this sights and he can't see beyond it. That's 

a problem.  

MR. STAUDENMEIER: Some things you find don't 

always give you a good feeling. I had a recent experience 

with this waterhammer issue that you were looking at today.  

It wasn't a person that was part of this EPRI consortium, 

but they had looked at their heat flux into the fan cooler, 

and they didn't get it by calculating condensation heat 
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transfer; they looked at the panel on the heat exchanger and 

said it's rated this much heat removal, which is based on 

dry air and some sort of flow rate through the cooler, and 

they said it can't be more than this because this is what 

it's rated for, and used that to determine their heat flux.  

It turned out it didn't really matter anyway 

because they had enough overpressure on the system where it 

didn't boil it all anyway; the temperature couldn't get up 

high enough to boil it.  

MR. WERMIEL: That's my point. It may not even 

matter. You may be focusing on this tree and it may not 

make a hell of beans of difference.  

MR. WALLIS: But you have got to be careful, 

though.  

MR. STAUDENMEIER: It doesn't give you a good 

feeling that people are out there doing that sort of thing.  

MR. SEALE: Yes.  

MR. WALLIS: If they make errors in little things, 

maybe they make similar errors in big things.  

MR. WERMIEL: That is what we should be trying to 

catch.  

MR. WALLIS: The fact that it turns out not to 

matter doesn't excuse it.  

MR. WERMIEL: No.  

MR. WALLIS: It might have turned to matter.
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MR. WERMIEL: Exactly. That is where I would hope 

the knowledge of the reviewer, the experience, his 

understanding of the modeling and all this sort of thing 

would play into the review, and they would be smart enough 

to know whether this is important or it isn't important, and 

they can move on; they can deal with the forest and not just 

with the tree.  

MR. WALLIS: What would help a great deal if there 

were a way to deal with the forest. I know when I looked at 

the TMI accident a great many things could be understood at 

a pretty crude level where you simply said, where did the 

heat go and where did the water go, and make some sort of 

overall balance of these things. And, gee whiz, you didn't 

need to do much more. You could understand pretty well what 

happened. These things get so detailed that that forest 

gets lost.  

MR. WERMIEL: Yes, and that is a problem. I think 

we are dealing with that. At least I hope we are. If we 

are not, any thoughts you have on that we would like to 

have.  

MR. WALLIS: There are no sort of levels of 

evaluation where you look some overall picture of the forest 

and then you start to look at the trees when you need to.  

MR. WERMIEL: Correct me if I'm wrong. I thought 

when you laid this out, Joe, that was really the way it was 
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intended. You sort of start off at a higher level and then 

you work your way down, correct? 

MR. ORR: This is Frank Orr, Reactor Systems 

Branch. You mentioned the case that you pick this up and 

you wonder where this came from. It may be that it was 

missed in the review. There are a lot of things that do 

slip through the cracks. Hopefully we catch them all.  

You can trace a record of the review from the 

docketed questions and answers and tell if that specific 

item was caught or was not caught, and you can see what the 

response was from whoever is the applicant and find out what 

the reviewer did find acceptable or did not find acceptable.  

MR. ZUBER: I have a problem with that. I have 

seen questions you asked Westinghouse, and essentially you 

get almost two feet of answers. You are worse off after you 

get the answer because you don't know what it is. To me 

that was essentially creating more noise so everything will 

be fogged in.  

MR. ORR: That's right, but at least you know what 

you have in that pile. You know what was covered in the 

review even though you may or may not agree with the 

results.  

MR. ZUBER: You may not find the answer.  

MR. ORR: You may not.  

MR. BOEHNERT: No, but the idea is there is a 
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paper trail.  

MR. STAUDENMEIER: In the future we are going to 

try to get RAI answers also sorted by issue so you can trace 

questions related to just one issue instead of going through 

100 questions and trying to find which one relates to the 

issue that you are interested in. You can get them sorted 

in a more reasonable fashion so that you can follow the 

whole history of one issue, which may be the answers to 

question 2, 25, 120 and 333 or something like that.  

That is something we are going to try and correct 

in the future, and that is pretty much as a result of your 

comments on the COBRA/TRAC review. You had this whole mound 

of information coming in it was really hard to trace what 

questions related to what issue without going through the 

whole thing question by question and sorting it out 

yourself.  

MR. ZUBER: At that time I was wondering whether 

that was done intentionally by Westinghouse.  

[Laughter.] 

MR. OSTERRIEDER: I can assure you it was not done 

intentionally.  

MR. STAUDENMEIER: I think the COBRA/TRAC review 

was orders of magnitude beyond anything that had been done 

in terms of volume before. I think on reviews of smaller 

documents where you didn't have so many answers to sort 
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1 through that it was reasonable and it wasn't that bit an 

2 effort. When you got into that much information, it was 

3 just information overload. I think that was the big problem 

4 there.  

5 MR. POWERS: I guess the issue of the modern times 

6 is how to handle information overload.  

7 MR. WALLIS: This looks the same as page 5.  

8 MR. STAUDENMEIER: It is almost the same as the 

9 previous slide. That is just to say that we have tried to 

10 identify acceptance criteria for all these areas. I was 

11 going to use this as a placeholder slide in case you wanted 

12 to go through what we thought were the acceptance criteria 

13 for all these areas.  

14 If you have any questions, I will answer specific 

15 ones.  

16 Here we are at the end, future actions.  

17 We are going to get your comments and incorporate 

18 them into the drafts of the SRPs and the reg guide.  

19 We hope to develop specific appendices in the 

20 future for specific types of codes or classes of accidents.  

21 Once we incorporate all the internal comments, we 

22 will ship this out to the public for comment from the public 

23 and the industry and incorporate those.  

24 We have to provide for CRGR review. I guess there 

25 is a possibility that CRGR may no longer review SRP sections 
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or reg guides since they are considered voluntary as part of 

future actions in the NRC, but I don't know if that has been 

decided upon yet. Right now we are thinking that we 

probably will have to go before the CRGR.  

MR. ZUBER: I don't understand. Voluntary 

requirements from the industry to do it? 

MR. STAUDENMEIER: Regulatory guides are not 

requirements. They provide one acceptable way of doing 

things. SRPs are not requirements because they are not 

regulations, but they provide guidance for reviewers to go 

through and try to implement the regulations. They can be 

challenged or people don't have to follow them.  

MR. WALLIS: This is a different tack than we have 

been taking. When I read these things, I find myself asking 

the question, do these guys know what they are doing? That 

is the sort of question. I read this stuff and these guys 

are making all kinds of wild assumptions. I don't think 

this is the right way to go about this. It is a much more 

global view.  

Do I have confidence in the overall approach and 

waves of professionalism and so on about the way it is being 

done? I don't how you put that into this kind of thing.  

MR. STAUDENMEIER: I think the objective measure 

of that is how good their model verification and assessment 

is. If it's not very good --
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MR. WALLIS: Sometimes there are ways to make it 

look good.  

MR. STAUDENMEIER: That's true, yes. Hopefully 

you insist on detail or detail enough so that assessment is 

provided to try to uncover the situations that could be 

masked, that are hidden by other things, so that there is 

enough assessment and qualification of your models and 

showing that they are applicable to really leave it so that 

you really do know by looking at it, and that you are not 

left to guess whether there is something hidden underneath 

there or not. I think that is the ideal situation. I don't 

think the ideal situation often happens and these things do 

slip through, but I guess all we can do it try.  

MR. BOEHNERT: They are going to have more strict 

requirements, though.  

MR. STAUDENMEIER: Yes. Hopefully now that we 

have actually listed these things out, although everybody 

would look at these and look at them as good practices, I 

would doubt that you could fine any one review where 

everything was implemented perfectly as written down here.  

Bits and pieces are implemented in different 

places, maybe not all integrated in one place. This is 

helping to integrate everything in one place and get people 

to follow this framework. If it followed well and with the 

intention of the way it was written, it will provide uniform 
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and quality reviews.  

MR. WALLIS: Getting back to Dr. Zuber's point, is 

this kind of a prothesis which will stiffen the backbone of 

the reviewers? 

MR. STAUDENMEIER: I think it is. They have 

something that they can point to and say we are supposed to 

be following this thing. You say that you don't need this, 

but this is the process that we are following.  

MR. WALLIS: So he can cite chapter and versus.  

MR. STAUDENMEIER: Yes.  

MR. SEALE: When do you expect to have the 

document ready for public comment? 

MR. STAUDENMEIER: I'm thinking beginning early 

next year sometime; early 2000.  

MR. BOEHNERT: We are scheduled to look at this at 

the February ACRS meeting. That is what we have been told 

as far as schedule.  

MR. SEALE: This version.  

MR. BOEHNERT: That's right. That is the schedule 

right now.  

MR. WERMIEL: We also plan to issue the standard 

review plan section and the reg guide together. It doesn't 

have to be done that way, but we are intending to do that in 

this case. So our schedule is somewhat dependent on their 

schedule.



273 

1 MR. STAUDENMEIER: Actually, lately it has been me 

2 that has been holding up the schedule. I think we were 

3 initially planning on issuing it to the public by this time 

4 and I got involved with some other things that were deemed 

5 as higher priority and I put this off.  

6 MR. WALLIS: I think one thing you ought to do is 

7 when you have got it all there and you look at it and you 

8 say, okay, if we had this in the past, we have had these 

9 various histories where we wished things could have been 

10 done better, sort of regrets and experiences, if we had this 

11 then, would it have made a difference? Would it have 

12 avoided something we ran into that was unpleasant or 

13 uncomfortable? 

14 MR. STAUDENMEIER: I think I know of examples 

15 where almost every area in this thing would have avoided a 

16 problem in the past. I know of problems in almost every 

17 area that is cited in here.  

18 MR. ZUBER: Maybe kind of an ace in your hand is 

19 if you point out to your management how much money NRR could 

20 save by implementing this. You provide this to industry.  

21 This is expected what you will save for NRR as well as for 

22 the industry. Put it in money, cost benefit.  

23 MR. STAUDENMEIER: I think there is a cost 

24 benefit. Right now you can cite a lot of cases of there 

25 wasn't time to do it right but there is time to do it over.  
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We run into that situation a lot. By not doing it right the 

first time you have just pushed it down into the future 

sometime where it going to spring up like Dracula and cause 

problems again.  

MR. WALLIS: So this should help the industry.  

Instead of doing something and then finding that they get 

lots of RAIs.  

MR. WERMIEL: You mentioned that it will give you 

more backbone, but we need something to point to say, well, 

here are the items and we covered them. If it's too high 

level, we don't know what items need to be covered because 

reviewer A believes that this is an issue and reviewer B 

believes that this is the main area of concern.  

MR. OSTERRIEDER: Dr. Zuber mentioned about 

uncertainties. Is there going to be specific guidance? 

Until the last few years it was not nearly as important, or 

at least perceived to be in code documentation by the 

industry. Now it is very important. We need to know what 

the important areas are so we can do it right also.  

MR. SEALE: If you are going to be responsive to 

the needs of risk-based assessments, then you have to say 

something about uncertainty. That is a benefit, presumably 

The utilities are embracing the idea that when they make 

those kinds of assessment they are able to do certain things 

that reduce their burden. There is a front end that goes 
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1 with it, namely, the risk assessment has to include 

2 uncertainties. If this code is going to be any good, it has 

3 got to help you do that.  

4 MR. KRESS: If you tie it to the risk-based issue, 

5 I think you are making a mistake. You are still in 

6 design-basis space. You have to tie the uncertainty to this 

7 thing that Novak pointed out, and that is the margins. How 

8 do you know what margins you really have and what you can 

9 live with? That's where you need to tie it.  

10 MR. ZUBER: This is what you can defend in the 

11 public. It's visible and accountable.  

12 MR. SEALE: You're right.  

13 MR. STAUDENMEIER: I think the uncertainty 

14 evaluation is key. I don't think we can be prescriptive in 

15 every single transient on what exactly you have to do to 

16 evaluate uncertainties. We have referenced a couple cases 

17 where the NRC has attempted to do uncertainty evaluations 

18 for CSAU. Large break LOCA. ATWS was one case with the BNL 

19 plant analyzer. There is another case with RELAP5 and small 

20 break LOCA for a B&W plant.  

21 I don't think it would be good for us to do 

22 prescriptive definitions of how you have to do your 

23 uncertainty analysis. Obviously it depends on how 

24 sophisticated your model is. If you have a two parameter 

25 model, you only have two parameters to vary uncertainty.  
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Like COBRA/TRAC. If you have a multi-thousand parameter 

model, you may not be able to afford to adjust every single 

parameter which may come down to every node size or things 

like that. You have to sort of figure out by physical 

principles and the governing physics situation what are the 

important driving parameters and verify that by comparison 

to data.  

MR. OSTERRIEDER: I agree, but it says in there 

that uncertainties have to be addressed. If you didn't say 

that in there, then there would be some openness as to 

whether you have to address uncertainty. There are big 

issues like. That's all we are asking you to put.  

MR. STAUDENMEIER: A lot of cases in the past 

uncertainties weren't explicitly evaluated. Like Appendix 

K. It's assumed that the conservative margins in Appendix K 

are bigger than any uncertainties in the evaluation. Pretty 

much any engineering design comes down to some margin or 

target that you are trying to meet and your uncertainties 

have to keep you under that design margin or else you are 

likely to fail your systems.  

MR. WALLIS: I am trying to meet the target of 

five o'clock. I would like the subcommittee to review what 

we heard today. We will finish today's session.  

[Whereupon at 4:57 p.m., the recorded session was 

concluded.] 
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Project Activities 

"* Characterize system behavior during LOOP/LOCA (or MSLB) 
event 

"* Determine waterhammers to be evaluated 

"* Perform testing for CCWH and CIWH 

- Determine waterhammer pressure magnitude and duration 

- Quantify effects of non-condensables and steam condensation rates 

- Determine support reaction forces 

"* Perform analyses and validate with test results 

"* Prepare guidelines to use for individual plant assessment of 
waterhammer

Primary Conclusions 

* If voiding occurs in a plant due to LOOP only, the resulting 

waterhammer loads are more severe than those produced by 

LOOP and LOCA or MSLB 

* Non-condensables in the water are released in to the steam 
void and, together with the steam condensation rate, mitigate 

the severity of the postulated waterhammer loads 

* Condensation induced waterhammer that can occur during the 
void formation phase of the LOOP plus LOCA (or MSLB) will 

not pose a credible threat to pressure boundary integrity
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System Description: Closed Loop System

I Typical Closed Loop SW System
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LOOP[LOCA (MSLB) Event 

(all times are approximate and vary based on plant 
specific parameters) 

"* Time = 0 sec. Concurrent LOOP and LOCA (or 
MSLB) events 

"* Time = 5 sec. Pumps coast down, Fans slow gradually 

"* Time = 10 sec. Fan coolers boil and void formation egins 

"* Time = 30 sec. Pumps restart 

"* Time = 37 sec. Water column rejoins closing the void
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Program Technical Approach

Plant Waterhammer Experience 
"* Many plants have had waterhammers from LOOP 

testing 

"* LOOP test conditions are often similar to LOOP/LOCA 
conditions 

"* Six plants recorded pressure data during the events 

"* No challenges to pressure boundary integrity 

"* Several minor support damage incidents noted
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PIRT Process 

" Phenomena Identification and Ranking Table 

(PIRT) performed with the Expert Panel 
" Process identified important phenomena and 

components 
" The results of the PIRT indicate that two 

waterhammer types are of concern. These are: 

"* Condensation induced waterhammers that can occur 
during the voiding of horizontal pipes, and 

"* Column closure waterhammers that can occur when the 
void is closed. This generally occurs at the end of refill 
for the transient of interest.

Perform separate-effects tests to emonstrate the effects 
of the thermal layers and steam and gas contents on the 
magnitudes of column closure waterhammers.  

Perform prototypical tests of CCWH to simulate the 
conditions experienced in the plant.  

Develop an analytical model to predict CCWH 
pressure. Correlate and validate the model against test 
data.  

Characterize the system in-plant behavior using the 
validated analytical model.  

n Identify method to be used to obtain piping segment 
forces and to attenuate the pressure wave as the wave 
travels through the piping.
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Condensation Induced Waterhammer 
(CIWH) Scope 

" Perform testing to define the Condensation 
Induced Waterhammer magnitude and duration 
during the voiding phase.  

"* Provide scaling justification to apply the results to 
prototypical pipe sizes.

Waterhammer Analysis 
- From Basic Principles, the Joukowski Equation: 

AP = kpCAV 

"* AP = waterhammer pressure pulse 

"* k = constant (1/2 or 1) 
"• p = water density 

"• C = sonic velocity 

"• AV = velocity change 

- The constant and water density terms are well 
understood.  

- The sonic velocity and velocity change terms warrant 
further investigation.
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Column Closure Waterhammer 
* CCWH occurs when steam voids are collapsed by refilling 

water.  

* The pressure magnitude is proportional to impact velocity.  

* Pressurization within the void will reduce impact velocity and 
waterhammer magnitude (cushioning).  

* Pressure in the void results from the rate of steam condensation 
and released non-condensable gases under compression from 
the fluid.  

Driving pressure 

~ • steam 

comprs

.Staant or slow movsm water

CCWH Testing 
"* Configuration #1: Tested closure of a pure steam void 

using subcooled water driven by a known pressure.  
Pressure and force data recorded at pipe supports.  

"* Thermal layer tests: Tested the effects of the 
temperature of the water adjacent to the void.  
Temperature and pressure data recorded.  

"* Configuration #2a, 2b: Tested closure of a void with 
steam created from boiling water in the test loop.  
Oxygen concentration in the water and pressure data 
were recorded.  

Test data from all three tests were used to 
benchmark the analytical model
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CCWH Test Results - Thermal Layer Tests 
condensation in the void is controlled by the temperature of the 
thermal layer adjacent to the void not by the bulk fluid 
temperature
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Gas Release Tests 
• Air or Nitrogen have decreased solubility during boiling 

' The testing program showed the rapid release of non
condensables 

• Approximately 40% dissolved gas released in 30 second event 
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MOC Verification

0.68

oo3 MOC PI 
o MOC P2 

- Test PI 
----. Test P2

0.7 0.72 0.74 0.76 

"Time. see

MOC Model 
- Solves equations for momentum and continuity using 

finite difference techniques 

- Method developed by E. B. Wylie 

- Effects of non-condensables 
"* Discrete Free-Gas Model (distributed voids) 

"* Air Compression (in steam void) 

- Steam condensation in void 
"• steam temperature at saturation 

"* hA assumed constant 

- Code Benchmarked 
"• Wylie examples 

"* Test Data 
"* Other Data

10
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/.i ýýRigid Body Model (RBM)
* considers closing water column as a rigid body 

"* considers pressurization in the void from steam condensation 
and gas compression as an ideal gas 

"- does not include wave travel through closing column 

"* benchmarked against MOC model and test data

000 16"Piping 
030 4' Piping 

-- Y=x

Peak Pressure Pulse
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TBR Application for Waterhammer Pulse 
* The RBM was run for a range of input conditions.  

Charts were provided to simplify use of the RBM approach 

* Guidance was added to clarify conservative direction for data 
and assumptions.  

V2nd orde•IVlst orde, is the ratio of cushioned to non-cushioned 
velocity

Pulse Shape Definition 
" Pulse shape is defined by magnitude, duration, and rise time 

"* Cushioning reduces waterhammer magnitude but also affects 
pulse shape by increasing rise time and duration.  

"* Impulse (area under pressure time curve) remains constant 
within a set of conditions.
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Pulse Shape Definition - Rise Time 

- Rise Time Model Conservatively bounded test data and 
analytical model.  

TR l(ft)/(8V) where: TR = rise time (sec) 

V = closing velocity (ft/sec) 

R...r"2.d" da 

,I ..- '.-

Pulse Shape Definition - Duration 

Duration Model: 
- The duration is predicted based on the partial 

reflections of the pressure wave reaching area changes.  

- When 90% reflection of the pressure pulse has 
occurred, the system is assumed to revert to the original 
pressure.  

- The total time required for the pulse to travel to the 
reflection points and back is used as the duration 
(2L/C).  

- Combined with rise time and pulse magnitude, the 
recommended pulse shape is simplified to a trapezoid.
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Pulse Propagation 

* Provided guidance for: 
- Attenuation due to flow area, pipe movement, and 

friction 

- Clipping of the peak due to reflection 
- partial reflection of the pulse during the rise time 

- Fluid structural interaction (FSI) 

- limited potential for amplification 

- Pulse travel velocity 
"* sonic velocity calculated 

"• test results confirm calculation

System Qualification Model 
" Pipe loading is based on the differential pressure across a pipe 

segment as a pressure wave travels through the system 

" A force time history can. be developed for each elbow and 
applied to a piping model.

P

b

L
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System Qualification Tests
"* The structural response of test configuration was measured 

"* Support Stiffness (could be varied) 

"* System Frequencies 

"* The structural response from an ANSYS model of system was 
compared to the measure response 

Plaw Vie.  

.375

/

Structural Response 
Data showed the importance of system dynamics 

DLF Data Comparison to Single Degree of Freedor Model 
with Square and Triangle load Profiles
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Structural Response Model Comparison 
* Showed accuracy of trapezoidal pulse characterization 

* Showed accuracy of dynamic modeling of the primary 
waterhammer pulse 
2000 1 I 
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Condensation Induced W/H Testing 
* Test section constructed of 4" schedule 40 pipe 

* Hot steam supplied at prototypical pressure for draining 
system (10-30 psia) 

* Steam created from deaerated water 

* Subcooled water drained at a range of drain rates 

* Water non-condensable level controlled (normal tap 
water or deaerated through boiling) 

* Temperature along horizontal pipe measured 

* Pressure in draining fluid measured 
* Force on axial support measured
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/__ ý ý CIWH Test Results

CIWH Test Program 
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/"- CIWH Test Results - Support Loads

CIWH Test Program

0t }

0 20 40 60 so 100 1 4D

CIWH Test Results 
"* Normal water (tap water without any attempts to limits 

dissolved oxygen) 
"* Pressure Pulse magnitudes were <200 psig for 

prototypical system pressures (10-30 psia), most <100 
psig 

"* Pressure pulse magnitude and duration inversely 
proportional (i.e. impulse is a constant for a specific 
system pressure) 

* Force on the support increases linearly with 
waterhammer pressure pulse up to about 120 psig 

* For the Froude numbers (Fr = V/(gD)n12 ) of 0.2 to 1.4, 
no relationship was found between drain rate and 
waterhammer magnitude 

SData included both 2" and 4" pipe.
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CIWH Results for Deaerated Water 
" Water deaerated by boiling and cooling, before filling 

test section 

"* Pressure pulses were higher magnitude (up to 500 
1000 psi) but of lower duration 

"* Pressure pulse duration and magnitude inversely 
proportional (constant impulse) 

"* Force on the support increased linearly up to about 200 
psig.

CIWH Results for Deaerated Water "
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CIWH Results for Deaerated Water
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CIWH Conclusions 
CIWH waterhammers for low pressure service water 
systems are limited in magnitude or duration such that 
they are not a credible threat to pressure boundary 
integrity. This conclusion applies to systems that meet 
the following conditions: 

" the system steam pressure at the time of the postulated CIWH 
is less than 15 psig 

"* the system draining water contains non-condensables 

"* the piping has been shown by test or analysis to be capable of 
withstanding a CCWH following LOOP, LOOP/LOCA, or 
LOOP/MSLB

Conclusions 
* The postulated concurrence of the LOCA (or MSLB) and the 

LOOP events create the potential for: 
" Column closure waterhammer (CCWH) following pump restart, and 
"* Condensation induced waterhammer (CIWH) during the void formation 

phase prior to pump restart 

The CIWH can occur during the void formation phase of the event.  
They are characterized by the following: 

"* The CIWH has limited energy and is controlled not by the magnitude of 
the pressure but by the impulse.  

" The response in the pipe supports is also limited and is controlled by the 
impulse.  

"* The 4" testing results are applicable to larger pipes.  
"* In prototypical service water piping systems, the C[WH will not pose a 

credible threat to pressure boundary integrity.

22
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Conclusions 
The CCWH will occur when the pumps are restarted at locations of 
"trapped" intermediate water and at the final closure location.  
They are characterized by the following: 

"* Non-condensables (air or nitrogen) and steam in the void play a 
significant role in the velocity of the closing columns.  

"* Analytical models can be correlated to the test data and extended to 
prototypical plant configurations.  

"* The closure velocity utilized in the Joukowski equation can be adjusted 
to achieve more realistic values by calculating a reduction due to the 
cushioning effects of non-condensables and/or steam.  

"* The shape of the pressure pulse (duration and rise time) can be predicted.  

"* If voiding occurs in a plant due to LOOP only and if the system line-ups 
are the same, the waterhammers produced from the LOOP only event 
bound those produced by LOOP plus LOCA (or MSLB) events

Conclusions 
Following the occurrence of a waterhammer, the pulse will 
propagate in the piping. The pulse propagation characteristics are 
tabulated below: 

"* The pressure pulses attenuate and the attenuation can be calculated.  
"* The potential for pulse amplification is limited and generally is not 

significant.  

"* The speed of wave propagation in the fluid is not impacted unless the 
dissolved non-condensables come out of solution.  

• The waterhammer pressure pulses will cause unbalanced pressure 
loads in pipe segments that will load the piping supports.  

"* Accurate representation of the stiffness of the system and the dynamics 
of the loading is important to obtain accurate support loads.  

" Support loads that were measured in tests were smaller than loads that 
were calculated by dynamic analysis or by simplified calculations.
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Problems Identified by Maine Yankee 
ISAT ( and ACRS in AP600 and Other 
Reviews) 

Adequacy of Code Documentation 

Adequacy of Code Assessment 

Inconsistencies in Staff Code Review Process 
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Activities 

Develop Standard Review Plan Section (NRR Lead) 

Develop Standard Format and Content Guide I 
Regulatory Guide (RES Lead)

3



What will the Code SRP Section do for 
Code Reviews? 

The SRP Section will standardize and improve the 
consistency of the previously ad hoc code review 
process.  

The SRP Section will document reviewer "best 
practices" for the key areas of code review.  

The SRP Section will provide a roadmap to 
information in NUREGs and other documents related 
to T/H safety codes.  

The Code SRP Section will not preclude the need for 
qualified code reviewers.
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The Code SRP Organization 

Areas of Review are consistent with the Reg. Guide.  
General principles applicable to all analytical 
computer codes covering key areas of review: 

Documentation 

Accident Scenario and Process Identification 

Code Theory 

Code Assessment 

Plant Modelling 

Quality Assurance 

Confirmatory Analysis 

Revisions to Previously Approved Models 

Details will be provided for certain accident and 
accident classes in Appendices for: 

Modeling Requirements (Physical and Plant) 

Code Assessment
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St-

The Code SRP Organization (cont.) 

The Organization of the Code SRP Section Follows 
the Existing SRP Format.  

I. AREAS OF REVIEW 

Describes the scope of the review 

I1. ACCEPTANCE REVIEW 

Describes the acceptance criteria for each area 

II1. REVIEW PROCEDURES 

Describes the review procedures 

IV. EVALUATION FINDINGS 

Describes the requirements for documenting the 
review findings 

V. REFERENCES
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Code SRP Section Proposed Acceptance 
Criteria 

Documentation Acceptance Review 

Accident Scenario and Process Identification 

Code Theory 

Code Assessment 

Plant Modeling 

Quality Assurance 

Confirmatory Analysis 

Revisions to Previously Approved Models
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Future Actions 

Incorporate ACRS comments into Draft SRP Section 
and Reg. Guide 

Develop Appendices for review of specific types of 
analytical codes 

Solicit public comments on Draft SRP Section and 

Reg. Guide 

Provide for CRGR Review 

Issue final versions
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r EPRIINP

EPRIllndustry Collaborative Project to 
Support Resolution of 

GL 96-06 Waterhammer RAIs 

Vaughn Wagoner, CP&L, Chairman, Utility Advisory Group 
Dr. Peter Griffith, MIT, Chairman, Expert Panel 

Dr. Tom Esselman, President, Altran Corporation 
Dr. Avtar Singh, Project Manager, EPRI

NRC/ACRS 
Washington D.C.,

Meeting 
Nov. 17, 1999
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r EPRIINP

Issues Identified in GL 96-06 

° Susceptibility of the containment air 
cooler cooling water systems to 
waterhammer loads during either LOCA or 
MSLB 

* Impact of two-phase flow on heat removal 
capabilities of the cooling water systems 
serving the containment air coolers

• Impact of thermally induced 
overpressurization of isolated water-filled 
piping sections in containment penetrations 

ppt SARA002_avs. F



- EPRIINP Background
"• Licensees completed analyses to address waterhammer and two 

phase flow issues in response to GL 96-06 during 1997.  
"* NRC issued Requests for Additional Information (RAIs) during 

1998.  
"* Industry/NRC meeting to clarify RAIs was held on 5/27-28/1998.  

- NRC expectations 
Sto assure that waterhammer issues have been adequately 

addressed 
=>to obtain sufficient information from licensees to complete 

review and close out issues 
- Industry initiated this EPRI project in 1998 to develop a 

Technical Basis Report (TBR) to address NRC RAIs
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ERIINP

-r ElP

Baltimore Gas & Electric 
Carolina Power & Light 
ComEd 
Consolidated Edison 
Consumers Power 
Duke Power 
Florida Power & Light 
New York Power Authority 
Northern States Power 
Rochester Gas & Electric 
Southern California Edison 
Southern Nuclear Operating Co.  
Wisconsin Electric 
Wisconsin Public Service

002 avs. ppt SARA
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EPRI GL 96-06 Waterhammer 
Project Participants
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EPRIINP

/ Objectives of the EPRIllndustry 
Collaborative Project 

• Prepare a generic Technical Basis Report for 
resolving GL 96-06 issues.  

° Develop information that can be used by 
participating utilities to support their selected 
methodology.  

* Develop a clearer understanding of low 
pressure waterhammer phenomena that can 
be used broadly for waterhammer evaluation.

OO2avs.ppt 
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EPRIINP 

Industry 
Approach 
to Develop 
a Generic 
Technical 
Basis Report
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EPRIINP 

Project Status and Activities

"* Project Kickoff Meeting 
"* First Expert Panel Meeting 
"* Second Expert Panel Meeting 
"* Third Expert panel Meeting 
"* Interim Technical Basis Report (TBR) completed 
"* TBR submitted to NRC for review 
"* Meeting with ACRS 
"* Issue approved TBR (target)

10/98 
2/99 
4/99 
7/99 
9/99 
9/99 
11/99 
12/99

OO2avs. ppt 
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r EPRIINP
Expert Panel

"• Expert Panel is comprised of: 
- Dr. Fred Moody - GE Consultant, Retired 

- Dr. Ben Wylie - U of Michigan, Retired 

- Dr. P Griffith - MIT, Retired, Chairman 

"• Expert Panel independently interacted with EPRI, 
industry representatives, NRC, and consultants.  

"• Expert Panel will perform final review, comment, and 
provide anticipated endorsement of the Technical 
Basis Report at the conclusion of the work.

002 avs.ppt 
SARA002_avs, ppt SARA



EPRIINP 

Specific Expert Panel Activities 

• Assisted in construction of the PIRT.  

• Participated in all of the project review meetings.  
* Identified existing tools and information that could be useful in the 

project.  
• Helped to shape and review the experimental and analysis program.  
• Reviewed the work as it progressed.  

Reviewed three drafts of the TBR.  
Consulted individually as requested, on specific 
aspects of the work as it progressed.
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GL 96-06/TBR INITIATIVE 

A. BACKGROUND INFORMATION -- INTRODUCTION 

* GL 96-06 WATERHAMMER & NUREG/CR-5220 

* TBR INITIATIVE PROPOSED (8/98) 

* NRC REVIEW STAFF 
JIM TATUM, NRR/DSSA/SPLB 
GEORGE HUBBARD, NRR/DSSA/SPLB 
GARY HAMMER, NRR/DE/EMEB 
B. P. JAIN, NRR/DE/EMEB 
AL SERKIZ, RES 
HOSSEIN NOURBAKHSH (CONSULTANT)



MAINE YANKEE FINDINGS RELATED TO CODE DOCUMENTATION AND REVIEW 

Maine Yankee Independent Safety Assessment (ISA) (10/11/96) 

YAEC did not have a documented process in place to identify and rank key phenomena for each 

of the transients and accidents in the safety analysis report and in turn identify needed code 

validation and parametric study efforts.  

Maine Yankee ISA Staff Actions (11/27/96) 

Evaluate the agency's expectations and policy relative to code validation. Develop and issue 

additional guidance and requirements if appropriate.  

Evaluate the need to develop a standard review plan for code reviews. Develop and issue 

appropriate guidance.  

NRR Maine Yankee Task Group (12/5/96) 

A standard format and content guide for topical reports documenting ECCS methodologies should 

be developed. The guide would provide assurance of uniformity and consistency in the level of 

documentation and validation that is provided.  

While there is a clear regulatory requirement that ECCS analyses be performed using an NRC 

approved methodology (i.e., 10 CFR 50.46), the regulatory basis for staff review of other codes 

(e.g., physics codes, core thermal-hydraulics codes, fuel performance codes, and non-LOCA 

transient and accident codes) used to perform core reload design and safety analysis is not clear.  

Acrs1298.1



2.2.1 Establish Requirements for EM Capability & Assessment

PIRT Informs all 
documentation

2.2.3.2 EM Assessment 

ull I Partial

Closure Relations 
(Bottom-Up)

- Pedigree 
- Applicability 

- Fidelity 

- Scalability

Integrated EM 
(Top-Down)

- Governing Eqns 
- Numerics 
- Applicability 
- Fidelity 

- Scalability

a 
0 
t5 
L._ 

0 "AD 

U.) 

CO) 
C 

.o_ 

(1) 
U) V)

-- 2.2.3.1 Performance 
Measurement Standards

Agreement with Data: 
- Excellent 
- Reasonable 
- Minimal 
- Insufficient

2.2.3.3 Scaling Analysis of 
Collective Experimental 

Data Base

EM = evaluation model

FL

2.2.2.1 Methodology 
2.2.2.3 Input & Guidlines

2.2.2 EM Description
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REGULATORY GUIDE FOR 
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ANALYSIS METHODS 
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PURPOSE

Present the status of the proposed regulatory guide on generic transient and accident methods, 
and seek comments from the ACRS.
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OUTLINE

1. Background 

2. Status 

3. Summary
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BACKGROUND

1. The requirement to issue guidance on accident analysis code development, assessment, 
and application originated from the Maine Yankee Independent Safety Assessment and the 
Maine Yankee Task Group reviews.  

2. The Siemens review indicated similar needs.  

3. The recent difficulties with the RETRAN03 review further reinforced the benefit that could 
be derived from such guidance.  

4. On December 17, 1998, plans for this regulatory guide and companion revisions to the 

Standard Review Plan (SRP) were discussed with the Subcommittee.  

5. Two drafts of this guide have been provided to the ACRS for their review.  

6. The SRP revisions will be discussed by Dr. Staudenmeier later today.  

7. The guidance for evaluation model development and assessment described in this 
regulatory guide, with its emphasis on PIRT-based importance measures, will be consistent 
with risk-informed regulation.
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CONTENT OF DRAFT REGULATORY GUIDE

In the 12/98 presentation, the following proposals were made regarding the reg. guide: 

1. Address analysis methods for all Chapter 15 transients stressing verification, 
validation, documentation, and quality assurance.  

2. Describe application of the evaluation model concept which includes all computer 
programs, other models, input, output, and methodology used to show compliance 
with analyses required by 10CFR50.34 and 50.36.  

3. Describe an acceptable evaluation model development and assessment process 
based on principles of CSAU derived and refined over the last dozen years. A key 
element of this process is a credible and scrutable Phenomena Identification and 
Ranking Table which is used to inform the entire process.  

• The content proposed in the 12/98 presentation has been included in the draft guide.  

• A section on nomenclature and definitions has been added.  

LOCA appendices are being prepared. Most information in these appendices will be 
incorporated by reference.

acrsl 199.05



SUMMARY 

1. The draft regulatory guide on generic transient and accident analyses methods addresses 
the findings of the Maine Yankee Reviews.  

2. We would appreciate comments and recommendations from the ACRS.
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