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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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1 P R O C E E D I NG S 

2 [8:30 a.m] 

3 MR. APOSTOLAKIS: The meeting will now come to 

4 order. This is the first day of the meeting of the ACRS 

5 Subcommittee on Reliability and Probabilistic Risk 

6 Assessment. I am Dr. George Apostolakis, Chairman of the 

7 subcommittee.  

8 ACRS members in attendance are Mario Bonaca, 

9 Robert Seale, and Robert Uhrig.  

10 The purpose of this meeting is to discuss the 

11 staff's programs for risk-based analysis of reactor 

12 operating experience, including special studies for 

13 common-cause failure analy ses, system and component 

14 analyses, accident sequence precursor analyses, and related 

15 matters. Tomorrow, December 16, 1999, the subcommittee will 

16 discuss NRC staff efforts in the area of risk-informed 

17 technical specifications and associated industry initiatives 

18 proposed by the Risk-informed Technical Specification Task 

19 Force. The subcommittee will gather information, analyze 

20 relevant issues and facts, and formulate proposed positions 

21 and actions, as appropriate, for deliberation by the full 

22 committee.  

23 Michael G. Markley is the cognizant ACRS staff 

24 engineer for this meeting.  

25 The rules for participation in today's meeting 
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1 have been announced as part of the notice of this meeting 

2 previously published in the Federal Register on December 1, 

3 1999.  

4 A transcript of the meeting is being kept and will 

5 be made available as stated in the Federal Register notice.  

6 It is requested that speakers first identify themselves and 

7 speak with sufficient clarity and volume so that they can be 

8 readily heard.  

9 We have received a request from Mr. Jim Riccio of 

10 Public Citizen to enter a written statement into the public 

11 record related to risk-informed technical specifications.  

12 Mr. Riccio is expected to provide his written statement 

13 during the December 16, 1999 portion of this meeting.  

14 We will now proceed with the meeting and I call 

15 upon Mr. Baranowsky and Mr. Mays from the Office of Research 

16 to begin.  

17 MR. BARANOWSKY: I'm Patrick Baranowsky, chief of 

18 the Operating Experience Risk Analysis Branch. I will give 

19 the introduction today, the overview of what the 

20 presentation is about. Then Steve Mays will provide some 

21 additional comment on our purpose. Then we have a number of 

22 presentations which I will identify in a couple of minutes.  

23 [Slides shown.] 

24 MR. BARANOWSKY: The purpose of us coming to the 

25 ACRS subcommittee today is to give an overview of the 
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1 activities in this branch, which I believe we used to 

2 discuss when we were part of AEOD about every six to eight 

3 months. We haven't been before the ACRS to talk about the 

4 risk-based analysis of reactor operating experience since 

5 then.  

6 Not only do we want to talk about some of the 

7 recent results of studies and activities that we have had, 

8 but also we want to talk more about the role of the 

9 Operating Experience Risk Analysis Branch programs and get 

10 some feedback if we can on an overview basis, if you will, 

11 of what our program is and its relevance to the regulatory 

12 process.  

13 In terms of the technical review of the work that 

14 we normally do, we have a fairly standard process for 

15 soliciting peer review. So most of our studies get a fairly 

16 good review at a technical level and only on special 

17 occasions such as special issues and common-cause failure 

18 analysis, and so forth, will we come before the advisory 

19 committee with a technical issue for review.  

20 In this case primarily we are talking about an 

21 overview of the program and recent results and the use and 

22 uses of this work 

23 The content of the presentations after this 

24 overview that both Steve and I will be presenting will cover 

25 data sources, reliabilities studies, common-cause failure, 
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1 accident sequence precursor program, including our recent 

2 special study on the D.C. Cook plant, and some information 

3 on risk-based performance indicators.  

4 With regard to the latter item, we had a special 

5 ACRS meeting on that a few months ago. We have been working 

6 on putting together a paper we call a white paper, which 

7 gives more information on risk-based performance indicators, 

8 and we expect to have future meetings on that specific 

9 topic. So there is an example of one we will be wanting to 

10 go into technical detail with this subcommittee or with the 

11 full committee, but today we are going to give more of an 

12 overview on recent developments in that area just to keep 

13 things up to speed.  

14 MR. APOSTOLAKIS: Are the people working on the 

15 oversight process aware of this work? 

16 MR. BARANOWSKY: Yes. In fact we can discuss that 

17 later. We did have a meeting yesterday with NRR on this.  

18 We had a draft version of that so-called white paper. As a 

19 result of that interaction, we are going to make some 

20 modifications to it. Then we are going provide that to NRR, 

21 NEI and the ACRS, and that could be the topic of a future 

22 meeting. That should occur within a few weeks to a month.  

23 MR. APOSTOLAKIS: Okay.  

24 MR. SEALE: Pat, one of the real assets that any 

25 group like yours can have is the existence of a competent 
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1 peer group to do this peer review on a regular basis. I 

2 think that is particularly significant for you now that you 

3 have been integrated and merged and all of that sort of 

4 thing.  

5 The group that immediately comes to mind is that 

6 group that is in either INPO or WANO that does the 

7 industry's version of the review of events.  

8 To what extent do you have overlap between you in 

9 terms of covering specific events? 

10 MR. BARANOWSKY: In terms of what we do, I don't 

11 see too much overlap between us and INPO. We primarily do 

12 either the accident sequence precursor program or the 

13 risk-based performance indicators neither of which they have 

14 specific activities on, but they have activities that 

15 support that. For instance, they are helping with the 

16 collection of data that would be part of the risk-based 

17 performance indicators in the so-called EPIX program.  

18 We meet with them about once every month or six 

19 weeks and stay in telephone contact to talk about how these 

20 things fit together. The idea is not to have two competing 

21 groups, but they are fairly knowledgeable about what we are 

22 doing and vice versa because the pieces have to fit 

23 together.  

24 MR. SEALE: As I say, my personal opinion is that 

25 one of the more valuable assets that you can have is a 
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1 competent peer group. I consider those guys to be a peer 

2 group. They are good, they are smart, and they are familiar 

3 enough with your program to give you meaningful comment and 

4 criticism, and you do the same.  

5 MR. BARANOWSKY: We pretty make sure that when we 

6 do something related to performance indicators and data that 

7 we get INPO to be one of the peers on it.  

8 MR. SEALE: Very good.  

9 MR. BARANOWSKY: We also go to EPRI and the owners 

10 groups.  

11 Let me quickly show this next chart, which is sort 

12 of the organization of the way the programs work. The idea 

13 here is to convey some sense of thoroughness and 

14 organization to the work. It is organized logically and 

15 hierarchically.  

16 If you look at the bottom of this chart, it starts 

17 out with operational data. What we have done is identified 

18 the kinds of data sources and data systems that we need to 

19 provide the information to perform the analyses in the next 

20 tiers up.  

21 The first tier up involves industry-wide analyses 

22 and methods for performing those analyses, whether they be 

23 system reliability analyses, common-cause failure, or 

24 whatever. Here we have performed analyses to derive 

25 insights to feed into the regulatory programs such as 
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1 risk-informed inspections and insights that might be used 

2 for resolution of generic issues, as well as putting 

3 together models that can be used to improve our ability to 

4 perform the next tier up, which is the plant-specific event 

5 analyses.  

6 In this next tier up we look at things like 

7 accident sequence precursors and special studies. The Cook 

8 analysis which we are going to talk about today is one of 

9 them.  

10 The highest tier up is to take all the insights 

11 and models that we have derived from the lower levels and 

12 put them together in such a way that they allow us to 

13 discriminate performance. That means we have to develop the 

14 capability using these tools to actually differentiate 

15 changes in performance and between individual licensees, and 

16 that is the risk-based performance indicator type of 

17 activity which we will be talking about last.  

18 Steve will now talk about the role of this work in 

19 the regulatory program and then we will get into some 

20 details.  

21 MR. MAYS: I'm Steve Mays. I'm the assistant 

22 branch chief in the Operating Experience Risk Analysis 

23 Branch. What I want to talk to you about now is the role of 

24 the stuff we are doing in the regulatory process.  

25 We have always had a goal in mind of providing 
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1 information of a risk nature that could be useful in the 

2 regulatory process. This activity has now started to gel a 

3 little bit more with the new oversight process and also with 

4 the significant efforts under way under strategic planning 

5 and the planning, budgeting, and performance monitoring 

6 processes.  

7 What has come out of those processes is a set of 

8 agency goals that are listed on here that are going to be 

9 tracked at various levels in the agency. The four areas 

10 that we are talking about doing agency level work for this 

11 risk analysis can fit into are areas of maintaining safety, 

12 improving regulatory effectiveness and efficiency, reducing 

13 unnecessary burden, either to us or the licensees, and 

14 improving public confidence.  

15 MR. APOSTOLAKIS: I would say, as I read the memo 

16 also from Mr. King, what you are doing is providing risk 

17 assessment. By doing so, since PRA is the fundamental tool, 

18 all these other things follow. I would focus on that.  

19 Without your work, there would always be questions about how 

20 real the results of PRAs are, especially at the system 

21 level.  

22 MR. MAYS: I think there are two areas of that I 

23 would agree with. One is the credence of the analysis and 

24 the credence of risk assessment as a viable entity on its 

25 own.  

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

10 

The second part is, given that you have that, what 

is its role in the agency function? You could have a 

wonderful tool, but if you didn't need to do that for that 

agency function, it would make no sense. So it is the 

marrying of those two together and making it clear that the 

analysis and the information we are providing has a role in 

making the agency capable of doing those things that we are 

trying to focus on.  

You will notice in that letter you are referring 

to, which I believe is the request for the review of the 

system updates, what we are trying to do is make it clear to 

our stakeholders internal to the agency that these are the 

things we are doing and this is how it supports them doing 

their job. That is a real important point.  

MR. APOSTOLAKIS: The point I am trying to make 

Steve, is that you don't need to tell the agency how 

important PRA is. It is on record already. This is not a 

big deal. You should focus really on the important point 

that your work validates in some sense the results of risk 

assessments.  

MR. MAYS: We agree.  

MR. BARANOWSKY: I agree with that, George. On 

top of that, we need to make sure that the specific use of 

this work is getting into the regulatory process. That is 

part of what Steve is talking about.  
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1 MR. APOSTOLAKIS: I think we agree. It's just a 

2 matter of emphasis.  

3 MR. MAYS: On the next slide we talk about what 

4 are the activities we do that relate to maintaining safety.  

5 MR. APOSTOLAKIS: Is there any reason why you want 

6 to tell us these things? This subcommittee is absolutely 

7 convinced that what you are doing is very important.  

8 MR. MAYS: This was just to lay groundwork. If 

9 MR. APOSTOLAKIS: Why don't to you skip to Data-l.  

10 MR. MAYS: I will be happy to do that.  

11 MR. APOSTOLAKIS: Unless you have an ulterior 

12 motive to do that.  

13 MR. MAYS: No. I will be happy to do that. This 

14 was just to make sure we laid the groundwork.  

15 MR. APOSTOLAKIS: Hidden agenda. Steve would 

16 never have a hidden agenda.  

17 MR. MAYS: You know I have no hidden agendas. I 

18 am not capable of hiding an agenda.  

19 [Laughter.] 

20 MR. MAYS: This first slide is a reprint of the 

21 earlier one that Pat put up with highlights of the areas 

22 that we are going to talk about under the data sources.  

23 The three we are going to talk about are going to 

24 be the sequence coding and search system, which is our 

25 licensee event reporting data base; 
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1 The equipment performance and information exchange 

2 program, which is the industry data run by INPO; 

3 And the reliability and availability data system, 

4 which is the process that we are putting in place to gather 

5 information from both of those sources and make reliability 

6 and availability information readily available for 

7 risk-informed applications.  

8 With that, what I would like to do is introduce 

9 Mr. Dale Yielding.  

10 MR. BARANOWSKY: I want to bring up one point. We 

11 talked to the oversight folks yesterday. They said if they 

12 buy into risk-based performance indicators, what else are 

13 they buying into? They are going to be buying into these 

14 three things, because you have to have them in order to do 

15 the risk-based performance indicators. That is why we 

16 picked them out.  

17 MR. MAYS: To talk about the sequence coding and 

18 search system, Mr. Dale Yeilding, who is the project manager 

19 for that particular effort, is here to give you an overview 

20 of what is in the sequence coding search system and what we 

21 do with that.  

22 MR. YEILDING: I am Dale Yeilding, project manager 

23 for the sequence coding search system.  

24 Everybody knows the LER. It's the main report we 

25 get from licensees that describes events that they have at 
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1 their plant. A lot of studies that are done here at the 

2 agency use the LER as their main focal point for getting the 

3 information. So any way that we can get information out of 

4 an LER easier, faster, more efficiently is an efficient tool 

5 for the agency. That is what the sequence coding search 

6 system is.  

7 I will probably go into the structure a little bit 

8 of how we code and what is in it, but after I am done with 

9 these next three or four slides I hope everyone understands 

10 the word "sequence" in the title of this database.  

11 Just a reference to ADAMS. ADAMS is going to make 

12 the LER more available to the public like NUDOCS did in the 

13 past, but we have to be aware that NUDOCS and ADAMS only 

14 maintain the text of the LER. It didn't have any other 

15 fancy or detailed coding search features other than just 

16 trying to pick a word out that you are looking for to get 

17 the LERs that you need.  

18 The system reduces text on to coded fields. So an 

19 engineer out at Oak Ridge National Lab is reading the LER, 

20 gaining information points out of that they deem important 

21 and coding it into coded fields of the database.  

22 These codes describe all the equipment failures, 

23 personnel errors, detailed cause-effects, actuating 

24 parameters, detailed characteristics of the event. There 

25 are more than 150 different pieces of information that are 
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1 specifically coded into this database.  

2 This reduces staff reviews. If they need to find 

3 LERs that match a certain criteria, the computer, as we 

4 know, is an efficient tool to get the LERs that you need.  

5 We are calling this one-stop shopping for a person 

6 that needs to get information out of an LER.  

7 The database has been in the agency for quite 

8 sometime, way back in the old mainframe stages at Oak Ridge 

9 National Lab. It currently contains over 47,000 LERs since 

10 1981. We moved it from a mainframe about two years ago to 

11 an Internet site at Oak Ridge National Lab. It is easy, 

12 point and click, and it has simplified the user interface.  

13 Prior operation of this required extensive knowledge of 

14 computer codes and specifics. Right now anybody that can 

15 surf the Internet can point and click and do an LER search 

16 on the system.  

17 MR. UHRIG: Is 47,000 the total amount of LERs 

18 since 1981 or is it a selected group? 

19 MR. YEILDING: All LERs since 1981. We even have 

20 a very detailed quality control process that we do four 

21 times a year to make sure we don't miss one, even checking 

22 up on NUDOCS and ADAMS. Sometimes I end up getting missed 

23 LERs. We get them faxed and we get them into NUDOCS and 

24 ADAMS also.  

25 Oak Ridge National Lab besides operating the 
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1 database codes the LERs, put the information into the 

2 database, and also provides assistance in searching. Even 

3 though our tool on the Internet is very user friendly, 

4 sometimes there are some capabilities where you need the 

5 experienced staff down there and some outside access to the 

6 database. As programmers, they can do more extensive 

7 searches. They also do analysis of their search results if 

8 we ask them.  

9 I don't want to go into the 150 specific pieces of 

10 information that are coded into the database, but we get 

11 details of equipment performance down to component failures, 

12 loss of systems, trains, channels. It is coded down to the 

13 detailed level.  

14 Personnel errors, the type of personnel involved, 

15 the activity that the person was doing: maintenance, 

16 operation, testing.  

17 The effect on the unit. Most of the database is 

18 structured towards failures, because that is what an LER is 

19 structured to. We do have successes, and the only two 

20 successes we code are ESF actuations, which includes the 

21 system and the actuating parameter, and also SCRAMS.  

22 We get down to effect on environment and 

23 personnel. These are radiation releases or personnel 

24 contamination.  

25 MR. SEALE: On the successes question, we all know 
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of cases where an event is terminated by a hero. By that I 

mean some operator or other staff member did something that 

was not necessarily a part of the tech specs.  

MR. YEILDING: Started a mitigating system or 

something like that.  

MR. SEALE: They initiated a mitigation process 

which essentially shut the problem down.  

Do you in any way recognize those kinds of 

actions.  

MR. YEILDING: If the information is in an LER, it 

would be dissected by the coders and coded into the 

database. The structure of coding is to take the 8-page 

LER, divide into discrete happenings, whether it is 

personnel pushing a button or whether it is an equipment 

failure or whether they started AFW.  

MR. SEALE: You said there are two things that you 

recognize, but you recognize other things in some way.  

MR. YEILDING: That is true. If it is in the 

sequence of events to mitigate a problem, yes, it would be 

coded in the database. Also, critical path method 

scheduling, that type of matrix shows you a flow of events 

happening in a schedule. The coding of this database is 

also coded in that series/parallel paths such that you can 

search for something happening before or after something 

else. That is where the sequence aspect comes in.  
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1 Our users right now are just agency staff and 

2 agency contractors, who call Oak Ridge National Lab and do a 

3 cost reimbursement of a $400 or $500 search. We are 

4 considering, but we haven't gone through management for 

5 approval of releasing this database to the public also. We 

6 haven't analyzed all the impacts on questions we have 

7 received and things like that.  

8 MR. APOSTOLAKIS: You do plan to do that? 

9 MR. YEILDING: I can't say that. We haven't 

10 really analyzed all the impacts. If we released this 

11 database to the public, we would probably be inundated with 

12 questions of why this, why that, and we haven't really 

13 analyzed and gone through that aspect. It is on a Web site.  

14 We have got a powerful enough computer. We could do that.  

15 We just haven't gone through the approval cycle of releasing 

16 it to the public yet.  

17 MR. BARANOWSKY: What he is really saying is the 

18 search scheme is not so user friendly that we wouldn't 

19 expect to get a lot of questions on how to use the tool. So 

20 before we release something to the public we have to make 

21 sure the public can use it. We haven't really designed this 

22 to be used by the general public. It has been designed to 

23 be used by a limited number of scientific personnel.  

24 MR. APOSTOLAKIS: Let's say that somebody wants to 

25 use this and is a scientific person. Can he do that? 
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1 MR. YEILDING: Right now no, because we have a 

2 block at the site. The site looks to make sure you are 

3 coming from this building.  

4 MR. BARANOWSKY: We need to figure out how to make 

5 it available to the general community better. It is just a 

6 new thing for us.  

7 MR. APOSTOLAKIS: Okay.  

8 MR. BARANOWSKY: We want to expand the usage of it 

9 because it is a pretty valuable resource.  

10 MR. YEILDING: Uses of the database are pretty 

11 obvious. Any system or process or study in this agency that 

12 uses an LER could use this database. The rest of this 

13 briefing today and tomorrow is going to talk about various 

14 systems and studies that use the database.  

15 Recent results.  

16 I think I mentioned we just upgraded the platform 

17 to a more powerful system.  

18 We are developing a more streamlined method for 

19 the engineers at Oak Ridge National Lab to put the data into 

20 the database. That is just about complete.  

21 We are involved some modifications since NUDOCS 

22 shut down and ADAMS started up of getting the full text into 

23 the database.  

24 After you search and get list of LERs that match 

25 your search criteria, you can also read the LER on this 
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1 database. So that is another convenience for the staff.  

2 That is our projection here to get the format for 

3 ADAMS. Like any system, we have a user wish list of 

4 enhancements. We have got a whole backlog of things.  

5 With time permitting, I probably could do a three 

6 to five minute demonstration. I don't if you wanted to do a 

7 quick search of the database, or maybe later on, on a break 

8 or something. I will leave it up to the crowd here whether 

9 or not they want to see a three to five minute 

10 demonstration. Time permitting later on? 

11 MR. APOSTOLAKIS: We will see.  

12 MR. YEILDING: That is all I have. Any questions? 

13 MR. APOSTOLAKIS: Don't worry. If we have 

14 questions, you'll get them.  

15 MR. MAYS: The next topic is the equipment 

16 performance and information exchange system. This is a 

17 system that was developed by the industry through INPO 

18 initially to replace the NPRDS database system. The initial 

19 impetus was to provide data and information in a more user 

20 friendly to the utilities to support maintenance rule 

21 implementation.  

22 Subsequent to that, when we had the liability and 

23 availability data rule, one of the alternatives that the 

24 industry proposed and the Commission accepted was instead of 

25 us having a rule, they would make modification to the EPIX 
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1 system to provide reliability and availability data in 

2 addition to the other information that was provided.  

3 Subsequent to that we have had interactions and 

4 meetings with them, as the Commission directed, to be able 

5 to get and obtain more and better information from that 

6 system.  

7 Subsequently, early this year, in April, there was 

8 a meeting in which the industry and the NRC people who are 

9 the users of EPIX got together and said, you know, there is 

10 a lot of stuff about reliability data and other things that 

11 are being carried on and being captured in three or five 

12 different ways by everybody at the same time.  

13 An example would be there is one way to collect 

14 availability information for WANO; there is another way to 

15 collect availability information for the maintenance rule; 

16 there is another way to collect availability information 

17 from the pilot program; there is another way we are 

18 collecting analysis information for our PRA. Et cetera, et 

19 cetera.  

20 So they said, why are we collecting all this same 

21 basic data several different ways? 

22 At that meeting it was proposed that the charter 

23 mission of EPIX be changed to become the industry's single 

24 common database for doing all these things.  

25 The structure would be we would gather data and 
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1 information at the lowest common denominator level and then 

2 for the special applications, like the WANO indicator or the 

3 oversight process or the PRA, we would create modules in 

4 EPIX that would be able to take those portions of that data 

5 that were necessary to fulfill that specific function.  

6 That has now been endorsed by the INPO Industry 

7 Review Group and that is part of the activities that we are 

8 going on. So that has become the new mission for the EPIX 

9 database that we want to talk about here.  

10 MR. SEALE: It is my understanding that part of 

11 the origin of the confusion from this multiplicity of data 

12 sets was differences in the definition of what availability 

13 was. I assume now that there is a transparent EPIX 

14 definition of availability and there is a clearly 

15 understandable variant or supplement to that definition 

16 which will give you an unambiguous definition of what the 

17 other versions of availability were.  

18 MR. MAYS: That is what we are working on. We had 

19 a meeting with them just this past month to go over that 

20 information. The NRC came down with a proposal on what 

21 unavailability meant and what raw data would be necessary to 

22 get that. The issues come about, I think, less from the 

23 definition of what unavailability is than they come about 

24 from the specific uses for unavailability.  

25 Let me give you an example. In the WANO 
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1 indicator, if I have three HPI pumps but I only have to have 

2 two to satisfy my FSAR, then their indicator of 

3 unavailability for that system says that since you are not 

4 required to have it for the FSAR, any unavailability you 

5 have on that third pump doesn't count because it's not 

6 needed. So you only have to have unavailability reported in 

7 the WANO indicator if you have one out and another one out.  

8 MR. SEALE: It's only when you begin to eat into 

9 tech spec requirements.  

10 MR. MAYS: Eat into the tech spec requirements.  

11 That unavailability, reported that way, is completely 

12 useless to PRA applications. So the issues tend to be more 

13 along the lines of what are the specific little features 

14 about what hours I will and won't count towards my 

15 unavailability indicator than they are about the question of 

16 what is unavailable.  

17 MR. SEALE: I appreciate that.  

18 MR. MAYS: There are some issues with respect to 

19 that that we are still working on with INPO, but that is 

20 what where we are trying to go.  

21 MR. APOSTOLAKIS: I also have a related comment.  

22 You made a very valid point. This is a distinction between 

23 the unavailability of a system and the unavailability of an 

24 individual component, right? 

25 MR. MAYS: That too.  
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1 MR. APOSTOLAKIS: Another point which is related 

2 is the accurate use of terminology. We have used the word 

3 "unavailability" about ten times in the last five minutes.  

4 Yet the series of reports talk about reliability analysis of 

5 this system and that system. When you look inside the 

6 report, you realize that one is the availability and the 

7 other is the reliability for a particular plant.  

8 We had similar confusion when we were doing the 

9 review of the maintenance rule update. There was utter 

10 confusion as to what the definition of unavailability was.  

11 There was a Mickey Mouse definition in an appendix of some 

12 document. I wrote two or three pages that nobody read.  

13 Can we agree on a certain set of definitions and 

14 maybe from now on when we say availability this is what we 

15 mean.  

16 I notice when talking to people in the industry 

17 that when they say reliability many times they mean the 

18 availability. In the PRA context, of course, they are two 

19 different things.  

20 Maybe we can start with this to promote a more 

21 accurate phenomenon.  

22 MR. BARANOWSKY: We tried that, George. In fact 

23 we took maybe the ACRS -- and it might have been yours -

24 your definition of availability. The problem was one of the 

25 things, if I recall, was the amount of hours something is 
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1 required to perform its function.  

2 The business of "required" is the problem.  

3 Required to tech specs or required for risk analysis? You 

4 get two different numbers. That is exactly what is going 

5 on. Or required for maintenance rule? So you had this 

6 "required" business being two or three different definitions 

7 and thus they are collecting information two or three 

8 different ways.  

9 MR. APOSTOLAKIS: I agree, Pat. In fact the point 

10 you just made reinforces my thinking. I really think we 

11 need a document that explains this. There is a conceptual 

12 mathematical definition of availability, unavailability, 

13 reliability, and then there are questions as to how that 

14 concept is to be estimated from data. I think both you and 

15 Steve really refer to that, that some people interpret the 

16 hours from the regulatory perspective, others from this.  

17 Steve mentioned the example of the two out of three system.  

18 So let's not confuse the two. I think a white 

19 paper explaining clearly what these things mean would be 

20 very valuable to everyone. I noticed when Mr. Papangelo was 

21 here he also said help us. What exactly do you mean? I was 

22 talking to an INPO engineer a couple years ago and he was 

23 adamant that the reliability was the probability of the 

24 component being there on demand. I thought, well, that's 

25 availability. He said, no, that's reliability. That's what 
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1 we are calling it in the industry.  

2 MR. MAYS: I agree. We have some loose 

3 terminology in the business and that is complicating our 

4 work.  

5 MR. APOSTOLAKIS: I urge you to maybe put some 

6 work to that and maybe list in the white paper the issues 

7 that you two gentlemen just raised, that there are different 

8 ways of interpreting it. That would be a nice conference 

9 paper, by the way.  

10 MR. BARANOWSKY: Is that right? 

11 MR. APOSTOLAKIS: Yes.  

12 MR. MAYS: As usual, we have one of the things 

13 that happens when we start talking about these things. We 

14 have talked before about the old Jerry Fussell comment about 

15 the hiring of a PRA engineer: did you have a number in 

16 mind? I think what happens is when you start trying to pin 

17 down these definitions in certain arenas people are looking 

18 for a definition that gets them the number they had in mind.  

19 MR. APOSTOLAKIS: If you publish that white paper, 

20 I think you are going to really lay the foundation for a 

21 simple system framework.  

22 MR. MAYS: When we went down and talked to the 

23 folks at EPIX we raised these issues about the thing and we 

24 came to a pretty good agreement with the group that was 

25 working on the problem at INPO, that what we needed to do is 
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gather data in the broadest sense of the way that would 

allow us to take and dissect that into pieces. If, for 

example, you wanted to use the realignment back to the 

normal thing as your count for your unavailability hours for 

something but you still hadn't tested to verify that it was 

going to be capable to do that after your maintenance, the 

people would have the availability to choose which one of 

those was the one they needed for their particular 

application. That is what we are concentrating on in that 

area right now.  

MR. APOSTOLAKIS: I think the main issue is how to 

use it in collecting data.  

MR. HAMZEHEE: I am Hossein Hamzehee in the 

Reliability Branch. I think the major problem as far as I 

remember that industry had with this was the fact that when 

the maintenance rule was formalized there was a given 

definition that industry had to adopt, perform the 

maintenance rule and collect data for the NRC. Then other 

definitions have come along and the utilities are having 

problems. They have so many different definitions of 

availability, they want to stick to the maintenance rule.  

Now we are trying to come up with something that is close to 

the maintenance rule but also has some other applications 

that could support PRA and significance, their mission 

process and the new reactor oversight process.  
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1 MR. APOSTOLAKIS: Again, what you just said makes 

2 me feel even more strongly that we need this white paper.  

3 MR. SEALE: You want to be limited by the 

4 intellect of the people who are doing the job, not by the 

5 terminology you are using to define the process.  

6 MR. APOSTOLAKIS: That is correct. What you said 

7 is very true.  

8 Go ahead.  

9 MR. MAYS: We just about covered that slide. I 

10 want to go to the EPIX program description. I am going to 

11 talk about EPIX with respect to the information for 

12 reliability and availability data and information primarily.  

13 There are four different categories of types of 

14 data that are provided in EPIX, and it has to do with the 

15 nature of the components that are in there.  

16 There are components that belong to the SSPI 

17 systems, components that belong to the risk-significant 

18 maintenance rule applications, those that belong that are in 

19 the non-risk-significant maintenance rule area, and then 

20 further components which aren't in the maintenance rule 

21 scope at all but are ones that the industry wants to keep 

22 information on because they are components that upon failure 

23 cause loss of generation of power. That is an economic 

24 consideration for them.  

25 The data that is provided in EPIX varies depending 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034



28

1 on which category it is.  

2 MR. BONACA: What is the source of the LERs? 

3 MR. MAYS: There is an EPIX manual and guidance 

4 out to the industry that says report this information in 

5 this format, and they have a Web site where the stuff comes 

6 in. It is fairly well automated. The plant people put the 

7 information together and it is transmitted to the Web site 

8 at INPO. They do a few data checks on it, and then it is 

9 available.  

10 MR. BONACA: How complete is this? For the other 

11 source which you are discussing, which is the SCSS, you have 

12 LERs, and LERs have to be written. Does this information 

13 have to be written every time? Is there an agreement 

14 between the industry and INPO to collect this information? 

15 MR. MAYS: Yes, there is. There is a 

16 specifications document that tells what kind of information 

17 has to be captured and what kind of information has to be 

18 put in there and how you are supposed to report it.  

19 MR. BARANOWSKY: This is a voluntary activity, and 

20 there is some concern, especially on the NRR management side 

21 of the house, as to whether or not this will be sufficiently 

22 supported to be used in the regulatory process. We had the 

23 same problem with NPRDS, if you will recall.  

24 MR. BONACA: That was my question. The question 

25 is how accurate is the base if you don't have a complete 
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1 report.  

2 MR. BARANOWSKY: It's not there yet. I don't know 

3 how good it is at this point, but I know it has some 

4 problems. We are hoping those are just growing pains 

5 because it is only about a year or so old.  

6 MR. SEALE: Clearly some might fulfill more than 

7 one of these requirements. That is, it might be with SSPI 

8 systems but also cause a significant loss of generation of 

9 power. So they fit in more than one pocket. Is there any 

10 kind of awareness of that that is preserved in the 

11 individual records? 

12 MR. MAYS: Yes, because each failure record that 

13 goes into the thing has a characteristic in the EPIX 

14 database that indicates what its impact was. So those are 

15 kept track of that way so they will be able to do their 

16 sorts and their reports on them that way.  

17 With respect to data that is in the EPIX database, 

18 the basic information is the device record which gives 

19 information about the type, the manufacturer, the 

20 specifications of the device. This is similar information 

21 that used to be in the application coded NPRDS type data 

22 records. Those are required for the SSPI and the risk and 

23 significant systems from the maintenance rule.  

24 For the other cases they are not required to have 

25 a device record for all those devices at the plant, but any 
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time they have a failure that relates to those they put a 

device record in, and then it becomes tracked after that.  

The failure records are required when failures 

occur in any of these cases. So there is a failure record 

that talks about its cause, what the subcomponents were.  

That information is available in EPIX.  

With respect to reliability information, the SSPI 

data has estimated test demands and operating hours. It has 

a quarterly report of the test demands and operating hours 

that is required. That is the information we are getting on 

the SSPI level systems and components.  

For the maintenance rule risk-significant systems, 

which are not in the SSPI, those reports are optional. A 

required report is that the total estimated number of 

demands and operating hours is provided.  

So that is the basis of the data that we are going 

to have to take and use to be able to do our calculations of 

risk-informed activities. We are working with them to 

improve that stuff, which is what I want to talk about on 

the next slide.  

What we have asked them to do and the group that 

we have been working with has tentatively agreed to is to 

characterize the demands by the non-test demands, the actual 

or spurious demands that really make a system work like it 

was designed to function, the total number of test demands,
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1 and the test demands that simulate ESFs.  

2 The purpose of this is to be able to sort the data 

3 to know which data we can combine for appropriate purposes 

4 in reliability and risk assessment and those kinds of 

5 activities that we wouldn't be able to get otherwise.  

6 The other thing we have asked them to report which 

7 they are not reporting now is to report the planned 

8 unavailability of components. Currently, if a component 

9 breaks, they have unavailability from the time it breaks 

10 until the time they fixed it. They also give us information 

11 about false exposure time.  

12 What they don't is tell us when they go in there 

13 and take it out of service for 8 hours or a day to do 

14 maintenance on it on a scheduled routine maintenance or some 

15 other reason. So we are going to be asking them to provide 

16 us that information. The group has tentatively agreed to do 

17 that.  

18 We have also asked them to consider additional 

19 high risk-significant systems and key components of those 

20 systems for inclusion in the level of detail that is 

21 typically what you have of the SSPI components now. So we 

22 are asking them to expand the number of components that 

23 would be in that set that we are getting more data. These 

24 are the systems that have asked to be put in. The group 

25 that is working with us had tentatively agreed to add those 
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1 as well.  

2 The next couple of slides talk about EPIX system 

3 uses and users of the data. There are regulatory 

4 applications on the left side, the specific uses listed in 

5 the middle, and the NRC branches that would be performing 

6 those particular activities are listed on the side. That 

7 you will see also in that letter we transmitted for the 

8 system update studies. We are trying to lay these things 

9 out in that way to make it more integrated into the process.  

10 What has been going on with EPIX is that they 

11 began collecting data for this in 1997. We received their 

12 first set of complete -

13 MR. APOSTOLAKIS: Let me understand something.  

14 In the previous slide, what is the purpose? You are not 

15 going to use only EPIX data in your risk-based performance 

16 indicator.  

17 MR. MAYS: No. This is not only EPIX data, but 

18 this where the EPIX data will fit into that regulatory 

19 application. It is not meant to say this is the entirety of 

20 what that application will involve.  

21 MR. APOSTOLAKIS: But this slide could equally 

22 well be under the caption that says "NRC uses of data." Is 

23 that true? 

24 MR. MAYS: True.  

25 MR. APOSTOLAKIS: There is nothing unique about 
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1 EPIX.  

2 MR. BARANOWSKY: The point is that we went and 

3 looked at all these uses to try and come up with the EPIX 

4 specification.  

5 MR. APOSTOLAKIS: That is different.  

6 MR. BARANOWSKY: We didn't want to have 

7 specifications that were just anything you could ever 

8 possibly think of. We said what are the uses and what do 

9 those users actually need? We went and talked to every 

10 single branch and we got individuals from each branch to be 

11 on the users group, and then we sent the spec to the branch 

12 and asked the branch chief to concur in it. That is the way 

13 we set this up, so it wasn't one of these piles of data that 

14 anybody could possibly want to use deals.  

15 MR. APOSTOLAKIS: That makes sense to me. For a 

16 moment I thought this meant something else.  

17 MR. SEALE: I think there is a point here too, and 

18 that is that the people who are doing this have to be sold 

19 on the fact that it's not just a collection of a pile of 

20 data, that in fact it has had an impact, there are people 

21 using it, and that's the people in the utilities and INPO 

22 that are doing the EPIX system. It's a raison d'etre for 

23 their activities in support of this program.  

24 MR. APOSTOLAKIS: So at the end of the day we will 

25 understand the difference between the accidence sequence 
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precursor program and the SPAR? 

MR. MAYS: Yes, you should know that by the end of 

the day.  

MR. APOSTOLAKIS: I thought you, were going to say 

you should know that by now.  

[Laughter.] 

MR. SEALE: You are a quick study, George.  

MR. MAYS: I have to make a correction. There are 

occasions when I do have a hidden agenda.  

INPO gave us their first complete set of EPIX data 

in March of 1999.  

I talked earlier about the working group changing 

the mission statement for EPIX. We have had meetings with 

the subcommittee since July.  

What is going to be happening next is EPIX is 

proposing to send the revisions based on this information to 

their executive points of contact to get their buy-in. They 

are going to talk about purposes, how much scope this is 

going to be, how much burden they think it is going to be 

industry to provide this, and tell them what they want to be 

doing. So we will get buy-in from the industry that says 

this is what we want to do and that they are willing to do 

that.  

There are two releases of new versions of EPIX 

coming out. The first release, 3.1, is going to be designed
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to collect the data. EPIX version 4.0 is going to be the 

one that is designed to have the modules in it to take that 

data and do all the various different calculational things 

so people won't have to continue collecting data five 

different ways at the plant.  

That is all I had on the EPIX system.  

The next presentation we are going to talk about 

is the reliability and availability data system. Dr.  

Rasmuson from my staff, who is charge of putting this 

together, will be here to talk. I think we can go through 

this one fairly quickly. If you want to take a break after 

that, it is natural place to stop.  

MR. RASMUSON: I am Dale Rasmuson. I am the 

technical monitor for the reliability and availability data 

system. This is a system whose purpose is to calculate 

reliability parameters. To do that, you have got to have 

some data. Part of that is that we have a database that is 

associated with it.  

The input to the database is mainly information 

from the EPIX system. I will talk a little bit about that 

as we go along, some of the things that I found with EPIX, 

and so forth.  

MR. APOSTOLAKIS: Not from the SCSS? 

MR. RASMUSON: SCSS but primarily from EPIX. We 

can take information from any source and put it together.  
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1 Right now we are working with the EPIX data. We will also 

2 take information from the SCSS on the actual demands. Those 

3 are the primary sources of the data.  

4 We calculate the probability of failure on demand.  

5 We will estimate the failure rates for operating components.  

6 We will have in it the maintenance out of service 

7 unavailability.  

8 When you are talking about unavailability, George, 

9 I think it's important to put adjectives in front of those 

10 things. A lot of times when we are using the word 

11 "unavailability" we think of it more in terms of maintenance 

12 or out of service.  

13 MR. APOSTOLAKIS: There is a distinction.  

14 MR. RASMUSON: Right. I think sometimes if we put 

15 the adjective in front of it, it really helps.  

16 MR. APOSTOLAKIS: Maybe I should give you a copy 

17 of that letter.  

18 MR. RASMUSON: The other thing that we do is we 

19 can calculate trends in time to see whether the yearly or 

20 the quarterly failure rates or demand probabilities are 

21 decreasing or increasing or staying steady.  

22 The options. We are able to go in and select the 

23 system, the component, the failure modes, and that which you 

24 would expect in a database.  

25 We can estimate the plant-specific failure rates, 
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1 and so forth.  

2 Then we have the output reports that are output.  

3 When we get this really moving and implemented, as 

4 we update the database we will run a set of standard 

5 analyses which will be put on the internal NRC web so that 

6 these will be available to the whole staff.  

7 RAIDS is not designed to be available to just 

8 everyone. It takes some little bit of training and 

9 understanding of things to really get in and understand the 

10 analyses and make sure you know how to do those.  

11 MR. APOSTOLAKIS: Are these analyses going to be 

12 available to the industry at large? 

13 MR. RASMUSON: In fact, industry is talking about 

14 taking RADS itself and making it their calculational module 

15 for EPIX. That is in the talking stages. Right now INPO is 

16 busy working on the input data, all these changes and things 

17 that have been coming along the line, trying to get that 

18 into shape.  

19 We have standard statistical methods and Bayesian 

20 methods and we have empirical Bayes methods. These are the 

21 standard methods that have been used in our system studies.  

22 So we have just implemented these in RADS. We tested the 

23 homogeneity of data and things like that.  

24 MR. APOSTOLAKIS: I really wonder why you do the 

25 classical statistical method, unless you have to keep your 
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statisticians happy.  

MR. RASMUSON: There are some people that look at 

that.  

MR. APOSTOLAKIS: That's all right. I agree.  

MR. RASMUSON: The next couple of slides give you 

an idea of the systems that we were doing.  

When EPIX started INPO just basically threw out 

NPRDS and started from scratch. They didn't take a lot of 

the structure and the names and a lot of the guidance they 

had. They just said to the utilities, okay, enter data. So 

they started entering data and so forth.  

It was fine for the utilities and what they were 

going to do, but when we got the data and we started to say, 

well, I wanted to look at an auxiliary feedwater pump, I 

found that I literally had to almost go through and manually 

select each of the devices. There was no guidance or no 

commonality in giving of names or anything in that regard.  

That is one of the weaknesses right now where they didn't 

transfer what they really knew from NPRDS over to the 

development of EPIX.  

When I tried to identify these components, it 

says, well, use this name here. When you see an asterisk in 

front of these names, these were the names of application 

coded components in NPRDS. There is a lot of guidance given 

for those. I dumped out all these things. I'd do a search
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in pumps and some of these names in the system and they 

would get dumped out.  

You would find, like in the auxiliary feedwater 

system, we would have a component with three names. One 

would be auxiliary feedwater pump with an asterisk in front 

of it. Another one would be the auxiliary/emergency 

feedwater turbine driven pump. Then you would have the 

utilities identify. I have no problem with that.  

But then there were some down here where you would 

only have like the east train auxiliary feedwater motor 

driven. That was the plant-specific name, but there was no 

way for me to easily identify that.  

So EPIX started out with a lot of problems and 

they have been moving along and they are doing a lot better 

in this regard.  

So these slides here are the systems and the 

components that we have initially identified to load. You 

can look at them in your leisure. There is no need in going 

over all of those.  

MR. BARANOWSKY: In essence, what Dale is 

identifying is the population groups that we can calculate 

parameters for. As he says, if we can't differentiate among 

the populations, then we have to by brute force figure out 

what records go in and don't go into a population, which is 

way too time-consuming.
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MR. RASMUSON: Yes. That comes out of your 

empirical Bayes analysis.  

Slide 9. We received a sample set of EPIX data in 

September of 1998.  

We received our first full set in May of 1999, and 

I described some of the problems that we had with that. A 

lot of the demand data was not complete. We find a lot of 

different things.  

For the SSPI systems, we find that is very 

complete. In some of their categories they have what they 

call "estimated" and "observed. If you look at the SSPI 

systems, almost everything in that is observed. It is
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MR. RASMUSON: When we did our first real load of 

the data I literally had to go through and give Idaho the 

device numbers. I literally dumped stuff out into 

spreadsheets and went through and sorted and said, all 

right, load these device numbers.  

MR. APOSTOLAKIS: You say on slide 3 that for RADS 

you are estimating plant-specific quantities. That means 

that for D.C. Cook you are going to have unavailability of 

auxiliary feedwater pumps? 

MR. RASMUSON: Right.  

MR. APOSTOLAKIS: Is there also an effort to have 

a generic distribution that reflects plant to plant 

variability?
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1 reported on a quarterly basis and it is very good data.  

2 Some of the others we have, where it is estimated 

3 we get tests and non-tests. Sometimes they give us by that; 

4 sometimes they give us total. You may dump out all the 

5 demands there and you look and you say, well, 90 percent of 

6 the plants reported this way, and you always have these few 

7 outliers that reported in different ways. So we have these 

8 type of problems that we are still working with to help get 

9 it so that it is better.  

10 We updated a set of data in August. We used that 

11 in our beta testing. It went through beta testing here at 

12 the agency.  

13 We received a November set of data, and we are in 

14 the process now of loading that data into RADS and making 

15 our final modifications from our beta test.  

16 We expect to receive data on a quarterly basis.  

17 We will update the data on our server here at the NRC.  

18 Because the data is proprietary, it is not available to the 

19 public.  

20 This next year we plan to add additional 

21 capabilities to RADS. We are going to add our initiating 

22 event data. Because the algorithms are there, all you have 

23 to do is just add the data. So from the initiating event 

24 studies that we have done we will load that data in there so 

25 RADS can become a tool for use in calculating frequencies 
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1 for those.  

2 MR. APOSTOLAKIS: If a graduate student somewhere 

3 wants to use plant-specific uncertainty distributions, he 

4 doesn't have access to them.  

5 MR. RASMUSON: He really does not have access to 

6 them. That's right.  

7 MR. BARANOWSKY: But we are going to make certain 

8 aspects of the reliability and availability parameters 

9 available. That we can do. What we can't make available is 

10 the raw data in EPIX.  

11 MR. APOSTOLAKIS: That's why I referred to the 

12 distributions.  

13 MR. BARANOWSKY: I think the distributions will 

14 probably be available.  

15 MR. RASMUSON: We have to work that out with INPO 

16 as we go along.  

17 MR. APOSTOLAKIS: On a plant-specific basis? 

18 MR. BARANOWSKY: Plant-specific failure rates and 

19 distribution.  

20 MR. APOSTOLAKIS: That would be extremely 

21 valuable.  

22 MR. BARANOWSKY: Yes, and they can be updated 

23 almost quarterly just by pushing a button.  

24 MR. BONACA: Clearly you are taking raw data 

25 mostly from EPIX. Then you are calculating a number of 
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1 parameters here. You are feeding them back to the industry.  

2 It is important for the plants to know what conclusions you 

3 are drawing.  

4 MR. RASMUSON: Right. The industry will have 

5 access to this data, yes.  

6 MR. BONACA: I think more than access. You are 

7 going to draw conclusions. You are taking data and you are 

8 pulling out certain functions from that. So I imagine there 

9 should be feedback to the power plant so they can say, yes, 

10 we agree or disagree because. It is also a way to refine 

11 the database.  

12 MR. BARANOWSKY: We have to do that. What we want 

13 to do is end up with the power plant and us using the exact 

14 same failure rate and distribution. We don't want any 

15 arguments about that. Let's argue about philosophy, policy 

16 and all that other stuff but not about the fundamentals of 

17 how to calculate reliability.  

18 MR. BONACA: No, I don't mean that. You said 

19 before the information in EPIX is voluntary.  

20 MR. BARANOWSKY: Yes.  

21 MR. BONACA: There may be only some information 

22 that comes in. You draw conclusions from it and you are 

23 putting it to various functions that you are using to make 

24 judgments. I think one way to change the system from 

25 voluntary to almost mandatory is to give it right to the 
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utility. If there is something that is not correct, they 

are going to tell you.  

MR. MAYS: That's correct. We have two things on 

that. One, we do that with all of our analysis of things 

that we put out anyway. We send them out for comment and 

review to get that.  

Secondly, in our memorandum of agreement with INPO 

for getting EPIX and other data we have a requirement in 

there that if we are using that information as the basis for 

a regulatory decision, then we have to share it with them 

first so they have the opportunity to comment on that stuff.  

So that is already a required part of our memorandum of 

agreement with INPO on using this kind of data.  

MR. BARANOWSKY: We would do that by agreement and 

just because it is the right thing to do.  

MR. BONACA: It is the right thing to do, but it 

will really encourage the operators to send you the 

information in a complete fashion because they don't want to 

be misrepresented by what you calculate.  

MR. APOSTOLAKIS: We will recess until 9:50.  

[Recess.] 

MR. APOSTOLAKIS: We are back on the record.  

MR. MAYS: We are next going to talk about 

reliability studies that we have done and recent updates 

that we have done and that the ACRS has either seen drafts
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of or hasn't had a chance to see and comment on before.  

The first slide that we have here is the picture 

that we showed earlier.  

The two things that we are going to talk about 

today are recent things associated with system reliability 

studies and the component reliability studies. The first 

ones were issued as a draft a couple months ago and the 

second one got signed out yesterday. So we will share with 

you the results of those things.  

Since some of the members here have not been 

around since we came down and originally talked about this, 

we are going to talk about our purpose and objectives, what 

methods we are using to do this stuff, what the uses and 

users are in a similar vein to what you saw on the EPIX 

slide, and the recent results that we had.  

Mainly we are going to be talking about the update 

studies for RCIC, HPCI and HPCS, the HPI study, 

Westinghouse, and the two component studies that have been 

recently produced.  

This is a slide that the ACRS has seen before.  

For those of you who hadn't been here when we did that, we 

put that up.  

We are trying to get the reliability estimates and 

the engineering insights for risk-important systems and 

components and feed that information into the regulatory
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1 process.  

2 We do that by taking actual demands and failures 

3 and unavailability information to estimate that stuff.  

4 We trend them, quantify the uncertainties 

5 associated with those estimates. We take a look at what the 

6 PRAs and IPEs are telling us, and we identify engineering 

7 insights and plant-specific differences.  

8 The approach we are doing in this is to identify 

9 the system or component boundaries, look at the information.  

10 Primarily in the system studies this has come out of the LER 

11 information.  

12 Characterize it with respect to the nature of the 

13 failures or information that was provided so we can 

14 distinguish between technical inoperabilities, 

15 inoperabilities that really do fail the system or component, 

16 and most critical, those cases for which we can count both 

17 the numerator and denominator, because that is what you have 

18 to have to get a representative sample to do your analysis 

19 correctly. So we have work to do in characterizing the data 

20 to do that.  

21 Then we use Bayesian techniques to update that 

22 information and determine the variability among the plants 

23 an whether there are plant-specific differences and 

24 calculate plant-specific values where appropriate.  

25 For the system studies we use simple fault trees 
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that are organized along the lines of pump trains failing to 

start, failing to run, valve trains not operating. That is 

a fairly simple fault tree level to do that. We do that 

because that is basically the level to which we get data.  

We don't go into the motor versus the pump versus the 

breaker, because that is not the level of information we are 

getting data on.  

MR. APOSTOLAKIS: You don't get data on the system 

itself? 

MR. MAYS: If we can, we will. What we have seen 

in most of the cases is that system level failure data is 

pretty rare. So you are basically taking no failures in a 

few hundred demands, and you can make a Bayesian estimate 

for that interval at that level, but we find that we get 

more complete information if we break that down into pieces 

that represent the system where we have data at that level, 

and we get a more complete picture.  

MR. APOSTOLAKIS: Then what you are doing is what 

a good PRA would do. If I were to do an analysis of an HPI, 

I would collect data on the component and then do my fault 

tree analysis.  

MR. BARANOWSKY: Except for the fact that we are 

being very limited in the use of actual ESF actuations. As 

opposed to taking all the data we can find on a circuit 

breaker or a diode or whatever and constructing a detailed
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1 fault tree to figure out whether this pump will actuate or 

2 not, we are just saying we don't care about all that very 

3 low level information; all we want to know is how many times 

4 did it receive an actuation signal and how many times did it 

5 work or not work, and that's it.  

6 It is the most direct data we can get. Primarily 

7 like a train level, I guess you would say. So it is a 

8 little bit more high level than almost all the PRAs.  

9 MR. APOSTOLAKIS: For example, one issue that 

10 comes to mind is if you have a standby system and you do 

11 periodic tests, there is a probability for human error. How 

12 do you handle that? Do you put that probability in your 

13 fault tree? 

14 MR. MAYS: I see your point. I wasn't clear 

15 enough. In general PRA, when you are doing that you are 

16 making a fault tree to say what are all the ways this could 

17 fail to meet its function. Then you see if you have got 

18 data to quantify all those different pieces. We are doing a 

19 slightly different cut. We are saying let's go down and see 

20 what the data is at high level and quantify those at that 

21 level.  

22 For example, if the issue is a HPCI turbine 

23 failing to start because the steam emission valve was left 

24 in the wrong position, if there was an actual demand for 

25 HPCI to start and that valve was left in the wrong position, 
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1 it would be in the data. What we are not doing is going out 

2 and saying what is the probability for all plants or for 

3 this plant that somebody will leave that valve in the wrong 

4 position.  

5 That is the discrimination in the level of detail 

6 that we are looking at here. So it is covered to the extent 

7 that it occurs in the experience.  

8 MR. APOSTOLAKIS: Maybe the PRAs should start 

9 doing it that way.  

10 MR. MAYS: The real issue about how far you go 

11 down in level of detail is, I think, primarily one of where 

12 you have dependencies between things that would normally get 

13 ANDed. When you are doing a HPCI or system reliability 

14 study, you don't need to go down to that level of detail.  

15 If you are going to make a model for the sequence that says 

16 HPCI fails and RCIC fails and you need to know whether or 

17 not the power supplies are the same, then you have to go to 

18 a greater level of detail to do that kind of a calculation.  

19 But we are at a higher level in doing that.  

20 MR. SEALE: How do you guard yourself against the 

21 situation where before you do a test there is a 

22 pre-alignment that takes place in order to make sure you 

23 don't upset the plant? 

24 MR. MAYS: That is a good question. The way we 

25 look at that is the following.  
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1 First off, we are primarily using actual unplanned 

2 demands as the primary source of the data in these system 

3 studies.  

4 In the component studies that are doing we are 

5 using test demands. We go back and segregate that 

6 population. We say, is there something from an engineering 

7 or statistical evaluation that says this data set is 

8 different from the other.  

9 Typically, if you are having a pre-initiation, 

10 make sure it works before you test it kind of thing, what 

11 you will find is that the failure rates an the failure 

12 probabilities will be dramatically different there than they 

13 would be in the other one. So we do that kind of test 

14 before we make a decision on whether or not to combine those 

15 sets of data.  

16 We look at it from both a statistical point of 

17 view as well as our understanding of the engineering of 

18 those things. We will call people up if we think there is a 

19 problem and say, do you guys pre-warm this thing or pre-lube 

20 this? We will find out, and we will call the resident up 

21 and say, do they do that? He'll go, well, no. Okay.  

22 That is part of what we do in trying to evaluate 

23 what is the right combination of data to put together.  

24 It is one of the reasons why we had to have things 

25 broken out separately in EPIX about tests and demands, so 
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1 that we could make that test and see whether or not there 

2 was a difference in performance.  

3 MR. BARANOWSKY: What we don't want to do, by the 

4 way, is tell people to do things different to make their 

5 equipment reliable just so they can get good data. What we 

6 would rather do is treat the information correctly in 

7 analysis.  

8 There was some issue one time about whether they 

9 should do almost destructive testing on HPCI systems to get 

10 valid data. I said, wait a minute. That doesn't make any 

11 sense. We are not trying to say that is the purpose of 

12 this. What we are saying is just describe accurately what 

13 the data is an then through the models we will account for 

14 it correctly.  

15 MR. MAYS: That same issue came up on cold fast 

16 starts of diesel generators years ago.  

17 The next couple of slides are similar to the ones 

18 you saw before when we talked about reliability studies, 

19 uses and users, what activities we are doing, where those 

20 would be used in different groups and branches.  

21 I don't think there is a need to go over that in 

22 much detail, but that is just kind of the process we have 

23 been using when we go and talk to industry and other people 

24 about why are you doing this stuff and why do you need what 

25 data you need. This kind of gives them the road map to see 
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1 where those things get used.  

2 The last piece that I am going to talk about right 

3 now is a little summary of the previous things that we had 

4 seen and shown the ACRS.  

5 This is a slide we put together. As my pilot 

6 friends would say, it is a target-rich environment. It has 

7 a lot of information about what we have done, but I think 

8 it's a pretty good summary. You can see the systems and 

9 studies that we have done, the unreliability that we have 

10 calculated -

11 MR. APOSTOLAKIS: The unavailability.  

12 MR. MAYS: That's exactly the problem. You're 

13 correct.  

14 MR. APOSTOLAKIS: What does it mean? This is the 

15 probability that what happens? 

16 MR. MAYS: This is the probability that the 

17 particular train or system or component will not perform its 

18 safety function when required over its mission time. This 

19 takes into account it wasn't available at the time the 

20 demand occurred.  

21 MR. APOSTOLAKIS: Okay.  

22 MR. BARANOWSKY: It's availability and reliability 

23 for the mission.  

24 MR. MAYS: And it takes into account the 

25 probability it would fail on demand and it takes into 
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1 account the probability it would fail before it was needed.  

2 MR. APOSTOLAKIS: So it's a combination of both.  

3 MR. BARANOWSKY: Right. I think I am agreeing 

4 with you more and more about this white paper.  

5 MR. UHRIG: Is that a per-unit time number? 

6 MR. MAYS: It's per demand.  

7 MR. UHRIG: Without reference to how many demands 

8 there might be per year or per lifetime of the plant? 

9 MR. MAYS: It's on a per-demand basis. So we 

10 calculate based on how many demands existed and how many 

11 failures there were and what the probability of failure was 

12 per demand.  

13 MR. SEALE: One out of 14 times it doesn't work.  

14 MR. MAYS: The point you are making is, well, how 

15 often do you demand it? How often you demand it is the 

16 other piece of the risk equation. What you see on here is 

17 we have also given you an indication in a simple arrow 

18 format here of what the unplanned demand rate and trend has 

19 been.  

20 The specifics of what the values are in the 

21 reports, but what you can see is that for everything except 

22 the isolation condenser, which doesn't get a lot of demands 

23 and there aren't very many of them around, all of our 

24 studies have shown significantly decreasing demand frequency 

25 for these systems to be called to do their jobs.  
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1 MR. APOSTOLAKIS: What misled me a little bit is 

2 the third column, which implies that it is only the demands 

3 that count. It is really the demands plus the operational 

4 time. I don't know what kind of column you need there to 

5 indicate that, but there was a period of time when the 

6 system was supposed to work and it actually didn't work. If 

7 I see only demands, then my mind goes to unavailability.  

8 There is no obvious way of stating it, but it is 

9 something to think about. That is when you come back to 

10 part of your point: Is it a regulatory requirement of 

11 operating for so long or the actual time? 

12 MR. BARANOWSKY: This is really mission 

13 unreliability. Maybe that is what we should call it.  

14 MR. APOSTOLAKIS: That's right.  

15 Now 0.07 is kind of high, isn't it? 

16 MR. UHRIG: That is what was bugging me too.  

17 MR. APOSTOLAKIS: It says PRAs report three times 

18 lower numbers. That would be 0.02.  

19 MR. MAYS: That's right.  

20 MR. APOSTOLAKIS: What are your uncertainty bounds 

21 here? 

22 MR. MAYS: I don't have those in this particular 

23 slide because we are trying to convey a lot of general 

24 information, but that information is in the report. I think 

25 we may have that in here.  
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MR. APOSTOLAKIS: I am wondering whether the PRA 

uncertainty bounds is broader.  

MR. MAYS: The answer is you will see in the 

results summaries the uncertainty we associated with our 

calculation. Where we were able to get information out of 

the PRA about their failure probabilities and uncertainties 

we plotted those together. So you can see how much overlap 

there is, how much they are not, and where the areas are 

where there are differences.  

What we found in different system studies is 

sometimes the operating experience indicates the PRA 

information is optimistic and sometimes we find that the PRA 

information is pessimistic. We think our job here is to say 

what does the operating experience say.  

Another key point is that we have been comparing 

information in these studies so far to what was in the IPE 

submittals. The IPE submittals are a bit old and people may 

have updated that information, and so it is not exactly 

clear how much those reflect the current risk evaluations 

that we would be doing now and might be using in the 

regulatory process.  

We did this merely to be able to show where 

generally those things were falling with respect to the IPEs 

versus what we were seeing in these, and we may not even be 

doing that in the future, because we don't have direct 
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1 access to all the PRAs that exist out there anymore. Plants 

2 have updated their IPEs, and they are not required to share 

3 that with us unless they have a particular application where 

4 they put it on the docket.  

5 So it had value to make those kinds of comparisons 

6 when we were first starting out this study process. It may 

7 not have the same value and we may end up dropping that in 

8 the future as part of the analysis results.  

9 MR. APOSTOLAKIS: One of the issues that is 

10 important here is plant-to-plant variability. As you 

11 probably know, this committee issued a letter several months 

12 ago, or a year perhaps, urging the oversight process to use 

13 plant-specific indicators rather than generic. Your work 

14 will be very valuable in deciding that.  

15 You have concluded that for the BWR systems there 

16 isn't really significant plant-to-plant variability in their 

17 HPCI and so on, but for the HPI there is a slight difference 

18 between the slide and the report. You say there is some 

19 variability among HPI designs. Yet in the report you make a 

20 big deal out of it. You consider six different 

21 configurations and you say the results differ by a factor of 

22 50. That is stronger than what you have in the slide.  

23 That is something that is very valuable, in my 

24 view. I think you should make a big deal out of it. In 

25 other words, in your presentations maybe you need another 
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column or another transparency where you address this issue.  

There are certain advantages to using generic 

indicators, although I would question whether they are 

generic. If you come with this kind of analysis, then I 

would still say you are using plant-specific 

unavailabilities, but they happen to be the same because 

that is what the analysis showed.  

In the case of the high pressure safety injection, 

I think the report is very clear that there are different 

designs out there, different unavailabilities. So the 

oversight process has to take that into account.  

MR. MAYS: I think we are in agreement with that.  

We will see as part of the things when we get to the 

risk-based PIs what we are proposing to do is to make the 

indicators and their associated thresholds more plant 

specific.  

MR. APOSTOLAKIS: Speaking of language, for the 

diesels you say "failed to run." That is language that may 

confuse people. You mean failure while running.  

MR. BARANOWSKY: Correct.  

MR. APOSTOLAKIS: The white paper should clarify 

this. Failure to run may be also unavailability, but most 

people mean failure while running.  

MR. MAYS: Yes. What we mean is failures that 

occur after it successfully started. In this case we found 
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1 that the operating experience information indicated that the 

2 failure to run probabilities or failure rates that were 

3 being used in PRAs, especially those who had a 24-hour 

4 mission time, were causing an overestimate of the 

5 probability of failure due to the failure to run part of the 

6 mission than what we were seeing in the actual operating 

7 experience. If it comes out pessimistic, it's pessimistic; 

8 if it comes out optimistic, it's optimistic, and we just try 

9 and lay it out and say what it is and why it is.  

10 MR. APOSTOLAKIS: So there are no arrows pointing 

11 up there, which is good, right? 

12 MR. MAYS: Right.  

13 MR. APOSTOLAKIS: It is in general agreement with 

14 the perception that things are improving.  

15 Have you presented this to the Commissioners at 

16 any time? 

17 MR. MAYS: Presenting this? 

18 MR. APOSTOLAKIS: I mean these kinds of studies.  

19 Are the Commissioners aware of this? 

20 MR. MAYS: We haven't been to the Commission on 

21 this on any of our programs like this since probably 1995, 

22 although we did talk to them about this kind of information 

23 extensively through the reliability and availability data 

24 rule issues.  

25 MR. BARANOWSKY: It also was reported in the last 
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1 AEOD annual report. But now there is no AEOD anymore. So 

2 we are discussing with NRR what should be sort of the 

3 industry report card, if you will, on a generic basis to 

4 describe how things are going that the Commission and 

5 managers can point to, that is somewhat independent and 

6 objective in terms of describing trends.  

7 MR. APOSTOLAKIS: This is extremely valuable 

8 information in the effort to risk-inform Part 50. The staff 

9 now is struggling with how to handle defense in depth and 

10 all that stuff, and I understand the report this committee 

11 wrote on defense in depth is being used by the staff where 

12 you say you follow a pragmatic approach; things that you can 

13 quantify you handle a certain way; things you can't do 

14 invoke defense in depth.  

15 When we define things that we don't quantify, I 

16 think this kind of information would be extremely valuable.  

17 For example, this doesn't include fires. But I don't have 

18 to worry about the error we discussed earlier because that 

19 is in here. So I don't need defense in depth there.  

20 This would be extremely valuable. I think the 

21 Commission should know about this work.  

22 MR. SEALE: George, earlier the comment was made 

23 they don't expect us to write a letter.  

24 MR. APOSTOLAKIS: Maybe we should.  

25 MR. SEALE: Maybe we should.  
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1 At the time the reorganization took place and AEOD 

2 was vaporized, we expressed a concern to the Commissioners 

3 about the loss of the objectivity that was one of the 

4 hallmarks of the AEOD activity and the concern for 

5 integrating that into the user. There are adverse effects 

6 both from the NRR side and from the Research side for 

7 integrating those activities that were pulled apart and 

8 emplaced in those two places.  

9 So maybe it is appropriate that we sensitize them 

10 to the fact that they ought to go back and look now at what 

11 they have done.  

12 MR. APOSTOLAKIS: Maybe at the end of the day we 

13 can go around the table and see how the members feel. If we 

14 start writing a letter, will it be only praise? 

15 MR. MAYS: There is a first time for everything, 

16 George.  

17 [Laughter.] 

18 MR. MAYS: Since we have a lot of information to 

19 present as we go through this -

20 MR. APOSTOLAKIS: There is plenty of time today.  

21 MR. MAYS: I just wanted to make sure that we are 

22 mindful of that.  

23 The meeting we had yesterday with NRR, that was 

24 one of the issues that they were very concerned about, 

25 because they were trying to wrestle with how they were going 
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to be reporting information to the Commission and other 

people about what was going on. They were very interested 

in what we were doing. They said that that looked like 

something that might be useful to them. At least at a lower 

staff level up through division directors between the 

oversight folks in NRR and our division and Research there 

is that communication going on.  

MR. APOSTOLAKIS: I think a letter from us would 

also help a little bit.  

MR. BARANOWSKY: We don't have a forum to present 

this information other than just popping the reports out.  

MR. APOSTOLAKIS: Maybe we should write a letter.  

MR. SEALE: Yes.  

MR. MAYS: With that, we have several pieces that 

are going to be presented by people who have worked on this 

activity.  

MR. APOSTOLAKIS: People were talking about 

unavailability of safety systems on the order of 10 to the 

minus 3, 10 to the minus 5, as I remember, and you guys have 

demolished that. It would be on the order of 10 to the 

minus 2.  

MR. MAYS: The 10 to the minus 2's are for the 

single train systems. As you look down on your chart there, 

you will see that the AFW and HPI -

MR. APOSTOLAKIS: I'm sorry. These are single 
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1 trains.  

2 MR. MAYS: The first four up here are single train 

3 information. The ones for AFW, HPCI, RPS are multiple train 

4 systems, and you can see that.  

5 As a matter of fact, the GE RPS values that we 

6 calculated from our data and information actually ended up 

7 being lower than what most people were using, which was the 

8 old NUREG-0460 values or 3 10 to the minus 5 or 1 10 to the 

9 minus 5, depending on the case. In the case of the GE RPS 

10 we came out with lower information.  

11 In the Westinghouse RPS we came out with a little 

12 bit higher than what some other people are doing.  

13 So it changes and varies, depending on the 

14 particular system that we were looking at.  

15 MR. APOSTOLAKIS: That's important, Steve. I 

16 think you should put it in the slide someplace.  

17 MR. BONACA: Yes. This slide is somewhat 

18 confusing.  

19 MR. MAYS: It's right over here.  

20 MR. APOSTOLAKIS: What did you say? I'm sorry, 

21 Mario. Go ahead.  

22 MR. BONACA: When you talk HPI, that is high 

23 pressure injection for boilers? 

24 MR. MAYS: No. HPI is high pressure injection for 

25 PWRs. Since we had so many different trains and 
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1 configurations, that number is the arithmetic average of all 

2 of them. There is a range from the two train systems to the 

3 three train systems to the ones that were actually in fact 

4 four train systems.  

5 MR. BONACA: For the high pressure coolant 

6 injection in the first row, what is your system performance? 

7 MR. MAYS: That is the system performance for 

8 that. That is HPCI system failure to operate on demand.  

9 MR. BARANOWSKY: It's a single train system.  

10 MR. MAYS: Right.  

11 MR. SEALE: There have got to be some doozies in 

12 there if that is the arithmetic average.  

13 MR. BONACA: The reason is the valve cycles, 

14 right? 

15 MR. MAYS: The injection valve failure to open or 

16 injection valve failures associated with subsequent recycle 

17 was the dominant contributor in the HPCI study.  

18 MR. BONACA: That supports again the statement 

19 that George made before, that it's a high number.  

20 MR. SEALE: Yes. There are some doozies in there.  

21 MR. BONACA: If you compare it down to the HPI for 

22 PWRs, it is a huge difference.  

23 MR. BARANOWSKY: Some of the failure modes that we 

24 observed were not modeled in the IPEs or PRAs on some of 

25 these successive restarts of the systems or some of the 
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dependencies on the water sources and things like that. I 

don't know why. I'm just telling you we found failures that 

existed that weren't in the PRA models.  

MR. MAYS: There are a couple of key ones that I 

think were that way. The isolation condenser value was 

pretty consistent with what the PRAs had, but the PRAs said 

the reason isolation condensers failed was because the 

condensate return line valve wouldn't open. Well, all the 

failures we observed in the operating experience had nothing 

to do with the condensate return valve failing to open; they 

had everything to do with these things spuriously isolating 

on bogus signals once they were started up. So we found 

similar probability of failure but completely different 

causes.  

In the AFW system one of the dominant contributors 

was the fact that we did have events in the operating 

experience where the suction source to the CST failed. We 

had one event. In addition, when they shifted over to the 

alternate supply source of service water, it had zebra 

mussels in it, and it clogged up the flow control valve.  

So we found those kinds of common-cause failure 

experiences in the analysis, and they are incorporated in 

that information.  

MR. BONACA: The question I have is, given that 

you find these variations or assumptions, how much would 
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1 that affect the CDF that you have per those IPEs? Do you 

2 have any sense of that? 

3 MR. BARANOWSKY: I don't think it affects it too 

4 much. As Steve said, for some reason they are getting 

5 pretty much similar results.  

6 The thing that we find interesting is that we are 

7 taking insights from these IPEs to make decisions on 

8 inspections and other regulatory decisions which are not 

9 necessarily matching up with what you would get if you put 

10 some of the insights from the operating experience in there.  

11 On the RPS system, for instance, I think we found 

12 different contributors to be the important dominant 

13 contributors now. Because we have spent a lot of time 

14 fixing up the reactor trip breakers, they are not the 

15 dominant contributors anymore.  

16 MR. BONACA: Is it because the plant used 

17 plant-specific information for the IPEs, or is it because 

18 some of the plants used in fact the generic as a basis? 

19 MR. MAYS: We are not able to tell that from the 

20 information we have for these studies.  

21 MR. BONACA: It would be interesting to know.  

22 MR. MAYS: What we are trying to do is point out 

23 where we see differences and what the nature of the 

24 differences are. So if there is a regulatory application 

25 that relies on something about that performance, people will 
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know what it is and have the opportunity to go and ask that 

question.  

MR. SEALE: Again, this is IPE data, not anything 

that they have done since then to upgrade the plant. So it 

is at least 8 or 10 years old.  

MR. MAYS: That's correct. But that is the source 

of our information in many cases for risk-informing 

inspections.  

MR. SEALE: Yes, but it has got moss on it.  

MR. BONACA: And that is the basis for the CDF.  

MR. MAYS: That is why it is important to go and 

look at operating experience and say has our recent 

experience shown us something different from what we would 

otherwise be led to believe.  

MR. APOSTOLAKIS: The 0.04 for diesel, is that for 

a single diesel? 

MR. MAYS: Single train.  

MR. APOSTOLAKIS: You have to make that clear.  

I remember the reactor safety study had 0.02.  

Pretty good, considering when they did it.  

MR. MAYS: That is an interesting topic all by 

itself. I find myself continually amazed on various 

different occasions with some of the key insights and things 

that were in the reactor safety study that continue to be 

valid today even given the limited data and other 
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1 information that was available to them at the time.  

2 I think the important point there is you can do 

3 analysis and you can do information with the best you have 

4 available. The important thing is to continue at some 

5 interval to go back and ask yourself is this still true or 

6 do I have better and more appropriate information. That is 

7 what we are trying to do.  

8 Without further ado on that, the next set -

9 MR. APOSTOLAKIS: The last column. Do you want to 

10 explain the last column? 

11 MR. MAYS: We went back and looked at the 

12 unreliabilities of these systems or trains that we were 

13 calculating to see whether or not the older plants had 

14 higher, lower or whatever unreliability as compared to the 

15 newer plants. This has been a continuing issue with the 

16 agency, with license renewal and other stuff.  

17 The question is, is aging causing problems that we 

18 have to be aware of? The information we have been able to 

19 see so far is we are not detecting any increases in the 

20 failure probabilities for the older plants versus the newer 

21 plants over the time window for which we are collecting 

22 data.  

23 In order to do a really thorough job of that you 

24 would have to go back and collect everything from day one to 

25 there and map out all of that stuff, and we don't have that 
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level of information. So what we do is say for the 10 or 12 

year period that we have data, is there any information 

there that says older plants are performing worse than newer 

plants? So far we are not detecting anything.  

MR. UHRIG: This is probably better data than you 

would have if you went all the back because it reflects what 

the situation is today.  

MR. MAYS: If you go farther back and do that kind 

of analysis, you obviously have the problem that some of the 

old data may not be applicable to now because changes since 

then. You're right. There is a certain amount of benefit 

in doing it at this level.  

MR. APOSTOLAKIS: You may even find that there is 

a trend downwards.  

MR. MAYS: In some cases we found trends like 

that. For example, in the AFW study we found in some cases 

actuation were higher at new plants with AFW. Part of that 

is because in the newer designs of systems AFW actuates more 

frequently than some of the older plants. There may have 

been manual actuations. For example, the old Yankee Rowe 

plant didn't have automatic AFW actuation.  

So there can be differences. Some of it can be 

the newer plants are having greater experiences because of 

the learning curve of the startup period.  

The point is we can go back and look at the
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1 information and say is there something in here that tells us 

2 that this information about the unreliability of the 

3 systems, trains or components is changing in time. If you 

4 postulate that aging is occurring and that it is 

5 significant, then we should be seeing these things change.  

6 We don't have the information to say aging isn't happening.  

7 We do have the information here to say aging mechanisms by 

8 whatever means are not happening enough and sufficiently 

9 enough to cause these things to change based on what we can 

10 see so far.  

11 MR. APOSTOLAKIS: Or the existing problems at the 

12 plants are taken care of better as aging is occurring.  

13 MR. SEALE: There is another column you might want 

14 to put on the right end of that chart at some point. If 

15 people have gone through and updated their IPE results and 

16 have gotten what they claim to be a more robust number, how 

17 that compares with the number over here in the left-hand 

18 column.  

19 MR. MAYS: On a couple of occasions when we found 

20 some significant differences we went back and asked. Say if 

21 you are either significantly higher or lower. We called the 

22 plants up and said, we got this value out of your IPE and it 

23 is either significantly higher or significantly lower than 

24 what we are seeing. Can you shed any light on that? 

25 What we have had on those occasions is people come 
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1 back and say, well, that number has been updated and here is 

2 the new number based on our latest ones, and we incorporate 

3 that when we have those kinds of conditions.  

4 We haven't gone back and verified every single one 

5 of those. So what we have been doing is taking the 

6 exception approach. If we have something significantly 

7 outside, then we call up and say, is this still something 

8 that is valid? 

9 We also have had plants call us. When the first 

10 HPCI study came out and one of the plants was identified as 

11 being significantly lower in their PRA than what we were 

12 estimating, they called us up and said, why is that? We 

13 discussed it, and they said maybe they ought to go back and 

14 update their stuff.  

15 So there is some communication along that line.  

16 MR. SEALE: Steve, earlier I made the comment that 

17 if the HPCI arithmetic average is .07 there has to be a 

18 doozy or two in there. You can't get away from that. In 

19 connection with this idea of uncertainty you would almost 

20 like to know in parentheses what the maximum value was.  

21 MR. MAYS: We have in the report the distribution 

22 associated with that. In the case of HPCI, in the operating 

23 experience evaluation we didn't see really significant 

24 differences among the plants for operating experience. What 

25 we found was differences between what was reported in the 
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1 PRAs and what we are seeing in the operating experience.  

2 MR. SEALE: Sure. That's what I meant.  

3 MR. MAYS: So there are two cases where you could 

4 have "doozies." One is an outlier that is affecting your 

5 arithmetic average or something like that. The other one is 

6 there is no variability in the operating experience but 

7 there is variability from what we see in PRAs. We try to 

8 call both of those out whenever we have them in the report.  

9 It's just a lot more detail than I can put in this slide.  

10 MR. APOSTOLAKIS: You are going to explain the 

11 arithmetic average business sometime? 

12 MR. MAYS: I can explain that to you for the 

13 plants that have done it right now. For the plants where we 

14 had multiple systems design classes, AFW, HPI, and the RPS 

15 -- excuse me. AFW and HPI are the only two on here where 

16 that represents that arithmetic average. The other ones 

17 represent the overall system performance.  

18 MR. APOSTOLAKIS: Let's say for the HPI you have 

19 six classes. Then you develop your value for overall 

20 reliability.  

21 MR. MAYS: Not quite.  

22 MR. APOSTOLAKIS: I thought that's what it said in 

23 the report, that the arithmetic average eliminates the 

24 plant-to-plant variability.  

25 MR. MAYS: We were struggling for a way to come up 
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with something that was an overall indicator of the whole 

package without saying HPI-l, -2, -6 has this value. The 

report has each one of those groups. What happened was the 

HPI reliability was first evaluated at a group level and it 

was determined if there was variability within the group.  

So there is a value for each one of those HPI classes. Then 

we have an arithmetic average of what the value was once we 

put that model together for all the classes.  

MR. APOSTOLAKIS: If I have six classes, there are 

six values.  

MR. MAYS: Right. Add them up and divide by six.  

MR. APOSTOLAKIS: You don't weigh them by the 

number of plants that have class 1? 

MR. MAYS: No.  

MR. APOSTOLAKIS: Wouldn't that be better? 

MR. MAYS: I'm not sure. It might.  

MR. APOSTOLAKIS: In the extreme case, say you 

have 50 plants, class 1, and then one in each other, it 

would be misleading. But I think in the report it wasn't 

very clear. You talk about the arithmetic average being 

down at a lower level, which I disagree with.  

MR. BARANOWSKY: The reason for doing that 

arithmetic average originally was we wanted to have some 

sort of a gross indicator. I don't care what the system 

looks like and how many system failures were there. We said
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let's come up with some metric that we can make a comparison 

with and see if we are in the ball park, and we take our 

more detailed models an compare them to that grossest and 

most true measure. That's what it was for.  

MR. APOSTOLAKIS: In other words, agreement with 

people who doing an empirical Bayes analysis, whereas 

instead of plant to plant you have class to class. That is 

easy to do.  

MR. BONACA: I have a question. For one system, 

if I read the report correctly, core spray, the 

unreliability was dominated by maintenance out of service 

for the system. Are you going to talk about what you are 

learning from these studies? 

MR. MAYS: What we tried to do in looking at the 

insights on each one of these things was when we send the 

reports out saying this is what the failure probability was 

and these were the dominant contributors. We haven't gone 

back and made an analysis that says how much is maintenance 

out of service varying for different systems and what its 

contribution is. We haven't done that. Our focus so far 

has been what is the operating experience, what are the 

dominant contributors to the operating experience, what is 

causing it to be what it is. We haven't done that kind of a 

check.  

MR. BONACA: I understand. It is impressive to me 
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that this is voluntary actions that are resulting in that 

kind of unavailability. I am trying to understand. These 

are lessons that we will have to learn and look at, 

particularly because the maintenance rule has been changed 

to allow on-line maintenance.  

MR. MAYS: Part of what is required in the new 

version of (a) (4) is they have to go back and do that 

balancing of how much their maintenance activities are 

contributing to the reliability and taking away on the other 

side from the availability.  

MR. BONACA: I certainly was surprised that it's 

71 percent.  

MR. MAYS: In actuality HPCS is only for a few 

plants. There are not that many demands for HPCS. I think 

the number was somewhere in the ball part of 60 or 70. What 

we had was the only real failure of HPCS system to inject on 

a real demand was due to the fact that it was out of service 

when the demand came. That's why it dominates.  

MR. APOSTOLAKIS: Is there a NUREG report 

containing all the insights and discussion we have had in 

the last half an hour? 

MR. MAYS: No, there isn't. We have discussions 

about if there is something we need to do in the long term 

for the future to collect insights and put that kind of 

information together for people. Right now we have been 
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1 trying to get the initial studies done and get the first 

2 updates and then work with our counterparts in NRR to say 

3 how do we do that. This is part of the conversation about 

4 what do we tell people about trends and things. That has 

5 been something we have been kicking about.  

6 MR. APOSTOLAKIS: The memo that we discussed 

7 earlier begins to do that.  

8 MR. MAYS: Yes.  

9 MR. APOSTOLAKIS: But I think it would be nice to 

10 put something more formal in. There is a lot of information 

11 here. And maybe think about implications to Part 50 an all 

12 that. Now you just have only two or three lines on each.  

13 But this is, I think, very valuable.  

14 MR. MAYS: I think what George is saying is have 

15 something that kind of brings into one central place what 

16 the overall implications of what we are seeing from the 

17 operating experience is and what the potential implications 

18 of that are.  

19 MR. APOSTOLAKIS: Like what the slide does.  

20 MR. MAYS: We did something like that to a limited 

21 extent in the AEOD annual reports. We can look at that.  

22 When you write your letter to the Commission you can also 

23 ask for some more resources so we can do that. The one 

24 thing I don't need is more tasks with less resources.  

25 MR. APOSTOLAKIS: This would also be a nice 
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1 conference paper. This is very useful information.  

2 MR. MAYS: I will hand that off to my conference 

3 paper section.  

4 MR. APOSTOLAKIS: Maybe with the same resources we 

5 can do one less report on a specific system.  

6 MR. MAYS: I understand your point. I think that 

7 is an important point. We started out in the very beginning 

8 when designing this program saying these are insights that 

9 can be important to the agency, and that is something we can 

10 take a look at, at the value and what it would take to do 

11 that and what the impacts of doing that are. I think we can 

12 at least take a look at it.  

13 MR. SEALE: In this day of limited resources I 

14 think it is very important that when you make a promise, if 

15 you will, to the institution, whatever that is, you need to 

16 then document the delivery on that promise if you can. You 

17 don't have to not have failures to do the exact job you 

18 promised, but you can't have too many. Where you have 

19 successes, I think it is important that they are aware of 

20 the fact that you have had successes.  

21 MR. MAYS: Okay.  

22 The next person who is going to be talking to you 

23 is Sunil Weerakkody. He is going to talk about the update 

24 studies on the three BWR systems as well as the HPI system 

25 results, after which Hossein Hamzehee will be up to talk 
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1 about the RPS studies and the component study work.  

2 Sunil.  

3 MR. WEERAKKODY: I am going to be speaking about 

4 four system studies.  

5 The first one is reactor core isolation cooling 

6 system update we just finished and sent out for peer review.  

7 MR. SEALE: Who is your reviewer? 

8 MR. WEERAKKODY: The reports are sent out to NRR.  

9 We send them out to the regions; we send them out to the 

10 SRAs; also, we send them out to external peers such as INPO, 

11 EPRI, owners group.  

12 MR. SEALE: Do you send any to utilities that have 

13 particularly high profile PRA groups? 

14 MR. WEERAKKODY: No, we don't.  

15 For this system, from 29 boiling water reactors we 

16 had 169 unplanned demands, 1084 quarterly tests, and 266 

17 cyclic tests.  

18 36 system failures were observed during total of 

19 1519 demands; 6 failures were recovered.  

20 The unreliability with recovery for the system was 

21 0.03, with a range of 0.007 to 0.07. That is for a mission 

22 time of less than 15.  

23 For mission time greater than 15 minutes it is 

24 0.06, with the range specified.  

25 MR. APOSTOLAKIS: What do you mean by 6 failures 
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1 were recovered? 

2 MR. WEERAKKODY: When we encounter failures, we go 

3 in and look at from the LER whether the failure was 

4 recovered or was recoverable.  

5 MR. APOSTOLAKIS: By when? 

6 MR. BARANOWSKY: To satisfy the mission.  

7 MR. APOSTOLAKIS: That then would count as 

8 success? 

9 MR. BARANOWSKY: Yes.  

10 MR. APOSTOLAKIS: Did you find that these 6 

11 recovered failures were in mission times of longer than 15 

12 minutes? 

13 MR. WEERAKKODY: I don't have the detail on that 

14 for these particular 6 recoveries. When we read the LER, we 

15 know the mission time we are looking at. From the details 

16 we make a determination whether or not the failure was 

17 recovered or was recoverable during that mission time.  

18 MR. APOSTOLAKIS: This is how you did it. The 

19 important thing is the insights. If you come back an say 

20 all 6 failures were recovered when the mission was longer 

21 than 15 minutes, that is consistent with the analysis does 

22 these days. But if you say, no, 3 of them were in the less 

23 than 15 minute mission time, that is a very important thing.  

24 MR. UHRIG: What is the "one was MOOS"? 

25 MR. WEERAKKODY: One failure was due to 
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1 maintenance out of service.  

2 MR. UHRIG: Okay. The acronym threw me.  

3 MR. WEERAKKODY: In terms of the dominant 

4 contributors to unreliability for this system, it was 

5 failure to start other than injection valve. Failure to 

6 run. This is for the short-term mission.  

7 For the longer run mission, it was failure to 

8 start and failure to restart.  

9 The nature of failures from the surveillance 

10 testing was similar to failures observed during unplanned 

11 demand.  

12 This slide shows the different trends we 

13 investigated and observed. The unplanned demand rate for 

14 RCIC is trending down. The failure rate is trending down.  

15 When we look at the unreliability -

16 MR. APOSTOLAKIS: Excuse me. There is a question 

17 from the audience. You will have to come closer. Identify 

18 yourself first.  

19 MR. CHRISTIE: I'm Bop Christie, Performance 

20 Technology. Could you go back to your last slide, please.  

21 On this slide, of the 169 unplanned demands, I 

22 assume the one that is maintenance out of service is during 

23 the unplanned demand, right? How many other failures out of 

24 that 169 are failures to start or failures to run? 

25 MR. WEERAKKODY: I don't have the exact number, 
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1 but I can look it up.  

2 MR. MAYS: It's in the report as to which ones 

3 those were, but we don't have that readily handy here.  

4 MR. CHRISTIE: If you say -- I assume the 

5 unreliability means total failures for some X hours of run 

6 time, maybe 30 minutes if they run it 30 minutes or 2 hours 

7 if they run it 2 hours, et cetera. I would be interested in 

8 how many of the 169 failed and see if it matches with the 

9 overall, which is 0.03. I need one more failure of the 169 

10 to get up to about 0.03. If I don't have it, that means my 

11 real demands are less than what I am doing with 

12 surveillances and everything.  

13 MR. MAYS: As we spoke earlier, when we looked at 

14 the cyclic tests, which are very similar to unplanned 

15 demand, and we looked at the quarterly tests, we took a look 

16 at the nature of the tests and the statistics associated 

17 with those and determined that those were poolable data.  

18 The question you are really asking is, is there 

19 something about unplanned demands that would be different 

20 from quarter tests? The answer is we looked at that before 

21 we pooled the data, and that information is in the report.  

22 MR. CHRISTIE: Okay.  

23 MR. WEERAKKODY: We also looked at whether RCIC 

24 unreliability is showing any trend either by age or by 

25 calendar year. For those two cases we did not see 
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statistically significant trends.  

MR. APOSTOLAKIS: So we would call this one now 

mission unreliability.  

MR. BARANOWSKY: The white paper is going to have 

all this terminology squared away.  

MR. WEERAKKODY: For insights, as I mentioned 

earlier, the unplanned demand rate and the failure rate is 

decreasing.  

We do not see any significant variation in 

reliability or failure rates due to the age of the plant.  

Differences between the plants were very small.  

Contribution to unreliability -

MR. APOSTOLAKIS: Speaking of that, there is a 

sentence here in the memo, which you are not responsible 

for, because it is on Mr. King.  

MR. BARANOWSKY: Yes, we are.  

MR. APOSTOLAKIS: It says on page 4, "the 

differences between plants were small and not risk 

significant." 

I don't understand what he means by "and not risk 

significant." I would have put a period after "small." 

MR. MAYS: We could have done that.  

MR. APOSTOLAKIS: Okay.  

MR. SEALE: I would have been less risky.  

MR. APOSTOLAKIS: How can the differences be small 
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and yet be risk significant? 

MR. MAYS: They can.  

MR. APOSTOLAKIS: Then the whole thing is risk 

significant.  

MR. MAYS: You're right, George.  

MR. APOSTOLAKIS: Let's say that the average on 

the mission unavailability is 0.06 and the thing is very 

risk significant. Then there is very small variability.  

For one plant it is 0.07; 0.07 cannot be risk significant 

and 0.06 not risk significant.  

MR. MAYS: It was a gratuitous add-on which we 

will not do in the future.  

MR. WEERAKKODY: Leading component failures.  

Contribution to unreliability not the result of failure of a 

specific component type.  

Testing was the predominant or major detection 

method or the most effective method.  

One-third of all failures were immediately 

identified.  

The injection valve was not tested in the same 

stress environment as during an unplanned demand.  

MR. APOSTOLAKIS: Let me understand this "were 

immediately identified. One-third of all failures were 

immediately identified. What do you mean by that? 

MR. MAYS: We looked at the failures in the
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database. As we said before we had all the failures and we 

had the failures for which we have associated demands to 

calculate reliability. We looked back to look for 

engineering insights for all the failures whether they were 

part of that calculation or not. What we found was that 

about one-third of the failures were immediately 

self-revealing, so that two-thirds of the failures of all 

the failures that occurred would have to have waited until a 

subsequent test or other demand for people to understand the 

system or the component was in a failed state.  

MR. APOSTOLAKIS: Immediately revealing in what 

way? Is this a standby system? 

MR. MAYS: Yes.  

MR. APOSTOLAKIS: So how do they know? 

MR. MAYS: I can't give you the specifics on those 

individual ones, but I believe that information is in the 

report.  

MR. APOSTOLAKIS: This is very important, in my 

view, because in a PRA we don't do this. The PRA would say 

if it's a standby system, you calculate the average 

unavailability. If it fails, it stays down until the next 

test.  

MR. MAYS: We are looking at the engineering 

insight of the entire population of failures whether or not 

they are part of that calculation. From the standpoint of 
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[Recess.] 

MR. APOSTOLAKIS: We are back on the record.  

Please continue.  

MR. WEERAKKODY: For the high pressure coolant
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people in NRR and other places who are in the business of 

evaluating testing effectiveness and things like that it is 

important to know of all the failures you get how many of 

them are not going to be revealed until you test them. That 

was the only reason.  

MR. APOSTOLAKIS: This is very important. In the 

PRA you assume the total will be unrevealed until the next 

test. We read those reports.  

MR. MAYS: I never doubted that you did.  

MR. BONACA: I would like to go back to slide 11.  

There is a bullet there that says "plant aging -- no 

significant variation in reliability." But really your 

unreliability is going to be by active components, right, 

which are the sort of things that are tested and replaced? 

MR. WEERAKKODY: Yes.  

MR. BONACA: So it doesn't tell much about aging 

really. Those components are tested and replaced.  

MR. WEERAKKODY: Yes. The current status of this 

report is it just went out for peer review.  

MR. APOSTOLAKIS: Maybe we can take a short break 

now.
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injection system for boiling water reactors we had a total 

of 1157 demands. That is coming from 94 unplanned demands, 

846 quarter tests and 217 cyclic tests.  

MR. APOSTOLAKIS: What is MOOS again? 

MR. WEERAKKODY: Maintenance out of service. One 

was maintenance out of service.  

MR. CHRISTIE: Going back to that maintenance out 

of service, if there are two trains -- this deals with just 

a single train? 

MR. WEERAKKODY: This is a single train.  

MR. CHRISTIE: If you had two trains, you never 

take both of them out of service for maintenance. You can 

have a failure while the other one is out.  

MR. WEERAKKODY: Yes.  

The main contributors to unreliability was the 

injection valve failing to reopen. Then failure to start of 

the system, and also maintenance out of service.  

One main insight we had from the study is the 

injection valve is not tested in the same stress 

environment. What we mean here is during actual conditions 

the parameters, the pressures or the temperatures or the 

repeated cycling that the valve would see are not seen by 

the valve when it is tested in a controlled environment.  

Going to the HPCI trends, it is similar to -

MR. CHRISTIE: Could you put the last slide back
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up again. If I look at RCIC versus HPCI, you got fewer 

whatevers because your BWRs probably use core spray in the 

mechanical instead of the turbine. That's fine. There is 

something that is in mind is way out of whack here. You 

have 169 unplanned demands in RCIC and only 94 on HPCI.  

Both of them are low level, level 2 generally.  

MR. WEERAKKODY: That's right.  

MR. CHRISTIE: If you get low level, you are going 

to get both RCIC and HPCI, aren't you? 

MR. WEERAKKODY: Yes. You are going to start both 

HPCI and RCIC on unplanned demand. The difference is when 

both start pumping and when the level recovers either 

automatically or through operating intervention, you turn 

them off and try to work with feedwater, and if you can't 

work with feedwater to keep the level up, rather than using 

HPCS you use RCIC. As a result, you are going to see more 

demand for RCIC. In RCIC we demand restart.  

MR. CHRISTIE: So you are telling me -- and we 

used to do this a lot at some of the plants I was associated 

with -- what people are doing is when one level in the 

reactor vessel is reaching level 2, both HPCI and RCIC are 

demanded, but the guys pop off HPCI because it's 5,000 gpm 

versus 600 gpm.k 

MR. WEERAKKODY: That's exactly right.  

MR. CHRISTIE: So that explains the difference in 
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the unplanned demands. Thank you.  

The next is this 13 failures and a 0.07 versus 

0.03. That's more than I've seen -- that's double what I 

used to consider RCIC and HPCI just about the same as far as 

probability of start, probability of running type of things.  

Are you telling me -- I think your previous RCIC and HPCI 

studies are in that ball park. Have we changed it recently 

in this update? 

MR. MAYS: I'm not sure what your question is, 

Bob. If you look at the previous slide, you will find that 

there were 36 system failures for RCIC, 46 for HPCI. The 13 

has to do with the number of those failures that were 

immediately recoverable.  

MR. CHRISTIE: That's right. I was reading the 

wrong one.  

You have got fewer boilers because you are cutting 

them off; you have got fewer demands, the 1157 versus the 

1519, but you have got 46 system failures versus 36, which 

to me -- and then your total unreliability is the 0.07 

versus the 0.03 on RCIC. That's significant, isn't it? 

MR. MAYS: We're saying it is basically about a 

factor of 2; HPCI is a factor of 2 less reliable under the 

unplanned demands and associated restarts than we have seen 

in the operating experience. How significant that is 

depends on what your definition of "significant" is.  
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1 HPCI is certainly a system that has larger 

2 capacities, inertia, and more complicated starting and 

3 running factors than the RCIC system does. I'm not sure 

4 that is terribly surprising.  

5 MR. CHRISTIE: I don't think I've seen it before.  

6 Maybe my memory is gone and I'm getting older and it is not 

7 there anymore.  

8 MR. MAYS: I don't know. All I'm saying is this 

9 is what we found, and whatever it is is what it is.  

10 MR. BARANOWSKY: Unfortunately, the actual person 

11 who ran this study for us isn't here. He is out at Idaho, 

12 or he would probably give you the answer. I'm sure it is 

13 described if you look at both reports. We can make both of 

14 them available to you if you want to look at them.  

15 We did the same thing we did in the prior studies 

16 in terms of classifying the data and that kind of thing. We 

17 didn't change it.  

18 MR. CHRISTIE: This to me just popped out at me, 

19 0.07 versus 0.03. I think I have not seen that before.  

20 MR. MAYS: There was one difference in this update 

21 study from the previous study that was done. The previous 

22 study used only the unplanned demands in the cyclic tests.  

23 Because of information we were able to gather on this 

24 update, we also included quarterly tests which were not in 

25 the previous study, which may be the basis for why there is 
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1 some difference that you haven't seen before.  

2 MR. CHRISTIE: Okay.  

3 MR. WEERAKKODY: As far as the system trends, the 

4 unplanned demand rate as trended down; the failure rate has 

5 trended down; the unreliability by age or calendar year is 

6 not showing a significant trend.  

7 MR. APOSTOLAKIS: Which failure rate is this? 

8 MR. MAYS: That is the total number of failures 

9 per calendar year. That includes the ones that were not 

10 directly included in the unreliability calculations. It's 

11 the gross number of failures of HPCI systems per year.  

12 MR. APOSTOLAKIS: But isn't that the 

13 unreliability? 

14 MR. MAYS: No. As you remember, we had three 

15 classifications of failure information. One was technical 

16 inoperabilities. Thing like, we declared it inoperable, 

17 submitted an LER because our surveillance test was late. So 

18 we had to declare it inoperable. That's not really failed, 

19 especially if they do the test and they pass it.  

20 Then there were failures where the system was 

21 really in a condition where it wouldn't have worked, but 

22 there was no demand for it.  

23 Then there are failures for which we can say there 

24 wa a failure and we can associate demands. We can count 

25 both the numerator and denominator so we have an unbiased 
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1 sample.  

2 So the failure rate trend that you see here is 

3 taking into account all the failures and trending them over 

4 time.  

5 MR. APOSTOLAKIS: So which one includes the actual 

6 demand? 

7 MR. MAYS: The unreliability.  

8 MR. WEERAKKODY: The next slide, we pretty much 

9 went through all this except for the fact that again testing 

10 was the major detection method.  

11 The draft report is out for peer review.  

12 HPCS train. Unlike HPCI, these also are boiling 

13 water reactor systems. However, it is run by a diesel train 

14 rather than a turbine.  

15 When we counted demands, we counted them 

16 separately.  

17 In terms of unplanned demands, there were 43 for 

18 the injection train and 51 for the train that supports the 

19 HPCS.  

20 MR. MAYS: And the HPCS diesel generator does not 

21 normally work unless there is also a loss of offsite power.  

22 It is actually a motor-driven pump train but it has a diesel 

23 generator backup power supply that only supplies this train.  

24 It's a source of power if you have a loss of offsite power.  

25 We were looking at that diesel, which is a little different 
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than the normal station diesels, as part of the overall 

analysis.  

MR. UHRIG: This is a relatively small unit? 

MR. MAYS: Yes. It's typically about a third or 

so the size of the station diesels.  

MR. UHRIG: Is this peculiar to BWRs? 

MR. MAYS: This is a peculiarity of BWR-6's, which 

do not have a HPCI system. They have a RCIC and a HPCS.  

MR. BARANOWSKY: So the injection train is the 

motor and all the injection valves and everything, and the 

EDG train is just a diesel generator that supplies power to 

the motor.  

MR. UHRIG: That is only when you have lost 

offsite power? 

MR. WEERAKKODY: That's right.  

Out of a total of 497 demands, we have 5 injection 

train failures, one maintenance out of service and one of 

those failures were recovered.  

We observed 2 EDG trains, including one 

maintenance out of service, during a total of 121 demands.  

Unreliability was 0.06 with a range of 0.01 to 

0.1.  

The contribution to unreliability is maintenance 

out of service.  

The nature of failures from the surveillance
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1 testing was similar to failures during unplanned demands.  

2 MR. BARANOWSKY: Wait a minute. What unplanned 

3 demand failures were there? I must be confused.  

4 MR. WEERAKKODY: This gives us 2 EDG train 

5 failures and 5 injection train failures.  

6 MR. MAYS: What this is saying is we went back 

7 looked at the failures associated with surveillance testing, 

8 and the nature of those as compared to failures that were 

9 associated with unplanned demands were similar.  

10 MR. BARANOWSKY: I'm just saying you had 2 

11 failures. One of them was maintenance out of service. So 

12 that is not really a failure; that is an out-of-service 

13 condition. So you had one failure. The bullet says the 

14 nature of failures from surveillance testing is the same as 

15 unplanned demands.  

16 MR. MAYS: For the injection trains.  

17 MR. BARANOWSKY: For which there were several 

18 failures.  

19 MR. WEERAKKODY: Yes.  

20 The HPCS unplanned demand rates and HPCS failure 

21 rates are trending down. HPCS unplanned demand rate, there 

22 is a statistically significant trending down. The HPCS 

23 failure rate and the system unreliability and unreliability 

24 by age are not showing a statistically significant trend.  

25 The only thing that I need to mention here is 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

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034

93 

the detection method was generally testing of various types, 

which was the most effective.  

Again, this report is out for peer review at this 

time.  

High pressure injection. This is for a 

pressurized water reactor, high pressure injection or high 

pressure safety injection.  

When we did the study and looked at the unplanned 

demand data, we had 224 unplanned demands, and there were no 

total system failures.  

One thing different about this study compared to 

the previous studies is that HPI has at least two trains in 

every PWR. If only one train failed, we would not see LERs 

on them.  

When we search the LER database, the train 

failures we cannot get from the LERs unless there was some 

other event that made it through the LER threshold. As a 

result, you don't see, like you saw in the previous studies, 

the quarterly test and the cyclic test included in the data 

analysis.  

MR. MAYS: That's because if we do a single train 

test and it fails without a demand, it is not reportable to 

the NRC in LERs. That information would be in EPIX when we 

get EPIX up and running, but we are limited with the data 

density when we have the current situation.
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1 MR. BARANOWSKY: We are saying, correct me if I'm 

2 wrong, that for the 224 unplanned demands single train 

3 failures are reportable.  

4 MR. WEERAKKODY: That's right.  

5 MR. MAYS: If there is an actual demand and there 

6 is a failure during that demand, that is reportable. For 

7 testing they are not, unless that demand involves a 

8 common-cause failure or fails the entire system.  

9 MR. WEERAKKODY: Another thing about HPI is there 

10 are significant differences in terms of design among plants.  

11 In terms of the number of pump trains, there are plants with 

12 two pumps; there are plants with three pumps; there are 

13 plants with four pumps.  

14 There are plants that have two high head, meaning 

15 they are capable of injecting at pressures greater than RCS, 

16 and two intermediate head, meaning they inject around 1700 

17 psi.  

18 They differ among themselves because of suction 

19 parts, number of injection parts.  

20 As a result, when we analyze the systems, we 

21 analyze them under six different design classes.  

22 When we looked at the data and modeled up fault 

23 trees we broke up the system into several segments, the 

24 suction segment, the pump train segments, the injection 

25 headers, and the cold leg segment.  
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1 In the fault trees we used common-cause failures 

2 as explicit basic events, the reason being again these are 

3 multiple train systems.  

4 During the study we observed 21 common-cause 

5 failure events. When I say we observed, even though we used 

6 for our calculations only unplanned demand data, since 

7 common-cause failures or potential common-cause failures do 

8 get reported through the LERs, we were able to identify 

9 common-cause failures or potential common-cause failures in 

10 the database.  

11 These events were used in the calculations or in 

12 the analysis in a somewhat indirect way in that when we 

13 calculated the alpha factors of the common-cause factor, 

14 they came from the common-cause failures observed during 

15 this period.  

16 MR. MAYS: We use the common-cause failure 

17 database that you had seen before which has data from LERs 

18 as well as NPRDS. We went back and looked for occasions of 

19 common-cause failure events, which could be either complete 

20 or partial.  

21 We went back and looked at those irrespective of 

22 whether a demand had occurred, because the common-cause 

23 failure parameter is basically the ratio of independent 

24 failures to complete failures. So we used that to give us 

25 that parameter. We didn't go back in for each one of the 
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trains where we had unplanned demand failures and say this 

is the common-cause term that would apply to combining 

those. So it's a little bit of a hybrid from what you saw 

before, but we were only using specifically unplanned 

demands and reportable tests. It is the appropriate thing 

to do when you have a multiple train system.  

MR. WEERAKKODY: In terms of segment failures, 

during the 224 unplanned demands we observed 3 train 

failures.  

In the first one the safety injection actuation 

signal failed. In the next one it was a pump that failed to 

start. In the third one a motor-operated valve in an 

injection part failed to open.  

This table shows the average unreliability of the 

six different design classes here. The one thing that is 

important to note here is even though the overall arithmetic 

average of the 72 plants is 4.5 times 10 minus 4, we had 

numbers ranging from 6.0 minus 5 to 3.5 times 10 minus 3 

among plants.  

When interpreting that, I need to make a key point 

here. The numbers did not change because of performance.  

In other words, we could not be distinguish the performance 

between one high head train and another high head train in 

two different plants only because of the different designs.  

Obviously the low range, 6.0 minus 5, which is 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034



97

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

class 6, these are plants that have 2 intermediate head 

plants as well as 2 high head plants. So they have a lot of 

redundancy. That is why there is a big difference in the 

unreliability rather than any plant-specific performance.  

In terms of contributors to unreliability and the 

engineering insights we can draw them, for design classes 

with 3 or less pumps, which includes design classes 1 

through 5, the common-cause failure was the major 

contributor.  

I mentioned earlier there were 21 common-cause 

failures that we had found out during this period. They 

were contributed mainly by problems with the manifold line.  

There were cases where the manifold lines had obstructions.  

There were cases where manifold line has caused diversion.  

Then there were several cases where the suction part to 

these pumps had gas binding, which was creating a potential 

for common-cause.  

We have discussed those in the report as far as 

engineering insights so that an inspector, if they have to 

go look for things, they will know what the dominant 

contributors are.  

Going into design class 6 -- it's not 2; that is 

an error there on the slide -- for those common-cause 

failure was not the major contributor mainly because these 

four trains are not only redundant, they were also diverse.  
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As a result, the dominant contributor was the common part, 

which is the part that is combing from the RWST suction.  

In terms of plants, when we compared the numbers 

we generated with the PRAs and IPEs, there was general 

agreement except for design class 6. Again, this is the 

classic 2 high head and 2 intermediate heads.  

We did investigate why this difference is there.  

In fact, when we put the report out for comment the 

Westinghouse Owners Group came and said, why is this 

difference, you must have been missing something.  

Then we looked hard, and we found for some plants 

we had not factored in the RWST failure probability and for 

other plants the licensees were using extremely low values 

for RWST failure. They were using numbers like 10 to the 

minus 8, 10 to the minus 9.  

So one finding that we have is some of the design 

classes plants the licensees might not be using the correct 

probabilities for their suction segment.  

Again, we did look at what the dominant detection 

was. We found testing was the most effective method in 

detecting failure.  

In terms of trends, we have found that the 

unplanned demand rate, the inadvertent safety injections, 

the actual operational transients, has trended down and the 

trend is statistically significant.  
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The HPI failure rate. The number of failures that 

were reported also showed a statistically trend downwards.  

MR. APOSTOLAKIS: So if I were to do a PRA again, 

then I would not have to worry about quantifying the 

frequency of common-cause failure. That is built into the 

numbers you have. Is that correct? 

MR. MAYS: I'm not sure what you mean.  

MR. APOSTOLAKIS: This is data. This is for the 

whole system now, not the train. Or did you inject them 

yourself? 

MR. MAYS: The failure rate here is the individual 

failure of components or trains in the system that were 

reported in the LERs.  

MR. APOSTOLAKIS: If I go to the previous slide 

that says average unreliability, is that a calculated 

number? 

MR. MAYS: Yes.  

MR. APOSTOLAKIS: So you have included the 

common-cause failure probability? 

MR. MAYS: Yes. We took the data on the failures 

that we got from the LERs to calculate the individual 

failure probabilities of the trains. Then we used the 

common-cause failure database to calculate the parameter for 

combining those in the class-specific models. So the 

unreliability we are calculating is a result of that fault 
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tree model. This trend here is the frequency at which we 

were seeing those failures occur.  

MR. APOSTOLAKIS: I guess I missed that. If you 

will go to slide 22. You say common-cause failure is 72 

percent to 95 percent. Is that something that is based on 

data? 

MR. MAYS: Yes.  

MR. WEERAKKODY: That is based on data, yes.  

MR. APOSTOLAKIS: You calculated it? 

MR. WEERAKKODY: Yes, we calculated it.  

MR. MAYS: We had basically failure probabilities 

for pump trains and for injection trains which was based on 

the data for everybody. Then we combined those individual 

pieces into specific models associated with the design 

class, and then we applied common-cause failure parameters 

to those based on the model characteristic and then 

calculated that end result.  

For those plants that had 3 or fewer trains 

common-cause failure was the dominant contributor, and for 

class 6, which had basically 2 independent kind of systems 

with 2 trains each, there was no common-cause between those 

two pieces. Therefore that was not the dominant failure 

anymore; the common suction problem was the failure.  

MR. BARANOWSKY: Let me ask one question about 

this common on design reviews. We normally capture design 
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1 deficiencies that cause the system to be incapable of 

2 performing, and we did that here? 

3 MR. WEERAKKODY: Yes.  

4 MR. BARANOWSKY: That has been an issue that has 

5 been raised by some people.  

6 MR. WEERAKKODY: When we searched using SCSS, when 

7 we looked for its PI failure, we had 4000 them. Then we 

8 would go through the LER and find out whether in fact there 

9 was a real failure of a system or a component or whether it 

10 was simply a design deficiency and there were no degraded 

11 condition. Then we ended up with 184 failures.  

12 MR. BARANOWSKY: Of which some fraction of those 

13 were design deficiencies that would cause it to be unable to 

14 perform.  

15 MR. WEERAKKODY: That's right, 

16 MR. BARANOWSKY: So design problems are 

17 incorporated in these analyses.  

18 MR. MAYS: I think that is an important point in 

19 all of these analyses as well. There was a study that was 

20 recently done by another branch to look at 1997, all the 

21 LERs that were reported to the agency. They found several 

22 hundred that indicated design issues. Of those several 

23 hundred, I think about three or four were significant enough 

24 to make it into the accident sequence precursor program.  

25 The point is from both the reliability and the 
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1 availability calculations and from the significance 

2 determination of those things to the ASP program the agency 

3 does have a credible way of accounting for and dealing with 

4 design deficiencies. It is not a situation where design is 

5 not captured in PRA. That is just an overly broad statement 

6 that is not true.  

7 MR. WEERAKKODY: As far as the trends, the 

8 unplanned demand rate and the HPI failure rate trended down.  

9 This is where we compared the HPI unreliability 

10 with PRA/IPE data. As you can see, until you come down 

11 here, even though there are minor differences between other 

12 type design classes, there is general agreement.  

13 When you come to design class 6, then you have 

14 some licensees who have numbers like 20 minus 8, 20 minus 9.  

15 That is only because for the common suction part they did 

16 not have realistic numbers.  

17 MR. BONACA: Even if you don't have realistic 

18 numbers for the suction part, these are all similar designs 

19 going from 1 in 10 the minus 4 to 1 in 10 to the minus 9.  

20 MR. MAYS: That's a good question.  

21 MR. BARANOWSKY: We also don't know how perfectly 

22 we captured everything from their IPE. Remember, we have 

23 limited information. It's possible they have other factors 

24 that could make this result be lower. This is just the best 

25 we could get out of what was available in the IPE.  
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MR. BONACA: In general it is only in class 6. It 

would be interesting to know why this difference. There has 

to be some reason. In all the other plants there is good 

consistency.  

MR. WEERAKKODY: This is based on our operating 

experience for the injection phase. These are the numbers 

we calculated.  

That's all I have. The reactor protection system 

is next.  

MR. HAMZEHEE: Again, my name is Hossein Hamzehee.  

I work in the Operating Experience Risk Analysis Branch.  

Now I can talk as much as I want.  

I think Steve provided a very good summary of all 

the highlights of all the systems. So I am just going to go 

over them quickly and focus on a few areas that may be a 

little more significant.  

For the studies that we did, basically we have so 

far analyzed RPS systems for Westinghouse and GE.  

MR. APOSTOLAKIS: You probably know that in the 

1970s the number of actual demands on the reactor protection 

system was hotly contested, and the number of failures. You 

say that there are 3000 actual demands. What exactly does 

that mean? 

MR. HAMZEHEE: It means it was demand. The 

condition for auto scram or auto trip of either Westinghouse
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or scram of the GE system. The operating condition was in 

such a way that would trip the RPS system either for a real 

situation or ESF type actuation.  

MR. APOSTOLAKIS: The staff argued very strongly 

then that the failure of the Kohl reactor in Germany was the 

one potential failure to scram, which, of course, makes a 

helluva difference, 1 versus zero. Why is it now zero? 

MR. BARANOWSKY: It's the time period we are 

looking at here, George.  

MR. HAMZEHEE: 1984 to 1995 is the time period we 

looked at. That makes a big difference.  

MR. BARANOWSKY: I think there are two things 

there. It's the time period that we looked at, and the 

model that we put together is extensively oriented toward 

common-cause failures of trains and components, and we have 

data that was just not available back in the days when the 

Kohl reactor experience was the only experience. Even I was 

using that back when we were trying to do the ATWS 

rulemaking to make these estimates. We were scratching our 

heads for data. We didn't have any.  

MR. APOSTOLAKIS: The argument that the staff made 

at the time was that you agreed with EPRI, as I recall, that 

we would not see the same kind of failure mode that we saw 

in Germany, but what that tells us is there is this class of 

failure modes, so something else may happen that we hadn't 
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1 thought of.  

2 MR. BARANOWSKY: I was the one of the proponents 

3 of that argument.  

4 MR. APOSTOLAKIS: So now by changing the time 

5 period that argument goes away.  

6 MR. MAYS: It's not just the time period. When 

7 they were doing that study before there were significantly 

8 fewer reactors and experience of years of operating. What 

9 we are trying to do here is measure the performance of a 

10 relatively mature industry over a sufficiently long period 

11 so that we can an accurate description of what is going on 

12 now.  

13 MR. APOSTOLAKIS: 

14 MR. UHRIG: This is also just U.S. plants.  

15 MR. HAMZEHEE: Yes. This does not include 

16 international plants. This is U.S., 100-some nuclear 

17 plants. So that German plant is not included here by 

18 definition.  

19 MR. APOSTOLAKIS: On the other hand, the number of 

20 failures was controversial, zero versus 1, but also they had 

21 a number of demands. I remember EPRI had four of five 

22 different tests, one of them being something like 240,000.  

23 So this is now not important because we are not really 

24 making a rule.  

25 MR. BARANOWSKY: We tried to come up with a model 
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back in the early 1980s that looked something like what we 

are doing over here. In fact we did, but we didn't have the 

data. We didn't even know how to do common-cause failure 

right back then. I'm not even sure we had beta factors in 

those days.  

Since then we have assembled the data using the 

common-cause failure data protocols and the methodology that 

we have available so that we could look at this thing in 

piece parts and in total. Now we think we have a way of 

doing the analysis that is credible, whereas before all we 

had was that one Kohl event and not that much experience, 

and it was a conservative approach.  

MR. APOSTOLAKIS: Wasn't there an incident once 

when in a BWR the control rods wouldn't go in? 

MR. HAMZEHEE: Yes. We talk about it. If you 

give me a few minutes, we are going to get there and we will 

talk about some of the specific failures. Let me quickly 

pass a few more and we will get there, if you don't mind.  

Basically, we looked at Westinghouse, 2 different 

models, analog model and Eagle 21.  

Then we looked at General Electric RPS models, 

mainly for BWR-4, and that was because the majority of the 

plants are BWR-4 and there aren't any major differences.  

As we speak, we are planning to do 2 more that 

will cover the whole industry, and that is for B&W, RPS, and 
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1 CE.  

2 MR. UHRIG: The 3000, is that a nominal number? 

3 Is that an exact number? 

4 MR. HAMZEHEE: This is an exact number from 1984 

5 to 1995, based on LER reports.  

6 MR. UHRIG: It's amazing to come out to 3000.  

7 MR. HAMZEHEE: Next I will look at this quickly.  

8 I don't want to get into the details because I know this is 

9 a boring system, but basically we included in our model 

10 signal channels, signal logic, trip breakers and CRDM, and 

11 control rod hydraulic units for GE.  

12 MR. SEALE: It's boring only if it works.  

13 MR. HAMZEHEE: As you may all expect, the RPS 

14 system is a highly reliable system. The data did not 

15 contradict anything that we knew from the past.  

16 As you see, for Westinghouse I call it 

17 unreliability because this is failure to function on demand.  

18 That is the only thing we include here. That makes sense.  

19 MR. APOSTOLAKIS: It's unavailability.  

20 MR. HAMZEHEE: Failure to function on demand.  

21 MR. APOSTOLAKIS: This is correct. What you have 

22 on the slide is correct.  

23 MR. HAMZEHEE: Okay. Failure to start on demand 

24 is 2E minus 5. Because this is a highly redundant system, 

25 the hardware and the independent failures don't contribute 
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1 much. As you see, most of the contributions are from 

2 common-cause.  

3 Here you have two undervoltage driver cards 

4 failing, common-cause 46 percent. And bistables, and so 

5 forth.  

6 Also, when we looked at the trends for this system 

7 we did not see an decreasing or increasing failure trend.  

8 MR. UHRIG: Did you deal with the Analog and the 

9 Eagle 21 together, or did you make any separate studies of 

10 these? 

11 MR. MAYS: We looked at them both, separate model.  

12 What we found was that the places where Eagle 21 was 

13 significantly different from the Analog was not in the areas 

14 where the common-cause failures were occurring. So the 

15 results are almost exactly the same.  

16 MR. HAMZEHEE: So these apply to both models and 

17 mainly common-cause.  

18 Here we tried to compare them with IPE values, and 

19 it makes more sense here because the data was from 1984 to 

20 1995, and most of the IPEs were about 1992-1993.  

21 If you look here, you see that that we have 2 

22 values, with and without manual scram. We have all the 

23 plants included from the IPE values, what they have used, 

24 and you see that the values here for Eagle were slightly 

25 lower.  
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1 MR. MAYS: Remember, NUREG-0460 had a value of 

2 either 3 10 to the minus 5 or 1 10 to the minus 5, depending 

3 on which portions of it you took. What you see is a lot of 

4 plants have that value as their IPE value.  

5 We didn't see a lot of plants that had fault tree 

6 specific analysis of their plants and their IPEs. That's 

7 another reason why there are some of the differences in 

8 there.  

9 MR. BARANOWSKY: Go back to the prior viewgraph 

10 for a minute. I'm not sure if I heard you mention this or 

11 not. You talked about the contributors here, about the fact 

12 that the reactor trip breakers are way down there now.  

13 MR. HAMZEHEE: Seven percent, yes.  

14 MR. BARANOWSKY: In the Salem time frame, when we 

15 did that look-see, the reactor trip breakers were by far the 

16 dominant contributor to the system failure rate, for two 

17 reasons. For one thing, they were more unreliable then.  

18 They have improved.  

19 The second thing is we didn't have data on all 

20 these other things in a model we could put together like 

21 this and relate partial failures and malfunctions the way we 

22 now put them into the common-cause failure model.  

23 MR. HAMZEHEE: That is the key thing. We have 

24 more data now, so we know that's true.  

25 MR. MAYS: The other thing was that the systems 
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1 have changed since Salem because all the plants now not only 

2 have undervoltage trips in their RPS breakers, but they 

3 shunt trips. So there is a combination of the breakers 

4 performing better in the undervoltage trip mode; they have 

5 an additional redundant mode, the trip; and we have data 

6 about the common-cause failures of these things since then.  

7 That particular insight is specifically called out about why 

8 it is lower in the report.  

9 MR. BARANOWSKY: We have failures in all these 

10 areas, and almost all of these require some element of 

11 common-cause failure to be a contributor. Independent 

12 failures just don't show up.  

13 MR. HAMZEHEE: That's true, mainly because it is 

14 highly redundant.  

15 MR. BARANOWSKY: The question of whether or not 

16 the Kohl experience is relevant anymore has to do with going 

17 and looking at the data and asking yourself, well, what 

18 evidence have I had over the last 15 or 20 years of the 

19 types of things that are going to cause failure through 

20 common causes. Those have been captured in this analysis.  

21 MR. HAMZEHEE: That's correct.  

22 MR. MAYS: In this analysis, those would be 

23 failures of the signal processing modules. We went back and 

24 said in the Kohl reactor the relays would freeze up and 

25 therefore you wouldn't get the signal to trip. So we have 
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1 in our model explicitly those particular areas accounted 

2 for.  

3 MR. HAMZEHEE: Back to number 31. We dealt with 

4 Westinghouse. We did a similar study for GE.  

5 MR. BONACA: Could you go back to the curve. Some 

6 of ones with unavailability above 10 to the minus 4 are 

7 actually very recent plants. Any insight why they would 

8 have unavailability of one order of magnitude higher than 

9 the average? 

10 MR. HAMZEHEE: We did not specifically look into 

11 it, but my own judgment is that some of the newer plants did 

12 not have enough information. So most likely they used some 

13 generic studies that are usually higher than what you see 

14 for actual plants.  

15 MR. BARANOWSKY: There may be higher failure rates 

16 on the circuit breaks, for instance, because they don't have 

17 more current data.  

18 MR. HAMZEHEE: That could be the trend.  

19 MR. UHRIG: This is supposed to be all PWRs? 

20 MR. HAMZEHEE: IPEs? 

21 MR. UHRIG: Westinghouse.  

22 MR. HAMZEHEE: Yes.  

23 MR. UHRIG: Turkey Point is not in there, or am I 

24 missing it? 

25 MR. HAMZEHEE: We tried to put as many as we 
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could, but they are not all here. Remember, this is just a 

sample of comparison. We didn't try to capture all the 

Westinghouse plants on the curve.  

MR. BONACA: It is strange to see a variability of 

two orders of magnitude when most PRAs use some generic 

number.  

MR. MAYS: We don't know what the reasons for all 

those particular changes were because we had limited access 

to the models and information in the PRAs. The important 

point for us was to indicate when we see something that 

looks different that that particular model or that 

particular information is important to a regulatory 

decision, and somebody can then go out and get it.  

MR. HAMZEHEE: The other reason you see some 

variability is because some plants chose to use a single 

point rather than model the RPS system. The ones that spend 

more time actually model the RPS, so they got more accurate 

results. That also is a big factor.  

Now we go to the GE BWR-4. The unavailability 

that we found for this system was 6E minus 6, which is 

highly reliable.  

The contributors. RPS is a highly redundant 

system, so you don't expect to see independent failures 

much, and almost 100 percent of the contribution is coming 

from common-cause, mostly channel segments, hydraulic 
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1 control units. The CRDMs are very small, about 4 percent.  

2 We did a similar comparison here.  

3 MR. APOSTOLAKIS: Did you say you are going to 

4 discuss that incident? 

5 MR. HAMZEHEE: For GE. I think the one you were 

6 talking about was the Browns Ferry event.  

7 MR. APOSTOLAKIS: I don't remember.  

8 MR. BARANOWSKY: That's the one where the rods 

9 didn't go in.  

10 MR. HAMZEHEE: Yes, that's the Browns Ferry.  

11 There was an event in 1980 at Browns Ferry. The problem 

12 they had that the scram discharge volume level was a little 

13 high. They had some failure to insert some of the rods.  

14 When we did this study we looked at that event.  

15 We analyzed about 7000 different events to 

16 understand the failure types and failure cause of the RPS, 

17 and we realized that the data showed that there are no more 

18 failures that are related to the scram discharge volume. So 

19 that deficiency was not shown in the 1984 to 1995 data 

20 anymore.  

21 MR. APOSTOLAKIS: Would you call that a manual 

22 action, operator action? 

23 MR. HAMZEHEE: No.  

24 MR. APOSTOLAKIS: They were draining water, I 

25 think.  
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1 MR. MAYS: No. It was leakage past the scram 

2 discharge valves that would collect in the scram discharge 

3 volume. They hadn't been draining the scram discharge 

4 volume. So when they got an actual signal they put a 

5 hydraulic lock on the piping.  

6 Since then there have been requirements to put in 

7 level monitoring and sensing devices and to change the RPS 

8 so that the RPS will scram out before you get to that high 

9 level condition in the scram discharge volumes, and the 

10 valves have been made more reliable.  

11 What we saw when we went back and looked at the 

12 data -- and this is documented in the report -- was that the 

13 contribution from scram discharge volume, which we did have 

14 as part of our model, is not longer the dominant contributor 

15 because it is not having failures that are causing rods to 

16 lock up and not move anymore. We explicitly looked at that 

17 and found that that was no longer a significant contributor 

18 to the common-cause failure of these systems.  

19 MR. APOSTOLAKIS: Is that in the report? 

20 MR. HAMZEHEE: It is in the report. The GRPS 

21 report is out. That particular discussion is in the report.  

22 MR. APOSTOLAKIS: Is that in a report from the old 

23 Browns Ferry incident? 

24 MR. HAMZEHEE: I don't have it, but I can find it 

25 for you.  
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MR. APOSTOLAKIS: I appreciate that.  

MR. HAMZEHEE: Let me go over this quickly. Here 

we have with and without recovery. With recovery this is 

lower; without recovery it is higher.  

If you look at the trend here, you realize that 

the majority of the plants are between 1E minus 5 to about 

4E minus 5. The reason for this is because we found out 

that the majority of the plants went back and used the 

NUREG-0460 number, which is 1E minus 3 and 5E minus 3. A 

lot of those plants at the time didn't even have 

plant-specific models or didn't have enough data. So you 

see all these guys mostly used the generic values.  

And these are the guys that had some 

plant-specific modeling and more data.  

It shows that the majority of the values that were 

utilizing the IPE are higher than what we came up with for 

the period of 1984 to 1995.  

This one here, I don't know why they used that. I 

have no idea.  

MR. UHRIG: If you did for the most recent 10-year 

period, would you expect the results to be about the same? 

MR. HAMZEHEE: Yes. Again, if we knew the answer, 

we wouldn't do the analysis, but the expectation is probably 

the same or even better.  

MR. UHRIG: There has been some recent failure of 
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rods to go in. I have forgotten the plants.  

MR. SEALE: High burnup fuel.  

MR. UHRIG: High burnup fuel problems. Would that 

be included in this, or is that not part of what you would 

include in this? 

MR. HAMZEHEE: I have to look at the failure, but 

if it caused the rods not to drop -

MR. UHRIG: The problem was they didn't go all the 

way in.  

MR. MAYS: The answer is we have in the model 

control rod drive mechanism failures, independent failures 

of those. We went back and looked at the data to see what 

the probabilities of failures of individual rods going in, 

an then we applied common-cause failure probabilities to see 

if enough of them would not go in. If there was an increase 

in the failure rates of rods due to high burnup and we were 

doing an update study, that would get reflected in that 

independent failure rate.  

It would also get reflected if it was more than 

one rod failing at plants in our common-cause failure data, 

so it would theoretically cause us to see an increase in 

that contribution.  

MR. UHRIG: I guess my fundamental question was, I 

was interpreting failure to scram meaning that the CRDMs did 

not release.
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1 MR. HAMZEHEE: You are talking about PWR now? 

2 MR. UHRIG: Yes, PWR.  

3 MR. HAMZEHEE: Yes. Failure to drop is one of the 

4 failure modes. If it doesn't drop all the way, that is 

5 another failure.  

6 MR. MAYS: Our grouping of control rod drive 

7 mechanism in the model includes the releasing mechanism as 

8 well as the rod falling into the core.  

9 MR. HAMZEHEE: Unless the failure was tech spec 

10 related. Like if they didn't go 72 inches and went down 71, 

11 then that is really not a failure because you have the 

12 function.  

13 MR. BONACA: Failure to release affects all the 

14 rods. Would you treat it equally? 

15 MR. HAMZEHEE: No, because as Steve explained, 

16 especially for RPS system, because of lack of enough 

17 information, we developed fault tree models. When we 

18 developed the fault tree models, for some trains or segments 

19 we have components.  

20 If you have some failure for only one control rod, 

21 then that portion of the fault tree is going to be higher 

22 failure occurrence and the rest are going to stay the same.  

23 So you see some impact at the end.  

24 MR. BONACA: Those considerations are inside the 

25 FSAR anyway.  
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1 MR. HAMZEHEE: Exactly.  

2 MR. BONACA: Failure to insert.  

3 MR. MAYS: The point is your question was there is 

4 a general failure which is a common mode failure. If you 

5 don't get a signal for the CRDMs to release, then none of 

6 them will work. That is incorporated in the model.  

7 In addition, we incorporated in the model a 

8 common-cause failure probability of enough rods individually 

9 not being able to go in. You can see there wasn't a very 

10 big contributor. If we were do an update and high burnup 

11 fuels were to cause swelling of the channel so that the rods 

12 wouldn't go in, we would see those individual failures; we 

13 would incorporate that into the model, and you would be able 

14 to how big of an impact it had.  

15 MR. SEALE: It's my understanding that in the 

16 cases of the ones where it has happened the rod has been 

17 inserted to get 99 percent of the rod worth in. So you have 

18 got another question here as to whether it's a failure.  

19 MR. HAMZEHEE: That is not a catastrophic failure, 

20 so called. It would be some partial failure.  

21 MR. APOSTOLAKIS: It gives time for the operators 

22 to do something.  

23 MR. UHRIG: If you could go back a long to the old 

24 Chalk River incident, there were 22 rods. It required 3 to 

25 shut it down and only 2 went in.  
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MR. MAYS: Right. The point is you have got a 

whole mess of rods in the reactor and you have to determine 

how many rods failing to go in constitutes failure of the 

function. That determines what common-cause failure 

parameter you are going to apply to the individual failure 

probability.  

We can get data on scrams as to whether or not the 

rods are going in. We can get that individual rod insertion 

failure probability, and we can determine whether it was due 

to high burnup fuel or not by the failure records.  

Depending on how many rods there are and how many of them 

have to not fail for that particular design class, we would 

decide what the common-cause failure term is, and then that 

goes into the model.  

So it would be explicitly included if that 

operating experience were to show up with more and more 

failures. I just can't tell you off the top of my head how 

many more and how significant they have to be before they 

impact this number.  

MR. HAMZEHEE: And remember, common-cause 

failures, we didn't really have any event in which so many 

of these things failed. Common-cause failures, we have one 

or two or three events, and then we do analytical processing 

of this information to say, well, now what is the 

probability of having three of them fail, four of them fail, 
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ten of them. But in actuality we really didn't have any 

common-cause failure that would fail more than two or three 

of these control rods.  

Next is just a brief status of all the updates 

that we have and the system studies. All the shaded ones 

are the completed ones. As I explained earlier, for CE and 

B&W we are going to do the analysis and we are going to 

include from 1984 to 1998. So we are adding three more 

years.  

All these updates have been completed, and this 

shows the status of the updates and the second update for 

all the completed systems goes all the way through fiscal 

year 2001.  

MR. APOSTOLAKIS: Why don't we recess now and be 

back at one o'clock, or a little after.  

[Whereupon at 12:00 p.m., the meeting was 

recessed, to reconvene at 1:00 p.m., this same day.] 
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AFTERNOON SESSION 

[1:00 p.m.] 

MR. APOSTOLAKIS: What's next? 

MR. HAMZEHEE: Hossein Hamzehee again. We are 

going to cover the component studies.  

MR. APOSTOLAKIS: At some point you will come to 

the risk-based performance indicators? 

MR. MAYS: Yes. That is the last piece.  

MR. HAMZEHEE: We have a few more segments before 

then. If you don't ask any questions, this is going to be 

10 minutes maximum.  

In addition to system studies, as Steve mentioned 

earlier, we have also undertaken studies at the component 

level.  

So far there are four main types of components 

that we are either currently analyzing or will be analyzing 

in the near future. They are turbine-driven pumps, 

water-driven pumps, MOVs and AOVs. Today we will talk about 

some of the results of the turbine-driven pump studies and 

the motor-driven pump studies.  

This one here is a turbine-driven pump. We put 

here some mean value and lower and upper bound so you get 

some idea on the uncertainty distribution or variation 

distribution.  

Here the NUREG-4550 is the generic database that 
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has been used by some utilities to come up with their 

numbers for turbine-driven pumps. The mean value is 3E 

minus 2. In our study for the turbine-driven pump we looked 

at all the industry population.  

For PWRs we looked at aux feedwater system, 

because that was the only system that had turbine-driven 

pump and was a safety-significant system.  

For BWRs the only two systems that have 

turbine-driven pumps are RCIC and HPCI. So these are the 

two systems that you see here for BWR, and the system for 

PWR.  

Later on we will have a figure that shows a 

comparison with industry. Here the mean for aux feedwater 

failure to start on demand for the pump is 1.6E minus 2; for 

RCIC BWR it is 2E minus 2; and for HPCI it is 3.3E minus 2.  

MR. APOSTOLAKIS: So it's pretty close.  

MR. HAMZEHEE: Yes, very close.  

MR. MAYS: NUREG-4450, by the way, was the data 

input source for NUREG-lI50.  

MR. APOSTOLAKIS: Yes. We can't forget those 

numbers.  

Mr. Christie has a question, or did he just come 

up here because he likes us? 

MR. CHRISTIE: I love you, George.  

MR. APOSTOLAKIS: We are on the record, Bob.  
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[Laughter.] 

MR. CHRISTIE: That previous slide. How do I 

relate the boiling water reactor system's RCIC of 2 times 10 

to the minus 2 to the high pressure coolant injection of 3.3 

times 10 to the minus 2 to the values you were given for the 

update stuff, .3 for RCIC and .7 for HPCI? 

MR. HAMZEHEE: This is the turbine-driven pump 

portion of the system only. What you had earlier was for 

the system. There is only one train system. That's the 

difference.  

MR. APOSTOLAKIS: But they are consistent.  

MR. HAMZEHEE: Yes.  

MR. CHRISTIE: That is only the pump? 

MR. HAMZEHEE: That's correct. The turbine-driven 

pump; failure to start on demand.  

These are the major findings that we wanted to 

quickly go over with you.  

When we did the trending analysis we did not see 

evidence of aging for turbine-driven pumps in the industry.  

When we drew the boundary of the turbine-driven 

pumps we had three subcomponents, the turbine, the pump 

itself, and the governor.  

The dominant subcomponent failure was the governor 

failures of the overall turbine-driven pump. I don't think 

that is a surprise.  
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1 That is for the BWR RCIC.  

2 For PWR aux feedwater and BWR HPCI, in addition to 

3 the governor, we also had the turbine portion of the pump as 

4 a significant contributor. We have a pie chart that will 

5 show all the contributions from each category.  

6 The main cause of the failure for turbine-driven 

7 pump for aux feedwater and RCIC were age an wear and 

8 maintenance or procedural deficiencies. These are the 

9 categories that have been defined by NPRDS. So we followed 

10 the same categorization.  

11 For BWR HPCI, maintenance and procedural 

12 deficiencies were the main cause.  

13 Here we tried to do the same thing, make a 

14 comparison with the IPEs. This value here is the one that 

15 we calculated in our study, and this one here is the 4550 

16 generic database that was used. These were selected 

17 utilities that we could get the results of the IPEs easier, 

18 and we put them in here for comparison. You realize that 

19 for our study this is the distribution and this is the mean.  

20 If you look at the variation among the plants, for 

21 PWR aux feedwater you see that it is within the range, the 

22 upper and lower, and you see some utilities that have higher 

23 than some others.  

24 The same comparison for BWR RCIC system. There is 

25 more condensed variation between the plants. When we looked 
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at the actual data, we saw a large distribution among 

different utilities, the actual plants from 1987 to 1998.  

That was the time period in which we did the study.  

This is the same comparison for BWR HPCI. You see 

that our analysis showed this as the mean value, which is 

about 3 point something E minus 3, and this is the 

distribution. You see a wider distribution, but they are 

still within our range. So it is nothing that surprised us 

a lot.  

You may ask why we have in some areas a larger 

variation. It is also because of maybe the number of 

failures you have or number of demands that you have.  

Sometimes that could cause some higher variation in the 

population.  

Here we show by failure, regardless of all those 

comparisons. From 1987 to 1995, based on the NPRDS, we look 

at all the failures. In 1987 we had 11 failures. This 

portion is for the pump failure, turbine failure, and 

governor failure. You don't see any trend that the failures 

are going up or down. You see they are all over. So you 

can't really draw any statistical trending for this.  

In the last year, 1995, you see that the number is 

lower than the previous years.  

And this is the only year you have too many 

failures, 18.  
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MR. SEALE: I have a question on that. It looks 

to me that with the total number you have there is nothing 

that is out of line statistically.  

MR. HAMZEHEE: Exactly.  

MR. SEALE: Yet you indicated earlier that the 

deficiencies seemed to be with regard to maintenance and 

procedures.  

MR. HAMZEHEE: That's correct.  

MR. SEALE: It would strike me that those are two 

things that are somewhat susceptible to remedial action, 

procedures in general and the maintenance in terms of the 

training of the people and so on.  

I guess the message I get out of this is there 

just hasn't been a lot of attention to tightening up the 

procedures and the maintenance on these things, so that you 

drive those numbers down a little bit more.  

MR. HAMZEHEE: In a sense you are right. On a 

relative basis you are absolutely right. If you really look 

at the number of failures we have compared to the number of 

demands, you see that there are so few failures that you 

can't really do a lot to improve them. If you could, then 

you are right. The procedures and maintenance are the 

areas. You have to go back and try to find out what the 

root cause is and improve the procedures.  

MR. MAYS: I think the answer there also is that 
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1 when you are looking at this, which is across the industry, 

2 you may see a certain relevant percentage due to 

3 maintenance, but in any one particular plant you may only 

4 have one or two at some point in time. So there wouldn't be 

5 an across-the-industry type of attention to that that would 

6 cause all the overall industry values to go down.  

7 MR. SEALE: I have to confess that the earlier 

8 slide you showed which showed roughly that plants seemed to 

9 have about the same failure rates suggests that it's not an 

10 acute thing at particular plants, which you would expect it 

11 to be.  

12 MR. HAMZEHEE: That's correct.  

13 MR. MAYS: Because that's where the corrective 

14 action would occur.  

15 MR. SEALE: That's right.  

16 MR. HAMZEHEE: This is the pie chart I was talking 

17 about. We don't have to spend too much time on this.  

18 Basically it shows you the contribution of each cause as 

19 defined by NPRDS.  

20 For PWR AFW, you see, as we said, maintenance and 

21 procedure is 24 percent and age and wear 26.  

22 For the BWR, the majority comes from maintenance 

23 and procedure again. Then age an wear.  

24 Again, on a relative basis, but when you look at 

25 the absolute, there really are very few failures.  
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For BWR, you see that maintenance and procedure 

for HPCI is the most dominant.  

MR. BONACA: I call it wear rather than age. It 

is still pretty significant. Does it mean that in the case 

that you have excessive corrective maintenance rather than 

preventive maintenance? 

For example, you have BWR RCIC, the isolation 

condenser, 30 percent is due to wear. Would it tell you 

that maybe there isn't sufficient preventive maintenance? 

MR. HAMZEHEE: It could be, but the information we 

had and the data failures reviewed in the NPRDS would not 

directly tie this to this concern, but that could be one of 

the factors.  

MR. BONACA: This is the kind of insight you want 

to have for performance indicators? 

MR. BARANOWSKY: Yes. But you couldn't say just 

by looking at these pie fractions whether there was 

sufficient or insufficient attention paid to these things.  

You would have to ask yourself what is the overall 

performance level and is that acceptable, and if it is 

unacceptable, then what is the deficiency.  

MR. HAMZEHEE: That is with turbine-driven pumps.  

If you don't have any questions, we will go to motor-driven 

pumps.  

We did a similar study with the motor-driven pump.  
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1 We just sent out a draft report for review. These are some 

2 preliminary results.  

3 For PWR, since we are talking about motor-driven 

4 pumps, we had more risk-significant systems that we 

5 considered.  

6 For PWRs, we have aux feedwater, HPI, CCW, 

7 containment spray, CVCS, nuclear service water, and RHR.  

8 For BWR, we have five systems: HPCS, LPCS, 

9 reactor building component cooling water system, and service 

10 water and RHR.  

11 For all these things we looked at the motor-driven 

12 pump failure probability on demand from 1987 to 1998.  

13 If you look at the value here from NUREG-4550, the 

14 mean is 3 minus 3. If you look at the distribution here, 

15 you see they are very close to the mean. That wasn't 

16 generic.  

17 For PWR, on the other hand, you see that for HPCS 

18 you have a higher failure on demand probability. You see 

19 that for reactor CCW you have one order of magnitude lower 

20 in the actual data than you see in the 4550 data.  

21 We have a few figures that will compare these with 

22 the industry.  

23 Some of the insights we gained from the 

24 motor-driven pump study is the fact again that we did not 

25 observe any evidence of aging. That was one of the findings 
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which is similar to the turbine-driven pump.  

When we looked at the subcomponents of the 

motor-driven pump, we had the pump itself, the motor, and 

then the circuit breaker. The dominant subcomponent failure 

was on the circuit breaker. I don't think that is anything 

unexpected. We have seen this and we have data that shows 

the circuit breaker is the part that fails most often.  

The main causes for PWR systems, mainly they were 

unknown, 43 percent, and then maintenance, procedural and 

age an wear, all together about 40 percent.  

Before you ask the question, let me explain what 

"unknown" is. Whenever utilities report the information we 

have categorization defined in the NPRDS. Sometimes they 

cannot relate that failure to any of those categories, so 

they put "unknown." When they say unknown, then we don't 

have more information to really say what caused it.  

Unfortunately, we have about 40 percent of those unknown.  

MR. MAYS: The other issue with that is sometimes 

they will just replace the part that failed with a new one 

and won't bother to do a root cause analysis. They put the 

new one in, it works, and they go on. That also contributes 

to unknown.  

MR. HAMZEHEE: For BWR, age and wear was 

relatively more dominant.  

MR. SEALE: What is the relative cost of a pump 
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driven by turbine compared to a motor-driven pump? 

MR. HAMZEHEE: I have no idea.  

MR. SEALE: I would be interesting to know whether 

you have an attitude that you will run the turbine-driven 

pump drive until it breaks, whereas you will replace the 

motor because it's a cheaper thing to do. I guess because 

of the lack of the generality of the turbine drive that they 

are more expensive.  

MR. HAMZEHEE: Have worked many years in the 

utilities, I know that usually operations doesn't like 

turbine-driven pumps because operationally there is a lot of 

headache, a lot of cleaning and stuff that they have to deal 

with. So motor-driven pumps are the preference except that 

when you lose offsite power you need some backup. So that 

is a must with respect to safety.  

Here we look at the comparison again aux feedwater 

PWR. Here is our calculate range with the mean of about 

almost 2E minus 3. This is the NUREG value. You see that 

values are within the range again.  

For BWR reactor building CCW system, same thing.  

This is our number, and this is NUREG, and these are the IPE 

values. You see that almost all of them use higher numbers 

in their IPEs than we came up with for the period of 1987 to 

1998.  

Like Steve mentioned earlier, now a lot of these 
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utilities have gone ahead and updated their IPE. So some of 

these values may be a little different than what we have 

here.  

This is the same thing for RHR/LPCI system. We 

didn't see any significant changes.  

This again is going to going to look at total 

number of failures per calendar year across the industry.  

This is for PWR systems. Again, you see that the 

number of failures in 1987 we have 13 all the way to 1995.  

In 1995 we have 14.  

As you see from the figure, the circuit breakers 

are dominating the whole thing on a relative basis. There 

is no statistical trend that you can call from this. That 

is why we said there is no evidence of aging.  

For BWRs, again you see that it goes all the way 

from 7, which was completely due to circuit breaker 

failures, all the way to 1995, which is 5. For some reason 

1993 had the highest number, which is 9 failures of so many 

thousands of demands.  

Again, this the pie chart to show the causes.  

For PWR, as we mentioned earlier, the majority of 

it is unknown, and then a little bit of maintenance, 

procedural, age and wear, and other.  

I think another interesting finding is that on a 

relative basis almost all of them have a very small percent 
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contribution from design deficiencies. So you really see 

that design doesn't play a major role because they are 

mature enough not to have any more problem.  

A quick review of our schedule.  

As I mentioned earlier, turbine-driven pump 

studies all done, reviewed, and comments have been 

incorporated. A NUREG should be published any time from now 

until January.  

Motor-drive pump studies are out for review, and 

we hope by March of 2000 we can publish the NUREG report.  

MOV we are currently working on. It should be 

done by June, and the AOV reliability study should be done 

by July of next year.  

With that, if you don't have any questions -

MR. BONACA: I have a question. When I look at 

this data for so many plants, I didn't identify any trend 

for a particular plant that says there is something unique 

at that plant where everything is always tracked in the 

wrong direction. Is that correct? 

MR. HAMZEHEE: That's correct. I think that is a 

valid observation.  

MR. BONACA: That is quite important.  

MR. MAYS: I have to say we didn't go out and do a 

plant-by-plant comparison on these and the other studies to 

see if that was true. I think it is probably appropriate to 
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say at first blush we didn't notice anything that would 

cause us to see that.  

MR. HAMZEHEE: Any more questions? 

[No response.] 

MR. MAYS: The next topic we are going to talk 

about is common-cause failure analysis. You have heard 

about this program and the database before. So this should 

be fairly brief. There are a couple of new things that we 

are working on that we will tell you about that will help on 

the oversight processes and the engineering insights.  

Dr. Rasmuson will come up and talk about the 

common-cause failure.  

MR. RASMUSON: We will go through the purpose, 

objectives, and the program description of what we have 

envisioned.  

The purpose is to provide a database and a tool to 

enable the NRC staff to treat common-cause failures in 

risk-informed regulatory activities using both qualitative 

engineering insights and quantitative CCF parameters.  

We started with the development of a database, 

which we have talked about before, and the analysis 

software.  

We have collected data from NPRDS and LERs. In 

the future we will be looking at EPIX since NPRDS is not 

there, using that as a data source.  
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We have estimated common-cause failure parameters 

from the database.  

The final thing that we are doing is gleaning 

engineering insights regarding the common-cause failures 

with respect to causes, coupling factors, detection method, 

and other engineering attributes that we have.  

MR. APOSTOLAKIS: I'm sure you remember that I had 

some doubts about the quantitative questions, at least 

quantitative estimates for the parameters. I especially 

objected to having generic values, and so on.  

Maybe one way of putting this to rest is to have a 

couple of people who have not worked on this project to 

perhaps review the methodology and get a fourth opinion, so 

to speak. Not Fleming or Mosley or those guys, because they 

participated.  

Is it possible without spending too much money to 

have a fresh view? That methodology was developed in the 

1980s, mid to late 1980s. Based on the information we have 

now and maybe somebody else's expertise, to go back and look 

at the alpha factor model. That is the one you are using, 

right? 

MR. RASMUSON: That is the one where you can 

calculate uncertainty.  

MR. APOSTOLAKIS: So maybe look at the assumptions 

behind it so it is not going to be my word against yours.  
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Not that I object to it. It is just that I would 

like somebody else to look at it too. Would that be too 

much to ask, Pat? 

MR. BARANOWSKY: I don't know. It seems to me we 

have gone out and had people like Mosley and Fleming look at 

this.  

MR. APOSTOLAKIS: They developed it. Did you ever 

have a serious peer review? 

MR. BARANOWSKY: We had other people too. We went 

and got the country's top common-cause failure people to be 

involved in this. Now I am concerned about going and find 

the next tier down and ask them to review it. If there is 

such a group, I guess I need to know about it.  

MR. RASMUSON: George, when we were developing the 

software and looking at the uncertainty on this, Corey 

Atwood took a very careful look at everything that we had 

done before we implemented anything in it. He went back and 

looked at the bases for the alpha factor versus the beta 

factor and the multiple Greek letter, and so forth. That is 

one of the reasons we have gone with the alpha factor, 

because it has a statistical foundation where the multiple 

Greek letter does not.  

MR. APOSTOLAKIS: I am not worried so much about 

its statistical merits. Some of the things that we were 

doing then, do we still want to do them now that we have the 
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databases? For example, is it time perhaps to think again 

that perhaps the basic parameter model is good enough? 

MR. RASMUSON: These are all related to the basic 

parameter model, George. They are all re-parameterizations 

of each other.  

MR. BARANOWSKY: I think the problem is that we 

are not sure who would do this kind of review, although I 

guess it could be a problem for graduate students or 

something like that.  

MR. APOSTOLAKIS: No, no, no.  

MR. RASMUSON: We came, George, to the ACRS to get 

comments on this stuff, and we got your comments and other 

people's. We put this information out to INPO, to EPRI, to 

other people to see if they had any comments on it. So we 

think we had a pretty elite group of people looking at this 

thing.  

In addition, we have been involved with the 

international common-cause data exchange where we have met 

with the Swedes and the French and the other people involved 

in common-cause failure analysis, and in the process of 

doing all that just about everybody we have come into 

contact with who has had some familiarity with common-cause 

failure analysis has said you guys have the best system 

going, and your process and your parameters and your 

classification of things we want to adopt and use.  
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Absent some specific problem that we can relate to 

and get somebody to go after with us and address, I'm not 

sure how much more we can do.  

MR. APOSTOLAKIS: I remember there were some funny 

equations allowing you to go from 1 out of 2 system to 1 out 

of 3. Are you still using those since you have data now? 

MR. BARANOWSKY: The mapping procedures. Dale can 

correct me, but I think mapping procedures were developed by 

someone and reviewed by somebody else. That is the kind of 

stuff that has been done all along the way. If Olie Mosley 

something, Corey Atwood reviewed is.  

MR. APOSTOLAKIS: That was still being used, 

wasn't it? 

MR. RASMUSON: Yes. We are still using the map.  

MR. MAYS: We don't have sufficient data density, 

George, to not do the mapping procedure.  

If you are interested in the common-cause failure, 

the alpha 4 parameter for things failing forward in time, I 

don't think we have a sufficient data set to say we are only 

going to take systems that have exactly four things and 

figure out what the alpha parameter is for those things. We 

don't have sufficient data density to do that. So it's 

necessary to say, well, if I had a common-cause failure in a 

system that had two things and it completely failed, would 

it be likely at a plant that had four to fail all four of 
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those too? We have to have a procedure for going back and 

forth on that because we still haven't gotten enough data 

density to do it directly.  

If you look at what we had previously, which we 

didn't bring with us, the occurrence rate of complete 

common-cause failures in all systems is going down in a 

statistically significant fashion, so we are getting less 

and less data every year. That is one of the reasons we 

went to go talk to the international community, to say can 

we learn something from your data as well? 

It is kind of good news, bad news. The 

performance is getting better and that is making it harder 

to have a lot of data to figure out anything more about 

performance.  

MR. BARANOWSKY: We still have got this issue of 

what, if anything, in additional peer review needs to be 

looked at on the methodology.  

MR. APOSTOLAKIS: I would feel much better if we 

found one or two smart people who have not been involved in 

this and give them three or four days just to go over the 

whole thing from beginning to end. Would that be too much 

of a burden? 

MR. BARANOWSKY: Three or four days is not too 

much of a burden.  

MR. APOSTOLAKIS: That's what I am talking about.  
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MR. BARANOWSKY: The problem I have is I would 

like to make sure people have credentials that are going to 

do that kind of thing. We went and got all the people with 

credentials to work on this project, and now I want to make 

sure that we don't have people who are less qualified 

reviewing their work and bringing up bogus stuff.  

MR. APOSTOLAKIS: If they do, we will not listen 

to them.  

MR. BARANOWSKY: But then we have got to spend the 

time rebutting this too.  

MR. APOSTOLAKIS: The point is that I am not 

talking about reviewing the statistical methods for handling 

the parameters. It's the basic assumptions behind the 

models that I think we ought to take a fresh look at.  

That's all.  

One more thing. What I have found, and it may not 

be a concern to you, is there isn't a single place, a single 

paper of reasonable size, 30 to 40 pages, that describes in 

a concise way the approach, the model, the data. There are 

voluminous reports.  

When I teach my PRA class and I want to teach my 

graduate students what this CCF business is all about, 

either I have to give them a stack of reports, or I have to 

summarize it.  

Would it be too much to ask you guys to put 
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together a 30 or 40 page summary of this? 

MR. BARANOWSKY: Yes, it would be too much.  

MR. APOSTOLAKIS: Why? 

MR. BARANOWSKY: Because we don't have the need 

for it. I think if someone has a need for it, they should 

put it together. I don't see how we would use it. We have 

an extensive technical manual that gives both the 

theoretical and the process information necessary to make 

this work.  

MR. APOSTOLAKIS: But what you are saying is that 

if somebody wants to scrutinize your method, he had better 

be prepared to read ten reports.  

MR. BARANOWSKY: Correct.  

MR. APOSTOLAKIS: No. I don't think that's right.  

MR. MAYS: Actually, if he wants to scrutinize our 

methods, I believe there are only one or two of the four 

reports that are in the series.  

MR. APOSTOLAKIS: I don't know.  

MR. MAYS: The question from my perspective is, 

who is the audience for this and what is the benefit to the 

agency for having done that? I'm not sure what that is. I 

am willing to entertain thoughts about what it might be. I 

don't see it right now, quite frankly. I don't think we 

have articulated well enough what the problem is.  

In terms of a simple condensed thing, you have the 

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034



142

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

same problem if you are going to explain reactor kinetics 

and two group diffusions equations to your engineering 

students. You can't just give them a 30 page summary. I'm 

not sure that there is any difference there.  

MR. BARANOWSKY: Steve's point about what is the 

audience and what is the value of doing is important. A 30 

page document. Everything is always just a couple pages 

here, a couple pages there, a few more straws, a couple of 

camels' backs broken. I don't think we have the resources 

to do that unless we can identify a user and some value for 

it.  

MR. APOSTOLAKIS: I think there are users. How 

about the PRA fellow who does not want to become an expert 

on CCF and yet wants to understand what the model is and use 

it. You are telling him he has to go to experts and hire 

experts to do this. You try to simplify it because the 

engineer is not going to spend all the time to learn the 

details of the model. It applies to so many other things.  

I don't see why it doesn't apply here. In other words, do I 

have to hire Carl Fleming if I want to do CCF for my PRA? 

Evidently now I have to.  

MR. BARANOWSKY: I don't so. I think people in 

utilities are using this without Carl Fleming. You do have 

to be a little knowledgeable, I think. This is not the kind 

of thing where any old high school kid off the street can o
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it.  

MR. MAYS: Part of this database idea was to 

create a process and a system that would allow a reasonably 

competent PRA person and somebody who knew plants to conduct 

a reasonable CCF analysis instead of having to go hire Carl 

Fleming or Henry Pol or somebody else to do that at his 

plant. So we have incorporated the key parts of the 

methodology and how we did the coding, and we put the 

database together in a way -

MR. APOSTOLAKIS: Where did you do that, Steve? 

Where is the single NUREG where I can find all this stuff? 

MR. MAYS: We had a series -- it's on the next 

slide -- of four NUREGs that describe the entire process.  

Those NUREGs talked about -- there was a very short one 

which was simple concepts of data classification and the 

overall view of the process. Then there was a detailed one 

about how we coded up and classified events. There was one 

on what the methodology was for calculating parameters.  

MR. APOSTOLAKIS: But that one sends you to five 

other NUREGs. The problem is I've read them. If you tell 

me there is a short NUREG and then I start reading it and 

says, now go back to this and that and that, that doesn't 

help me. They are asking me to become an expert by reading 

20 reports. This is like the IEEE standards. They send you 

to 10 different standards every time.  
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I am just telling you. Maybe you guys have been 

working with those experts for too long and you think that 

it's natural for a dense person to understand it as well as 

they do.  

Okay. Don't publish a paper. You are not in the 

business of publishing papers, but can you at least have a 

NUREG of reasonable size that doesn't send me to 15 other 

reports so I can understand what the whole approach is? 

I think that would be valuable to the community at 

large. You can cut an paste if you want to. I'm not going 

to tell you how to do it. But I am telling you as an 

outsider that there is a need for that, because nobody 

really wants to understand this to the letter that Rasmuson 

understands it.  

MR. BARANOWSKY: I guess we would have to see more 

of a groundswell than one at that end of the table, George.  

I don't see it, but if I do, or if we do, then we will be 

responsive to it. I would have trouble figuring out how we 

could come up with new funds to go and do something that we 

have already done a job on that as far as we know is 

working. I have to justify that stuff.  

MR. RASMUSON: George, that was part of the 

purpose of NUREG/CR-5485. We added a lot of appendices 

there based on your comments, because you didn't want to go 

back to 4780. We tried to make that one pretty 
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self-contained.  

MR. APOSTOLAKIS: Do I have that one here? Do we 

have that one? 

MR. MAYS: It's on the next slide. Yes, you do 

have it.  

MR. BARANOWSKY: We provided it to the ACRS.  

MR. RASMUSON: This particular slide just outlines 

the uses with respect to common-cause failures like you've 

seen before.  

These are our results.  

We have the database with data through 1995.  

The database was sent to all nuclear power plant 

licensees in July of 1998.  

The reports are listed here.  

We have volumes 1 through 4 on 6268. That is 

related to the database and the data collection.  

The parameter estimates, 5497.  

Then the guidelines is 5485.  

The next bullet there is dealing with the 

resolution of Generic Issue 145. They used a lot of the 

insights that we had in volume 1 of 6268. There was a lot 

of discussion in the full committee that you liked those.  

Those were disseminated to the utilities.  

In addition to the pumps and valves and the diesel 

generators and so forth, for our RPS studies we collected
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CCF data on the RPS system. The components are there.  

Those analyses and that data is documented in the 

individual reports on the RPS study. We have taken that 

data and put it into a database that has just come in, and I 

am in the process of reviewing that. We will then release 

that to the utilities also.  

Most of that data is NPRDS data. There is very 

little LER data on the RPS components.  

We are working on the engineering insights. We 

have draft reports on several components here. We are in 

the process of reviewing those and getting them ready to 

send out for peer review, making sure that they are in a 

format that they can be used by the inspectors and the SRAs 

in the regions.  

Our task for the next year. Basically, we are 

going to complete the insights reports and issue those as 

NUREG/CRs. We are starting to update the database now, 

adding the NPRDS data from 1996 and the LER data, and then 

starting to look at EPIX and see what we have to do to add 

that data to the database.  

The next part of my presentation is dealing with 

our international common-cause data exchange project. This 

is a project where we are participating with countries 

overseas to gain data that can help us to augment our data 

that we have.
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We started in 1994 to work with these different 

countries to bring them along. Sweden was very interested 

in it to start with. Finland and the U.S. were there. Then 

we worked with Germany and France. Spain has joined.  

Switzerland has come along. The U.K. is on board. Canada 

is finally coming along to where they are starting to 

collect data.  

MR. APOSTOLAKIS: These are the regulatory 

agencies there? When you say Germany, who is Germany? 

MR. RASMUSON: The utilities are participating, 

but it is through GRS. Those are the people that we 

interact with.  

MR. BARANOWSKY: Whatever the organization in that 

country that is a member or the OECD/NEA, that is the one.  

MR. BONACA: Japan is not participating? 

MR. RASMUSON: They have been invited to 

participate. Korea has expressed interest, but no one has 

come to meetings.  

We developed general coding guidelines. A lot of 

the input there came directly from what we had done, and so 

in a way that is a peer review of the classification systems 

and so forth.  

The events that we have worked with. We started 

with pumps. We have exchanged data on pumps. A report is 

in printing now at OECD.  
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We have a draft report on emergency diesel 

generators that is being reviewed by the working group now.  

Motor-operated valves is the last one that was 

exchanged. We are in the process of exchanging data on 

these others, collecting it and starting the process.  

The things that we need to do.  

Renew our agreement. We had a two year agreement 

where each country was participating and providing money for 

our clearinghouse.  

Develop a list of additional components for data 

collection.  

And then publish the reports on these other 

components that we have.  

That ends my presentation. Are there any 

questions? 

[No response.] 

MR. MAYS: We have a little bit more to do here.  

I think the schedule was to go to around 2:30 or so, and we 

are probably a little bit behind that. There is some 

significant stuff you probably need to hear about in the way 

of accident sequence precursor material.  

I am hoping we can go through the program 

introductions to other areas of that fairly quickly and get 

to the key things which I think you need to know about, 

which is what are the results of the 1998 events that we 
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1 have seen; what kind of effort is going on to deal with the 

2 question you asked earlier, George, about what is SPAR and 

3 what does it mean; and to also talk about the Cook analysis 

4 that we undertook in light of the significant number of 

5 issues that came out of the D.C. Cook situation.  

6 If we can go through the other ones pretty 

7 quickly, then the last one after that would be discussion of 

8 risk-based PIs.  

9 MR. APOSTOLAKIS: We don't have anything after 

10 2:30.  

11 MR. MAYS: If you don't have anything after 2:30, 

12 we will stay to take care of what you need to hear.  

13 The person who is going to be first discussing the 

14 stuff is Dr. Pat O'Reilly, who is the ASP program technical 

15 monitor and project lead. Then you will hear from Ed 

16 Rodrick next, and then from Sunil Weerakkody again.  

17 MR. O'REILLY: The first slide is just a quick 

18 outline of the presentation on the ASP program.  

19 As Steve pointed out, I will run through the 

20 program description, give you some results and some insights 

21 that we have gleaned from the last year or so of review and 

22 analysis of data. Then Ed Rodrick will talk about the SPAR 

23 model development. Sunil will talk about the D.C. Cook 

24 issue review, and then I will come back and wrap up with 

25 future activities.  

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034



150

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

The ASP program has as its primary objective a 

systematic evaluation of U.S. nuclear power plant 

experience, to document and rank those operating events that 

were most significant in terms of potential for inadequate 

core cooling and core damage.  

It has a number of secondary objectives which are 

listed there: 

Categorize the precursors.  

Provide a measure that can be used to trend core 

damage risk.  

Provide a partial check on PRAs and IPEs.  

Program description. You are very familiar with 

this. It's a three phase process.  

There is a screening phase. That is very 

important. Pat and Steve have brought this up before. We 

screen and review all LERs, including those that deal with 

design-basis issues.  

MR. UHRIG: Is this done by individuals just 

reviewing and going through? 

MR. O'REILLY: The screening part is in 

conjunction with the sequence coding and search system which 

Dale talked about this morning. That is a computer 

algorithm.  

The second phase is what you are talking about.  

Those events that are screened in by the algorithm are then 
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given to an engineer to review against selection criteria.  

They then make a judgment in a relatively short period of 

time whether that event needs to have a detailed analysis 

performed.  

Finally, the last step, perform a detailed 

analysis and calculate the conditional probability of core 

damage given the failures that were observed during the 

event or as a result of the condition of degraded equipment.  

The next slide illustrates some of the uses an 

users of the ASP. That is methodology. That is not just 

the models; it could be the methodology that we employ.  

Prompt assessments both by NRR and the regions.  

Evaluate the significance of inspection findings.  

That is part of the oversight process.  

MR. APOSTOLAKIS: How long does it take you to do 

an ASP? 

MR. O'REILLY: To do a complete flow-blown ASP 

analysis, George, takes about a week if it's a very 

complicated event. If it is fairly straightforward, it 

might take a day or less. It depends.  

MR. MAYS: The actual computation time.  

MR. O'REILLY: Right, what I'm talking about right 

now.  

MR. MAYS: You are asking how long it takes to do 

an ASP event from the time the event occurs until the final
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thing is published. That's several months, on the order of 

about six to eight months. That also depends on the level 

of complication.  

There are several factors that are involved in 

that. One is licensees have 30 days to submit an LER after 

event. Then we have to get into the system. Then we have 

to look at it. We do our analysis. We send it to them. We 

give them at least 30 days to respond back. Then we have to 

do the final analysis and respond to their comments.  

So what happens is the process currently takes 

several months. Some of that is not technical analysis 

oriented but is information processing oriented, and we are 

working to try to find out how, in conjunction with the 

folks in NRR and what we are doing, we can shorten that time 

up.  

MR. APOSTOLAKIS: The point is you have to have a 

new oversight process. The way I see it is the regions have 

the ability to do this, don't you think? They can't come 

back to you and go through Oak Ridge or whoever else is 

doing it and say do this. Simply the volume of it will 

overwhelm.  

MR. MAYS: We are working with them to identify 

who in the agency is going to have what part of the process 

and at what stage of the evaluation. The oversight process 

has the significance determination process, which is an 
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ASP-like screening criteria to determine which ones need 

further analysis. Then the SRAs in the regions have access 

to these SPAR model tools that we use to do the full-blown 

thing. So they can do initial evaluations and analysis.  

The folks in NRR have that capability also.  

There are steps along the way in which we can do 

analysis of the events. The key information is, do we have 

all the right information about what the factors are that 

affect the thing so we can get it to a final analysis that 

is credible.  

MR. APOSTOLAKIS: Are the ASP methods moving 

towards the PRA methods? 

MR. MAYS: We will get that into the SPAR method 

development.  

MR. APOSTOLAKIS: If I have IPE on line, can I do 

an ASP real quick? 

MR. MAYS: The utilities often will do that when 

an event comes up and they know that we are going to 

evaluate the risk significance of the scenario. We use the 

SPAR model in some cases as a check of what they have to see 

whether or not it comes out with a reasonable result. Then 

we go through the final analysis of documenting all the 

stuff we put in the models and we send it to the utilities.  

They come back and tell us if there is something that is not 

correct. So there is an interplay there.  
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1 MR. APOSTOLAKIS: So finally the regions should 

2 have a SPAR model? 

3 MR. MAYS: They have it. The SRAs all have access 

4 to the models and the codes to do this, and depending on 

5 particular regions and particular activities have run them 

6 to do checks on these things. So do the folks in the PSA 

7 Branch in NRR, because they are often asked to say on a very 

8 short turnaround time what is the risk significance in this, 

9 at least in a gross way, to see whether or not we should 

10 even be paying attention to things.  

11 MR. BONACA: My sense is that when you do the 

12 screening a reasonably small fraction of these issues 

13 require a one week analysis.  

14 MR. O'REILLY: Correct. We start out with on the 

15 order of 1500 LERs, for example, because we use other 

16 sources of information besides LERs. The engineering review 

17 that I talked about earlier will bring that down by a factor 

18 of 2, to about 700, and then further it will come down. In 

19 the end we end up analyzing in detail 50 to 60 events a 

20 year.  

21 These are some of the uses that Research makes of 

22 the ASP methodology. We have covered most of those.  

23 Recent ASP activities. I would like to spend just 

24 a minute or two on these.  

25 The first event that occurred was functional 
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responsibility for the ASP program was transferred to 

Research as a result of the reorganization of Research and 

the abolition, or as someone here pointed out this morning, 

the vaporization of AEOD.  

We evaluated the 1988 events to precursors. We 

published the results of the analyses. I will get to that 

in a minute.  

We evaluated and assessed trends in the precursor 

data by updating the database with the 1998 results.  

We have begun the evaluation of 1999 events, and I 

will give you the status of those.  

We redirected the coordination of the ASP program.  

We will come to that in a little bit. That is a lead-in to 

Ed Rodrick's presentation.  

We also continued development of the SPAR models 

and we evaluated the risk significance of the Cook issues.  

This summarizes the transfer of ASP program 

functional responsibility. I will skip over that and just 

point out that the Operating Experience Risk Analysis Branch 

is now responsible both for the ASP program and for the 

model development that supports the program.  

However, it is important to remember that the 

Probabilistic Risk Analysis Branch in Research, Mark 

Cunningham's branch, remains responsible for the computer 

codes, SAPHIRE and the associated GEM analysis, the graphics 
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evaluation module, that we use in events assessment.  

This summarizes what we have done with the 1998 

event analysis.  

We completed the screening review and analysis of 

all 1998 events.  

We identified from a preliminary analysis 11 

potential precursors that affected 10 different units.  

We sent the analyses out for peer and licensee 

review.  

Current status. So far we have 10 events that 

affected 9 different units because one of the events was 

reanalyzed in response to a licensee's comment, and it no 

longer made the precursor threshold for CCDP.  

This is the table that summarizes the analysis of 

the 1998 events. We still have a couple of events that are 

under review. Peer review comments are in and we are 

reviewing the comments and working on the final analyses.  

These are some insights which were gleaned from 

the result of the analyses of 1998 events. So far we have 

got 10 potential precursors compared with 1997 when we only 

had 5. It looks like 1997 might have been an anomaly 

because they were running about 10 to 12 per year before 

that time.  

Eight of the 10 potential precursors for 1998 

involve equipment unavailabilities. Only two were
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initiators, and both of those occurred at the same plant.  

The potential precursor data for 1998 is 

consistent with the decreasing trend which is statistically 

significant that we have observed over the period from 1984 

through 1997.  

In terms of failures or degradations of the 

auxiliary feedwater systems for PWRs, 3 of the 1998 

precursors involved electrical problems. That is consistent 

with the previous two years, but prior to that electrical 

problems were running about 60 percent of the precursors.  

Four of the precursors for 1998 involved 

LOCA-related issues, but we didn't have an actual loss of 

coolant accident.  

The ASP program historically has considered any 

event with a conditional core damage probability than 10 to 

the minus 4 to be important. We had one last year. A 

tornado caused loss of offsite power at the Davis-Besse 

plant in June.  

However, since 1984, if you look at the occurrence 

rate for this group, greater than or equal to 10 to the 

minus 4, it has got a statistically significant decreasing 

trend.  

Finally, the 1998 precursor report is currently 

scheduled for publication sometime next month.  

We audit the risk trends in the precursor data in 
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1 several ways.  

2 First, we analyze trends in the occurrence of 

3 precursors.  

4 We compared an annual ASP index with core damage 

5 frequency estimates from IPE, although some of these may be 

6 out of date.  

7 We also compared modes and causes of precursors 

8 with those that are typically modeled in IPEs and PRAs.  

9 The next slide shows the results for the 

10 evaluation of the trends in precursor rates. There are four 

11 of them. All four of them have decreasing trends. However, 

12 only one of them, the probability dealing with exponent 

13 minus 3, is not statistically significant. The other three 

14 are.  

15 If we look at the future, if we were to go through 

16 1999 with no 10 to the minus 3 event, than that too would be 

17 a statistically significant decreasing trend.  

18 We also looked at the annual ASP index, which is 

19 something I believe we discussed with the committee 

20 previously, and compared the updated data. We added another 

21 year, and it didn't really change things very much. It is 

22 still on an order of magnitude basis consistent with the 

23 estimates from IPEs on average.  

24 If you look at the 1994 through 1997 precursor 

25 results, you find that about 15 percent of the precursors 
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involve event initiators that aren't typically modeled in 

PRAs.  

For 1998 we have the possibility of two of these.  

The first involved potential failure of the 

recirculation mode of ECCS because of calibration and 

calculational errors in level measurement. That also was 

already cited as an event in Information Notice 98-40.  

We have another one that is a potential failure.  

It involved component cooling water pumps due to steam 

intrusion from a postulated high energy line break. Sunil 

will say a little bit more about that in a few minutes.  

The next slide summarizes the current status of 

the 1999 event reviews. We started reviewing 1999 events in 

May. This is out of date by a few weeks.  

We screened about 630 LERs, which represents about 

40 percent of the total number that we anticipate for the 

year.  

Two hundred and forty of those have gone through 

an engineer review. They have been screened in by the SCSS 

algorithm.  

So far we have identified 23 events that required 

detailed analysis.  

We completed 11 preliminary analyses. So far one 

event has been identified from preliminary results as a 

precursor. We sent it to the licensee and it is currently 
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under licensee review.  

There are several developments that have occurred 

the last year that resulted in changes in the agency's 

programs and activities.  

One of them was development and implementation of 

the reactor oversight process, which was mentioned just a 

minute ago, and the other one was the approval and 

implementation of Reg Guide 1.174.  

The SPAR Models Users Group (SMUG), which Ed will 

now talk about, was formed to coordinate model development 

for these activities.  

With no further ado, I will turn it over.  

MR. APOSTOLAKIS: Let's take a break now.  

[Recess.] 

MR. APOSTOLAKIS: Back on the record.  

MR. RODRICK: My name is Ed Rodrick. I work in 

the Operating Experience Risk Analysis Branch. As Pat 

O'Reilly indicated, I will talk about the SPAR model users 

group and the SPAR development program.  

Here is your opportunity to find out everything 

you wanted to know about SPAR models.  

The objective of the program is to provide 

standardized plant analysis risk models for use by the NRC 

in their risk-informed regulation at operating nuclear power 

plants.
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It used to be simplified plant analysis risk 

models. The degree of simplifications has diminished such 

that we call them standardized.  

As Pat also alluded to, earlier on this year they 

changed responsibility for the SPAR model development 

program from PRAB to our branch as part of the 

reorganization. I should mention along with that they got 

me.  

Prior to the reorganization it was a combined AEOD 

and NRR user need letter sent to Research which identified 

the simplified methodologies that they wanted to have 

developed so that they could do events analyses or other 

analyses for the risk-informed regulatory aspects of the 

requirements of their branch.  

MR. APOSTOLAKIS: Why does it have to be 

simplified? Is it the PRA now? 

MR. RODRICK: Pretty close. I have a backup slide 

that I brought with me that will show you where the revision 

3 of the level 1 models is going. We have gotten to the 

point where it looks almost like an 1150 model 

In any case, those are the types of various models 

that we were asked to produce.  

Contracts were put in place to develop 72 plant 

specific level 1 models. In fact 72 were produced, and they 

are revision 2 of the level 1 models. We call then Rev. 2 
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1 QA's because we had Sandia review each one of the 72 models 

2 that Idaho ha produced for us.  

3 At the same time we put a contract together for 10 

4 detailed prototype large early release frequency models.  

5 We also put in a contract to develop an example 

6 PWR and BWR ASP low power and shutdown model.  

7 We didn't get to the BWR low power and shutdown 

8 model because prior to my becoming project manager the 

9 people had decided that they would try to extend the PWR 

10 model that they had done for Surry to another PWR model to 

11 see how effective it would be. So they moved on to a second 

12 PWR model, and that was Sequoyah.  

13 We also had to develop a methodology to analyzes 

14 precursors to seismic and fire initiated events.  

15 MR. APOSTOLAKIS: Is that utilized now? 

16 MR. RODRICK: No, it isn't, George.  

17 MR. BONACA: Could you go back a little bit. I 

18 would like to ask you a question. The 72 plant specific 

19 level 1 models, are they 72 plant specific, individual power 

20 plants? 

21 MR. RODRICK: Yes. Sometimes they represent two 

22 plants at a site. That's why there are only 72 of them.  

23 MR. BONACA: They detail levels l's? 

24 MR. RODRICK: Yes.  

25 MR. MAYS: When you say detail, I think that's the 
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1 key point. The Rev. 2 SPAR models, the level 1 analyses 

2 have event trees and go down to the major component level, 

3 but they don't go down to the subcomponent and support 

4 system and other pieces of the model.  

5 MR. BONACA: Once you had the done, did you have 

6 use them against the IPEs or compare them? 

7 MR. MAYS: We had Sandia come in and do an 

8 independent check of them. During the process we were using 

9 them and are using them in the accident sequence precursor 

10 program analysis, so that whenever we use them and find 

11 something to be a precursor, that analysis goes out to the 

12 utilities for their review. But we did not send the whole 

13 batch of them for review and comment.  

14 In order to do that, by the way, if we want to 

15 have 72 plant specific things go out, we have to go through 

16 the Office of Management and Budget and justify why we are 

17 asking them to do that. So there are some other reasons 

18 that affect that.  

19 MR. BONACA: Even if you are at the system level, 

20 that is a massive undertaking, it seems to me. The FSAR 

21 doesn't contain much of the information that you need to do 

22 the modeling.  

23 MR. MAYS: We also used the IPE information that 

24 we had to help us when we were checking the models. We 

25 benchmarked the results of these Rev. 2 models against other 
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PRAs and NUREG-Il50 plants and things of that nature to get 

an idea that they were in the right ball park.  

MR. SEALE: Would it be fair to characterize the 

LERF models as being containment specific as opposed to 

plant specific? 

MR. RODRICK: Exactly so.  

MR. SEALE: So what you do is you plug one of 

those 72 plant models in as the initiator to the LERF; is 

that the idea? 

MR. RODRICK: That's exactly right. In fact, the 

LERF models that we have developed so far is that it is an 

integrated model, integrated level 1, which gives you the 

plant damage states which are fed right into the containment 

model. So someone can pick up and make a change anyplace 

either in the front end or the back end of calculate what 

the impact is.  

MR. SEALE: You guys are almost consistent or 

logical. The only thing that is illogical is using 

Sequoyah.  

MR. UHRIG: It was sort of logical that it 

determined whether it could be transferred to an ice 

condenser, wasn't it? 

MR. RODRICK: Another PWR. It is just a matter of 

extrapolation of what they tried to do the first time once 

they originally had a detailed low power shutdown model to 
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an ASP type model, which was simplified compared to the 

detailed model. They wanted to see if it could the same 

thing with another PWR without having the detailed model to 

come from. That was the intent at the time.  

This is the difference between where we are now 

with the Rev. 2 QA models and the Rev. 3 models which are 

attempting to start to produce currently. You can see that 

the initiating events that we have in the Rev. 3 models have 

increased significantly over what has been there previously, 

large LOCAs, IS LOCA, and a number of support system 

initiating events.  

The fault trees.  

The top events in the event trees have increased 

from 50 to 65.  

We've increased the number of systems 

significantly. Basically the support systems have been 

added, which was big problem with the Rev. 2 QA models. We 

have gotten a lot of feedback about that.  

Operator actions. We have used a standardized 

methodology that we use for SPAR models now so that if 

someone else picks up the model, they can use the same 

procedure and methods and forms and come out with the same 

result, hopefully.  

Common cause failure. We have changed from the 

multiple Greek letter method to use the alpha method, 
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according to what you heard from Dale Rasmuson.  

MR. APOSTOLAKIS: Why are there two entries there? 

It says common cause, similar components. That is what the 

multiple Greek letter method does.  

MR. RODRICK: Yes. It's the same.  

MR. APOSTOLAKIS: If a utility has developed a 

risk monitor, how is this different from that? 

MR. RODRICK: I'm not familiar with the details of 

the risk monitors.  

MR. APOSTOLAKIS: They take their PRA and 

computerize it.  

MR. RODRICK: I'm not sure that they take their 

whole PRA. My understanding is that they take the results 

and computerize that and then take things out of commission 

as you go along.  

MR. MAYS: I think it varies. There are several 

that have models. To do a risk monitor, which is kind of an 

online instantaneous determination of what the core damage 

probability rate is as a function of things, you have to 

change the models substantially.  

One thing you do is you take out all the 

unavailabilities associated with testing and maintenance 

from your model, because at the particular point in time you 

are going to use it you know exactly which ones are or 

aren't in. So that is different. It's an instantaneous 
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kind of thing as opposed to what is the time average.  

So these models we are talking about here would be 

different from that standpoint.  

There are other changes as well, and they have 

simplified their models by collapsing groups of things to 

make it quicker and easier to run in a short time frame.  

A risk monitor is intended to do something 

fundamentally different than what we are trying to do. So 

there are some differences in the model.  

If somebody had a risk monitor, it wouldn't 

necessarily be good for calculating accident sequence 

precursor situations, because it wouldn't be designed to 

take into account I had a condition for three months. It is 

designed to take into account today, right now, I have one 

AFW pump, one diesel generator, one CCW pump out of service, 

and that means if I stay in this condition, I will have some 

buildup of risk associated with that.  

MR. BARANOWSKY: Plus we are changing things like 

human performance with regard to recovery. That is not 

usually changed in the risk monitors. We are changing 

common cause failure and equipment performance numbers based 

on the incidents that have occurred. That is not usually 

changed in the risk monitor. So the risk monitor is not 

really a risk monitor.  

MR. APOSTOLAKIS: I think it does what Steve said.  
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MR. BARANOWSKY: Yes. It's more of an assessment 

of how unavailability planning can be done with some sort of 

an online meter, if you will.  

MR. APOSTOLAKIS: So this is closer to a PRA.  

MR. BARANOWSKY: Yes.  

MR. APOSTOLAKIS: When you say human operator 

actions use standardized methodology, eventually that will 

be ATHENA? 

MR. RODRICK: I think we will stay in close 

contact with the PRA branch to see where they are going with 

ATHENA. If it fits, yes, we will use it. Certainly I think 

we would like to address errors of commission, but currently 

that is not the case.  

MR. APOSTOLAKIS: You are not addressing errors of 

commission? 

MR. RODRICK: No. We are just using similar 

methodologies to everybody else.  

MR. APOSTOLAKIS: I have a question. The first 

bullet, it's really 72 plant-specific level 1 models for 

internal events only.  

MR. RODRICK: That's correct.  

I would like to point out that we have made the 

most headway on the models identified in the first two 

bullets. In the last to areas we haven't had sufficient 

personnel on staff to be able to direct the progress in 
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those two areas. So we really haven't done much past what 

was here to begin with nor have we done much with the last 

bullet either.  

MR. BONACA: Do you quantify those level 1 models? 

MR. RODRICK: Yes, sir.  

MR. BONACA: Did you come close to the IPE values? 

MR. RODRICK: In some instances that is correct.  

The SPAR models are the models that are used for the 

accident sequence precursor analysis. Those are the models 

that are used to analyze whether or not an event that has 

occurred is a precursor. When we get finished with the 

analysis we send it to the licensees, and sometimes we find 

out there are differences.  

MR. BONACA: But in the cases where did not come 

close to the IPE results, do you understand why? 

MR. RODRICK: We haven't done a systematic check 

against all of the licensees' IPEs.  

MR. BARANOWSKY: But we should, and we will.  

There is no reason why we should not understand why we have 

a different result from the IPE. We may not agree with what 

is in the IPE, because they have different pump seal models 

and things like that.  

MR. BONACA: At least it would be important to 

understand the drivers behind the big differences.  

MR. BARANOWSKY: Right.  
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MR. RODRICK: We have been in touch with a number 

of licensees who have volunteered to give us their models, 

and the two I know off hand are Kewaunee and Calvert Cliffs.  

I'm sorry, Millstone 2.  

MR. BARANOWSKY: We are still looking at the best 

way to QA these models right now. We have some ideas.  

Certainly one test is understanding differences between what 

this model has and what the IPE has.  

MR. RODRICK: In response to the evolution to the 

risk-informed regulation and also in response the fact that 

we have got an increased number of users these days, we 

formulated the SPAR model users group, SMUG.  

You will see that there are three major functions 

for this group.  

We have identified the users so that everybody has 

their input to the models that we are going to develop.  

This is a touchstone for everybody. This is different than 

what had taken place previously. We are really trying to 

make sure that everybody who uses these models has a say in 

what it is that is being developed and that the management 

of the groups that they represent are on board and are 

willing to participate also.  

The second bullet identifies the fact that there 

really are diverse organizations. I will show you the 

groups in the next slide.  
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The last bullet identifies the fact that once the 

models are in place we will also be sharing experiences and 

how we use them and what problems we had and how we can make 

them better.  

This slide simply shows the number of groups that 

are involved in the SPAR model users group. There are 8 

groups. Actually there are more people represented on the 

SMUG simply because each one of the regions has one senior 

reactor analyst that participates in this activity. There 

are 4 groups from NRR, 4 from Research.  

The top five are the heaviest users of the SPAR 

models. The remaining three are light users, if you will, 

and only use them when they have a particular study they 

want to address.  

This is an interesting slide. This is input from 

the SMUG. I think the main feature of this slide is that 

everybody has the level 1 models as a high priority. The 

other various models are different, depending on which 

particular function they support within the agency.  

This is work in progress. We have only had three 

meetings, and we gotten to the point at least where we have 

identified what it is that people want, but it's going to 

change again, I'm sure.  

MR. SEALE: That's interesting. Apparently the 

Region II guys have seen the light as far as low power
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1 shutdown is concerned, right? 

2 MR. MAYS: They are in the dark, depending on 

3 their perspective.  

4 [Laughter.] 

5 MR. SEALE: Either that or they are intimidated by 

6 Dana Powers.  

7 MR. RODRICK: The key to the Region II guys is the 

8 Region II guys only want it for a few plants. They are not 

9 interested in shutdown for everything. They have some 

10 plants that they believe are problems, and they want to see 

11 only those.  

12 MR. MAYS: The point is you can see we have got 

13 our work cut out for us to make sure we get this stuff 

14 specified, agreed to, the priorities set, and the support to 

15 make it happen occur.  

16 MR. APOSTOLAKIS: Where is Region I? 

17 MR. MAYS: You're in it. Region I is basically 

18 the northeast.  

19 MR. RODRICK: King of Prussia is the home office.  

20 Atlanta is Region II, Chicago is Region II, and Arlington, 

21 Texas, is Region IV.  

22 MR. APOSTOLAKIS: They don't have a seismic SPAR? 

23 MR. RODRICK: You can see from the chart that some 

24 of the people want external events. Fire is highlighted 

25 because those are the ones that they spoke about. It would 
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be under consideration as we go forward.  

MR. BARANOWSKY: I'm even surprised to see my 

branch doesn't have it rated as a high priority.  

MR. RODRICK: If everything is a high priority, 

then nothing is a high priority.  

As you can see from this slide, these are the 

recent results that we have accomplished along the way.  

We continued the maintenance of the 72 existing 

Rev. 2 QA models.  

We have developed a preliminary onsite review 

process where we have gone to the site to check what we have 

in the model is indeed what exists at the site.  

We have completed 3 level 1 revision models using 

this onsite review process.  

In addition, we have also completed 7 Rev. 3 SPAR 

models, and we call them 3i because they are interim because 

we haven't agreed that what we have done is okay as part of 

the review process. That will be part of the SMUG agreement 

also.  

For the large early release frequency models we 

had intended to develop 10. We have developed 6 PWR 

containment types and 2 of the 4 we had originally 

identified for the BWRs.  

We made this presentation on the LERF models at 

not the last water reactor safety meeting but the one 
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previously. During that meeting we were criticized for 

carrying forward phenomenology from the 1150 studies which 

are quite old now into the LERF models as we have them 

today.  

Consequently, we had the contractors go back and 

look at the phenomenology which needed to be updated. So we 

finished that scoping study and identified what needs to be 

done to update the models 

We also did a code change which the models run in 

to be able to allow the analyst to identify what the 

contribution is from changing something in the level 1 area 

to the impact on the level 2 area. Prior to this particular 

change that feature wasn't available because everything gets 

collapsed into plant damage states and it is difficult to 

break things out of there. So they made the code change 

that allows this to happen.  

MR. UHRIG: You can do a Bayesian type thing to 

study the sensitivities.  

MR. RODRICK: We could do that, yes.  

MR. BONACA: How do you update the PRAs? Updating 

to reflect the configuration of a plant is a major issue at 

each plant.  

MR. RODRICK: It takes such a long time to develop 

all 70 models. At the rate we are going now, we are 

probably not going to be finished until the end of 2001 to 
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get all of our revisions 3 done. At that point in time the 

plants may have changed.  

If we are going to do these models on a regular 

basis -- the SRAs currently use them now -- it certainly 

would be within the realm of having them keep us informed 

that the plant has changed, and then we could update the 

model. We will have a contractor for maintenance of the 

models, and this should be part of it.  

MR. APOSTOLAKIS: Mr. Christie has a question.  

MR. CHRISTIE: Can you go back one slide. The 

second and third bullets say you had onsite review. What is 

involved in an onsite review? 

MR. RODRICK: The contractor developed the model 

according to the information they derived from the SSARs and 

the IPEs and any other information they could gather. We 

brought the models with us and the contractor presented 

information. He went through the event trees, the fault 

trees, the reliability analysis, test and maintenance with 

the SRAs and the resident inspectors to ensure that what we 

were saying and what we were assuming was in fact the case.  

When we had questions, we looked at operating 

procedures and current P&IDs and electrical drawings. If in 

fact we had further questions and we were undecided as to 

where we were, we posed the questions to the licensee. At 

all three of the plants the licensee was willing to come in 
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and talk to us, either their operations staff or their PRA 

staff or even their licensing staff came in.  

MR. MAYS: This is about a 3 day effort at each 

plant.  

MR. CHRISTIE: But you were able to talk to 

operations and PRA people? 

MR. RODRICK: Yes.  

MR. MAYS: On site.  

MR. CHRISTIE: Of the three days, how many of them 

were devoted to those guys? 

MR. RODRICK: It depends on which things.  

MR. CHRISTIE: Give me an example. If you go to 

Calvert Cliffs, how many days? 

MR. RODRICK: At Calvert Cliffs we had somebody 

from their PRA staff with us the whole time. Millstone, we 

had an afternoon with two of their operations staff. I 

think Duane Arnold it was a similar type. But the residents 

inspectors, being knowledgeable about the plants, have a lot 

of information to provide to us even without their 

operations staff.  

MR. CHRISTIE: I don't know if this is a statement 

or question or what. Having been the TVA PRA supervisor for 

many years and having watched the Nuclear Regulatory 

Commission develop 1150 models at the same time we were 

developing PRA models for Sequoyah and being biased quite
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vehemently as to which was the better model, I would have to 

say to you the same question that I've asked for 10 years, 

which is why can't you use their models? 

MR. RODRICK: I think there are probably a number 

of reasons. One of them that jumps right out at you is if 

you viewed any of the IPEs that were out there, a large 

number of the licensees have different methodologies.  

MR. CHRISTIE: So you are saying to me that the 

Nuclear Regulatory Commission doesn't have the capability to 

learn the PRAs? 

MR. RODRICK: Sure we do. I don't know if we have 

enough staff to have people who are experts in each plant 

and each methodology. Not only the structured methodology 

that they used to develop the models, but the other 

methodologies that they incorporate such as common-cause 

failure, unreliability analysis, and how they handle those 

things. Every one of the licensees, almost, use a different 

methodology in those cases.  

As you can see from the titles of these models, 

they are standardized. The reason they are standardized is 

because it helps the NRC address differences in structure of 

the plants and we can make comparisons, if you will, that we 

couldn't make between licensees' PRAs if we had two 

different methodologies going? 

MR. MAYS: I will give you an example. One of the
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things that came out when the IPEs first came in was there 

was sometimes very large differences in the cored damage 

frequencies associated with virtually the same reactor type 

vendors and plants. You had Fitzpatrick coming in with the 

lowest core damage frequency on record at a BWR-4, and you 

had other plants that were BWR-4's of similar vintage and 

design that had order of magnitude or more core damage 

frequency.  

The problem was the methodologies that were being 

used by the individual licensees were different. Some were 

taking more credit for recovery; some were taking less 

credit for recovery; some were putting in more detailed 

common cause, and some were just using simple beta factors; 

some were doing other things. So the problem from a use 

standpoint is that the NRC would then have to be intimately 

familiar with all the peculiarities of each individual model 

in order to manipulate it properly.  

We even saw that when we did 1150. We had people 

at the agency who did 1150 and then subsequently people at 

the agency came back and tried to manipulate 1150, and if 

they weren't aware of all the key assumptions that made the 

model be the way model was, they weren't able to get a 

credible result. By having standard methods and processes 

to do this we hope to be able to get less of that problem.  

That doesn't mean that that is the end-all and 
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1 be-all answer. Our purpose is to get an understanding of 

2 from that risk and then compare it with what the licensees 

3 have and work out what the differences are, and that enables 

4 us to be focused on where the differences are between theirs 

5 and us, as opposed to saying, I've got to review your whole 

6 PRA every time I do anything with you. That is just a 

7 resource measure that is more effective for us.  

8 MR. CHRISTIE: Maybe I have got to rephrase my 

9 question. Do you intend to try to make these models at 

10 least equivalent to the plant models that the plants have? 

11 Sooner or later there are going to be differences. Just 

12 like at Sequoyah. There were differences between the PRA 

13 models we used and the 1150. Unless you believe that you 

14 can make your models -- again my biases show up -- as good 

15 as the Sequoyah models, why are you doing it? 

16 MR. MAYS: I have to reject your premise, Bob. I 

17 don't know that the Sequoyah model is as good or better. I 

18 don't know if any individual plant licensee's model is as 

19 good or better than these. I think we haven't had an 

20 industry standard to say what constitutes good or bad at 

21 that level.  

22 What we have to do in that case is take an 

23 independent cut at what we think the risk is, understand 

24 where the differences are between our understanding and 

25 theirs, and then work out what those differences are. It's 
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a much more efficient way than saying everybody's PRA is 

exactly the best PRA and therefore we should build models 

that exactly reflect that. That doesn't make any sense to 

me.  

MR. RODRICK: I think we are reflecting the 

licensees' models. Bob, there are two SRAs in each region, 

and there is an average of 18 plants in each region, and 

each one of those plants might have a different methodology.  

We are certainly not going to expect the SRAs to be familiar 

with them all. So we are trying to provide them and the 

other parts of the agency with a tool that will allow them 

to do this. It's as simple as that.  

I think Steve's point is quite correct. In fact 

it goes on now. If the SRAs use one of the SPAR models and 

they find out that there are differences, it facilitates 

discussion, and it facilitates an independence by the agency 

to say, look, we don't see it this way. Why is it 

different? Then the licensee has the option to be able to 

explain it and say, yeah, if everybody agrees, then 

everybody is happy. If they are not, then somebody might 

have to take different action.  

The last point. We are going to continue the 

evolution for the development of the SPAR models that are 

under consideration, as we identified previously.  

Pat O'Reilly will address the future plans with 
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the SPAR models as part of the AFP program.  

MR. MAYS: Next is Dr. Sunil Weerakkody, who will 

discuss the analysis that we did on the issues of D.C. Cook.  

MR. WEERAKKODY: To begin with, why we started a 

separate study on D.C. Cook issues.  

Item one, significant regulatory attention on D.C.  

Cook issues. What we mean here is back in 1997, the August 

time frame, D.C. Cook was coming up with a lot of findings 

with their two units, Cook 1 and Cook 2. In early September 

both units shut down because they determined their sump 

recirculation was not appropriate.  

MR. APOSTOLAKIS: How did they find those things? 

MR. WEERAKKODY: Through their inspections. The 

critical issue that made them shut the units down was there 

were questions regarding whether they would have enough 

water in their sump to perform recirculation.  

MR. APOSTOLAKIS: How can you find that out by 

inspection? 

MR. BARANOWSKY: I think the utility either on 

their own or at the NRC's behest initiated what they called 

an A&E level inspection and looked the plant over to make 

sure the plant's design basis as built was correct.  

I think they went inside containment an saw some 

things that raised questions about whether or not the ice 

condenser would work as it was designed in the FSAR. One
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1 thing led to another, and they looked and found more and 

2 more things and came up with a list of problems with the ice 

3 condensers and debris and concludes to themselves that they 

4 couldn't justify that the system was operable.  

5 I don't think they knew that it wouldn't operate, 

6 but I don't think they could prove it could operate, and 

7 thus they shut down and found many things.  

8 MR. UHRIG: Is this problem endemic to all ice 

9 condenser plants or is this peculiar to Cook? 

10 MR. BARANOWSKY: I wouldn't be surprised if some 

11 of the problems wouldn't show up at other plants such as 

12 junk in the ice baskets and things like that.  

13 MR. UHRIG: But in terms of an operability issue, 

14 it was not found to be the same as the other ice condensers? 

15 MR. MAYS: It was not.  

16 MR. BARANOWSKY: There were a lot of things that 

17 were found here which raised the question of whether or not 

18 the plant was designed and operated according to its 

19 original specs and whether it was safe or unsafe.  

20 MR. WEERAKKODY: Since then, on one hand the 

21 licensee has been publishing or reporting a large number of 

22 LERs, and on NRC's part, there have been several 

23 inspections. Because of this and because of the 

24 relationship to the accident sequence precursor program by 

25 which we analyze the different LERs, we took out all the 
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issues related to Cook and made that a separate study.  

Another point is that right now we have a 

benchmarking of the significance determination process.  

When there are inspection findings, these inspections 

findings are reviewed by a PRA screen to determine how risk 

significant the findings are. We wanted to use the D.C.  

Cook issues as a benchmarking of this new scheme.  

MR. BARANOWSKY: In other words, when the new 

oversight process gets put in place, one of the things that 

is going to happen when an inspection finding is made risk 

significance of that inspection finding is going to be made 

and we are going to take actions according to those 

findings. So this is a first crack at what is involved in 

doing that kind of risk significance determination. As it 

turns out, it is not as easy as just pushing a button.  

MR. WEERAKKODY: In terms of how we perform the 

analysis, the issues that we brought in for analysis came 

either from the LERs or from the inspection reports.  

We took each LER or each inspection finding and 

assessed the risk of each of those findings or each of those 

LERs, assuming that that was the only issue at the plant, 

which we call the risk of individual issues.  

However, there were many questions relating to 

what is the impact given that you have all these numerous 

issues existing at the plants all the same time. Therefore 
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we realized the need to perform a combined effects analysis 

both from a cored damage frequency point of view and also 

from a containment issue point of view.  

I wanted to mention a couple of details about the 

combined effort. Under the combined effort one example 

would be if we have 5 LERs that are related to diesel, 

rather than analyzing them separately, we will take them all 

at once and find out where there would be any synergistic 

effects among the issues, so that even though one issue by 

itself wouldn't make the diesel degrade or fail, can 5 or 6 

issues in combination have a cumulative impact? We did that 

for the level 1 systems and also for the containment system.  

MR. BARANOWSKY: That is a technique we use for 

any accident sequence precursor evaluation.  

MR. WEERAKKODY: Preliminary findings.  

We had 119 issues identified for evaluation. This 

was from August of 1997 to October 1, 1999.  

We identified one issue as a potential precursor, 

in this case meaning the core damage frequency change 

associated with this issue on its own is greater than 10 to 

the minus 6.  

There were 116 other issues that we determined 

were not risk significant.  

We have 2 other issues which we have not completed 

the investigation because the licensee is still in the 
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process of doing some engineer evaluations that we need to 

complete the analysis.  

We have sent out 2 sets of interim results to the 

licensee and to the rest of the agency.  

Details about the one precursor we have found.  

The 2 Cook units have 5 component cooling water 

pumps, 2 for each unit, and one spare that could support 

either unit.  

All 5 units are located in one room. Right next 

to this room there is a pipe chase. The pipe chase is 

separated by 3 doors that open to the inside. The licensee 

does not have any calculations at all to state the strength 

of the doors to withstand any pressures in that area. Also, 

the doors have gaps underneath them of about 1 inch.  

Given that one steam line or feed line break in 

that area would cause all 5 component cooling water pumps to 

fail and in turn lead to small LOCA as well as failure of 

injection, this came out to be risk significant.  

MR. BARANOWSKY: So one failure ends up causing a 

small LOCA and a loss of the systems necessary to mitigate 

it. One break. That's the scenario.  

MR. SEALE: And there are two more in the 

evaluation process? 

MR. WEERAKKODY: Yes.  

MR. BARANOWSKY: I think those have to do with 
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thermal effects on equipment due to room heatup or 

something.  

MR. WEERAKKODY: Yes is they're not sure they have 

got the heatup calculations in those buildings correct. We 

don't know what the calculations would tell us.  

The other one is their high pressure safety 

injection system. They have mentioned that a couple of 

valves could fail the whole system.  

MR. SEALE: These two issues clearly survive, I 

guess is the way to say it. The 116 you rejected, most of 

them were rejected on the basis of a preliminary screen, I 

would guess. So these are issues which have a good chance 

of being above your 10 to the minus 6. Also for 

significance, I assume.  

MR. WEERAKKODY: I would say they have some 

potential. When we did the screening there were a lot of 

issues which we could disposition very easily based on a 

qualitative examination.  

Then there were some other issues, like this one, 

where we would need either additional information or 

detailed engineering calculations from the licensee or from 

someplace else. I put this in that category.  

MR. BARANOWSKY: It is also interesting to note a 

couple of things about the containment issues that 

originally started this. None of them were ultimately found 
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MR. BARANOWSKY: This was whether or not the sump 

in containment would be clogged up with enough junk over the 

screens and things that there would be sufficient flow area 

for the water to go through and feed the suction of the 

pumps without causing cavitation and whatever. I don't 

remember all the details.  

MR. BONACA: But you went through a detailed 

analysis.
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to be risk significant. The reason is after detailed 

engineering evaluation the sump recirculation capability was 

found to be, although slightly degraded, still capable of 

performing the safety function.  

There were things that weren't done in compliance 

with good housekeeping, and so forth, that looked pretty 

lousy on the surface, but when you looked at how does it 

impact the plant's capability to actually provide ECCS 

water, and so forth, during the recirculation phase, both 

the NRC and the licensee concluded that in fact those 

systems would work.  

MR. SEALE: I'm intrigued. We had one heck of a 

time with exactly those kinds of problems when we had the 

AP600 review. We were talking about conditions under which 

natural recirculation would occur and wouldn't occur. Yet 

apparently you had no great problem in coming up with your 

finding here.
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1 MR. BARANOWSKY: The licensee and NRC, not us, 

2 engineers who are familiar with this went through it and 

3 made the conclusion.  

4 MR. BONACA: The report shows a lot of details 

5 about that.  

6 MR. UHRIG: Did they have the expanded intake 

7 system? 

8 MR. WEERAKKODY: They don't have anything special.  

9 MR. SEALE: This is a PWR.  

10 MR. O'REILLY: By virtue of wrap-up here, I wanted 

11 to just briefly touch on the future plans that the ASP 

12 program has formulated.  

13 Obviously we are going to complete the final 

14 analyses of the 1998 events and we will provide the results 

15 to the licensees for their information. We will then 

16 complete and issue the 1998 report. That is scheduled right 

17 now for sometime in January.  

18 Also it goes without saying we will continue the 

19 screening, review and analysis of 1999 events, and we will 

20 start the same for 2000 events when we start getting them 

21 into the system.  

22 We will continue the SMUG meetings to provide 

23 continuous feedback and input from the customers to the 

24 model development plan.  

25 We also want to put contracts in place that have 
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the support of the management of the organizations that are 

our prime customers.  

We want to continue production of the level 1 Rev.  

3 models. In accordance with the plan currently, it is to 

develop 22 models during this fiscal year.  

Issue a draft NUREG report on the D.C. Cook for 

peer review. That is sometime this month.  

Then issue the final NUREG after we have gotten 

peer review comments, and that is scheduled for April 2000.  

MR. UHRIG: Is D.C. Cook coming back on line 

contingent upon the NUREG in any way? 

MR. O'REILLY: Not to my knowledge.  

MR. BARANOWSKY: This issue is an open issue to be 

resolved, but that doesn't require the NUREG. It requires 

the issue being addressed.  

MR. SEALE: What is their status right now? 

MR. BARANOWSKY: They are talking about starting 

up in a couple of months. That's all I know. They think 

they have got a handle on all the issues.  

MR. BONACA: I want to make an observation on this 

second draft risk assessment for D.C. Cook. The way it is 

being presented, it talks about all the possible failures 

that are caused by these issues. I am just talking about 

the presentation here. The findings from the study are not 

so different from others. The one that was done on
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Millstone, for example, in so far as the capability of the 

recirculation system to be effective.  

When you read this report in the beginning, you 

think there is a major issue there. When you look at the 

details, there are inconsistencies. You discover why you 

have a significant basis to conclude that the risk is 

significant. When you talk about a system, you are talking 

about a system as a design, and the condition under which it 

has operated is so wide ranging that the conditions you are 

talking about for which it may not function is just a 

limiting condition.  

I am trying to present the perspective that when 

you read the report you think there is a basic fundamental 

problem with the recirculation system at D.C. Cook. When 

you look at the explanation why it isn't, you are saying, 

well, I wish -- I'm talking about the message we are giving 

as an industry.  

Look at the list here. Failure of high pressure 

injection pumps due to debris ingested during sump 

recirculation function. The issue is potential debris 

ingested during sump recirculation function. It doesn't 

have to be presented as failure of high pressure injection 

pumps. When I read the front page, I'm thinking that this 

plant is a disaster. When I look at the results, I conclude 

that all these issues are not issues and you have a 
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1 significant basis.  

2 The message we are giving to people who read these 

3 documents is that there is a fundamental problem with this 

4 plant.  

5 MR. BARANOWSKY: Point taken. We didn't realize 

6 that. It wasn't our intention. We are trying to give sort 

7 of an honest, balanced statement of what we think the risk 

8 is, and it is pretty low based on our assessment of the 120 

9 issues.  

10 MR. BONACA: The reason I am bringing it up is the 

11 PRA gives you such a better perspective than the 

12 deterministic analysis of the risk, and that is why the risk 

13 is minute, because it is in a specific condition, and even 

14 under that condition is very unlikely to occur. When you 

15 characterize it with this expression from a deterministic 

16 standpoint, it gives a message of failure. The next one is 

17 failure of the residual heat removal pumps because of 

18 vortexing.  

19 I just wanted to point out the importance of 

20 communications, particularly in PRA space, because PRA gives 

21 you the ability of addressing the spectrum of conditions 

22 under which you would have that issue to be addressed and 

23 the specific condition where you may have a failure is very 

24 minute.  

25 MR. BARANOWSKY: I agree with you. I wish we 
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could have taken all those soft social science course at 

school and learned how to communicate better.  

MR. BONACA: Here you have a situation where we 

said the RHR will not function, but the only issue was it 

doesn't meet the design requirement. So it is probably 

degraded but functional. In PRA space that gives you 

success. In deterministic space it gives you total failure: 

the system doesn't work; therefore the plant operated for 10 

years without a functioning recirculation system, which is a 

very different statement.  

That is the way these things are being 

communicated out there. The plant operated for 10 years 

with a recirculation system. That's not true. Then you 

have to explain it.  

MR. BARANOWSKY: That is a good point. Thanks.  

MR. MAYS: The last area we are going to talk 

about is risk-based performance indicators. We put the 

chart up here that we presented earlier to show you which 

area we are going to be talking about.  

We have been working on a program overview white 

paper. This was a comment we got from the ACRS when we 

talked to you back in June. We have been working on that.  

We had a meeting yesterday with NRR to go over our working 

draft of that. We got some input and comments from that.  

So we are going to be trying to put that together shortly.  
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The other things we were looking at is trying to 

make clear to people what do we mean when we say risk-based 

PIs, why do we even want to do them? 

What is the benefit we get from having them in 

place? 

What is it that they can't do? What are the areas 

that we have to in the new oversight process continue with 

inspection because we are not going to be able to do 

indicators? 

Which ones we are going to try to do and what our 

schedule is going to look like.  

The white paper is going to go over each of those 

topics. The other thing, besides saying what they are and 

what benefits they are, it is going to say what kind of 

analysis and questions and issues do we have to resolve in 

making that development occur.  

Our concept of what risk-based performance 

indicators are.  

They are quantitative measures of performance that 

directly relate to risk through frequencies, availabilities, 

probabilities, reliabilities.  

They can be measured objectively.  

They relate to plant risk.  

And they also are dependent on licensee 

performance.
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1 MR. APOSTOLAKIS: I think just about any 

2 performance indicator you can think of falls under these 

3 three bullets, don't you think? 

4 MR. MAYS: Let me give you an example of one I 

5 think doesn't. In the current oversight process we have 

6 safety system failures. I would say that may be a risk 

7 somewhat informed indicator, but it is not a risk-based 

8 indicator, because the indicators we are talking about are 

9 indications that you would directly plug in someplace in a 

10 PRA in order to determine their effect.  

11 So we are looking at frequencies, failure 

12 probabilities and unavailabilities, which are the 

13 constituent building blocks of a risk analysis as the 

14 indicators as opposed to surrogates for that.  

15 MR. APOSTOLAKIS: If you count the number of 

16 failures, you are in your first bullet, right? 

17 MR. MAYS: If you count the number of total safety 

18 system failures. My point is it's an incomplete 

19 representation of what you would use for a risk analysis.  

20 So it's kind of a surrogate for it.  

21 MR. APOSTOLAKIS: But you should also recognize 

22 the timing is an important part of having indicators. If 

23 somebody says in a period of 18 months you shall not have 

24 more than one failure of the system, maybe he went through 

25 this process, and he says now it has to be less than one 
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because that is what the plant people are going to see. So 

I don't know that that is a bad indicator.  

MR. MAYS: I'm saying the definition of when we 

say risk-based what we mean is we are looking at indicators 

that are directly related to the model pieces you would put 

into a risk analysis.  

MR. APOSTOLAKIS: Sure. If specify that I meet 

that over 18 months and I tell you to look for failure and 

there shouldn't be more than one, in essence I am using the 

system availability, aren't I? 

MR. BARANOWSKY: Somewhat. That could meet that 

definition.  

MR. APOSTOLAKIS: I thought you were going to 

exclude things like the temperature should always be less 

than this value.  

MR. BARANOWSKY: That's true.  

MR. APOSTOLAKIS: That directly relates to risk, 

because if you exceed the temperature you are in trouble.  

It depends on licensee performance and can be measured 

objectively.  

I think you need some bullet there to discriminate 

the results, to screen them out. What you really mean is 

PRA, reliability, availability. Isn't that what you mean? 

MR. BARANOWSKY: That's why we put the "such as" 

in there. Maybe that can use some work. What we are 
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talking about in risk-based indicators is getting indicators 

of reliability, availability and frequency.  

MR. APOSTOLAKIS: That's different. Without the 

"such as" it's better.  

MR. BARANOWSKY: I think the reason the "such as" 

is in there is you could actually formulate one like you 

said, no more than one failure of this system in 18 months.  

That's not an availability or a reliability necessarily; 

it's just a count. But I can relate it back to risk and its 

objective and all this other stuff.  

MR. APOSTOLAKIS: I guess it depends on what you 

mean by risk-based.  

MR. BARANOWSKY: Yes. Let me go back to that. I 

think there is a considerable amount of discussion in the 

agency recently about do you mean when you say you are being 

risk-based versus risk-informed.  

There was a white paper that was put out by the 

Commission, and basically the definition of risk-informed is 

activities that use risk as one of the inputs in 

understanding the significance of as opposed to risk-based, 

which would be a calculation of a parameter from a risk 

analysis that you would do something with. We're saying the 

indicators we are trying to look at are ones of more of the 

latter quality.  

MR. APOSTOLAKIS: I understand that, but the
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example I gave you is also the same.  

MR. BARANOWSKY: I understand.  

MR. APOSTOLAKIS: It's risk-based.  

MR. BARANOWSKY: Yes. It can be directly 

calculated or inferred from the calculation.  

MR. APOSTOLAKIS: That was my next comment. We 

have discussed this performance-based regulation, and people 

always say measure. Measure or calculate.  

MR. MAYS: The key thing I wanted to talk about on 

this, I think the key word that was asked by the ACRS and 

other people of us when we talk about performance indicators 

is what performance are you talking about. We want to make 

sure people understand we are talking about the entire suite 

of activities that the licensee does in design, 

construction, procurement, operation that relate directly to 

the achievement of the cornerstone objectives in the new 

reactor oversight process.  

That is the performance that we are measuring, and 

we are trying to do it in a risk way.  

MR. APOSTOLAKIS: Am I correct in understanding 

that your risk-based performance indicators have a 

probability, a concept of uncertainty? 

MR. MAYS: Yes.  

MR. APOSTOLAKIS: So an indicator based on 

temperature may satisfy your bullets, but that's not what 
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you mean, because it doesn't have any probability. The 

criterion is the temperature shall always be less than 3200 

degrees. That's fine. That's an indicator. But that is 

not really a risk-based performance indicator, because you 

didn't give me the probability or the frequency of doing 

that. Is that a correct interpretation of your definition? 

MR. BARANOWSKY: That's correct. I don't want to 

say you could never come up with an indicator like that 

because there could be some probability of exceeding that 

temperature that you would say, well, I want to put the 

cutoff over here.  

MR. APOSTOLAKIS: When you have your risk-based 

performance indicators, will the agency also need another 

set of indicators to do its job? 

MR. BARANOWSKY: It will probably some others.  

MR. APOSTOLAKIS: They will probably have some 

others or they will have some others? 

MR. BARANOWSKY: I can't say for sure. I'm just 

saying probabilistically they will have others.  

MR. APOSTOLAKIS: You are excluding the 

deterministic indicators.  

MR. BARANOWSKY: I don't think I can exclude 

those, because it's a risk-informed approach. We are doing 

the risk-based part of it. So there might be a 

complementary deterministic element that goes along with it.
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MR. APOSTOLAKIS: It probably will.  

MR. BARANOWSKY: Most likely, yes. I think 

risk-informed runs all the way risk-based to barely 

considering risk at all.  

MR. MAYS: The benefits. Why would we want to go 

about and do risk-based PIs? 

The first thing we were looking at were what are 

the limitations or the potential areas for improvement of 

the current reactor oversight performance indicators.  

The first thing we came to was there is limited 

risk coverage in full operation for internal events and no 

coverage at all on shutdown and external events in the 

current oversight process and the indicators.  

The indicators that are in the new process have 

thresholds that are not plant specific.  

The current way that we combine all of the 

findings from indicators and inspection findings through the 

action matrix to determine what the agency should do has a 

limited ability to do that in a risk-informed way and a 

consistent way.  

It is more an intuitive thing where more whites is 

worse than a few whites and yellows are worse than whites 

and and reds are worse than those, and it doesn't get too 

much more sophisticated than that, because those are areas 

that were generally considered to be orders of magnitude 
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1 changes in the risk and the agency philosophy there was 

2 we'll find out what general order of magnitude we are in and 

3 we will be able to decide what more we need to do to engage 

4 the licensees further. So it wasn't designed at that point 

5 to be any more consistent than that.  

6 What we are planning on doing in the risk-based 

7 performance indicators is covering more of the risk 

8 performance by getting reliability indicators for 

9 risk-important system, trains and component. There are 

10 currently in the oversight process no reliability 

11 indicators.  

12 We were going to expand the unavailability 

13 indicators to more risk-significant systems and trains. The 

14 current one has train level unreliabilities on a few 

15 systems.  

16 We are going to also include indications of 

17 performance during shutdown, operating modes, and external 

18 events to the extent that we have data and information to be 

19 able to do that.  

20 That is what we are going to do to cover more of 

21 the risk performance in indicator space.  

22 The second thing we are going to do is the 

23 thresholds for each one of these is going to be plant 

24 specific. If you have a diesel generator failure to start 

25 probability as your indicator and you've got 2 diesel 
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1 generators at your plant, another person has 5 diesel 

2 generators at their plant, the threshold should be different 

3 because the risk implications of failure are different. So 

4 we are going to make those kinds of adjustments in the 

5 thresholds.  

6 The other thing is that the combination of the 

7 models and information that we are going to be using to set 

8 the thresholds and evaluate these risk-based performance 

9 indicators is going to give us a consistent framework to 

10 compare the risk-significance of inspection findings and the 

11 PIs in a consistent way.  

12 MR. CHRISTIE: Bob Christie from Performance 

13 Technology. At PSA-99 down at the Willard you were asked a 

14 question how much we are now covering in risk indicators, 

15 and you gave then 10 or 20 percent, and you intended 

16 hopefully some day to get up in the 80 to 90 percent. Has 

17 anything changed since then and today that means you are 

18 covering more, or are you exactly the same as you were at 

19 the Willard.  

20 MR. MAYS: We haven't done any more analysis on 

21 that. We intend to as part of the program here be able to 

22 discuss how much of the risk that the risk-based performance 

23 indicators will cover when we get them. Also to specify 

24 what risk-significant areas of performance they don't cover 

25 so that those will be explicitly covered in the inspection 
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1 program.  

2 MR. CHRISTIE: As far as the first four 

3 cornerstones, initiating event, mitigating systems, 

4 containment analysis, emergency planning, basically the same 

5 performance indicators that you were talking about at 

6 Willard are still going to be used and put in place in 

7 January? 

8 MR. MAYS: The schedule has changed somewhat, but 

9 we are still looking at the same indicators. The table you 

10 will see later on is the same table we presented then.  

11 MR. APOSTOLAKIS: I think we all agree with you on 

12 the benefits, and if you don't mind, could you go to number 

13 8, unless you have something real important to say.  

14 MR. MAYS: The only other thing I was going to say 

15 on number 7 was that when we talked about using this process 

16 to also get information, a trending at the industry level, 

17 especially for things like steam general tube rupture 

18 frequencies and other things, we got quite a positive 

19 response from NRR because they are looking at things that 

20 they need to do to look at how the industry is doing overall 

21 in addition to individual plants.  

22 This is a table that we presented the ACRS back 

23 and June, and as Bob mentioned, at the PSA-99 conference.  

24 This hasn't changed since then.  

25 What we are doing now is we are engaged in 
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MR.  

the figure we 

a copy of it, 

MR.

BARANOWSKY: I see your point. We are missing 

presented to you back in June. I didn't bring 

and I apologize.  

APOSTOLAKIS: Is that in your paper from

PSA-99?

MR.  

and it was in

BARANOWSKY: It is in the paper from PSA-99, 

the presentation in June where we laid out the
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gathering the data and trying out the models and determining 

which of these we are able to do and what information we are 

able to glean from them and how we are able to set 

thresholds. We are involved right now in looking at these 

and looking at the data and trying to put these together.  

MR. APOSTOLAKIS: Maybe you have done, but in 

terms of presentation that doesn't sit well with me. I 

would expect some sort of a logical approach to say here is 

how we are going to approach it and here are the criteria we 

are going to use to define the risk-based performance 

indicators.  

To present a table like this and then say now we 

are going to justify why -- does anybody else have the same 

problem with this? What is the logic of looking at train 

level reliability and availability, for emergency diesels, 

auxiliary feedwater, and so on? If I do all that, then what 

have I achieved, and how do I know that I have controlled 

the risk.
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picture of what are the elements that constitute the risk 

and at what levels would we be gathering information. We 

would say this is why we would do component level and train 

level and system level. That was in that. I assume that 

having previously done that, for brevity we didn't need to 

do that. I was obviously wrong.  

MR. MARKLEY: Is this covered in the white paper? 

MR. BARANOWSKY: Yes, it is covered in the white 

paper. It will be covered in the white paper.  

MR. APOSTOLAKIS: When is this coming out? 

MR. BARANOWSKY: We have it written. We had a 

meeting yesterday with NRR and went over this. They would 

like us to recast a few things because they felt the message 

didn't come out quite right.  

Also, they would like us to look at the priority 

on some things. For instance, they really need some help on 

barriers as early as possible. So we are looking at 

rescheduling some of these things.  

The other factor is when we put a schedule, which 

is the next viewgraph, we have got this sort of long, drawn 

out do the analysis, have lots of technical review, meet 

with the public, and all that stuff, and it takes literally 

18 months to take a simple idea and get it into practice.  

What they want to do is focus more on the first preliminary 

analyses, if you will, which will be done in a few months, 
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about six months. I think that is the most significant 

short-term element of the program that they want to focus 

on, because that will give you a good picture of what the 

likely success is for a number of these things.  

MR. APOSTOLAKIS: So we are going to see it next 

time around May? 

MR. BARANOWSKY: The first thing you are going to 

see is this white paper in a few weeks, after we recast the 

front matter a little bit. We might have an hour or two 

meeting about that paper after that.  

MR. APOSTOLAKIS: How long is the white paper? 

MR. BARANOWSKY: About 30 or 40 pages.  

MR. MAYS: Something like that, yes.  

MR. BARANOWSKY: It is another one of these 30 or 

40 pages that only takes about a month to do. It took us 

six months.  

MR. MAYS: That's six calendar months; that's not 

six person months.  

MR. BARANOWSKY: Then I think in the summer we 

will have a more substantial product with all the analyses, 

intervals in time, and the formulations worked out, and that 

is a much more extensive kind of review and evaluation.  

MR. SEALE: But the net effect of all of this 

hopefully is you are going to have performance indicators 

where one performance indicator will be enough to give rise
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1 to significant concerns about risk changes. They are not 

2 going to be so insensitive that you are going to need half a 

3 dozen performance indicators before you begin to get an idea 

4 that maybe there is a problem.  

5 MR. BARANOWSKY: I'm not completely sure because 

6 of the hierarchy of the way the indicators are set up is.  

7 For instance, there will be a number of system train level 

8 indicators. Then they can be linked together through a 

9 model and give you one indicator, if you will, and that 

10 could say there is a problem here. Then you could go back 

11 down to the trains and see where is the problem.  

12 At the same time -- we just talked this over 

13 yesterday with NRR -- we will probably have some component 

14 level indicators that go across trains, like for pumps or 

15 for valves, and you can see whether there is a valve program 

16 problem at the plant. So you might get valve program 

17 indications but not train reliability problems, because it 

18 is spread out among a number of systems.  

19 That is the kind of thing they want to be able to 

20 have. It's quite sensitive if you could have a lot of 

21 valves in the indicator, because more data and early 

22 indications will show up, and you can discriminate 

23 statistically.  

24 MR. SEALE: You understand what my problem is.  

25 MR. BARANOWSKY: Yes.  
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MR. SEALE: These performance indicators, as they 

have listed so far, don't tell me anything quick enough.  

MR. BARANOWSKY: Right. They 3 years before you 

can get a confirmation that there is a problem, at which 

time you already knew it.  

MR. SEALE: You're already in it.  

MR. BARANOWSKY: That is what we are trying to get 

away from.  

MR. MAYS: That's why the thing we talked about 

earlier on the EPIX and the RADs and data is so critical, 

because you have to have an appropriate input of data with a 

sufficient density in an appropriate model to be able to say 

whether or not the performance is having an impact on risk.  

What we are trying to do is put all those pieces together.  

MR. BARANOWSKY: That's a good point. The current 

indicators are driven by LER data, which is relatively 

sparse. It's about 1,000 LERs per year or something like 

that.  

MR. MAYS: Yes.  

MR. BARANOWSKY: There are going to be thousands 

of component level type indications that come through EPIX 

per year. So the data density is about a factor of 10 right 

there.  

MR. MAYS: The quality and completeness and the 

percentage of participation of the industry in this 

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

208 

voluntary program, which again was originally set up as an 

alternative to the reliability/availability data rule, is 

going to be key for us to be able to have enough data and 

have the credibility of that data to be able to justify what 

we are trying to do with performance indicators.  

This schedule is something we worked out. It is 

going to change as a result of the talks we had with NRR.  

We are going to get together with them and negotiate this.  

This gives you a general idea of about when you should be 

seeing things.  

We are hoping in the summertime to be able to give 

you some actual results of uses of data and models and 

thresholds to look at and be talking with the public, and 

then we will go on from there.  

MR. APOSTOLAKIS: Do you know how you are going to 

develop the thresholds? 

MR. MAYS: We are going to use the concepts that 

were in the current reactor oversight process, and that is 

the green/white interfaces, the point where you distinguish 

significant difference between the normal variation among 

the plants. The white/yellow interface is one which roughly 

corresponds to a change in core damage frequency of about 10 

to the minus 5. The yellow/red interface is one where it 

would correspond to a change in the core damage frequency of 

10 to the minus 4.  
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What we will be doing is taking our SPAR models, 

taking the values from the indicators for the performance 

and saying, okay, when that value changes by how much, what 

does that correspond to for the white and the yellow and the 

red interfaces, and build them that way.  

MR. APOSTOLAKIS: I think it would be a good idea 

to have a subcommittee meeting before you actually develop 

all these things now that you have a good idea how you want 

to do it and before you invest too many resources.  

I would hate to disagree with you next summer. If 

you guys feel it's not worth it, we don't have to do it.  

MR. BARANOWSKY: I don't have a problem with it.  

Why don't we talk about it in a couple of months.  

MR. APOSTOLAKIS: When you have your thoughts put 

together.  

MR. BARANOWSKY: They are probably pretty well 

together now. We just need a couple of cracks at to see 

where it's coming out.  

MR. APOSTOLAKIS: Then maybe we can meet. It's 

this business of risk communication. Bring the stakeholders 

into the process as early as you can.  

MR. BARANOWSKY: Right.  

MR. APOSTOLAKIS: We are stakeholders, and I think 

it would be a good idea.  

MR. BARANOWSKY: The main characteristic is that 
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we are still planning on working on a delta change as 

opposed to an absolute value. I think that is probably the 

main characteristic of the threshold approach. That is the 

current one that is in place.  

MR. APOSTOLAKIS: Okay. These kinds of things, I 

would like to have some time to discuss them. Maybe half a 

day or two or three hours.  

MR. MAYS: As a matter of fact, we would prefer 

coming and talking to the subcommittee about these issues 

and working these things before going to the full committee 

on any of these. I think that is a better way to go.  

MR. BARANOWSKY: Why don't we try to work with 

ACRS folks on defining a couple of key technical issues that 

you folks are interested in and ones we think we want to 

bounce off of people. So we can bring them up at the 

meeting. And we will get NRR folks there too.  

MR. APOSTOLAKIS: Sure. Maybe what we can do is 

see what subcommittee meeting we are going to have in March 

sometime.  

MR. BARANOWSKY: That's a good time.  

MR. MAYS: I think the other message to take from 

the schedule change and from our conversations with NRR, 

they are still in the process of evaluating the lessons 

learned from the pilots, and then they are going to go into 

an implementation phase for the industry.  
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It is probably premature to get too far along in 

terms of what we are going exactly have or not have in this 

thing until we have a little more experience with what we 

currently have. I don't think NRR is anxious to go running 

headlong into pushing the industry into a brand new set of 

indicators one year after they just pushed the new ones on 

them. So there is an expanded time frame that is now 

evident that wasn't evident two years ago when we started 

this project. So there is an opportunity to take that time 

to do that in a more systematic way.  

Also, we may find that NRR says we don't need a 

wholesale change of all the stuff; we just need a few pieces 

out of what you have got here to augment what we already 

have. That is also part of the conversation we are having, 

to determine how this should be put together.  

MR. APOSTOLAKIS: Are there any questions from the 

members of the staff? From members of the public? 

MR. BONACA: Just one comment. It is impressive 

process and I am encouraged. It seems to have a good 

closure on the cornerstones and much more substance to 

monitor performance.  

I have been critical of some of the cornerstones 

in the past, but I feel with this kind of work being done, I 

think there is a lot of substance for monitoring, and also 

for making licensees very much aware of where the 
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1 performance is expected to be. So I'm very encouraged.  

2 MR. APOSTOLAKIS: Thank you very much. We 

3 appreciate it.  

4 We are going to go around the table. You are 

5 welcome to stay. This is a public meeting.  

6 There are two questions to the members. Should we 

7 recommend the committee write a letter, and if so, what 

8 should the letter say? 

9 Who wants to go first.  

10 MR. SEALE: You already heard me earlier. I guess 

11 I haven't heard anything that has changed my mind.  

12 All of the Commissioners are not completely aware 

13 from personal experience with what led up to the midnight 

14 massacre a year ago when AEOD went away. At the time a lot 

15 of us expressed a concern that there were important elements 

16 of the AEOD role, mission, and so on, that had to be 

17 preserved in one way or another in the new organization if 

18 the Commission was going to be best served in that area, and 

19 that in doing that the credibility and independence of that 

20 process had to be protected.  

21 I won't say that I think there has been a loss of 

22 that, because I believe the people that we heard from today 

23 have been very careful to preserve their objectivity. It is 

24 pretty clear they talk to the people around them so that 

25 they are not getting isolated, but they are not talking to 
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the Commissioners. I guess I would like us to do what we 

can to help them get a route up to them to let them know 

what is going on, and that that element of independence is 

still important, and it is vulnerable in the long run unless 

we do things to protect it.  

MR. APOSTOLAKIS: Right. Are you done? 

MR. SEALE: Yes.  

MR. UHRIG: One additional thought. I don't think 

it serves much to have any connotations in such a letter 

that the NRC was stupid to do what they did. They may have 

been stupid, but that is beside the point. What you have to 

have here is just what Bob said, mainly that this function 

is still very important and the independence is very 

important and that there has to be more communication of the 

outcome of this process to the Commission itself and the 

organization as a whole.  

I think Bob's point is valid about what happened 

to this function that used to be AEOD.  

MR. APOSTOLAKIS: I guess we should also list some 

of the benefits. This is really validation of the risk 

assessment.  

MR. BONACA: Absolutely.  

MR. SEALE: It is intriguing to me that every time 

these guys come down to see us we learn things. It is not 

standing still; it is moving forward, and I think that is 
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important.  

MR. BONACA: One thing that we have always heard 

is that the staff should have a model in hand to be able to 

evaluate changes, and here it is. Insofar as having an 

independent model, I think actually we should support that.  

To rely on the licensees' models is not appropriate even if 

the licensees' model may be better.  

MR. APOSTOLAKIS: Let me understand that. When 

you, both Bobs, talk about independence of process, you mean 

independent from who? 

MR. SEALE: The concern I have is that the NRR 

people -- I'm talking in the classic NRR role -- had a 

perspective on what was happening in the plants.  

MR. APOSTOLAKIS: Okay. My use of the word is 

different.  

MR. SEALE: I know that. But both of those points 

are equally valid. The thing is that when AEOD in the 

traditional sense carried out an assessment it was perhaps 

but not necessarily confirmatory of the NRR position, but it 

was an independent confirmation.  

MR. APOSTOLAKIS: I understand.  

MR. SEALE: His point, though, is another one.  

When Bob Christie was talking about here, it was all I could 

do to say, yeah, and if they took the utilities' version of 

the PRA, it would be the only one.  
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MR. BONACA: Plus they will never have one 

approach.  

MR. APOSTOLAKIS: The staff made that point.  

MR. SEALE: It would be the only one. You know it 

is not going to be the best one 72 different times for 72 

different plants.  

MR. APOSTOLAKIS: I'm glad you said that.  

MR. BONACA: When you compare model A and model B 

and then you try to make a reason why you have differences, 

you learn more from the process than from anything else.  

That gives you the major insights. I think that is very 

important.  

MR. APOSTOLAKIS: So you want a letter as well? 

MR. BONACA: I think so. Oftentimes Dana has 

expressed a concern that the staff doesn't have even close 

to the capability of the licensees.  

MR. APOSTOLAKIS: And I have disagreed.  

MR. BONACA: Now I am surprised. This is the 

first time I have heard this presentation at this level.  

MR. APOSTOLAKIS: Picking up on your point, my 

primary motivation why I want to write the Commissioners on 

this is because then, of course, we will have an opportunity 

to discuss it when we meet with them. We have had at least 

two new Commissioners since 1995, when you guys presented.  

Maybe three.
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MR. SEALE: Four actually, counting the new 

chairman.  

MR. APOSTOLAKIS: I'm not sure that they are aware 

of the fact that a lot of the results of the PRAs are being 

confirmed by this branch, and I really want to bring up 

again the issue of the reactor safety study. When these 

guys did the work, a lot of the work withstood the test of 

time. So I think it would be an excellent opportunity for 

us to bring up these issues and maybe some of the benefits.  

Mario, I interrupted you.  

MR. BONACA: The other issue of the communication 

process is just an observation.  

MR. APOSTOLAKIS: Communication to whom? To the 

Commission? 

MR. BONACA: I'm talking about communication in 

the reports. It is important that we really moved from 

deterministic time to probabilistic time. Now we have 

models that allow you to communicate the perspective on what 

the issues mean.  

MR. APOSTOLAKIS: Let me ask this question of 

staff. Are there any studies along the same vein that you 

would like to do and can't do because you don't have the 

resources? 

I realize that you don't have enough people to do 

the work you are expected to do now. Are we doing 
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everything we can do in the area of using experience and 

processing it and cast it in the PRA framework.  

MR. MAYS: That is a pretty broad question, 

George. Let me give you a cut at what I think. When we put 

together the first plan for risk-based analysis of reactor 

operating experience a long time ago, we had a concept of 

what we thought we needed to do to bring that information to 

bear into the regulatory process. A lot of things have 

changed since then. The whole process has changed for 

oversight and other things.  

I don't know of any particular areas of analysis 

of reactor operating experience that we haven't been able to 

identify as something that would be useful to do. I think 

the key issue is the entire process of how you use and do 

reactor oversight is changing.  

What is most important to me is making sure that 

what we are going to do is going to fulfill a need in that 

oversight process and is going to be useful in that process.  

There might be lots of things that would be intellectually 

interesting to go out and find, but I'm not terribly 

interested in going and finding analyses of things that have 

very limited use in that process.  

From the standpoint of focusing our work on things 

that would be appropriate in that oversight process, I think 

we have identified at least all the major areas in terms of 
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SPAR models, in terms of risk-based performance indicators, 

in terms of system level, plant-specific level analyses and 

developing insights. There might be ways of doing that in 

particular styles or particular formats that might be more 

effective or better or more appealing than others, but I 

think that is just part of the natural evolution of where 

the agency is going.  

I don't know of any significant holes or areas we 

want to go look at that we are not already planning to do or 

haven't already done at some level. I think the big issue 

is making that stuff go into the process better.  

Pat has something to say.  

MR. BARANOWSKY: First of all, we are trying to 

make sure we have enough staff just to do what we talked 

about doing here. We are currently in danger of not having 

the people to just even do that.  

That is why when you asked earlier about writing a 

30-page thing, I'm saying, wow, I'm already having trouble 

getting people to work on low power and shutdown models, the 

external event models, and we are going have to shift people 

off both the system and the component studies to support 

some of that. So picking up new work is beyond belief for 

me at this point.  

Nonetheless, I still think that there are a couple 

of things that we might want to look at that we haven't even
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tried to formulate some ideas on.  

One is do the same kind of look at human 

performance operating experience like we have done with 

systems and components. Not trying to create an ATHENA 

model or anything like that, but just trying to say how can 

you taken this information in sort of a risk framework and 

say what kind of risk-significant human performance 

activities has the operating experience told us we ought to 

keep an eye on. Just like we do with the components. I 

don't see that anywhere.  

MR. APOSTOLAKIS: Jack Rosenthal is doing this.  

MR. BARANOWSKY: If he is doing it, good.  

MR. APOSTOLAKIS: Have you talked to him? 

MR. BARANOWSKY: No.  

MR. APOSTOLAKIS: It might be helpful.  

MR. BARANOWSKY: They are putting together 

databases and things like that to support human reliability 

analysis.  

MR. SEALE: Right.  

MR. BARANOWSKY: I don't know if he is doing it or 

not, but I'm just saying that is one area.  

The second things is, as we are developing more 

understanding for external events and things like that, why 

wouldn't we do the same thing there? What are we seeing 

from these problems that are cropping up at plants with
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regard to external events that might give us a slightly 

different perspective on what is important and focusing our 

attention there? 

The whole business that I'm in here is taking the 

operating experience an asking myself, what does that tell 

me versus what we thought was important for models that are 

10 years old, for instance, which some of the current 

insights from the external events are associated with? 

*The same thing would be true for containment. No 

one is doing very much on containment-related issues.  

Those are the areas that I see us having sort of a 

hole from our operating experience: human performance, the 

containment, and the external events. Then just to continue 

on with what we have takes a certain level of staff, and I 

am just juggling them around trying to cover all the bases.  

MR. BONACA: On a related issue, do you have all 

the support you need from the industry? Clearly you need to 

have a true flow of information coming in. You seem to be 

sharing some of the tools anyway.  

MR. BARANOWSKY: The biggest issue right now is 

the support that would exist for the EPIX data system.  

Today we talked about the reactor protection 

system. I think, George, you probably did some RPS analyses 

back in the late 1970s or early 1980s. At least that is 

when I did them. We had no data. I can't believe how we 
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made these estimates. The stuff we have nowadays is 

unbelievable. I feel very confident about the kind of 

insights we have of what is important in reactor protection 

system reliability. To say we could estimate a 6 times 10 

to the minus 6 failure on demand for the GE system with a 

straight face now -

[Laughter.] 

MR. BARANOWSKY: I would have laughed in my own 

face ten years ago.  

So that data system is very important.  

MR. SEALE: I think the INPO people share with you 

a concern for the degree of buy-in on EPIX.  

MR. BARANOWSKY: Licensee performance, system 

performance is the data. Models without data are zero.  

MR. APOSTOLAKIS: I take it the consensus of the 

subcommittee is to recommend to the full committee that a 

letter be written.  

MR. UHRIG: Does that mean there is going to be a 

presentation? 

MR. APOSTOLAKIS: I was coming to Mr. Markley.  

Now we have to schedule a presentation for the full 

committee. You told me earlier that February is out of the 

question.  

MR. MARKLEY: February is very full.  

MR. APOSTOLAKIS: So the earliest we can do this 
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is March, which is filling up very quickly as well. Maybe 

you can make a note of that and talk to the powers that be.  

MR. BONACA: March is soon enough for me.  

MR. UHRIG: When is the white paper going to be 

available? 

MR. APOSTOLAKIS: In a few weeks. A few weeks 

means? 

MR. BARANOWSKY: It was supposed to be ready this 

week, but we got enough comments yesterday from NRR, and I 

think they made good sense. The reason we want to change it 

is we want the highest level of NRR management to understand 

and support this.  

MR. SEALE: So you would be in a position to talk 

about the features of the white paper in a definitive way if 

we had a meeting in March? 

MR. BARANOWSKY: Yes.  

MR. APOSTOLAKIS: You would send it by the end of 

January? 

MR. BARANOWSKY: Our plan would be well before the 

end of January, but by the end for sure.  

MR. APOSTOLAKIS: Let's plan on recommending to 

the Planning and Procedures Subcommittee and then to the 

full committee that there be a meeting in March of maybe an 

hour or an hour and a half.  

MR. MARKLEY: It's up to you. Having had a full
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day's subcommittee, I don't know that you need that much 

time.  

MR. APOSTOLAKIS: I don't think we need a 

presentation on everything. I think we should focus on some 

key elements. I think one example ought to do it.  

MR. BARANOWSKY: Just a couple of key insights.  

MR. APOSTOLAKIS: And the summary table you had, 

and maybe adding a few comments there.  

MR. BARANOWSKY: We heard the comments you made 

today about what you didn't understand about it.  

MR. APOSTOLAKIS: That table, I think, is going to 

be very useful to the full committee and there will be a lot 

of discussion. So these are the key things.  

MR. BONACA: The things that surprised me was the 

number of level 1 PRAs that you have done. I was surprised.  

I believe many committee members would not know that.  

MR. APOSTOLAKIS: That's what I say. Of course 

the risk-based performance indicators will have to play a 

major role there because the committee is interested in 

that. We have a review of the new oversight process in 

January, as you probably know. So we will be up to speed by 

that time.  

MR. BARANOWSKY: We will probably have met with 

NEI by then. So we can give you some input there.  

MR. APOSTOLAKIS: So let's propose that and see 
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how it works. I think a letter is important and there is 

some urgency to it, because the Commission is essentially 

new in the sense that they have not really been sensitized 

to the fact that such important work is being done within 

the agency by the Office of Research.  

MR. BARANOWSKY: By the way, we have to send up a 

paper to the Commission after that telling them that we are 

discontinuing the current version of the PIs which used to 

be part of the AEOD yearly assessment of how things are 

going. So it might match up with what you are talking about 

doing here. We have to have a recommendation as to what we 

would do as a follow on.  

MR. APOSTOLAKIS: If you guys come to the full 

committee in March, do we have a subcommittee before then? 

No, the subcommittee was later.  

MR. MARKLEY: Do you need one? That is the 

question.  

MR. BARANOWSKY: Also we talked about having the 

subcommittee talk about technical issues that are arising on 

the development of the risk-based PIs.  

MR. APOSTOLAKIS: Before June.  

MR. BARANOWSKY: Before June, but that is probably 

in the March time frame.  

MR. APOSTOLAKIS: So that is independent of the 

March meeting.

ANN RILEY & ASSOCIATES, LTD.  
Court Reporters 

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

(202) 842-0034



225 1

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. BARANOWSKY: Independent of the March full 

committee.  

MR. APOSTOLAKIS: What about January 20th? 

MR. MARKLEY: That's the oversight process.  

That's the NRR staff.  

MR. APOSTOLAKIS: That's a full day.  

MR. BONACA: In February we have other stuff, like 

traveling, etc. It is going to make it very hard for me.  

MR. MARKLEY: I don't think we can find any more 

time in January for a meeting. We are having a hard time 

finding days for the ones we have got.  

MR. APOSTOLAKIS: Okay.  

MR. MARKLEY: It's going to be tough. We have got 

a joint subcommittee, and operations subcommittee. We have 

got the retreat. It's full.  

MR. SEALE: Are you going to be here tomorrow? 

MR. BARANOWSKY: Yes.  

MR. APOSTOLAKIS: You mean the tech spec 

discussion? 

MR. BARANOWSKY: No. That's NRR's.  

MR. APOSTOLAKIS: Anything else? 

MR. SEALE: Thank you, guys.  

MR. APOSTOLAKIS: Thank you very much. This 

meeting is adjourned.  

[Whereupon at 4:00 p.m. the meeting was recessed, 
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to reconvene at 8:30 a.m., Thursday, December 16, 1999.] 
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COMMON CAUSE FAILURES

Risk-Based Performance Indicators 
[Under development] 
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COMMON CAUSE FAILURE ANALYSIS

PURPOSE/OBJECTIVES 

* Provide a Database and Tool to Enable the NRC Staff to Treat 
CCFs in Risk-informed Regulatory Activities Using Both 
Qualitative Engineering Insights and Quantitative CCF 
Parameter Estimates

CCF - 2



COMMON CAUSE FAILURE ANALYSIS 
PROGRAM DESCRIPTION 

* Develop the Common Cause Failure Database and Associated 
Analysis Software 

* Collect Common Cause Failure Data for Selected Risk-Important 
Components and Systems and Put them in the CCF Database 

* Estimate Common Cause Failure Parameter Estimates for these 
Components Using the CCF Database 

* Glean Engineering Insights Regarding Common Cause Failures 
from the CCF Events with Respect to: 

o Causes 
o Coupling Factors 
o Detection Method 
o Defensive Mechanisms 
o Subcomponents and Piece-Parts

CCF - 3
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COMMON CAUSE FAILURE ANALYSIS 
USES AND USERS

CCF DATABASE PROVIDES: SPECIFIC USE NRC BRANCHES 

CCF parameter analyses for: 

1. Risk models to estimate 1) Risk assessment of operational events NRR/DSSA/SPSB 
CDF, CDP, CCDP and LERF SRAs in Regions 
for: RESIDSARE/REAH FB 

RESIDRAA/OERAB 
NRR/DRIP/REXB 

2) Review, prioritization, and resolution of RES/DSARE/REAHFB 

generic issues RES/DETIERAB 

3) Accident Sequence Precursor Program RES/DRAA/OERAB 

4) System and component studies RES/DRAA/OERAB 

2. Verifing licensee risk 1) Regulatory Guide 1.174 applications RESIDRAA/PRAB 
analyses for: N RR/DSSAISPSB 

2) Review of risk-analyses performed by RES/DRAA/PRAB 
licensees 

3. Risk-based performance To provide a risk-related measure of RES/DRAA/OERAB 
indicator of common cause equipment performance and trends for the NRRIDRIP/IIPB 
failures new reactor oversight process to determine if 

plant performance is meeting thresholds.  

CCF Insights for 1) Risk-informed inspections SRAs in Regions 
NRR/DSSA/SPSB 
NRR/DRIPIIIPB 

2) GSI resolutions RES/DSARE/REAHFB 
RES/DET/ERAB
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COMMON CAUSE FAILURE ANALYSIS 
RESULTS 

* CCF Database Containing CCF Events from 1980 Through 1995 

* Database Sent to All Nuclear Power Plant Licensees (July 1998) 

* Reports 

"o NUREGICR-6268 Volumes 1-4, Common-Cause Failure 
Database and Analysis System 

"o NUREG/CR-5497, Common-Cause Parameter Estimations 

"o NUREGICR-5485, Guidelines for Modeling Common-Cause 
Failures in PRA 

* CCF Insights Used in the Resolution of Generic Issue 145 
"Actions to Reduce, Common Cause Failures"
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COMMON CAUSE FAILURE ANALYSIS 
RESULTS (cont'd) 

* RPS CCF Data Collected and Loaded into the RPS CCF 
Database for Westinghouse and General Electric Reactors 
(November 1999) 

* Draft Insights Reports for EDGs, Pumps, MOVs, AOVs, 
Breakers, and SafetylRelief Valves
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COMMON CAUSE FAILURE ANALYSIS 
FUTURE ACTIVITIES 

* Complete CCF Insights Reports 

* Update the CCF Database
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INTERNATIONAL COMMON CAUSE DATA EXCHANGE PROJECT 

PURPOSEIOBJECTIVES 

* Expand the Common Cause Failure (CCF) Event Data Available 
to NRC and Utilities Through Data Exchange among the NEA 
Participating Countries

CCF - 8

(



ICDE PARTICIPANTS 

* Operated Through OECDINEA 

* Participating Countries are: 

o Germany 
o France 
o Sweden 
o Finland 
o Switzerland 
o Spain 
o United Kingdom 
o USA 
o Canada

CCF - 9
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ICDE RECENT RESULTS

e General Coding Guidance Developed 

e CCF Event Data Collected and Exchanged for: 

o Pumps 
o Emergency Diesel Generators 
o Motor-Operated Valves 
o SafetylRelief Valves 
o Check Valves 
o Batteries

CCF- 10



ICDE FUTURE ACTIVITIES 

"* Renew the OECD/NEA Agreement 

"* Develop List of Additional Components for Data Collection 

"* Publish CCF Insights Reports on: 

"o Pumps 
"o EDGs 
"o MOVs 
"o SRVs 
"o Check Valves 
"o Batteries

CCF- 11



RELIABILIT. OVERVIEW
Risk-Based Performance Indicators 

[Under development] L------------------------------ i--------------------------- ---------S--------------------------- L --------------------------- R Methods and Models for Risk-Based Performance RBPI 
Indicators Development 
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RELIABILITY STUDIES 

e PURPOSE AND OBJECTIVES 

* METHODOLOGY 

* USES AND USERS 

e RECENT RESULTS 

"o Summary of Previous Studies 
"o Update Studies for RCIC, HPCI, and HPCS 
"o HPI Study 
"o RPS Studies for Westinghouse and General Electric 
"o Component Studies for Turbine-Driven and Motor-Driven 

Pumps 

* FUTURE ACTIVITIES

RELIABILITY STUDIES - 2
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RELIABILII , STUDIES 

Purpose: 

Evaluate Reliability and Provide Engineering Insights of Risk
Important Systems and Components Based on Operating 
Experience 

Objectives: 

"* Use Actual Demands, Failures and Unavailabilities to Estimate 
Reliability 

"* Analyze Trends in Reliability 

"* Quantify Uncertainties 

* Compare Findings with Published PRA/IPE Values 

* Identify Plant-Specific Differences 

o Provide Engineering Insights
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RELIABILITY STUDIES METHODOLOGY APPROACH 

"* Develop SystemlComponent Boundary Limits 

"* Gather Operational Occurrence Data from Licensee Event 

Reports 

"* Characterize Occurrence Data 

o Reported Inoperabilities 

o Inoperabilities Where Safety Function Actually Lost 

o Safety Function Losses Where Actual Demands Could Be 
Counted 

"* Determine Failure Probabilities and Uncertainty Intervals Using 
Bayesian Techniques

RELIABILITY STUDIES - 4
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RELIABILITY STUDIES METHODOLOGY APPROACH (cont'd) 

"* Use Simple Fault Tree Model to Determine Unreliabilities 

"* Compare Results with Applicable PRAs and IPEs 

"* Compare Results with Applicable Regulatory Activities 

"* Analyze Data Trends

RELIABILITY STUDIES - 5
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RELIABILITY STUDIES USES AND USERS 

RELIABILITY ANALYSES S__I UIBR C 
PROVIDES: SPECIFIC USE NRC BRANCHES

,. -

Evaluation of system 
and component failure 
probabilities and 
dominating failure 
modes for:

SRAs in Regions 
NRR/DSSA/SPSB 
NRR/DIPMIIIPB 

NRR/DSSA/SPSB 
NRR/DRIPIREXB 
SRAs in Regions 
RES/DRAA/OERAB 

RES/DSAREIREAHFB 
RES/DET/ERAB 

RES/DRAA/OERAB 

NRR/DSSA/SPSB 
RES/DRAA/PRAB 

RESIDRAA/PRAB

RELIABILITY STUDIES - 6

1. Risk-informed inspections 

2. Risk assessment of operational 
events 

3. Review, prioritization, and 
resolution of generic issues 

4. Update plant-specific data in 
Accident Sequence Precursor 
Program models 

5. Verification of licensee risk 
analyses for Regulatory Guide 
1.174, 1.175, and 1.177 applications 

6. Review of risk-analyses performed 
by licensees



RELIABILITY STUDIES - 7

PROVIDES: EINRC BRANCHES 

1. Monitor plant safety in light of both NRR/DSSA/SPSB 
NRC and licensee safety initiatives NRR/DIPM/IIPB 2. Evaluation of systemSRsnReis 

and component SRAs in Regions 
operating experience for RES/DSAREIREAHFB 
trends in time for:RES/DRAA/OERAB 2. Input to risk-based performance NRR/DIPM/IIPB 

indicator of plant-specific system RES/DRAA/OERAB 
and component performance: 

1. Risk-informed inspections SRAs in Regions 
NRR/DSSA/SPSB 3. Evaluation of NRR/DIPM/IIPB 

engineering insights for: 2. Regulatory effectiveness analyses RESIDSARE/REAHFB 

3. Review, prioritization, and RESlDSARE/REAHFB 
resolution of generic issues RES/DETIERAB



SYSTEM RELIABILITY STUDY RESULTS SUMMARY

Mean Unplanned Failure Unreliability Study Unreliability Demand Rate Unreliability 
Study Unreliabvlty Temand atend Trend Consistency with PRA/IPEs vs Plant Age 

(wlrecovery) Trend Trend Trend 

HPCI-DRAFT 0.07 PRAs 3 times lower than None 
(1987-1998) _operating experience 

HPCS-DRAFT 0.06 General agreement--Fail-to-run None 
(1987-1998) __contribution lower in PRAs 

RCIC-DRAF1 PRAs 3 times lower than Short (<15 mi) 0.03 operating experience; restart None Short (>15 min) 0.03 different in PRAs Long (>15 min) 0.06 

Isolation Condenser 0.02 General agreement--nature of None 
(1987-1993) _failures differ 

AFW 3.0x10- Fail-to-run and suction None 
(1987-1995) 3.0_x10___ _ _ _ contributions lower in PRAs 

HPI General agreement--some 
(1987-1997) 4.0 x 10-4 variability among HPI designs None 

with diversity 

EDG--RG1.108 0.04 General agreement--fail-to-run None 
(1987-1993) 0.04___ _____ higher in PRAs 

W(9-9 2.0 x 10'6 N/A N/A General agreement--reactor trip N/A (1984-1995) 2.0x10 NIAbreaker contribution different 

GE RPS One order of magnitude lower 
(1984-1995) 6.0 x 1O" N/A N/Athan IPEs N/A
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RCIC UNRELIABILITY UPDI "E (1987-1998) [Preliminary] 

"* Demand Counts (From 29 BWRs): 169 Unplanned Demands, 
1084 Quarterly Tests and 266 Cyclic Tests 

"* 36 System Failures During 1519 Demands, 6 Failures Were 
Recovered 
(One Was MOOS) 

"* Unreliability (With Recovery) 

0.03 [0.007 -- 0.07] Mission <15 Minutes 
0.06 [0.02 -- 0.1 ] Mission >15 Minutes 

"* Contribution to Unreliability 

Short Run Mission--FTS (Other than Injection Valve), FTR 
Longer Run Mission--FTS (Other than Injection Valve), 
Failure to Restart 

"* Nature of Failures from Surveillance Testing Similar to Failures 
During Unplanned Demands

RELIABILITY STUDIES - 9



RCIC SYSTEM TRENDS [Preliminary]

RCIC Unplanned Demand Rate

RCIC Unreliability (Calender Year)
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RCIC UPDATE INSIGHTS (1987-1998) [Preliminary] 

* Trends-Unplanned Demand Rate and Failure Rate Decreasing 
While Unreliability Fairly Constant 

* Plant Aging-No Significant Variation in Reliability or Failure 

Rates Due to the Age of the Plant 

* Plant Variations-Differences Between Plants Were Very Small 

* Leading Component Failures-Contribution to Unreliability Not 
the Result of Failure of a Specific Component Type 

* Detection Methods-Generally, Testing of Various Types and 
Frequencies Was the Most Effective Method in Detecting 
Failures 

One-Third of All Failures Were Immediately Identified

RELIABILITY STUDIES - 11
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RCIC UPDATE INSIGHTS (1987-1998) [Preliminary] (cont'd) 

* Injection Valve Not Tested in the Same Stress Environment in an 
Unplanned Demand (Pressure Differential, Repeated Cycling) 

* Draft Report Is out for Peer Review. Final Report to Be Issued in 
Spring 2000
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HPCI UNRELIABILITY UPDi%, E (1987-1998) [Preliminary] 

o Demand Counts (From 24 BWRs): 94 Unplanned Demands, 
846 Quarterly Tests and 217 Cyclic Tests 

o 46 System Failures During 1157 Demands, 13 Failures Were 
Recovered (One Was MOOS) 

o Unreliability (With Recovery): 0.07 [0.02 -- 0.1] 

o Contribution to Unreliability 

o Failure of Injection Valve to Reopen 
o FTS (Other than Injection Valve) 
o MOOS 

o Nature of Failures from Surveillance Testing Similar to Failures 
During Unplanned Demands 

Exception-Injection Valve Not Tested in the Same Stress 
Environment in an Unplanned Demand (Pressure 
Differential, Repeated Cycling)
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HPCI SYSTEM TRENDS [Preliminary]
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HPCI UPDATE INSIGHTS (1987-1998) [Preliminary] 

* Trends - Unplanned Demand Rate and Failure Rate Decreasing 
While Unreliability Fairly Constant 

* Plant Aging - No Significant Variation in Reliability or Failure 
Rates Due to the Age of the Plant 

* Plant Variations - Differences Between Plants Were Very Small 

* Leading Component Failures - Failure of the Injection Valve to 
Reopen Was the Major Contributor to System Unreliability 

* Detection Methods - Generally, Testing of Various Types and 
Frequencies Was the Most Effective Method in Detecting 
Failures 

One-Third of All Failures Were Immediately Identified 

* Draft Report Is out for Peer Review. Final Report to Be Issued in 
Spring 2000
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HPCS UNRELIABILITY UPDATE (1987-1,998) [Preliminary] 

* Demand Counts (From 8 BWRs): 

Unplanned Demands Quarterly Tests Cyclic Tests 
Injection Train 43 384 70 
EDG Train 51 NIA 70 

* 5 Injection Train Failures (One Recovered, One MOOS) During 

497 Demands 

2 EDG Train Failures (One MOOS) During 121 Demands 

e Unreliability (With Recovery; Exclude EDG Train): 
0.06 [0.01--0.1] 

e Contribution to Unreliability--MOOS (Injection Train) 

* Nature of Failures from Surveillance Testing Similar to Failures 
During Unplanned Demands
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HPCS SYSTEM TRENDS [Preliminary]
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HPCS UPDATE INSIGHTS (1987-1998) [Preliminary] 

* Trends - Unplanned Demand Rate Decreasing While Failure 
Rate and Unreliability Fairly Constant 

* Plant Aging - No Significant Variation in Reliability or Failure 

Rates Due to the Age of the Plant 

* Plant Variations - Differences Between Plants Were Very Small 

* Leading Component Failures - Contribution to Unreliability Not 
the Result of Failure of a Specific Component Type 

* Detection Methods - Generally, Testing of Various Types and 
Frequencies Was the Most Effective Method in Detecting 
Failures 

* Draft Report Is out for Peer Review. Final Report to Be Issued in 
Spring 2000.
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HPI UNRELIABILITY (1987-1997) 

* 0 Total System Failures in 224 Unplanned Demands (72 PWRs) 
[9.Ox10 6 to 9.Ox10-3] 

* Multiple Designs 

"o Number of Pump Trains 

"o Number of Suction Paths 

"o Number of Injection Paths 

"o Diversity Across Industry (High-High Head and Intermediate 
Head)

RELIABILITY STUDIES - 19
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HPI UNRELIABILITY [1987-1997] (cont'd) 

* 6 Design Class Models Represent Plant Variances 

* Models Broken into Segments for Data Analysis 

o Suction Segments 
o Pump Trains (High-High Head, Intermediate Head) 
o Injection Header Segments 
o Cold Leg Segments 

* Common Cause Failures Explicitly Modeled (21 Events 
Observed, Used CCF Database to Derive Alpha Factors for 
Those Components Involved in the 21 Events) 

* Segment Failures (1987-1997): 

"o Safety Injection Actuation Channel--I FTO in 410 Demands 
"o Intermediate Head Pump Train--I FTS in 375 Demands 
"a Injection Header--I FTS in 430 Demands

RELIABILITY STUDIES - 20



HPI UNRELIABILITY [1987-1997] (Cont'd) 

* Plant-Specific Estimates of HPI System Unreliability (Injection 
Phase Only)

Design Class

1--(2 HHSI OR 2 IHSI; 2 SG)

2--(3 HHSI OR 3 IHSI; 2 SG)

3--(2HHSI OR 2 IHSI; 3 SG)

¶ ________

No. Of 
Plants

20

Average 
Unreliability

UnreiabiityDesian Class

4-4(4 IHSI: 3 SGI
7

- I 1. I

12
9.1 x io-� L __________ L

5--(3 IHSI; 4 SG) 

6--(2 HHSI, 2 IHSI; 4 SG)

No. Of 
Plants 

2 

4 

27

Average 
Unreliability 

2.8 x 10-4 

2.4 x 10-4 

6.6 x 10-6

Overall Arithmetic Average of 72 Plants: 4.5x104 
Range: 6.0x10 5 to 3.5x10-3
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HPI INSIGHTS 

* Contribution to Unreliability - Vary Depending on Design Class 

"o Design Class with 3 or Fewer Pump Trains: CCF (72% to 
95%) 

"o Design Class 2 HHSI and 2 IHSI Pump Trains: Random 
Failure of Common RWST and Associated Piping (93%) 

* Trends - Frequency of Unplanned HPI Demands Decreases as a 
Function of Calendar Time 

* Comparison to PRA/IPEs - Unreliabilities Calculated Using IPE 
Data for Some Plants with Both HHSI and IHSI Are Significantly 
Lower than Unreliabilities Calculated Using 1987-1997 Operating 
Experience 

Failure Probability of the RWST Suction Segment May Not Have 
Been Properly Incorporated in Some IPEs of Plants in this Class

RELIABILITY STUDIES - 22
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HPI INSIGHTS (cont'd) 

* Detection Methods - Generally, Testing Was the Most Effective 
Method in Detecting Failures Followed by Design Reviews

RELIABILITY STUDIES - 23
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HPI SYSTEM TRENDS'

* Maximum Likelihood Estimator 
and 900%corf interval 

Fitted rate 

90% conf band on the rate
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* Maximum Likelihood Estimator 
and 90% conf. interval 

Fitted rate 
90% conf. band on the rate
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HPI UNRELIABIL11 Y( COMPARISONS 
ACTUAL EXPERIENCE VS. PRA/IPE DATA 

1 097 1997 (unu u 

CL1, 1l hs 1& 

M1,~u2 'P tClsI 
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0~ 1 x vý,Z 
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\kif 1&2 
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PLANT-SPECIFIC ESTIMATES OF HPI UNRELIABILITY 
1987-1997 (Injection Phase Only) 

1987-1997 experience 

Arkansas Nuclear One 1 
Arkansas Nuclear One 2 

Calved Cliffs 1& 2 
Davis-Busse 

Kewaunee 
Millstone 2 . ...  Pal, sdes Plant Class 1 

Palo Verde 1 2 & 3 
Point Beach 1 & 2 

Prane Island 1 & 2 
San Onofie 2 & 3 

Si Lucie 1 & 2 
Waterford 3 

Crystal River 3 
Fort Calhouni 

Gnna Plant Class 2 
Oconee' 1 2 & 3 

Three Mile Island 1 

Beaver Valley I 
Beaver Valley 2 

Farey 1 & 2 
H B Robinson Pat-
Maine Yankee Plant Class J 

North Anna I & 2 ' 

Shearon Harris 1 
Summer 1 

Surry 1 & 2 

Turkey Point 3 & 4 Plant Class 4 
Indian Ponta 2 i 

Indian Point 3 Plant Class 5 
South Texas 1 & 2 

Braicdwood 1& 2 
Byron 1 & 2 

Callaway 
Catawba 1 & 2 

Comanche Peak 1 & 2 
C ook I & 2 

Diablo Canyon 1 & 2 
Haddam Neck 
McGuire 1 & 2 Plant Class 6 

Mills/one 3 
Salem 1 & 2 

Seabrook 
Sequoyah 1 & 2 

Vogtle 1 & 2 
Wolf Creek 
Zion 1 & 2 

1 OE-09 1 OE-08 1 GE-01 1 OE-061 OE-05 1 OE-04 1 GE-03 1 OE-02 1 0E-01 

H PI unreliability GC99 0358 2
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REACTOR PROTECTION SYSTEM ANALYSIS 
SUMMARY (1984-1995) 

* Over 3,000 Actual Demands for RPS System, 0 Total System 

Failures 

* Designs to Be Evaluated: 

o Completed

Westinghouse: Analog, Eagle 21 
General Electric: Relay/Contact

(NUREG/CR-5500, Vol 2) 
(NUREG/CR-5500, Vol 3)

o To Be Completed in FY-00 

Babcock & Wilcox: Oconee Type, Davis-Besse 
Combustion Engineering

RELIABILITY STUDIES - 27

( t



RPS ANALYSIS SUMMARY (1984-1995) [cont'd] 

* Model Includes: 

o Signal Channels 
o Signal Logic 
o Trip Breakers and Related Parts 
o Control Rod Drive Mechanisms

RELIABILITY STUDIES - 28
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WESTINGHOUSE - RPS SYSTEM RESULTS 

"* Unavailability (Analog, Eagle 21): 2.Oxl0 5lDemand 
(W/O Manual Operator Action) 

"* Contributors to Unreliability 

"o CCF of the Two Undervoltage Driver Cards (46%) 
"o CCF of Bistables (10%) 
"o CCF of Signal Processing Modules (8%) 
"o CCF of Reactor Trip Breakers (7%) 
"o CCF of Control Rods (6%) 

"* Trends - Component Failure and CCF Event Counts for Several 
RPS Components Decreasing

RELIABILITY STUDIES - 29
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WESTINGHOUSE UNAVAILABILITY COMPARISONS 
ACTUAL EXPERIENCE vs. PRAiPE DATA 

1 OE-03

1 OE-04 .

I' 

In
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0

S * *

1.OE-05 -

0

0

S

0- * * *

a
0

0

a 0 S

a 0 0

1 OE-06

Plant

Note: The ranges shown are the 5 and 9 5 th percentiles. All other data points are mean values.

0

RELIABILITY STUDIES - 30

( I (



GENERAL ELECTRIC - RPS SYSTEM RESULTS 

"* Unavailability (BWR-4): 6.Oxl0-61Demand 
(W/O Manual Operator Action) 

"* Contributors to Unreliability: 

"o CCF of the Channel Segments (58%) 
"o CCF of Hydraulic Control Unit (32%) 
"o CCF of Trip System (6%) 
"o CCF of Control Rod Drives and Rods (4%) 

"* Trends-Generally Constant for Component Failure Probabilities 
and Numbers of CCF Events
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GENERAL ELECTRIC UNAVAILABILITY COMPARISONS 
ACTUAL EXPERIENCE vs. PRA/IPE DATA 

1OCE-03 

100E04 

a. a.0E0 -0 0 0 
U 0 

S1 .DUE -05 

1.OOE-06 

1.00E-07 , 

•, I,,/ ,J/ / I• t -, •-,.  
"1, 4//;4/ 

Pe ant 

Note: The ranges shown are the 5 1h and 95th percentiles. All other data points are mean values.

RELIABILITY STUDIES - 32

t



SYSTEM RELIABILITY STUDIES STATUS---FY-00 AND FY-01 
(SHADED BOXES INDICATE COMPLETED REPORTS)

Reliability Study
Original Report

Time 
Period NUREG/CR

First Update

Time

High Pressure Core Spray (HPCS) 87,93 5500, Vol 8 87-98 DRAIFT, 87-00 FY-01 

High Pressure Coolant Injection (HPCI) 87-93 5500, Vol 4 87-98 DRAFT., 87-00 FY-01 

Reactor Core Isolation Cooling (RCIC) 87-93 5500, Vol 7 87-98 DRAFT 87-00 FY-01 

High Pressure Injection (HPI)--PWRs 87-97 5500, Vol 9 87-99 FY-01 87-00 FY-01 
Auxiliary/Emergency Feedwater (AFW) 87-95 5500, Vol 1 87-98 FY-00 87-00 FY-01 

Emergency Diesel Generators (EDG) 87-93 5500, Vol 5 87-98 FY-00 87-00 FY-01

Second Update

Time 
ID--rl A

Isolation Condenser (IC) 87-93
West--Reactor Protection System 84-95 5500, Vol 2 84-99 FY-01 

GE-Reactor Protection System 84-95 5500, Vol 3 84-99 FY-01

CE/ABB--Reactor Protection System 84-98

B&W--Reactor Protection System 84-98 FY-00

RELIABILITY STUDIES - 33
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COMPONENT RELIABILITY STUDY RESULTS 

e Turbine-Driven Pumps

RELIABILITY STUDIES - 34

Probability of Failure to Start On Demand (1987-1998) 
SystemlSource Lower Bound Mean Upper Bound 

NUREG-4550 1.1 x 10" 3.0 x 10-2 1.1 x 10-1 

PWR SYSTEMS 
Auxiliary Feedwater (AFW) 1.3 x 10' 1.6 x 10-2 4.6 x 10-2 

BWR SYSTEMS 
Reactor Core Isolation Cooling (RCIC) 9.1 x 10i 2.0 x 10-2 8.7 x 10-2 
High Pressure Coolant Injection (HPCI) 1.6 x 10' 3.3 x 10- 9.7 x 10z
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COMPONENT RELIABILITY STUDIES (cont'd) 

* Turbine-Driven Pumps (cont'd): 

"o Review of Plant Age Did Not Show Clear Evidence of 
Component Aging or Plant Age Effects on TDPs 

"o Failures of Governor Sub-Components Were Significant 
Contributors to Overall Failure of TDPs for BWR RCIC 

"o Failures of Governor and Turbine Sub-Components Were 
Both Significant Contributors to TDP Failures for PWR AFW 
and BWR HPCI 

"o Main Causes of TDP Failures Were: 

For AFW and RCIC: Age/Wear and 
Maintenance/Procedural Deficiencies 

For BWR HPCI: Maintenance/Procedural Deficiencies

RELIABILITY STUDIES - 35

t



PROBABILITY OF FAILURE ON DEMAND
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BWR HPCI S7 3TEM TDPs 
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TDPFA .URES

NO. OF FAILURES
NO. OF FAILURES 

)r-- -

87 88 89 90 91 92 93 94 95 

CALENDAR YEARS 

No. PWR TDP fail.: 101

•;•PUMP 

-- TURBINE 

SGOVERNOR

87 88 89 90 91 92 93 94 95 

CALENDAR YEARS

0PUMP 

J- TURBINE 

- GOVERNOR

No. BWR failures: 92

PWR AFW BWR RCIC & HPCI
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TDP ASSEMBLIES - AIL SUBCOMPONENTS
Maint/Proc.  

24% 

Unknown 
19%

Dirt/Contm.  
8% 

PWR AFW

Age/Wear 
30%

Design Def.  
8%

Maint/Proc.  
45%

Mai

Other 
3% 

ign Def.  
10%

Unknown 
23% 

BWR RCIC

Dirt/Contm.  
7%

Unknown 

DJirt/Contm.  
5%

Age/Wear 
14% 

Other 
10% 

Design Def.  
16%

BWR HPCI
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COMPONENT RELIABILITY STUDIES (cont'd) 

* Motor-Driven Pumps:

Probability of Failure to Start On Demand (1987-1998) 
System/Source Lower Bound Mean Upper Bound 

NUREG/CR-4550 1.1x103 3.0x10-3 1.1x10 2

rvvr0 T• I -M 

Auxiliary Feedwater (AFW) 
High Pressure Injection (HPI) 
Component Cooling Water (CCW) 
Containment Spray (CS) 
Chemical and Volume Control (CVCS) 
Nuclear Service Water (NSW) 
Residual Heat Removal (RHR)

BWR SYSTEMS 
High Pressure Core Spray (HPCS) 
Low Pressure Core Spray (LPCS) 
Reactor Building Closed Cooling ( 
Essential Service Water (ESW) 
Residual Heat Removal (RHR)

1.2x103 
9.5x10_ 
8.8x10-7 
8.9x105 
9.9x101 
1.5x10 4 

2.0x104

1.8x103 
3.0x103 
1.4x10
2.1x103 
2.0x103 
2.1x103 
1.7x10l

2.5x10 4  1.2x10-2 

2.5x101 1.5x10 3 

RBCC) 4.2x105 3.5x10 4 

1.5x101 3.4x103 
5.1x10 4 1.2x103

2.4xl 0
9.6x10-3 
5.8x10-3 
6.5x10-3 
3.4x10
5.8x10-3 
4.5x103 

6.1x10-2 
3.6x10-3 
9.2x104 
5.9x10-3 
2.2x103
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COMPONENT RELIABILITY STUDIES (cont'd) 

* Motor-Driven Pumps (cont'd): 

"o Review of Plant Age Groups Did Not Show Evidence of an 
Increase in Failure Rates for Any of the Plant Age Groups 
Due to "Aging" Mechanism 

"o Failures of Circuit Breaker Sub-Components Were 
Significant Contributors to Overall Failures of MDPs 

"o Main Causes of MDP Failures Were: 

For PWR Systems: Unknown (43%), Age/Wear and 
Maintenance/Procedural Deficiencies (43%) 

For BWR systems: Age/Wear

RELIABILITY STUDIES - 42
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MDP FAILURES

NO. OF FAILURES 

301 

26 

25. .  
23 

20ý 20

87 88 89 90 91 92 93 94 95 

CALENDAR YEARS

PUMP 

3] MOTOR 

F]CIRC BRKR

NO, OF FAILURES

10:

87 88 89 90 91 92 93 94 95 

CALENDAR YEARS

PUMP 

-IMOTOR 

LJ CIRC BRKR
No. PWR MDP fail.: 157

No BWR failures: 46

PWR SYSTEMS BWR SYSTEMS
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TDP ASSEMBLIES - AX - SUBCOMPONENTS

Age Wear 
271,,

Dirt

PWR SYSTEMS 

Age Wear 
43 %

Unknown 
26% 

BWR SYSTEM
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16%
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20% - Other 
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COMPONENT RELIABILITY STUDIES

* Schedule 

"o TDP Reliability Study 

"o MDP Reliability Study 

"o MOV Reliability Study 

"o AOV Reliability Study

January 2000 

March 2000 
(draft report sent out for review) 

June 2000 

July 2000

RELIABILITY STUDIES - 48
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OPERATING EXPERIENCE RISK ANALYSIS BRANCH 
PROGRAM OVERVIEW 

* Purpose of Presentation 

"o Provide ACRS with Overview of OERAB Activities 
"o Discuss Role of OERAB Activities in Regulatory Process 
"o Present Results of Recent Activities 

* Content Presentation 

o Overview of Program Elements 
o Data Sources 
o Reliability Studies 
o Common Cause Failure 
o Accident Sequence Precursor Program 
o Risk-Based Performance Indicators

OVERVIEW- 1



OERAB PROGRAMS AND ACTIVITIES

Risk-Based Performance Indicators 
[Under development] 

L---------------------------- ------------------------
------------------------------- --------------L RBPI 

Methods and Models for Risk-Based Performance R 
Indicators Develppment 

[Under development] 
L ------- ------------------------------ -- ------------I 

--------- ------------------------------ -----------------------

Accident Sequence Precursor Analyses ] 

Plant-Specific 

Itandardized Plant Analysis Risk (SPAR) MEvent Analyses

System Reliability Component Initiating Event Common-Cause 4 Operator Error i 

Studies Reliability Studies Studies Failure Studies Probability Studies 
[Under development] 

L---------- 7----------

Industry-Wide 
Analyses

-- - - - -- - ---------.  

I 

I Reliability and Availability Data System (RADS) 
[Under development] - - - - - - - - - - - - - - -. . . . . . . . . . . . . . .- -.. . . . . . . . . . . . . . _

I I 
Licensee Event Reports/ 

Sequence Coding and 
Search System (SCSS) 

Database

I 

Plant Monthly Operating 
Report (MOR) Database

i.-----------------------------

Other Data (e.g., 
Immediate Notification 
Reports, Safety System 
Performance Indicator 

(SSPI))

--------- j ----

Equipment Performance 
and Information Exchange 

(EPIX) Database 
[Under development] 

I--------------------------I

Operational 
Data

Presently available databases and processes 

---------------- Databases and processes under development

OVERVIEW - 2
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OERAB ROLE IN REGULATORY PROGRAMS

* Risk-Based Analysis of Reactor Operating Experience is 
Fundamental Activity 

* Supports Agency Goals of: 

o Maintaining Safety 
o Improving Regulatory Effectiveness and Efficiency 
o Reducing Unnecessary Burden 
o Improving Public Confidence

OVERVIEW - 3



MAINTAINING SAFETY

"* Analyze Operating Experience to Determine Reliability and 
Availability of Risk Important Systems and Components 

"* Evaluate Risk Significance of Operational Events and 
Conditions 

"* Evaluates Frequencies of Risk Important Events 

* Analyzes Trends in Factors Affecting Risk

OVERVIEW - 4



IMPROVING REGULATORY EFFECTIVENESS AND EFFICIENCY 

e Provides Insights to Contributors to Factors Affecting Risk 

* Identifies Causes for Dominant Contributors to Factors 

Affecting Risk 

e Identifies Means of Detection for Factors Affecting Risk.  

* Compares Operating Experience with Expected Performance 
Goals from Agency and Industry Initiatives 

* Identifies Trends in Factors Affecting Risk 

* Provides Methods, Tools, Data, and Analyses to Compare 
Operating Experience with Risk Evaluations from Industry

OVERVIEW- 5
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REDUCING UNNECESSARY BURDEN 

* Provides Evaluation of Operating Experience to Allow Agency 
Activities to Concentrate on Risk Significant Issues 

* Burden Reduction Achievable by Reducing or Eliminating 
Activities in Non-Risk Significant Areas

OVERVIEW - 6
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IMPROVING PUBLIC CONFIDENCE 

* Demonstrates Agency Ability to Independently Evaluate 
Operating Experience and Compare With Licensee Risk 
Analyses 

* Rigorous Analysis Techniques and Peer Review Process Ensure 
Quality Results 

o Methods, Analyses, and Results are Publicly Available

OVERVIEW- 7

(



(

DATA SOURCES 

Risk-Based Performance Indicators 
[Under development] 

L - - - - - - - - - - - - - - -- - - - - - - - - - - -

S-----------------L------------------------- RBPI 
Methods and Models for Risk-Based Performance 

Indicators Development 
[Under development] 

L ---------- -------------- 1...............  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - I 

Accident Sequence Precursor Analyses 

Plant-Specific 
Standardized Plant Analysis Risk (SPAR) Event Analyses 

Inspection Reports Models 

-------------------------------.1---------

System Reliability Component Initiating Event Common-Cause Operator Error Industry-Wide 
Studies Reliability Studies Studies Failure Studies Probability Studies Analyses 

---- ----------------

--- -- -- ---------------------------------------------------------- - - - - - -----J --- 7 - ----
I 

Reil~yatid Ava tat bt Data System (RDS 

- ---------------- Operational 
• •• • Data 

Other Data (e.g., 
Imnmediate Notification 

Plant Monthly Operating Repoats Safety Syste Repot (OR) ataaseReports, Safety System 
Report (MOR) Database Performance Indicator 

(SSPl)) 

Presently available databases and processes 

Databases and processes under development

DATA - 1
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DATA SOURCES 

* Sequence Coding and Search System (SCSS) 

o Equipment Performance and Information Exchange (EPIX) 

o Reliability and Availability Data System (RADS)

DATA-2
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SEQUENCE CODING SEARCH SYSTEM (SCSS) 
PURPOSE 

* Reduces Text of LERs to Computer-Readable and Searchable 

Coded Sequences 

* Describes All Equipment Failures and Personnel Errors 

* Identifies Complex Characteristics of Events 

* Reduces Iterative Event Reviews 

* One Stop Shopping to Obtain Information from an LER

SCSS - 1
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DESCRIPTION OF SCSS DATABASE 

* SCSS Contains over 47,000 LERs since 1981 

e SCSS is Operating on a Web Site Platform 

"o Easily Accessible by Staff from the NRC Internal Web Page 
"o Point and Click Access 
"o No Training Is Required 

o ORNL Maintains and Operates SCSS for the NRC 

o Code LERs into the Database 
o Assist Agency Staff with Information Retrieval 
o ORNL Supports Analysis of Information from LERs

SCSS - 2
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DESCRIPTION OF SCSS DATABASE (Cont'd) 

* Licensee Event Report Key Elements 

o Equipment Performance 
o Loss of Function (SystemlTrain Failures) 
o Personnel Errors 
o Effect on Unit 
o Effect on Environment and Personnel

SCSS - 3
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SCSS USES & USERS 

* Users 

o Agency Staff 
o Agency Contractors 

* Uses 

o Performance Indicator Development 
o Reliability & Availability Data System (RADS) 
o System & Component Studies 
o Plant Inspections 
o Trends & Patterns Analysis 
o Simple LER Access & Viewing

SCSS -4
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SCSS RECENT RESULTS AND FUTURE ACTIVITIES 

* Recent Results 

o Platform Upgrade 
o Coder Interface to Streamline Data Entry 
o Receipt of LERs from ADAMS 

* Future Activities 

o Modify Data Structure for ADAMS Format 
o User Requested Enhancements

SCSS - 5
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EQUIPMENT PERFORMANCE AND 
INFORMATION EXCHANGE (EPIX) SYSTEM 

PURPOSEIOBJECTIVES 

* Become the Industry's Single Common Reporting System for All 
Performance Indicators and Equipment Failure Information to 
Support 

o Goal Setting 
o Performance Monitoring 
o Performance Trending 
o Plant-to-Plant Comparisons 
o System and Component Engineering Information Exchange

EPIX- 1
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EPIX SYSTEM PURPOSEIOBJECTIVES (cont'd) 

* EPIX Will Provide Raw Data Collection and Calculation Modules 
to Support Applications for: 

o NRC Maintenance Rule Monitoring 

o New Reactor Oversight Performance Indicators 

o WANO Performance Indicators 

o Component and System Operating Experience Information 
Exchange 

o RADS 

* EPIX Revisions Will Supplant the Need for Separate Data 
Gathering and Analysis Systems for the Applications Noted 
above

EPIX - 2
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EPIX PROGRAM DESCRIPTION 

* Four-tiered Categories of Data 

"o SSPI Systems 

"o Risk-Significant Maintenance Rule Systems 

"o Non Risk-Significant Maintenance Rule Systems 

"o Components that, upon Failure, Cause Significant Loss of 
Generation of Power 

* Data Provided Varies by Category

EPIX - 3
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EPIX PROGRAM DESCRIPTION (cont'd) 

EPIX CURRENT DATA

EPIX - 4

DevicelFailure Data Reliability Data 

Estimated 
Test Quarterly Non- Estimated 

Device Failure Demands Test Demands Total Demands 
Record Record and and Operating and Operating 

Operating Hours Hours 
Hours 

Key components in Required 
WANO SSPI systems Required when failure Required Required NIA 

occurs 

Key components that 
perform risk-significant Required 
functions in non WANO Required when failure Optional Optional Required 
SSPI risk-significant occurs 
systems 

Key components in non Required Required 
risk-significant when failure when failure Optional Optional Optional 
maintenance rule scope occurs occurs 

Other components that Required Required 
cause generation loss when failure when failure Optional Optional Optional 

occurs occurs

!



EPIX PROGRAM DESCRIPTION (cont'd) 

ADDITIONAL NRC DATA NEEDS 

* Demands Categorized By: 

o Total Non-test Demands 
o Actuallspurious (ESF) Demands 
o Total Test Demands 
o Test Demands That Simulate ESF Demands 

* Planned Unavailability

EPIX - 5
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EPIX PROGRAM DESCRIPTION (cont'd) 

ADDITIONAL NRC DATA NEEDS (cont'd) 

* Additional High Risk-Significant Systems and Components 

"o Essential Service Water 

"o Component Cooling Water 

"o CVCISafety Injection Function 

"o Containment Spray 

"o Low Pressure Core Spray 

"o DC Power System Batteries and Battery Chargers 

"o Selected Containment Isolation Valves, RCS Power
Operated Relief Valves, and Main Steam Safety Relief 
Valves

EPIX - 6
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EPIX SYSTEM USES AND USERS OF DATA

REGULATORY APPLICATION SPECIFIC USE NRC BRANCHES 

Input to SPAR and other NRC Risk models are used to estimate CDF, CDP, 
specific models for risk assessment CCDP and LERF to be used in: 
at full power operation and at low 
power/shutdown 

1) Risk assessment of operational events NRR/DSSA/SPSB 
SRAs in Regions 
RES/DSARE/REAHFB 
RES/DRAA/OERAB 
NRR/DRIP/REXB 

2) Significance Determination Process SRAs in Regions 
NRRIDSSA/SPSB 

3) Risk-informed inspections SRAs in Regions 
NRR/DSSA/SPSB 

4) Review, prioritization, and resolution of RES/DSARE/REAHFB 
generic issues RES/DET/ERAB 

5) Accident Sequence Precursor Program RESIDRAA/OERAB 

Risk-based performance indicators To provide risk-related measures of equipment NRRJDRIP/IIPB 
of train and system unavailability for performance and trends for the new reactor NRR/DIPM/IQMB 
full-power operations and for low oversight process to determine if plant RESIDRAA/OERAB 
power/shutdown performance is meeting thresholds.  

Verify licensee input in their models 1) Regulatory Guide 1.174 applications RES/DRAA/PRAB 
for: NRR/DSSA/SPSB 

2) Review of risk-analyses performed by RES/DRAA/PRAB 
licensees 

Review of risk-informed requests for To measure the change in risk as input to NRRJDRIP/RTSB 
technical specification changes for decision making on licensee proposed changes 
AOTs and LC~s for plant-specific tech spec changes

EPIX - 7



EPIX STATUS

"* Utilities Began Collecting Data for EPIX 

"* INPO Provides First Complete Set of 
EPIX Data to NRC 

"* EPIX Ad Hoc Working Group and INPO 
Industry Review Group Approve Expansion 
of EPIX Mission to be Industry's Single, 
Common Reporting System 

* EPIX Reporting Requirements 
Subcommittee Meetings to Define Data 
Needs for EPIX Revisions

January 1997 

March 1999 

April - June 1999

luly - November 1999

o NRC Needs Data on Planned Unavailability, Categorization 
of Demands, and Additional Systems and Components to 
Reduce Need for NRC Workarounds 

o Other Industry Identified Refinements

EPIX - 8



EPIX FUTURE ACTIVITIES 

* Letter on Proposed EPIX Revisions to INPO's Executive Points 
of Contact 

"o Purpose of Consolidated Reporting System 
"o Scope 
"o Estimate of Effort/Man-Hours 
"o Date Required 

* Release EPIX 3.1 

"o Collect Additional Data to Eliminate NRC Workarounds 
"o Planned Unavailability 
"o Categorization of Demands 
"o Additional Systems and Components 

* Release EPIX 4.0 Which Would Include Calculational Modules 
for Various Uses of Raw Data

EPIX - 9
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RELIABILITY AND AVAILABILITY DATA SYSTEM (RADS) 

PURPOSEIOBJECTIVES 

* Database and Analysis Code Designed to Estimate Industry and 
Plant-specific Reliability Parameters for Selected Components 
for Use in Risk-informed Applications

RADS- 1
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RADS PROGRAM DESCRIPTION 

* Reliability Parameters Estimated by RADS 

o Probability of Failure on Demand 

o Failure Rate During Operation (Used to Calculate Failure to 
Run Probability) 

o Maintenance Out-of-Service Unavailability (Planned and 
Unplanned) 

o Trends in Time

RADS - 2
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RADS PROGRAM DESCRIPTION (cont'd) 

* RADS Contains Options for the User To: 

"o Search and Select the Failure Data for a Component 

"o Estimate Plant-Specific Probability of Failure on Demand, 
Failure Rate, and the Out-of-Service Unavailability 

"o Prepare Output Reports 

* Standard RADS Analyses Are Run and the Output Reports Will 
Be Put on the Internal NRC Network So That All NRC Staff Can 
Access and Use Them

RADS - 3
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RADS PROGRAM DESCRIPTION (cont'd) 

* Statistical Methods Utilized in RADS Include: 

o Classical Statistical Methods 

o Bayesian Methods 

o Empirical Bayes Methods 

o Tests for Homogeneity of the Data for Deciding Whether to 
Pool the Data or Not 

o Methods for Trending the Reliability Parameters over Time 
Are Also Included

RADS - 4
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SYSTEMS AND COMPONENTS IN RADS

EIIS 
System EIIS System Name Components - NPRDS Name 
Code 

Pressurized Water Reactor Systems and Components 

*Aux/EmergFdwtr Turbine-Driven Pump 
*Aux/Emerg Fdwtr Motor-Driven Pump 
*Aux/Emerg Fdwtr Disch toS/G Isol Valve 
*Aux/Emerg Fdwtr Trub Disch to SIG Isol Valve 

AAux./Emergency Feedwater System *Aux/Emerg Fdwtr Turbine Trip Stop Valve 
BA (PWR) *Emerg Fdwtr Hotwell Suct Isol Valve 

*Fdwtr Regulating Bypass Valve 
Aux/Emerg Fdwtr CST Suct Valve 
Aux/Emerg Fdwtr Disch to S/G Isol Valve 
Aux/Emerg Fdwtr Flow Cntrl To S/G Valve 
Aux/Emerg Fdwtr Pump Alt Source Suct Valve 

*RHR Pump 
*RHR Disch Isol Valve 
*RHR Disch to Sl Pump Suction Isol Valve 

BP RHR/LPSI System (PWR) *RHR Rctr Cint Suct Isol Valve 
*RHR Suct From RWST/BWST Isol Valve 

Lo-Press Safety Inj Accum Isol Valve 
RHR Htexch Bypass Flow Cntrl Valve 
RHR Htexch Flow Cntrl Valve 

Intermediate-Press Safety Inj Pump BQ HPSI System (PWR) *High-Press Inj Pump

RADS - 5
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EIIS 
System EIIS System Name Components - NPRDS Name 
Code 

*Rctr Cint Pressurizer PORV Valve 

AB Reactor Coolant System (PWR) *Rctr CInt Pressurizer Safety Valve 
*Rctr Cint Pressurizer PORV Block Valve 

*CVCS Charging Pump 
*High-Press Inj Pump 

CB CVCIMakeup and Purification Sys. (PWR) *High-Press Inj Rctr Loop Isol Valve 
CVCS Charging Pump Disch Flow Cntrl Valve 
CVCS Charging Pump Recirc Isolation Valve 
CVCS Disch To Pressurizer Aux Spray Isol Valve 

Boiling Water Reactor Systems and Components 

*HPCS Pump 
*HPCS Disch To Rctr Inj Spray Isol Valve 

*HPCS Suct From CST Isol Valve 

BG High Pressure Core Spray System (BWR) *HPCS Suct From Supp Pool Isol Valve 
HPCS Injection Isol Valve 
HPCS Pump Cst Suct Valve 
HPCS Pump Sup Pool Suct Isol Valve 

*HPCI Pump 

*HPCI Disch to Fdwtr Isol Valve 

*HPCI Pump Turbine Main Stm Supply Valve 

High Pressure Coolant Injection System *HPCI Suct From CST Isol Valve 
BJ (BWR) *HPCI Suct From Supp Pool Isol Valve 

HPCI Main Pump Discharge Shut-Off Valve 
HPCI Main Pump Discharge Shut-Off Valve 
HPCI Main Pump Discharge to Feedwater Header 
HPCI Main Stream Line Isol Valve 

BL Isolation Condenser System (BWR) *lsol Cndnsr Condensate Cntmnt Isol Valve

RADS - 6
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EIIS 
System EIIS System Name Components - NPRDS Name 
Code 

*LPCS Pump 
*LPCS Disch To Rctr Spray Isol Valve 

BM Low Pressure CoreSpray System (BWR) *LPCS Suct FromSupp Pool Isol Valve 
LPCS Disch To Supp Pool Test Isol Valve 
LPCS Injection Isol Valve 
LPCS Pump Suct Isol Valve 

*RCIC Pump 
*RCIC Disch Isol Valve 

BN Reactor Core Iso. Cooling Sys. (BWR) *RCIC Suction FromCST Isol Valve 
*RCIC Supp Pool Suct Isol Valve 

RCIC Pump Disch Isol Valve 

*RHR Pump 
*Cntmnt Spray Disch To Hdr Isol Valve 
*RHR Disch Isol Valve 
*RHR Disch To Rctr Recirc Inj Isol Valve 

BO RHR/LPCI System (BWR) *RHR Rctr Head Spray Isol Valve 
*RHR Suct From Rctr Recirc Isol Valve 
*RHR Supp Pool Full Flow Disch Isol Valve 
*RHR/LPCI Supp Pool Suct Isol Valve 

RHR Pump Flow Control Valve 
RHR Pump Suct Isol From Rctr Recirc Valve 

BR Standby Liquid Control System (BWR) *SBLCS Pump 
_________*SBLCS Explosive Valve 

Support Systems 

BI Essential Service Water System *NUC Srv Water Pump 

cc ClosedlComponent Cooling Water *Component Cooling Water Pump 
System •Component Cooling Water Pump

RADS - 7
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EIIS 
System EIIS System Name Components - NPRDS Name 
Code 

Electrical Systems 
EJ DC Power System-Class IE *DC Pwr Battery Charger 

*DC Pwr Battery 

EK Emergency Onsite Power Supply System *Emerg Pwr Generator 

Common Systems 

*Main Steam PORV Valve 
*Main Steam Safety Valve 

SB Main/Reheat Steam System *Main SteamSafety/ADS Valve 
WMain Steam SafetylRelief Valve *Main Steam Isol Valve 

JC Plant Protection System *Cntrl Rod Drive Rctr Trip Cktbrk *Cntrl Rod Rctr Trip BypassCktbrk



RADS STATUS

"* Sample EPIX Data Received from INPO 

"* Full Set of EPIX Data Received from INPO 

"* Updated EPIX Data Received from INPO 

"* RADS Beta Testing 

"* Updated EPIX Data Received 

"* RADS Version 1.0 to Be Released

September 1998 

May 1999 

August 1999 

September 1999 

November 1999 

January 2000

RADS - 9
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RADS FUTURE ACTIVITIES

* Quarterly EPIX Data Updates April, August, October 2000 

* Additional Capabilities Added to RADS October 2000 

o Initiating Event Data 
o Plotting of Uncertainty Distributions 
o Hierarchical Bayes Method 
o Unavailability Estimation 

* Add Additional Systems and Components as Needed

RADS - 10
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RISK-BASED PERFO[ AANCE INDICATORS 

I~ndw --------nt-------~-..-.- 1P 
Meth~s nd k-ip a8ed. RB P1ace1

n 71 Development 

II I 
--------------------------- L----- I------------------------L 

Accident Sequence Precursor AnialysesI 

Plant-Specific 
Inspection Rep Standardized Plant Analysis Risk (SPAR Event Analyses 

E p~rtModels 

----------------- ------ j-------- -----

SL
System Reliability Component Initiating Event Common-Cause Operator Error Industry-Wide 

Studies Reliability Studies Studies Failure Studies Probability Studies 
S [Under development] Analyses L - - -- - - -7 - - - - - - - - -- J 

I 

- - - ------------------------------------------------------------ ----------- -- - -- -

-------- -----------jI Dt Other Data (e.g., 
Liese vntRpot/Immnediate Notification Equipment Performnance 

Sequence Coding and Plant Monthly Operating Reports, Safety System and Information Exchange 
SPerformance Indicator (EPIX) Database 
D a [Under development] 

I--------------------------4 

Presently available databases and processes 

--------- Databases and processes under development

RBPI - 1



RBPI PRESENTATION TOPICS 

* RBPI Program Overview White Paper 

* What Are Risk-Based Performance Indicators (RBPIs)? 

* What are the Benefits of RBPIs? 

* Limitations of RBPIs 

* RBPIs To Be Developed 

Schedule

RBPI - 2
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RBPI PROGRAM OVERVIEW WHITE PAPER 

This Document Summarizes: 

"* What RBPIs Are 

"* What Benefits the RBPIs Bring to the New Reactor 
Oversight Process 

"* What the Development of RBPIs Entails

RBPI - 3
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WHAT ARE RISK-BASED PERFORMANCE INDICATORS? 

Risk-Based Performance Indicators Are Quantitative Measures 
(Such as System Reliability, System Availability, or Frequency of 
Initiating Events) That: 

"* Can Be Measured Objectively 

"* Directly Relate to Plant Risk 

"* Depend on Licensee Performance 

NOTE: Licensee performance means those activities in design, 
construction, procurement and operation that support the achievement of 
the objectives of the reactor oversight process cornerstones.

RBPI - 4
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WHAT ARE THE BENEFITS OF RBPIs? 

* Limitations of Current Reactor Oversight Performance 
Indicators 

"o Limited Risk Coverage of Full Power Operation for Internal 

Events and No Coverage for Shutdown and External Events 

"o Indicator Thresholds Are Not Plant-specific 

"o Current Overall Assessment Tool (Action Matrix) Has 
Limited Ability to Combine Impact of Performance Indicators 
and Inspection Findings in a Consistent Risk-Informed Way

RBPI - 5
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WHAT ARE THE BENEFITS OF RBPIs (cont'd)? 

* Benefits of Risk-Based Performance Indicators 

"o Cover More Risk Performance 

Reliability Indicators for Risk-Important Systems, Trains, 
and Components 

Expand Unavailability Indication to more Risk

Significant Systems, Trains, and Components 

Include Shutdown Operating Modes and External Events 

"o Thresholds will be Plant-Specific 

"o Provide a Consistent Framework for Combining the Risk 
Significance of Performance Indicators and Inspection 
Findings to Determine the Risk Significance of Overall Plant 
Performance

RBPI - 6
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ADDITIONAL BENEFITS OF RBPIs 

o Provide Trending of Performance at Industry Level (When 
Insufficient Data Exists for Plant-specific Indication) as Part 
of Overall Capability to Monitor Industry Performance 

o Improve the Risk-Informed Inspections by: 

Defining RBPIs Where None Exist in the Current Process 
that Must Be Monitored Through Inspection Activities 

Identifying Risk-Important Areas That Are Not Covered 
by RBPIs That Need to Be Monitored Through Inspection 
Activities



TABLE I - RISK-BASED PERFORMANCE I '" ICATORS PROPOSED TO BE DEVELOPED (

Cornerstone Operating 
Mode

Initiating 
Events

Mitigating 
Systems

Integrated

Barriers

P-ower

Current Oversight Process Indicators

Unplanned Reactor Scrams 
Reactor scrams with loss of normal heat removal 
Unplanned reactor power changes

-- - - - -- 4 - - - - - - - - - - - - - - - - - -

Shutdown/ 
Refueling

Power

Shutdown margin (future)

Safety system unavailability 
Safety system functional failures 
Safety system unreliability (future)

-------I------------------------------------

Shutdown/ 
Refueling Mitigation system availability (future)

Power . None

-1
Shutdown INoneCoeDmgFrqnc

Power

Shutdown/ 
0 4F. I;

Power 
Integrated -----------

Shutdown

Reactor coolant system specific activity 
Reactor coolant system identified leak rate 
Containment leakage 

----------------------------------------

Proposed Risk-Base Performance Indicators

Fire frequency 
Loss of feedwater frequency 
Loss of ultimate heat sink frequency 
Loss of offsite power frequency 

-
------------------------------------------------------

Fire frequency 
Loss of offsite power frequency 
Loss of residual heat removal system frequency 
Loss of inventory frequency

Basic event level reliability and availability 
- Pumps (motor and turbine) [key risk systems) 
- Valves [key risk systems] 
- Common.cause failure 
- Operator performance In response to transients 

Train-level reliability and availability 
- Emergency diesel generators 
- Auxiliary feedwater pump trains 
- Auxiliary feedwater injection paths 
- PWR high pressure injection pump trains 
- Component cooling water and service water pump trains 

System-level reliability 
- On-site emergency ac power 
- Auxiliary feedwater 
. PWR high pressure injection 
- BWR high pressure coolant systems 
- Component cooling water and service water 

Train-level reliability and availability 
- Emergency diesel generators 
- Reactor vessel inventory control (e.g., high and low pressure injection) 
- Residual heat removal 
- Component cooling water and service water 

Core Damage Frequency - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -. .

Containment spray system trains 
Containment cooling system trains 

Containment isolation system trains - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -. . . . . .

Reactor coolant system specific activity Containment spray system trains Reactor coolant system identified leak rate Containment isolation components (e.g., equipment & personnel hatches) Containment leakage 

None Core Damage Frequency + Barrier Integrity -------------------------------------------------
None 

Core Damage Frequency + Barrier Integrity 
J

RBPI - 8
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RBPI PROPOSED DEVELOPMENT SCHEDULE 

. Phase 1 (Current) Activities

"o Issue Program Overview 
White Paper for Internal Review 

"o Issue Program Overview 
White Paper for Public Comment 

"o ACRS Review of Trial Application Effort

"o Issue Trial Application Report 

"o Receive Commission Approval 
To Conduct Public Workshop 

"o Conduct Public Workshop

December 1999

April 2000

May 2000 

July 2000

September 2000

October 2000

RBPI - 9
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RBPI PROPOSED DEVELOPMENT SCHEDULE (cont'd) 

. Phase 1 (Current) Activities (cont'd)

"o Issue Draft Phase 1 RBPI Development 
Results Report for Review 

"o Develop (With NRR and Regions) Plan 
For Integrating RBPIs into Reactor 
Oversight Process 

"o Issue Final Phase 1 RBPI Report 
and Brief Commission

April 2001 

June 2001 

July 2001

RBPI - 10
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RBPI DEVELOPMENT SCHEDULE (cont'd) 

* Phase 2 and Deferred Activities 

"o Refine Phase I Indicators Incorporating Lessons Learned 
During Initial Use 

"o Complete Indicators Found Too Difficult to Develop 
During Phase 1 

"o Develop Indicators for the Barrier Cornerstone 

"o Incorporate the Barrier Cornerstone RBPIs into the 
Framework for Combining the Risk Significance of 
Performance Impacts on Performance Indicators and 
Inspection Findings to Determine the Risk Significance of 
Overall Plant Performance

RBPI - 11
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ACCIDENT SEQUENCE PRECURSORS

------------------------------------------------------------------------------------- ----------

Risk-Based Performance Indicators 
[Under development] 

L ----------------------- --------------------------
r ------------- L----- L--------------------------

Methods and Models for Risk-Based Performance 
Indicators 

[Under development] 
------J.  II 

---- --- --- --- --- ---- --- I --- --- ---- --- --- --- --
-I - - - - - - - - - - - - - - - - - - - - - -

- - - - -- -- -- -- -- - --- --- - - ---

RBPI 
Development

Plant-Specific 
Event Analyses

---------------------------------------------- ------- 1 I I I . . . . . . . . . . .  
ScooonII -------

System Reliability Component Initiating Event Co.mon-Cause Operator Errors 
Studies Reliability Studies Studies Failure Studies Probability Studies 

........ [Under development].  
------------ 7----------

Industry-Wide 
Analyses

I 

-- - - - - -- - - - - -i- -- - - - ----------

Reliability and Availability Data System (RADS) 
I [Under development] - - - - - - - - - - - - - - - - - - - - - - - - - - -

-1 1 
Licensee Event Reports/ 
Sequence Coding and 
Search System (SCSS) 

Database

I 

Plant Monthly Operating 
Report (MOR) Database

Other Data (e.g., 
Immediate Notification 
Reports, Safety System 
Performance Indicator 

(SSPI))

Equipment Performance 
and Information Exchange 1 

(EPIX) Database 
[Under development] 

-------------------------- J

Presently available databases and processes 

------------ Databases and processes under development

ASP - 1
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ASP PROGRAM OVERVIEW 

e ASP Analyses Program Description 

o SPAR Model Development Program Description 

e Analysis of Issues Raised at D. C. Cook Plant 

* Future Activities
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ASP PROGRAM OBJECTIVES 

* Primary 

Systematically Evaluate U. S. Nuclear Power Plant Operating 
Experience to Identify, Document, and Rank Those Operating 
Events That Were Most Significant in Terms of the Potential for 
Inadequate Core Cooling and Core Damage (Precursors) 

* Secondary 

"o Categorize the Precursors for Plant-Specific and Generic 
Implications 

"o Provide a Measure That Can Be Used to Trend Nuclear Plant 
Core Damage Risk 

"o Provide a Partial Check on PRA-Predicted Dominant Core 
Damage Scenarios

ASP - 3
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ASP PROGRAM DESCRIPTION 

"* Screens Operating Experience Data (All LERs, Selected 
Inspection Reports, etc.) to Identify EventslConditions as 
Potential Precursors According to a Set of Selection Criteria 

o Precursor - Accident Sequence That Would Have Resulted in 
Inadequate Core Cooling Which Could Have Caused Severe 
Core Damage, If Additional Failures Had Occurred 

"* Reviews Potential Precursors Using Specific Criteria to Identify 
Those Requiring Detailed Analysis as Candidate Precursors 

"* Calculates a Conditional Core Damage Probability (CCDP) by 
Mapping Failures Observed During the Event onto Accident 
Sequences in Risk Models

ASP -4
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ASP USES AND USERS 

* Prompt Assessments of the Risk Significance of Operational 
Events to Support Regulatory Decisions by Senior Management 
[NRR, Regional Offices] 

* Evaluate the Significance of Inspection Findings as Part of the 
Agency's Improved Reactor Oversight Process [NRR, Regional 
Offices] 

* Evaluate the Change in Risk Associated with Licensing 
Amendments Submitted by Licensees Requesting Changes in 
Surveillance Frequencies or Allowed Outage Times [NRR] 

* Determine the Need for Generic Communications (Such as 
Information Notices) [NRR]

ASP - 5
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ASP USES AND USERS (Cont'd) 

"* Systematic Screening, Review, and Analysis of Operational 
Experience Data for Accident Sequence Precursors [RES] 

"* Evaluate the Generic Implications of Precursors, Trend Industry 

Performance, and Check Against PRAs [RES] 

"* Regulatory Analyses for Resolution of Generic Issues [RES]

ASP -6
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RECENT ASP ACTIVITIES 

e Transferred Functional Responsibility for the ASP Program to 
RES as Noted in the Response to COMSECY-98-031 

* Evaluated 1998 Events for Precursors and Published the Results 

of the Analyses 

* Evaluated and Assessed Trends in the Precursor Data 

* Evaluated 1999 Events and Published Precursor Analyses (One 
Precursor in the First Six Months of CY99 Experience) 

o Redirected the Coordination of the ASP Program 

* Continued the Development of the Standardized Plant Analysis 
Risk Models (SPAR) 

* Evaluated the Risk Significance of Issues Regarding the 
D. C. Cook Plant

ASP - 7
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TRANSFER OF ASP PROGRAM FUNCTIONAL RESPONSIBILITY 

* AEOD Abolished in January 1999 

* Many AEOD Functions Transferred to RES 

* RES Reorganization Effective March 29,1999 

* Operating Experience Risk Analysis Branch (OERAB) in 
Division of Risk Analysis and Applications (DRAA) of RES 
Assigned Responsibility for ASP Program, Including Model 
Development 

* Probabilistic Risk Analysis Branch (PRAB) in DRAA Remains 
Responsible for Agency's Suite of PRA Computer Codes 
(SAPHIRE) and Associated GEM Analysis Tool

ASP - 8
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1998 ASP EVENT ANALYSIS 

* Completed Screening, Review, and Preliminary Analysis of 1998 
Events 

o Identified 11 Potential Precursors for 1998 Which Affected 
10 Different Units 

o Peer and Licensee Review of the 11 Potential Precursors Is 
Complete 

* Current Status - 10 Events Which Affected 9 Different Units Are 
Under Consideration as Potential Precursors for 1998 

o Preparation of Responses to Comments and Final Analyses 
of the Last 3 Potential Precursors Are in Progress 

o Reanalysis of One Event in Response to Licensee 
Comments Resulted in a CCDP<1.0x10 6 - Rejected, below 
Threshold for a Precursor

ASP - 9
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1998 ASP EVENT ANALYSIS (Cont'd)

1998 At-Power Precursors Involving Initiating Events Sorted by Co

CCP Pat _Event Identifer.  
i:i•ii i~ ~ i • •i!!i•!• ! ! ii !i!•~ i ! • ••iiiiii¸iii iii~ i~ ii~i~ iiiiii~i~~~:Ji iiiiiiiiiii~i~~•iiii~•ii;iiiiiiiiiiii~iii•iii!peiii~ iiii• rii ii

5.6 x 10-4 Davis-Besse PWR LER 346/98-006
A Tornado Touchdown Causes a Complete 
Loss of Offsite Power

06124/98

Manual Reactor Trip Due to Component 

1.5 x 106 Davis-Besse PWR LER 346/98-011 Cooling System Leak and the De-Energizing 10/14/98 
of Safety-Related Bus D1 and Non-Safety
Related Bus D2 

1998 At-Power Precursors Involving Unavailabilities Sorted by Increase in Core Damage Probability 

AC .P Plant Plant Event Identifier Description Eveiit 
__ _ _ _ __ _ _ _ _ Type __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Date 

*2.2 x 10"6 D. C. Cook PWR LER 316/98-005 Potential for High Energy Line Break to 07/15/98 1 and 2 Degrade Component Cooling Water System 

1.1 x 10- Big Rock BWR LER 155/98-001 Long-Term Unavailability of Liquid Poison 03/27/98 
Point Control System 

7.2 x 106 San Onofre 2 PWR LER 361/98-003 Inoperable Sump Recirculation Valve 02/05/98 

5.6 x 10'6 Byron 1 PWR LER 454/98-018 Long-Term Unavailability of an Emergency 09/12/98 
Diesel Generator 

1.7 x 10-6 Calibration and Calculational Errors 
(UnitsPWR LER 26998-004 Compromise Emergency Core Cooling 02/12/98 
1.4 x 10' 1, 2, and 3 PWR Lromse Emergency C on1 
(Unit 3) System Transfer to Emergency Sump

* Preliminary results. Final analysis review in progress.
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1998 ASP EVENT ANALYSIS (Cont'd) 

* 1998 Results Indicate an Increase in the Number of Precursors 
over 1997 (When There Were 5), but Are Consistent with Period 
1993-96, When the Average Number per Year Was 12 

* Eight of the Potential Precursors for 1998 Involved Equipment 
Unavailabilities; Two Involved Initiators 

* 1998 Potential Precursor Data Consistent with the Statistically 
Significant, Decreasing Trend Observed in the Number of 
Precursors over Period 1984-97 Involving Failures or 
Degradations of the AFW/EFW System 

* Three 1998 Precursors Involved Problems with Electrical 
Equipment - Consistent with the 1996 and 1997 Results, but 
Different from Previous 6-year Period (1990-95), When about 
60% of the Precursors Each Year Involved Electric Power Issues
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1998 ASP EVENT ANALYSIS (Cont') 

* Four of the Ten Potential Precursors for 1998 Involved LOCA
Related Issues, but None Involved an Actual LOCA 

* One Important Precursor (CCDPŽ1.0xl0x4) Occurred During 1998 
- the Tornado-Caused LOOP at Davis-Besse in June. Since 
1984, the Occurrence Rate for this Group of Precursors Has 
Exhibited a Statistically Significant Decreasing Trend 

* 1998 Precursor Report Scheduled for Publication in January 
2000

ASP - 12
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EVALUATION OF RISK TRENDS IN ASP PRECURSOR DATA 

* ASP Results Reviewed to Obtain Insights about Industry Risk 

"o Analyzed Trends in the Occurrence of Precursors 

"o Compared an Annual ASP Index with Core Damage 
Frequencies from Individual Plant Examinations (IPEs) 

"o Compared Modes and Causes of Precursors from ASP Data 
with Those Modeled in PRAs and IPEs

ASP - 13
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EVALUATION OF RISK TRENDS IN ASP PRECURSOR DATA 
(Cont'd)

o - i�- - -
- - .. � S � -

IEo

ci -. - L - -
- % % L

Year

Figue 1. Trend for events with exponent = -3. Trend is not 
statistically significant (p-value 0. 1307) 

Year 

Figure 3. Trend for events with exponent = -5. Trend is 
statistically significant (p-value 0.0001)

Figure 2 Trend for events with exponent = -4. Trend is 
statistically significant (p-value = 0.0001) 

Figure 4. Trend for events with exponent = -6. Trend is 
statistically significant (p-value = 0.0001)

:1i 

I

ASP - 14

1e-ol

,E-

IE-



(

EVALUATION OF RISK TRENDS IN ASP PRECURSOR DATA 
(Cont'd) 

* Compared an Annual ASP Index (Based on Sum of the CCDPs 
Divided by the Number of Reactor Years) as Updated with 1998 
Data (Now Covers Period 1992-98) with Industry CDF Estimates 
from IPEs 

o CDF Estimates from IPEs Range from 1.2x10 6IRY to 
3.7x1041RY, with an Average Value of 6.2x105/RY 

o Average Annual ASP Index for 1992-98 Is 1.2x10 5IRY 

o On an Order of Magnitude Basis, the ASP Index over the 
Last Seven Years Is Consistent with the Order of Magnitude 
of Estimates of CDFs from the IPEs.
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EVALUATION OF RISK TRENDS IN ASP PRECURSOR DATA 
(Cont'd) 

* Review of 1994-97 Precursor Results Showed That about 15% of 
These Events Involved Event Initiators or Conditions That Are 
Not Included in the IPEs.  

o Of the 1998 Precursors, Two Involve Conditions That Are 
Not Typically Considered in the IPEs: 

Potential Failure of the Recirculation Mode of ECCS 
Operation Because of Calibration and Calculational 
Errors in Emergency Sump and Borated Water Storage 
Tank Level Instrumentation. Condition Cited in IN 98-40.  

Potential Failure of All Component Cooling Water Pumps 
Due to Steam Intrusion from a Postulated High Energy 
Line Break.

ASP - 16
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1999 ASP EVENT ANALYSIS 

* Screening, Review, and Analysis of 1999 Operational Events 
Began in May 1999 

o Screened 628 LERs (- 40% Total Number of Expected LERs) 

o Selected 240 LERs for Engineering Review 

o Identified 23 Individual Events for Analysis of CCDP 

o Completed 11 Preliminary Analyses; Identified I Event as a 
Precursor (Currently Undergoing Peer Review)
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REDIRECTIONS OF ASP PROGRAM COORDINATION 

* Changes in Agency Programs and Activities 

"o Development and Implementation of the Reactor Oversight 
Process 

"o Approval and Implementation of Regulatory Guide 1.174 

* SPAR Models Users Group (SMUG) Formed to Coordinate Model 
Development for these Activities

ASP - 18
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SPAR MODEL DEVELOPMENT OBJECTIVE 

Provide Standardized Plant Analysis Risk (SPAR) Models for Use By 
The NRC In Risk Informed Regulation at Operating Nuclear Power 
Plants

ASP - 19
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SPAR MODEL DEVELOPMENT PROGRAM DESCRIPTION 

* Responsibility for SPAR Model Development Transferred from 
RESIDRAA/PRAB to RESIDRAA/OERAB as Part of the RES 
Reorganization 

* Prior to Reorganization a Combined AEOD (ASP Program) and 
NRR (Events Assessment) User Need Memo Identified Need for 
Simplified Methodologies to Address the Following: 

"o Plant Specific Level I Analyses 

"o Level 213 Analyses 

"o Capability for Analyzing: Low Power/Shutdown (LPISD) 
Events; External Events (Fire, Seismic, Flood)

ASP - 20
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SPAR MODEL DEVELOPMENT PROGRAM DESCRIPTION (Cont'd) 

* Contracts and Projects to Develop: 

o 72 Plant Specific Level 1 Models 

o 10 Detailed Prototype Large Early Release Frequency (LERF) 
Models 

o Develop Example PWR and BWR ASP LPISD models 

o Develop Methodology to Analyze Precursors to Seismic and 
Fire Initiated Events

ASP - 21
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SPAR MODEL USERS GROUP (SMUG) 

* Functions of the SMUG: 

"o Identify SPAR Models to Be Developed, the Detail the SPAR 
Models Should Contain, and the Priority and Timing for 
SPAR Model Development 

"o Communicate the Needs of Diverse Organizations Needing 
to Use SPAR Models (Staff and Management) 

"o Share User Experiences with the SPAR Models to Identify 
Problems or Improvements

ASP - 22
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SPAR MODEL USERS 

* NRR/IIPB - Inspection Program Branch 

e NRR/REGION SRAs - Senior Reactor Analysts 

9 NRR/SPSB - Probabilistic Safety Assessment 

* NRR/REXB - Events Assessment 

o RES/OERAB - Operating Experience Risk Analysis 

o RES/ERAB - Engineering Research Applications 

o RESIREAHFB - Regulatory Effectiveness Assessment & Human 
Factors 

o RESIPRAB - Probabilistic Risk Assessment

ASP - 23
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SPAR MODEL DEVELOPMENT USER NEEDS

* - For a few plants

ASP - 24

LOW POWER/ EXTERNAL EVENTS OFFICE/ LEVEL 1 REV 3 SHTONLEVEL 2ILERF (IE OFC/SHUTDOWN (FIRE) 
BRANCH 

H M L H M L H M L H M L 

NRR/IIPB X 

NRR/REGION SRAs 

Region I X X LERF X 

Region II X X* LERF X* 

Region III X X LERF X 

Region IV X X LERF X 

NRR/SPSB X X LERF X 

NRR/REXB X 

RES/OERAB X X X X 

RES/ERAB X Level 2 

RES/REAHFB X Level 2 

RES/PRAB Level 2
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SPAR MODEL DEVELOPMENT RECENT RESULTS 

* Level I Models 

"o Continued Maintenance of the Existing 72 Plant-Specific 
Level 1, Revision 2QA SPAR Models 

"o Developed a Preliminary On-Site Review Process for the 
Level 1, Revision 3 SPAR Models 

"o Completed the On-Site Review (Using the Preliminary 
Process) and Generated Three Revision 3 SPAR Models 
(Calvert Cliffs, Duane Arnold and Millstone 2) 

"o Completed 7 Additional Revison 3i (interim) SPAR Models
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SPAR MODEL DEVELOPMENT RECENT RESULTS (cont'd) 

* Large Early Release Frequency (LERF) Models 

"o Completed the Initial Draft of 6 PWR and 2 BWR LERF 
Models and Containment Parameter Databases for the 
Remaining Plants 

"o Completed Containment Phenomenology Scoping Which 
Identified the Phenomenology to Be Updated Based on 
Recent ResearchlStudies 

"o Completed Code Changes for the Decomposition of LERF 
Model Results to Identify the Contribution from the Level 1 
Portion of the Plant Model 

* Ongoing - Continued Evolution of a Plan to Address the 
Development of All the SPAR Models under Consideration
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RISK ASSESSMENT ON D. C. COOK ISSUES 

* PurposelObjectives 

o Significant Regulatory Attention on D. C. Cook Issues 

o Relationship to the Accident Sequence Precursor Program 

o Benchmarking of New Significance Determination Process 
Related to Inspection Findings
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(



(

RISK ASSESSMENT ON D. C. COOK ISSUES (cont'd) 

* Key Characteristics of Analysis 

o Issues Identified from LERs and Inspection Reports since 
August 1997 

o Risk of Individual Issues Assessed 

o Combined Effect of Individual Issues on Accident 
Sequences 

o Containment Issues Analyzed
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RISK ASSESSMENT ON D. C. COOK ISSUES (cont'd) 

* Preliminary Findings 

o 119 Issues Identified 

o One Issue Identified as Potential Precursor (Greater than 
1.0xl0 6/Year Change in CDF) 

o 116 Determined to Be Not Risk-Significant 

o 2 Issues Awaiting Additional Investigation by Licensee 

o Interim Results Sent for Peer Review to Licensee in August 
and November 1999
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RISK ASSESSMENT ON D. C. COOK ISSUES (cont'd) 

* Potential Precursor 

o All Five Component Cooling Water Pumps in a Single Room 

o Pipe Chase with Main Steam and Main Feedwater Piping in 
Adjoining Room 

o No High Energy Line Break Barrier 

o Loss of Component Cooling Water Could Lead to Small 
LOCA and Failure of All Injection Pumps in Both Units
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ASP FUTURE PLANS 

* Complete Final Analyses of Last 3 1998 Events and Transmit 
Results to Licensee for Information 

* Complete and Issue 1998 Precursor Report - January 2000 

e Continue SMUG Meetings to Provide Continuous Feedback and 
Input by Customers to the Model Development Plan 

e Put Contracts in Place to Develop the Various SPAR Models 
According to The SPAR Model Development Plan Approved by 
SMUG and their Organizations Management 

* Continue Production of the Level 1, Rev. 3 Models - Also in 
Accordance with the Plan (Currently Develop 22 Models This 
Fiscal Year) 

* Issue Draft NUREG Report on D. C. Cook for Peer Review in 
December 1999 

* Issue Final NUREG on D. C. Cook in April 2000

ASP - 31

/ (/


