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

2 (8:30 a.m.) 
 

3 CHAIRMAN BLEY: Good morning. The 
 

4 meeting will now come to order. 
 

5 This is a meeting of the Advisory 
 

6 Committee on Reactor Safeguards Subcommittee on 
 

7 Future Plant Designs. I'm Dennis Bley, Chairman of 
 

8 the subcommittee. 
 

9 ACRS members in attendance are Vesna 
 

10 Dimitrijevic, Joy Rempe, Charlie Brown will be here 
 

11 quite soon, Walt Kirchner, Jose March-Leuba, John 
 

12 Stetkar, Mike Corradini, Dana Powers, Matt Sunseri, 
 

13 and Ron Ballinger. 
 

14 We think we may have Harold Ray and Pete 
 

15 Riccardella on the telephone later. 
 

16 Dr. Stephen Schultz, the ACRS consultant, 
 

17 is also in attendance. Girija Shukla of the  ACRS 
 

18 staff is the Designated Federal Official for   this 
 

19 meeting. 
 

20 The purpose of today's meeting is to 
 

21 review the draft SECY paper, "Functional Containment 
 

22 Performance Criteria for Non-Light Water Reactor 
 

23 Designs." This is part of a series of meetings  on 
 

24 advanced reactors. And going back several years from 
 

25 the last letter, well, the letter we wrote in 2013 on 
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1 the NGNP, many of the same issues that we're taking 
 

2 up now. So, we're looking forward to this meeting. 
 

3 The subcommittee will gather 
 

4 information, analyze relevant issues and facts, and 
 

5 formulate proposed positions and actions, as 
 

6 appropriate, for consideration by the full committee. 
 

7 The full committee is scheduled to address this 
 

8 matter at the April 2018 full committee meeting. 
 

9 ACRS was established by statute and it's 
 

10 governed by the Federal Advisory Committee Act, FACA. 
 

11 That means the committee can only speak through its 
 

12 published letter reports. We hold meetings together 
 

13 and information to support our deliberations. 
 

14 Interested parties who wish to  provide 
 

15 comments can contact our offices requesting time 
 

16 after the Federal Register notice of the meeting is 
 

17 published. That said, we also set aside a time for 
 

18 extemporaneous comments from members of the  public 
 

19 attending or listening to our meetings. Written 
 

20 comments are also welcome. 
 

21 And I'll say at this time we have 
 

22 received written comments from Prasad Kadambi,  who 
 

23 used to be here on the staff, who is independent now. 
 

24 And that will be attached to our transcript of  the 
 

25 meeting. And time has been requested for an   oral 
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1 statement by Amir Afzali, licensing and  policy 
 

2 director of the next generation reactors. And 
 

3 Southern Company will speak toward the end of   the 
 

4 meeting. 
 

5 The ACRS section of the USNRC website 
 

6 provides our charter, by-laws, weather reports, and 
 

7 full transcripts of all full and subcommittee 
 

8 meetings, including the slides presented at the 
 

9 meetings. 
 

10 Detailed proceedings for conduct of ACRS 
 

11 meeting was published previously in the Federal 
 

12 Register on October 4th, 2017. This meeting is open 
 

13 to public attendance. And we have received, as  I 
 

14 mentioned, that one request to make an oral 
 

15 statement, and one set of written comments. Time has 
 

16 been allotted on the agenda near the end of the 
 

17 meeting for that. 
 

18 Today's meeting is being held with a 
 

19 telephone bridge line, allowing participation of the 
 

20 public over the phone. A separate teleconference 
 

21 line has been established to allow participation of 
 

22 staff consultants and DOE laboratories. 
 

23 A transcript of the meeting is being 
 

24 kept, therefore we request that all meeting 
 

25 participants either on the bridge line or 
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1 teleconference line identify themselves  each and 
 

2 every time they speak, and to speak with sufficient 
 

3 clarity and volume so they can be readily heard. 
 

4 We request that the participants on the 
 

5 public bridge line keep their phone line on mute until 
 

6 they are ready to speak. Do that on both of those 
 

7 lines. 
 

8 Participants in the meeting should  use 
 

9 the microphones located throughout the meeting room 
 

10 when addressing the subcommittee. 
 

11 At this time I ask all attendees and 
 

12 members to silence their cell phones and other 
 

13 devices. I remind speakers at the front of the table 
 

14 to turn on their microphone with that little   push 
 

15 button that's nearest you on the microphone, and turn 
 

16 it off when you're not speaking. 
 

17 We'll now proceeding with the  meeting, 
 

18 and I will ask John Segala, Chief of the   Advanced 
 

19 Reactor and Policy Branch, Office of NRA to  make 
 

20 introductory remarks. 
 

21 John. 
 

22 MEMBER REMPE: Dennis. 
 

23 CHAIRMAN BLEY: Yes? 
 

24 MEMBER REMPE: Before that, of course, I 
 

25 need to make a statement. 
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1 CHAIRMAN BLEY: Go ahead. 
 

2 MEMBER REMPE: In accordance with, in 
 

3 order to comply with Section 10.1 of our by-laws, I 
 

4 need to acknowledge that I have reviewed some 
 

5 material relevant to this discussion for the 
 

6 Department of Energy. 
 

7 CHAIRMAN BLEY: Thank you. 
 

8 John Segala. 
 

9 MR. SEGALA: Yes, thank you. 
 

10 CHAIRMAN BLEY: Oh, there you are. 
 

11 MR. SEGALA: Before we get started  and 
 

12 get into the discussion on the Functional Containment 
 

13 Performance SECY paper which is the subject of 
 

14 today's meeting, I wanted to just step back and 
 

15 provide sort of where we've been in terms of briefing 
 

16 ACRS on non-light water reactor activities, as well 
 

17 as future plans for future briefings. 
 

18 And we want to make sure as we move 
 

19 forward that we continue to get ACRS input along the 
 

20 way as we move forward on non-light water reactors. 
 

21 So, back in March of 2017 we  presented 
 

22 our vision and strategy document and our near  term 
 

23 implementation action plans that had a goal of 
 

24 assuring our readiness to effectively and efficiently 
 

25 review and regulate non-light water reactors. 
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1 CHAIRMAN BLEY: And we wrote a  letter 
 

2 following that meeting. 
 

3 MR. SEGALA: Yes. And so, so that 
 

4 document, you know, we published as a final document. 
 

5 Then Draft Guide 1330, which was our non- 
 

6 light water reactor design criteria, we discussed 
 

7 that with the ACRS back in 2017 in the February-March 
 

8 time frame. And we received public comments on that. 
 

9 And then we revised it and issued our draft   final 
 

10 Reg. Guide 1.232 on non-light water reactor  design 
 

11 criteria. And then we recently, February 2nd, had a 
 

12 future plan subcommittee meeting. 
 

13 The next bullet there should be green 
 

14 because we haven't done that yet. But on March 8th 
 

15 -- we actually have a date now -- we're going to be 
 

16 presenting the Reg. Guide 1.232 with some minor 
 

17 changes to address ACRS comments and, hopefully, get 
 

18 a clean letter. 
 

19 So, today we're here on functional 
 

20 containment. And then -- what happened? It timed 
 

21 out. 
 

22 Then in June -- okay? -- in June we plan 
 

23 to come before the ACRS on what we call the licensing 
 

24 modernization project, which is an industry-led 
 

25 initiative that's risk-informed, performance-based, 
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1 technology neutral approach for  determining the 
 

2 licensing basis events, SSC classification, and 
 

3 defense in depth, which builds off of what was done 
 

4 for NGNP. 
 

5 And then in August we plan to present to 
 

6 the ACRS our proposed rule on emergency preparedness 
 

7 for SMRs and non-light water reactors. 
 

8 MEMBER CORRADINI: Can I from a schedule 
 

9 standpoint make sure I understand. So, we're going 
 

10 to hear your thinking on the licensing modernization 
 

11 project in June. 
 

12 MR. SEGALA: Right. 
 

13 MEMBER CORRADINI: But you don't need 
 

14 anything back from us till December? 
 

15 MR. SEGALA: Well, I think what our 
 

16 thinking is that we wanted to get your insights early 
 

17 as we're working through  the process. Ultimately 
 

18 what's happened is industry submitted a series   of 
 

19 white papers. We've been providing feedback to 
 

20 industry on those white papers. 
 

21 But ultimately what's going to happen is 
 

22 industry's going to submit us an NEI document  that 
 

23 they are looking for our endorsement. And then we're 
 

24 going to develop a regulatory guide that, if it's all 
 

25 acceptable, we would then endorse that into a  Reg. 
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1 Guide. 
 

2 So we're just envisioning that there will 
 

3 be multiple opportunities to present to the ACRS -- 
 

4 MEMBER CORRADINI: Okay. 
 

5 MR. SEGALA: -- as we  go through the 
 

6 process. 
 

7 MEMBER CORRADINI: Okay. So that was 
 

8 the first cross schedule. 
 

9 The second schedule question is the  EP 
 

10 Rule. That is just for non-light water reactors or 
 

11 is that going to include NuScale? 
 

12 MR. SEGALA: So that covers small modular 
 

13 reactors and other new technology. So, it includes 
 

14 medical isotope as well as non-light water reactors. 
 

15 So it is a broad -- SMRs, non-lights, and   medical 
 

16 isotopes. 
 

17 MEMBER CORRADINI: SMRs. Whomever they 
 

18 might be? 
 

19 MR. SEGALA: Whoever they might be. 
 

20 MEMBER CORRADINI: Okay. And then the 
 

21 third point is, last time I think we brought up -- I 
 

22 know I thought I'd brought it up. I can remember one 
 

23 of us did. The phasing of this seems a bit,  seems 
 

24 to be out of phase. 
 

25 So, we can return to some of these things 
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1 as they develop because licensing basis events were 
 

2 somehow, in my simple mind, is the core of all   of 
 

3 this to see where all these things land in your 
 

4 technology neutral framework graph in 2006. 
 

5 MR. SEGALA: Yes. 
 

6 MEMBER CORRADINI: So, so until one sees 
 

7 that, one can't really discern how this all fits 
 

8 together. At least that's my thinking. 
 

9 MR. SEGALA: And so what we're developing 
 

10 with the licensing modernization program is we're not 
 

11 actually coming up with the -- right at this  point 
 

12 we're not coming up with the actual licensing basis 
 

13 events for all the  different designs. What we're 
 

14 doing is we're establishing a process by which a 
 

15 designer would implement this to come up with their 
 

16 list of their licensing basis events. 
 

17 MEMBER CORRADINI: Okay. So, just to 
 

18 follow that up, the engineering says great for 
 

19 process, but I want to do an empirical or pilot test 
 

20 that the process isn't flawed from the beginning. So 
 

21 is anybody, is industry doing this that we might see 
 

22 where their thinking fits into this process or this 
 

23 structure? 
 

24 MR. SEGALA: So, yeah, we've been talking 
 

25 about doing some sort of pilot to try out the process 
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1 of, you know, them. 
 

2 MEMBER CORRADINI: That's all right, you 
 

3 don't have -- if it's coming, that's fine. 
 

4 MR. SEGALA: Yes. 
 

5 MEMBER CORRADINI: But that, that's what 
 

6 I guess I'm thinking is that somehow there's got to 
 

7 be a pilot or an empirical test of it to see how it 
 

8 all shakes out. 
 

9 MR. SEGALA: Yeah, we've been talking 
 

10 pilot or maybe tabletop exercises, that kind of, that 
 

11 kind of thing. 
 

12 CHAIRMAN BLEY: Before you move on, John, 
 

13 you linked some of Mike's question to the 
 

14 modernization project. Back in March, after we wrote 
 

15 our letter, the staff's response agreed -- you say it 
 

16 in this document -- the strategies 3 and 5 of   the 
 

17 implementation action plans should receive the 
 

18 highest priorities. 
 

19 And also in the current document you say 
 

20 determining the appropriate non-LWR licensing bases 
 

21 and accident sets. And that would include, at least 
 

22 for me, the licensing basis events, so, are high on 
 

23 this list. 
 

24 At the time you said you were 
 

25 incorporating some of that as you finalized the IAP, 
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1 Implementation Action Plan Report. Have you actually 
 

2 done that? We did learn the last time that you put 
 

3 out a final version of the roadmap. We've now seen 
 

4 that. But is there a final version of the 
 

5 Implementation Action Plans Report? 
 

6 MR. SEGALA: Yes. 
 

7 MR. HOLCOMB: I hate to interrupt but -- 
 

8 CHAIRMAN BLEY: Yeah. 
 

9 MR. HOLCOMB: -- a number of emails and 
 

10 lack of personnel we've been unable to get in contact 
 

11 with the bridge line. 
 

12 MEMBER CORRADINI: I was just going  to 
 

13 actually bring -- I'll check  on that. The bridge 
 

14 line seems to be dead. I'll go check on it. 
 

15 MR. THERON BROWN: It's on mute  right 
 

16 now. That's why you can't talk. 
 

17 MEMBER CORRADINI: No, they can't hear. 
 

18 CHAIRMAN BLEY: Theron, are you done 
 

19 here? 
 

20 MR. THERON BROWN: What? 
 

21 CHAIRMAN BLEY: We want to go on  here, 
 

22 whether that's working. 
 

23 MR. THERON BROWN: Oh that's, he's 
 

24 dealing with it. 
 

25 CHAIRMAN BLEY: Okay. They're coming 
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1 up. He's multitasking. 
 

2 Okay, so we just had a few interruptions. 
 

3 Is that IAP report -- 
 

4 MR. SEGALA: Yes. 
 

5 CHAIRMAN BLEY: -- in progress or is it 
 

6 out now? 
 

7 MR. SEGALA: No, we finalized the near- 
 

8 term, mid-term, long-term Implementation Action 
 

9 Plans. We can get you copies. It's on our public 
 

10 website. 
 

11 CHAIRMAN BLEY: It's on the public 
 

12 website? 
 

13 MR. SEGALA: Yeah. And the vision 
 

14 strategy. All those are final documents. 
 

15 We, we don't plan to make those  living 
 

16 documents. What we, what we recently issued, a SECY 
 

17 paper, to the Commission that provides a status 
 

18 update of what we completed in 2017 for   non-light 
 

19 water reactors. What we plan to complete in fiscal 
 

20 year '18 and then it also provides sort of an overview 
 

21 of the landscape of advanced reactors. 
 

22 So, what we plan to do is that SECY paper, 
 

23 every year we plan to update that, you know, looking 
 

24 at what we accomplished, what we plan to do the next 
 

25 year rather than go back and constantly update  the 
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1 original document. 
 

2 CHAIRMAN BLEY: Okay. That makes sense. 
 

3 But, yeah, if you can send those to us I guess. 
 

4 MR. SEGALA: Yes. 
 

5 CHAIRMAN BLEY: And that SECY as well. 
 

6 MR. SEGALA: Okay. 
 

7 MEMBER REMPE: Well, the SECY they  did 
 

8 send us, Dennis, after the last meeting. And I 
 

9 appreciate it. 
 

10 And, actually, there were several items 
 

11 that you completed in '17 that I would love to have 
 

12 a copy of. There were, like, some overviews of 
 

13 operational things. I've got the list here and I can 
 

14 read it to you. But I don't think that's beneficial. 
 

15 But then you have contracts that you're 
 

16 going to be placing in '18. And I don't know where 
 

17 the status is on that. But in order for us to do a 
 

18 good job it would help if you could provide access or 
 

19 copies to the cognizant staff members. 
 

20 MR. SEGALA: Yes. If you want to give 
 

21 us a list of what we can provide you. 
 

22 MEMBER REMPE: I can do that. But, 
 

23 basically, I'd like to see all  the documents you 
 

24 produced that were identified in that SECY. 
 

25 MR. SEGALA: Okay. 
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1 MEMBER REMPE: And as we  discuss the 
 

2 licensing modernization project, it might be, but 
 

3 it's up to Dennis, it might be a good time for you to 
 

4 be prepared to answer questions on those documents, 
 

5 if that would work  for you. Because I think  I'm 
 

6 curious about then. 
 

7 MR. SEGALA: Okay. Yes, we can, we can 
 

8 get you all those references. 
 

9 MEMBER REMPE: Well, I'll just make  a 
 

10 list. But basically I can do that -- 
 

11 MR. SEGALA: You're looking for a 
 

12 comprehensive list. Okay. 
 

13 MEMBER REMPE: You got it. 
 

14 MR. SEGALA: So that's all. That's all 
 

15 I have. 
 

16 MR. RECKLEY: My name is Bill  Reckley. 
 

17 I'll be going through the first part of the 
 

18 presentations on functional containment performance 
 

19 criteria. And on a few sides I'll be a little 
 

20 repetitious on what John just  went over. So I'll 
 

21 just quickly go through those. 
 

22 So, the presentation today, I'll give a 
 

23 little bit of background, including, as I just said, 
 

24 some on the broader Advanced  Reactor Program. And 
 

25 then go into the Functional Containment Performance 
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1 Criteria Commission paper, a draft of  which you 
 

2 received. That paper I'll just kind of go  through 
 

3 the organization of the paper, providing some 
 

4 background, some discussion of other activities, as 
 

5 John mentioned. 
 

6 The advanced reactor design criteria that 
 

7 you met a couple weeks ago, and have a full committee 
 

8 meeting coming up. 
 

9 Licensing modernization, how these 
 

10 pieces fit together. 
 

11 Then how we propose to pursue  defining 
 

12 what performance criteria are. And as you're going 
 

13 to see, it's really the process by which you determine 
 

14 what the performance criteria are. You're not going 
 

15 to see, as a result of this paper or its   outcome, 
 

16 something like a leak rate on a building. That would 
 

17 be design-specific. But this process that we're 
 

18 going to describe will lay out how you would arrive 
 

19 at what you're going to take credit for. 
 

20 Then just along what Dr. Corradini  was 
 

21 talking about, it might be helpful to go through some 
 

22 examples to see how this might  actually work. So 
 

23 Farshid Shahrokhi from Framatome will talk about the 
 

24 gas-cooled reactors. And David Holcomb from Oak 
 

25 Ridge will talk about how it might work for  molten 
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1 salt. Just so you can get a feel for how the process 
 

2 would be applied to a specific technology or design. 
 

3 And then we'll just come back and  talk 
 

4 about the recommendation. Because in the end this 
 

5 is a Commission paper asking for the Commission  to 
 

6 vote. And so the heart of the matter is what   the 
 

7 recommendation is that the staff is making to   the 
 

8 Commission. 
 

9 So, again, we just went over this to some 
 

10 degree, or John did. This, this is in line with the 
 

11 Implementation Action Plans that we  laid out. And 
 

12 the next two slides are kind of in the context of the 
 

13 paper that john mentioned, SECY 18-0011, the Advanced 
 

14 Reactor Program Status. 
 

15 MS. CUBBAGE: Hi. This is Amy Cubbage. 
 

16 Apparently folks were trying to dial in to a different 
 

17 number. So, if anyone is getting messages, if they 
 

18 could reply or text people the correct number, which 
 

19 I will read shortly. It is 1-888-989-3378. I'll 
 

20 say that again: 888-898--3378, PASSCODE 64045, 64045. 
 

21 There were actually people on this line. 
 

22 So rather than hang up we plan to distribute   this 
 

23 number. 
 

24 CHAIRMAN BLEY: Thanks, Amy. 
 

25 MR. RECKLEY: Okay. So, again, this, 
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1 this is out of SECY 18-0011 and shows some of   the 
 

2 things, as was mentioned, some of the things  we've 
 

3 completed with checkmarks. Our focus on strategies 
 

4 3 and 5, the review processes and resolution of policy 
 

5 issues. 
 

6 I think another thing that this slide 
 

7 helps represent is, or hopefully is clear, is these 
 

8 aren't independent activities. This is all an 
 

9 integrated process. And so that's why when  we're 
 

10 talking today about functional containment 
 

11 performance criteria, which is identified as a policy 
 

12 issue, we're also going to be talking about advanced 
 

13 reactor design criteria and the licensing 
 

14 modernization project efforts to provide -- to 
 

15 develop a licensing framework. 
 

16 Because these are all related. You can't 
 

17 fix one without the other. Or, if you do, it ends 
 

18 up being artificial constraints on something. And 
 

19 I'll get into that in a minute. 
 

20 MEMBER REMPE: Excuse me. 
 

21 MR. RECKLEY: Uh-huh. 
 

22 MEMBER REMPE: I have a curiosity 
 

23 question. Last -- a couple weeks ago I brought  up 
 

24 the terms for Strategy 3.2, the words there. And I'm 
 

25 looking at the early version of the roadmap, the 
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1 updated version of it, and then this SECY 18--0011. 
 

2 The words seem to change. And I was curious why. 
 

3 The words, first it had "determine  and 
 

4 document appropriate non-LWR licensing bases." And 
 

5 after it says "for highly prioritized non-LWR 
 

6 technology." 
 

7 And from what I guess on Dave's, the 
 

8 "highly prioritized" seems to have disappeared. And 
 

9 what happened with that? 
 

10 MR. RECKLEY: I don't know how conscious 
 

11 it was. But I think what has happened is we   are 
 

12 focused in on the Generation IV's that we  actually 
 

13 see domestic interest, which is fast reactors, gas- 
 

14 cooled reactors, and molten salt reactors. We are 
 

15 not doing anything, for example, in supercritical 
 

16 water, which is another Generation IV technology. 
 

17 Or, I think there's another one that we're not 
 

18 actively interfacing with, and we would if the 
 

19 designer came up. 
 

20 So, the "highly prioritized" is just we 
 

21 are working with DOE -- 
 

22 MEMBER REMPE: Anyone who has their hat 
 

23 in the ring basically? 
 

24 MR. RECKLEY: Yes. Basically. 
 

25 MEMBER REMPE: I mean, you're not going 
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1 -- it seems like that seems to be a problem I see in 
 

2 other agencies in the U.S., too, no one wants to 
 

3 prioritize them. So I just was curious why the NRC 
 

4 has also decided to drop that phrase. 
 

5 MR. RECKLEY: It's, along with the DOE, 
 

6 and everyone that at this point it's an open field. 
 

7 MEMBER REMPE: Yeah, it is. Okay. 
 

8 MR. RECKLEY: So, going to that, the 
 

9 other challenge that we have is that in these first 
 

10 phases as we're trying to resolve policy issues and 
 

11 come up with licensing approaches, to the degree 
 

12 possible we're trying to do that in a   technology- 
 

13 inclusive way. You know, not have a methodology that 
 

14 would be used for gas-cooled, which is different than 
 

15 sodium-cooled, which would be different than molten 
 

16 salt. We're trying to develop frameworks and resolve 
 

17 policy issues that would address all of those 
 

18 technologies. 
 

19 So this, this slide is just a 
 

20 representation of the current players. Not all of 
 

21 them. But we just took the list from those companies 
 

22 that are currently members in one of the technology 
 

23 working groups. We know there's actually other 
 

24 companies out there, but we have to somehow  define 
 

25 the sets to put on the graph. 
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1 And so this just shows the  range of 
 

2 companies and designs, including liquid metal, both 
 

3 fast, both sodium and lead, gas-cooled and salt 
 

4 systems that operate in the fast spectrum, as well as 
 

5 a host of HTGRs and other molten salt designs in the 
 

6 thermal spectrum. 
 

7 So, again, it's a diverse group of 
 

8 designs and technologies. And as we go through this, 
 

9 where possible we're trying to do it to address them 
 

10 all. 
 

11 CHAIRMAN BLEY: Bill. 
 

12 MR. RECKLEY: Uh-huh? 
 

13 CHAIRMAN BLEY: If you're indeed 
 

14 successful in making these technology-inclusive, then 
 

15 one would think they apply to light water reactors as 
 

16 well. And if that were true, that would seem to open 
 

17 up the possibilities for piloting to a broader set of 
 

18 options. 
 

19 MR. RECKLEY: It's possible. And as you 
 

20 do that, you're right, there would be no   inherent 
 

21 reason it couldn't be applied to a water-cooled 
 

22 technology. 
 

23 Right now, in order to kind of   manage 
 

24 this, we're not looking to change anything for  the 
 

25 operating fleet. And for the time being,  working 
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1 with the light water small modular reactors is kind 
 

2 of case by case because they do have a lot, or they 
 

3 can have a lot in common with the non-lights. 
 

4 And so, for example, John mentioned  in 
 

5 the emergency planning arena and in some of the other 
 

6 issues the papers that you'll see encompass both non- 
 

7 lights and SMRs. So we'll just have to see as we go 
 

8 forward. 
 

9 The current program, as it's laid out, is 
 

10 this is for non-lights. 
 

11 MEMBER CORRADINI: So, just to follow on, 
 

12 even though it doesn't apply to light water reactors, 
 

13 you had a statement somewhere in one of these things 
 

14 that -- two statements, one that Fort St. Vrain got 
 

15 an exception and was allowed to vent, or towards that 
 

16 effect. I'll find the exact language in the, in one 
 

17 of the PDF documents. 
 

18 And the second thing was you identified 
 

19 the current reactors with the venting allowable  to 
 

20 avoid filter vented containment systems that actually 
 

21 vent -- I don't want to use "premature" -- but early 
 

22 appropriate venting for CPRR was also an interesting 
 

23 strategy. 
 

24 So, it strikes me that light water 
 

25 reactors have the data and could be used as a pilot. 
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1 Is that possible? 
 

2 MR. RECKLEY: It -- 
 

3 MEMBER CORRADINI: Because eventually 
 

4 you're going to get to the, what I'll call the 
 

5 technology-neutral framework frequency dose graph. 
 

6 I've seen that for 12 years. 
 

7 MR. RECKLEY: Uh-huh. 
 

8 MEMBER CORRADINI: And I'd be  curious 
 

9 where light water reactors sit on it before I start 
 

10 seeing reactors that I don't have a lot of experience 
 

11 with. 
 

12 MR. RECKLEY: And we could do that. Back 
 

13 however long ago it was during the development   of 
 

14 NUREG-1860, one of the things that they did was to do 
 

15 that exercise. And they ran a large light   water 
 

16 through that particular scenario with that particular 
 

17 framework to see how it  would work. I'll have to 
 

18 find that, what appendix that was in. 
 

19 CHAIRMAN BLEY: That was an appendix to 
 

20 a section, wasn't it? 
 

21 MR. RECKLEY: Yes. 
 

22 CHAIRMAN BLEY: Because I know it  was 
 

23 done. 
 

24 MEMBER CORRADINI: The only reason I'm 
 

25 bring it up is you're going to get to that. 
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1 MR. RECKLEY: Uh-huh. Right. 
 

2 MEMBER CORRADINI: You have a couple of 
 

3 figures that tend to lead me to ask where things land. 
 

4 And then we have so much experience and data   with 
 

5 current fuels and current systems, it would seem  a 
 

6 logical thing to test it out using it. That's, 
 

7 that's kind of following up  Dennis' point. That's 
 

8 all. 
 

9 MEMBER KIRCHNER: Mike, I would just like 
 

10 to echo that. I mean, if you really come up  with 
 

11 something that you believe gets the basic principles 
 

12 and it's technology neutral, then it ought to embrace 
 

13 any of the small modular reactor concepts that  are 
 

14 LWR based. And if it doesn't, then I think   it's 
 

15 going to cause some problems going down the road. 
 

16 And so why all these exemptions for these 
 

17 advanced technologies and not the envisioned SMRs 
 

18 that are based on LWR technology? 
 

19 MEMBER REMPE: So, I have a  different 
 

20 question if you guys are done. 
 

21 I was reading, again, the SECY 18-0011, 
 

22 and I saw that you guys had taken a molten salt course 
 

23 to increase your knowledge level. And I was thinking 
 

24 about the landscape here. 
 

25 And maybe it's changed, but with my 
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1 interactions for the Department of Energy is   that 
 

2 they could sometimes -- first of all, the technology 
 

3 readiness and maturity greatly differs with these 
 

4 concepts. And it's not just in the design 
 

5 development, but also in their knowledge of what is 
 

6 required to license a reactor. 
 

7 And how, what is your opinion on  that? 
 

8 And is there something the staff could do to   help 
 

9 them more with maybe giving them a knowledge 
 

10 management training class on licensing maturity and 
 

11 experience? 
 

12 MR. RECKLEY: When you look at this list 
 

13 of companies there's obviously some names that  you 
 

14 recognize. And they've been in this business for a 
 

15 long time. And there's companies you may not  have 
 

16 ever heard of and are relatively small. 
 

17 And you're exactly right, they have mixed 
 

18 experience not only in technology but also in 
 

19 licensing and other areas. That was one of the 
 

20 reasons we developed the roadmap. We have meetings 
 

21 every six weeks. We try to open our doors to say if 
 

22 you, you know, if you have questions the GAIN website 
 

23 has a link that says if you have a regulatory 
 

24 question. 
 

25 So we, we've basically given them 
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1 opportunities if they want, or avenues to ask us 
 

2 questions. And some do and some don't. And, again, 
 

3 it just, there's a whole mix of business models and 
 

4 strategies as to when they're going to interact with 
 

5 the NRC and so forth. 
 

6 So I think we've done almost everything 
 

7 we can do to say, you know, we're from  Washington, 
 

8 we're here to help. And so -- 
 

9 MEMBER REMPE: Yeah, sometimes I think 
 

10 maybe an exam before they can even come into the door 
 

11 would be nice, with, you know, a course that we can 
 

12 examine. Because, again, prioritization and limited 
 

13 resources. 
 

14 MR. RECKLEY: We really look at it  the 
 

15 other way, to say if they have questions about how we 
 

16 work, they can come down -- 
 

17 MEMBER REMPE: Yeah. 
 

18 MR. RECKLEY: -- and we'll ask -- we'll 
 

19 answer them. 
 

20 MR. SEGALA: I'd just like to add -- John 
 

21 Segala -- that as part of the roadmap that Bill 
 

22 mentioned there's a strong emphasis on submitting to 
 

23 us what we used to call licensing project plans but 
 

24 industry is now calling regulatory engagement plans. 
 

25 And it basically lays out, you know, 
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1 their business model approach, what kinds of 
 

2 documents do they want to submit for our review and 
 

3 those kinds of things. And then we have discussions 
 

4 with them and we share with them what are the  pros 
 

5 and cons of the different licensing approaches that 
 

6 they're considering. 
 

7 So I think that that tool can be   very 
 

8 valuable as well. 
 

9 MEMBER REMPE: I think so, too, what  I 
 

10 heard about it in the last meeting. 
 

11 MR. RECKLEY: Right. 
 

12 MEMBER REMPE: I think that's really good 
 

13 to emphasize they need to have that. It's almost an 
 

14 exam to make sure they've read, they've done  their 
 

15 homework before they come. 
 

16 MR. RECKLEY: Right. 
 

17 So, just the next few slides are  going 
 

18 basically just walk through, walk through the paper 
 

19 kind of quickly and try to get to the meat of   it, 
 

20 which is, again, the process by which a designer would 
 

21 select and show that they meet the performance 
 

22 criteria for a functional containment. 
 

23 So, the paper, as you saw it, was a white 
 

24 paper format but it's a  Commission paper. If you 
 

25 just took the box off and put "to" and "from" at the 
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1 top instead of the disclaimer, that's, that's  what 
 

2 you were looking at. And so the Enclosure 1 provides 
 

3 background. And Enclosure 2 goes into the discussion 
 

4 of the risk-informed, performance-based, technology- 
 

5 inclusive approach to functional containment and 
 

6 performance criteria. 
 

7 So just to -- 
 

8 CHAIRMAN BLEY: Not to be paranoid, but 
 

9 the way you introduced that, the version we saw, does 
 

10 that imply you're had a lot of changes since you sent 
 

11 that to us? 
 

12 MR. RECKLEY: You have the current 
 

13 version. 
 

14 CHAIRMAN BLEY: Thank you. That's all I 
 

15 was asking. 
 

16 MR. RECKLEY: But we had a meeting  in 
 

17 early February. And there was a redline strikeout, 
 

18 which you have, both clean and redline strikeout. So 
 

19 I consider most of those changes to have been 
 

20 relatively straightforward. But you have, that  is 
 

21 the most recent version. 
 

22 So, the functional containment concept, 
 

23 if you kind of look at it as a history, as Mike was 
 

24 saying, you cannot -- you can take it all the   way 
 

25 back to the '50s probably, depending on what you want 
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1 to call functional containment. We -- 
 

2 MEMBER CORRADINI: Just from a historic 
 

3 purpose, former ACRS Member Kerr wrote a paper   on 
 

4 containment that had a history from the '50s on. 
 

5 And, Mike, if you don't have it in your listing,  I 
 

6 happen to have kept a copy since '82. 
 

7 MR. RECKLEY: Thanks. Always looking 
 

8 for additional insights and information. 
 

9 We started at the NRC level because a lot 
 

10 of that was done at the Atomic Energy Commission 
 

11 decision making. Starting with SECY 93-092, which 
 

12 is a SECY paper on policy issues for advanced reactor 
 

13 designs. And the staff had brought up the  concept 
 

14 of a functional containment. 
 

15 Again, even over the years what you mean 
 

16 by functional containment, what the word means,  is 
 

17 hard to follow, for me anyway over  the years. But 
 

18 let's start off with just in these background 
 

19 discussions saying it's something different than 
 

20 light water reactors, large dries, or suppression 
 

21 designs. 
 

22 So the staff proposed in that SECY paper 
 

23 that we adopt a more functional look versus a 
 

24 structural look at a particular building. The 
 

25 Commission was amenable to that. Of course, as we 
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1 have said before, this program goes up  and down 
 

2 depending on funding and interest. And so from '93 
 

3 we entered a period of less interest. And we came 
 

4 back then to the Commission in SECY 03-047 picking up 
 

5 many of the same issues from the '93 paper. 
 

6 In terms of the containment the staff 
 

7 said we're ready to take it to the next step. 
 

8 Actually, say it's okay to have functional 
 

9 containments, and set out to define performance 
 

10 criteria. 
 

11 The Commission said it might be 
 

12 premature, too early to make that decision, but work 
 

13 on the performance criteria. 
 

14 So that went away then for a few years. 
 

15 And, lo and behold, we start to revisit the   issue 
 

16 again under next generation nuclear plant a few years 
 

17 later. As was mentioned, this was one of the   key 
 

18 licensing issues the staff wrote up. ACRS looked at 
 

19 those dispositions. 
 

20 And, again, basically the concept of 
 

21 something different, a functional way to look at 
 

22 containment versus a structural way to look at 
 

23 containment was said to be okay, but a little  work 
 

24 needed to be done to define what performance criteria 
 

25 would be. And then just last couple weeks ago  you 
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1 had discussions on how that got incorporated into the 
 

2 advanced reactor design criteria. 
 

3 So, I think I'll just, I'll skip   this 
 

4 one. We've talked about it. Again, I was just 
 

5 trying to go through the flow of the paper. 
 

6 The first part of the enclosure just lays 
 

7 out why we're doing this. This is to resolve issues 
 

8 under Strategy 5 and Strategy 3, the licensing 
 

9 framework. 
 

10 I will make one mention on this. As 
 

11 we're looking at what we were asked to do in both -- 
 

12 in all of these areas, the strategies that we 
 

13 developed, was if you  go back a year or two the 
 

14 message that we were receiving from the broader 
 

15 community was they found it very hard to live in this 
 

16 traditional catch-22 that we seem to be in where we 
 

17 say we'll tell you from a regulatory perspective if 
 

18 you're okay when you can show us more or less  your 
 

19 whole design so we can make a judgment. 
 

20 And they're on the other side saying we 
 

21 can't do a design unless you tell us how you're going 
 

22 to find these regulatory issues and what the outcomes 
 

23 are going to be. And so that's when we started -- 
 

24 again, not started, picked up again many of   these 
 

25 same issues that we've been addressing over the 
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1 years. And trying to see in what areas could   we 
 

2 actually reduce the uncertainties, the regulatory 
 

3 uncertainties such that the designers could move 
 

4 forward. 
 

5 The graph that was used early on that I 
 

6 think is pretty good is that from their point of view 
 

7 the costs, the incurred costs of the project  keeps 
 

8 going up and up,  of course. And, optimally, the 
 

9 regulatory uncertainty should be going down and down 
 

10 kind of in opposite directions. But from both 
 

11 perspective the cost kept going up and up and   the 
 

12 regulatory uncertainty didn't get resolved and 
 

13 actually make an appreciable change until the end of 
 

14 the project. 
 

15 So that's what we're trying to address in 
 

16 this going forward. 
 

17 And so one of the ways that we tried to 
 

18 represent kind of the integration of all of   these 
 

19 issues for the developers and for the staff as   we 
 

20 look at this is we've adopted a figure, a 
 

21 representation on a bow tie diagram which is a risk 
 

22 management tool used primarily in the oil and   gas 
 

23 industry, but having come across it I thought it was 
 

24 pretty, pretty good for us at least as a 
 

25 representation. We're not really at this point using 
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1 it as a methodology but as a representation. 
 

2 CHAIRMAN BLEY: I'm glad you said  that 
 

3 because this document calls it an integrated 
 

4 methodology. And that bothered me a lot. 
 

5 MR. RECKLEY: Okay. 
 

6 CHAIRMAN BLEY: Because this so far is a 
 

7 high level cartoon to show how it's organized. And 
 

8 if that's the purpose, I think it works great. 
 

9 MR. RECKLEY: Okay. And that is -- the 
 

10 quote was from the ISO standard on risk management. 
 

11 So if you use it as it's laid out, which has  whole 
 

12 processes and guidance documents associated with it, 
 

13 if you were to actually use it, it would be an 
 

14 integrated process. We're just using it because it's 
 

15 a, it's a good representation to put on one, one 
 

16 slide. 
 

17 And so we have ongoing activities kind of 
 

18 across this whole, this whole figure. And what it 
 

19 tries to lay out is the traditional things that you'll 
 

20 see, we have traditionally identified the threats or 
 

21 the events, initiating events into categories such as 
 

22 internal events, external events, and security- 
 

23 related, or malicious acts. 
 

24 And we set up barriers to those, or 
 

25 processes, or equipment in order to ensure or 
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1 minimize the chances that that event doesn't lead to 
 

2 what the methodology would refer to a top level event. 
 

3 So, for light water reactors, top level event is 
 

4 usually core melt, core damage. 
 

5 And most of our discussions fit this, fit 
 

6 this figure pretty well, in that what we talk about 
 

7 in terms of prevention, you know, we talk about 
 

8 preventing core melt and then responding to core 
 

9 melt. Well, all we tried to do in this figure  was 
 

10 to make that technology inclusive, since some of them 
 

11 have mobile fuel or graphite fuel, they have 
 

12 cladding. So that the differences in the fuel don't 
 

13 make core melt the top level  event anymore. So we 
 

14 tried to just be generic and say the top level event 
 

15 is whenever the fission products start to move   to 
 

16 somewhere that you hadn't planned for them to move. 
 

17 So, so on the prevention side you'll see 
 

18 the typical engineered safeguards. That's the system 
 

19 to try to keep things under control. And you know, 
 

20 one way to look at it is the barrier closest to health 
 

21 effects might be emergency planning and evacuation of 
 

22 nearby populations. Assuming all of your other 
 

23 barriers have not prevented the release, your 
 

24 response or mitigation of or to the release might be 
 

25 to move the people. So -- 
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1 MEMBER POWERS: We see the Europeans in 
 

2 their thinking about these sorts of things moving to 
 

3 a guarantee that, taking as a top level event   the 
 

4 evacuation of people, and say they're going to avoid 
 

5 that. Why, why are you assuring that concept rather 
 

6 than looking -- you look upon evacuation as a barrier 
 

7 rather than a top level event. Why? Why is that? 
 

8 Alternatively, why are they doing  what 
 

9 they're doing? 
 

10 MR. RECKLEY: I would characterize it a 
 

11 little differently. One, you can -- it's what  you 
 

12 have across the cartoon, but the top level event and 
 

13 decide what it is, but I would -- we go back and forth 
 

14 on what to call the top level event. And if you look 
 

15 at the IAEA five levels, there's level five, defense 
 

16 in depth being evacuation and emergency planning. 
 

17 They, they hold that and try to ensure that you don't 
 

18 need to do that. 
 

19 And the way they try to ensure you don't 
 

20 need to do that -- which is a Generation IV program 
 

21 goal, has been from the very beginning that   these 
 

22 designs should be such that you should minimize 
 

23 reliance on emergency planning -- 
 

24 MEMBER KIRCHNER: Just sitting here 
 

25 looking at it and studying it, it looks like a classic 
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1 defense in depth. 
 

2 MR. RECKLEY: Well, it is. 
 

3 MEMBER KIRCHNER: And the expectation is 
 

4 basically you have the traditional three barriers in 
 

5 one form or other before you get to emergency planning 
 

6 and so on. So I just, you know, -- 
 

7 MR. RECKLEY: And I tried -- 
 

8 MEMBER KIRCHNER: -- the take-away for 
 

9 the general public may be that you're going to 
 

10 implement defense in depth first from the threat for 
 

11 event standpoint, and then mitigate the consequences 
 

12 by -- 
 

13 MR. RECKLEY: Right. 
 

14 MEMBER KIRCHNER: - multiple barriers. 
 

15 MR. RECKLEY: And one of the -- 
 

16 MEMBER KIRCHNER: And not go to emergency 
 

17 planning. 
 

18 MR. RECKLEY: Well, the exercise that 
 

19 you'll go through, and one of the reasons that this 
 

20 integrated look actually makes sense is designers can 
 

21 try to say do I want to rely on that last block, which 
 

22 is the evacuation of people? Right? 
 

23 MEMBER CORRADINI: Where are you 
 

24 pointing to about the block? 
 

25 MR. RECKLEY: This, I'll say this  one 
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1 right here. 
 

2 MEMBER CORRADINI: Okay. 
 

3 MR. RECKLEY: Okay? 
 

4 MEMBER CORRADINI: Now I get it. 
 

5 MR. RECKLEY: All right? So -- 
 

6 MEMBER CORRADINI: Now I've got it. I 
 

7 didn't get it. Fine. 
 

8 MR. RECKLEY: So I did that on  purpose 
 

9 because this is a -- but if one were to say in  the 
 

10 classic, and I know there's six, but if this is the 
 

11 IAEA and this is level -- actually it's not that bad 
 

12 -- it's level 1, 2, and 3, three -- or actually 2, 3, 
 

13 4, 4B, and then 5 under the IAEA because they split 
 

14 level 4 into pre-core or post-core damage -- but my 
 

15 point is if you're a Generation IV designer and you're 
 

16 trying to meet the goal to say I don't want to rely 
 

17 on emergency planning in order to meet my mission to 
 

18 protect public health and safety, the way that you go 
 

19 about that is you beef up all these barriers. 
 

20 Or I control the size of the reactor and 
 

21 the size of the hazard. Or the form of the fuel such 
 

22 that it doesn't go airborne such that I'd have   to 
 

23 evacuate the people. 
 

24 So the Generation IV designs are 
 

25 including differences in sizes, differences in fuel 
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1 forms, and thereby how radioactive material would be 
 

2 released. And designers are basically asking 
 

3 questions like if I do all of this over here and here, 
 

4 do I still need this? 
 

5 And if they're now seeing, in my view, is 
 

6 the NRC says we don't care what you do, there  will 
 

7 always be a 10 mile emergency planning zone with 
 

8 sirens, then that would be okay if the NRC wanted to 
 

9 say that. But the designers then have much   less 
 

10 incentive to do these controls. 
 

11 I will then, if I'm a designer, I'm out 
 

12 for economics, I'm going to increase the power until 
 

13 the point that I try to recover whatever this  cost 
 

14 is. Right? Whereas in the more traditional 
 

15 Generation IV kind of philosophy I go the  opposite 
 

16 way, I try to say I don't want to do that and, 
 

17 therefore, I'm going to try to design my reactor so 
 

18 I don't need to do it. 
 

19 The -- 
 

20 MEMBER CORRADINI: But if I -- I  don't 
 

21 want to stop you. You're on a good role here. 
 

22 MR. RECKLEY: Okay. 
 

23 MEMBER CORRADINI: So I'm curious on the 
 

24 blues and the reds, or before the reds, where a 
 

25 functional containment or containment -- we'll call 
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1 it a containment system lies. Because I'm kind of 
 

2 with you. Well, I'm not sure. 
 

3 MR. RECKLEY: Traditional. All right? 
 

4 And this is, again, the terminology difference I'll 
 

5 get into in a minute. It's kind of hard to follow 
 

6 if you just keep on a light water mindset of   what 
 

7 containment is. 
 

8 Traditionally, containment has served, 
 

9 over here, to limit the release from design   basis 
 

10 accidents and beyond design basis accidents. 
 

11 MEMBER CORRADINI: Does containment ever 
 

12 envision to help prevent -- 
 

13 MR. RECKLEY: Well, if you give it -- 
 

14 MEMBER CORRADINI: -- malicious acts? 
 

15 MR. RECKLEY: Yeah. It was, that would 
 

16 have been credited. 
 

17 MEMBER CORRADINI: Okay. 
 

18 MR. RECKLEY: Oh, these barriers down 
 

19 here go -- it was also credited for external events. 
 

20 MEMBER CORRADINI: Okay. 
 

21 MR. RECKLEY: And I'll get into that. 
 

22 MEMBER CORRADINI: So, let me ask it now. 
 

23 MR. RECKLEY: Yes. 
 

24 MEMBER CORRADINI: But you can address 
 

25 it later.  
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1 If I go from a containment system which 
 

2 is a barrier, a physical thing with widgets and 
 

3 gadgets to a functional containment, then I'm going 
 

4 to have to design something for external events and 
 

5 malicious acts that is different and potentially just 
 

6 as costly. 
 

7 MR. RECKLEY: Very much so. And that's 
 

8 why, again, I like this, this figure. 
 

9 MEMBER CORRADINI: Okay. 
 

10 MR. RECKLEY: Because you can, you have, 
 

11 you have to address these issues. From an economic 
 

12 standpoint, that's not our primary concern, you are 
 

13 going to try to address it with the same stuff 
 

14 whenever you can. Right? So, I don't, I don't want 
 

15 to protect against an aircraft with one wall and then 
 

16 way I have to do something else for flooding, and I 
 

17 have to do something else for malicious acts or 
 

18 whatever. You know, that's why they're going -- 
 

19 that's where they're going to, wherever possible, say 
 

20 I'm going to build a system and it serves to protect 
 

21 me against multiple threats. 
 

22 MS. CUBBAGE: This is Amy Cubbage. You 
 

23 also have to keep in mind the functions, obviously, 
 

24 would be different for those things. You wouldn't 
 

25 have to be leak tight; you wouldn't have to 
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1 necessarily tax the leakage and things like that if 
 

2 that structure is now a physical barrier rather than 
 

3 a fission product containment. 
 

4 MEMBER CORRADINI: Right. But I'm just 
 

5 thinking out of the box for the moment. But if I am 
 

6 not careful about what I design I could short circuit 
 

7 my decay heat removal to the ultimate air heat zone, 
 

8 for example if I have a something that protects 
 

9 against malicious act that lets me essentially defeat 
 

10 decay heat removal. 
 

11 Yes? 
 

12 MR. RECKLEY: Designers have the ominous 
 

13 task of having to design against all this. 
 

14 MEMBER CORRADINI: Okay. 
 

15 MR. RECKLEY: So, again, going back  to 
 

16 functional containment, specific -- 
 

17 CHAIRMAN BLEY: I'm just stewing here. 
 

18 You want a letter on this report. And we just had a 
 

19 nice long discussion about the ways you could use the 
 

20 concepts that are within that bow tie. And it could 
 

21 mean lots of different things. 
 

22 The text, and this will be a SECY, just 
 

23 says almost nothing except it calls it an integrated 
 

24 methodology that will allow us to  do this. And it 
 

25 seems a great gap between what's in here and the 
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1 discussion that just went on. And I'm not quite sure 
 

2 what to do with that. I mean -- Well, as a person 
 

3 who's trying to understand what you're trying to come 
 

4 across with here. 
 

5 Another way to look at that diagram  is 
 

6 all the stuff you would have in a risk assessment for 
 

7 internal events, external events, and malicious acts, 
 

8 which we could do. Everything that's in there would 
 

9 then address all of the things that one could discuss 
 

10 in this bow tie and would give us a view of the 
 

11 uncertainty of all these. 
 

12 You know, while we have this diagram up, 
 

13 any one of the  six boxes along any one of  these 
 

14 pathways, if you could make it so good that it  was 
 

15 perfect, and convince me that it was perfect,   and 
 

16 there was no uncertainty, the job's done. But 
 

17 historically we've resisted the idea of protection - 
 

18 - 
 

19 MR. RECKLEY: Right. 
 

20 CHAIRMAN BLEY: -- qualitatively, and 
 

21 now we're trying to do it more and more 
 

22 quantitatively. 
 

23 MR. RECKLEY: Right. 
 

24 CHAIRMAN BLEY: But there's a whole host 
 

25 of issues that one talks about from this perspective 
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1 that isn't even, at least to me, isn't hinted at in 
 

2 the one page in here that throws this up as a  cool 
 

3 idea. And I'm not sure -- given it's there,  we'll 
 

4 have to say something  about it. And I'm not sure 
 

5 what to say. 
 

6 We'll think about it some more. But go 
 

7 ahead if you have more thoughts on it. 
 

8 MR. RECKLEY: Well, as we go through it, 
 

9 maybe at the end of the day if there's a message that 
 

10 was intended that's not coming through -- one of the 
 

11 nice things about the subcommittee meeting is we have 
 

12 then till April to try to address, to try to remedy 
 

13 that. 
 

14 CHAIRMAN BLEY: I mean, I don't disagree. 
 

15 But it's a framework -- 
 

16 MR. RECKLEY: Right. 
 

17 CHAIRMAN BLEY: -- to really have us 
 

18 discuss a lot of issues. 
 

19 MR. RECKLEY: Right. 
 

20 CHAIRMAN BLEY: Right now it doesn't say 
 

21 that to me as I read that short discussion. 
 

22 MR. RECKLEY: Right. 
 

23 CHAIRMAN BLEY: And it makes it  sound 
 

24 like it's the answer to everything, it's this perfect 
 

25 integrated methodology that will solve all our 
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1 problems. 
 

2 MR. RECKLEY: Really the bottom line to me 
 

3 comes down to what we're asking in the end --   I'm 
 

4 jumping ahead here a little bit -- but we're going to 
 

5 ask the Commission to put this in play along   with 
 

6 everything else. For whatever reason, the issue of 
 

7 -- and depending on the terminology you want to pick, 
 

8 but I'll pick an intermediate argument that we  had 
 

9 going back and forth -- containment versus 
 

10 confinement. Right? As long as that stays out there 
 

11 as will the NRC ultimately require a   containment, 
 

12 just a traditional light water type containment, just 
 

13 because? 
 

14 As long as that question is out there it 
 

15 hampers designers' ability to navigate through this 
 

16 because they can't make any other design  decisions 
 

17 not knowing whether that barrier is in play with all 
 

18 the other barriers. 
 

19 CHAIRMAN BLEY: No matter what else you 
 

20 do. 
 

21 MR. RECKLEY: No matter what else you do. 
 

22 And -- 
 

23 CHAIRMAN BLEY: Okay. I was thinking it 
 

24 would be picayune to talk about this. 
 

25 MR. RECKLEY: Right. 
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1 CHAIRMAN BLEY: But I'm thinking more and 
 

2 more it's not. 
 

3 MR. RECKLEY: Right. 
 

4 CHAIRMAN BLEY: The concept, you 
 

5 discussed a whole lot of things. 
 

6 MR. RECKLEY: Right. 
 

7 CHAIRMAN BLEY: And at least for me,  I 
 

8 think the paper needs a little more discussion   to 
 

9 make that clear -- 
 

10 MR. RECKLEY: Okay. 
 

11 CHAIRMAN BLEY: -- to the Commission and 
 

12 anybody else that reads this. 
 

13 MEMBER CORRADINI: I think I'm kind  of 
 

14 with Dennis. I wasn't sure, you said at your 
 

15 introduction that you're not going to present us with 
 

16 a criteria, you're presenting us with a process  to 
 

17 develop a criteria, and you wanted to make sure the 
 

18 Commission was on board to proceed down that path. 
 

19 MR. RECKLEY: Right. 
 

20 MEMBER SKILLMAN: I'm glad this came up 
 

21 because it seems to me that the, if you will,   the 
 

22 instinct, Bill, as you say, as long as there's  the 
 

23 discussion of confinement versus containment in the 
 

24 designer's mind's eye there's going to be this 
 

25 tension between how to proceed for the new generation 
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1 reactors. 
 

2 I'm just wondering if that, if that 
 

3 tension isn't appropriate. So many of us have come 
 

4 from a strongbox background, and MCA background,  a 
 

5 contain-it-at-any-cost background, at least from my 
 

6 perspective with two benefits: one, is you   entrap 
 

7 that which you do not want to have released. But the 
 

8 device that entraps also protects from the outside. 
 

9 And we've seen that throughout industry. 
 

10 Four hundred reactors in the world;  it works. And 
 

11 so I'm just wondering if this tension isn't so 
 

12 appropriate that we really ought to smoke that  out 
 

13 right on the front end, and that is that Item 7 that 
 

14 was dismissed. The Commission took the position 
 

15 we're not going to talk about containment, we'll talk 
 

16 about functional containment. It seems to me that 
 

17 that is the first domino that has to be   resolved, 
 

18 because as long as that exists in our minds I think 
 

19 we're going to be stymied. 
 

20 I think you put your finger on it  just 
 

21 three or four minutes ago, but I think you're right. 
 

22 MR. SCHULTZ: The designer's tension 
 

23 also exists. I appreciate Member Power's  comment 
 

24 related to health effects and how that affects, how 
 

25 that relates to containment. 
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1 Also, we mentioned already the meetings 
 

2 coming up on emergency planning. That has the same 
 

3 impact on the designer's decision making with regard 
 

4 to what should -- where the focus should be in terms 
 

5 of barriers on both sides of the picture. 
 

6 MR. RECKLEY: Right. 
 

7 MR. SCHULTZ: Those that affect the plant 
 

8 damage state and those that react to a plant damage 
 

9 state. So there's a lot of, lot of thinking   that 
 

10 needs to be done in terms of how the advanced reactor, 
 

11 what the box that the advanced reactor fits in should 
 

12 be, especially as it relates to health effects  and 
 

13 emergency planning. 
 

14 MR. RECKLEY: I think we're in agreement 
 

15 with that. The dilemma of starting off the way we've 
 

16 done sometimes in the past is to pick out any one of 
 

17 these issues and try to solve it, you come to   the 
 

18 conclusion very quickly you can't solve them one at 
 

19 a time. You have to look at this integrated picture. 
 

20 So that that's where we are. 
 

21 MR. SCHULTZ: But the question then  is 
 

22 have we picked the right boundaries on the right-hand 
 

23 side of the diagram in terms of health effects, 
 

24 emergency planning? Are we staying with what we had 
 

25 before or are we looking for advanced reactors to do 
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1 a whole lot better? 
 

2 MR. RECKLEY: Oh. 
 

3 MR. SCHULTZ: And, therefore, the 
 

4 boundaries may be able to shift. The functional 
 

5 containment is a shift, and emergency planning change 
 

6 is a shift. 
 

7 MR. RECKLEY: And that, that's a  whole 
 

8 'nother policy issue. And -- 
 

9 MR. SCHULTZ: Understood. 
 

10 PARTICIPANT: And you're not going to 
 

11 question that? 
 

12 MR. RECKLEY: Not unless we're 
 

13 redirected. We think we'll basically know  because 
 

14 the bottom line is the same, they're held to the same 
 

15 standard. There's an expectation that they'll  be 
 

16 better. 
 

17 So, however you interpret that  message 
 

18 from the Commission is the one we're operating under. 
 

19 CHAIRMAN BLEY: Before you leave this, 
 

20 just one last comment. And it's trivial, but still, 
 

21 there might be an impression if you had more 
 

22 discussion of this that your barriers, your gray 
 

23 boxes, are all separate things. They might not be. 
 

24 MR. RECKLEY: No, for sure. 
 

25 CHAIRMAN BLEY: They might -- 
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1 MR. RECKLEY: They might not even all be 
 

2 -- 
 

3 CHAIRMAN BLEY: Six of them might be the 
 

4 same thing. 
 

5 MR. RECKLEY: They might not even be 
 

6 things, they may be programs or people or physics. 
 

7 CHAIRMAN BLEY: Physics, I know. 
 

8 MR. RECKLEY: Yes, sir. 
 

9 And that goes -- 
 

10 CHAIRMAN BLEY: Even chemistry. 
 

11 MR. RECKLEY: That goes to the note  at 
 

12 the bottom which is another issue that we know   we 
 

13 have to tackle but we aren't going to tackle it right 
 

14 now, which is just the terminology that goes through 
 

15 this, the word "barrier." I mean, just these simple 
 

16 words that you think you can use and then  somebody 
 

17 will interpret it or have their own mindset as   to 
 

18 what it means. 
 

19 So, as we go through and talk more in the 
 

20 summer you'll start to see us develop very specific 
 

21 terminology and definitions. When we use this word, 
 

22 it means this. We don't need it for this paper, we 
 

23 don't believe. 
 

24 MEMBER KIRCHNER: Not so fast, Bill. I 
 

25 think you have to come to grips with that  because, 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 



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

53 

1 you know, already if you're going to dispense  with 
 

2 essential leak tight and you're going to say they're 
 

3 multiple barriers, you don't want them to be leaky; 
 

4 right? 
 

5 MR. RECKLEY: Well, I was -- 
 

6 MEMBER KIRCHNER: All of them are leaky 
 

7 in the current reactors and in the proposed designs, 
 

8 I mean whether that's HTGR particle fuel, that's 
 

9 going to be leaky even when it's very good fuel. 
 

10 MR. RECKLEY: Right. 
 

11 MEMBER KIRCHNER: So, I think you  need 
 

12 to come to grips with that kind of basic terminology. 
 

13 We see you're going back and forth trying to finesse 
 

14 what was previously essentially leak tight, but   I 
 

15 think it's an important definition in your approach. 
 

16 MR. RECKLEY: I think I agree with you. 
 

17 I'm not sure we need to solve it for this paper. We 
 

18 know we need to solve it in  the end. The guidance 
 

19 when it's written, the more detailed guidance we're 
 

20 going to talk about in the summer, has to have clear 
 

21 distinctions on the terminology. 
 

22 MEMBER KIRCHNER: But your background 
 

23 paper actually says it nicely, it's essentially leak 
 

24 tight. Nothing's ever leak tight. It actually in 
 

25 reality leaks.  
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1 MR. RECKLEY: Yeah, that was from -- that 
 

2 was from nineteen six -- 
 

3 MEMBER KIRCHNER: And you're controlling 
 

4 -- 
 

5 MR. RECKLEY: That was from 1965. 
 

6 MEMBER KIRCHNER: You're going to 
 

7 control the rate of leakage. 
 

8 MR. RECKLEY: Right, right. 
 

9 MEMBER KIRCHNER: Okay. 
 

10 MR. RECKLEY: So, we talked already  a 
 

11 little bit that the AR, the advanced reactor design 
 

12 criteria in particular, the MHTGR Design  Criterion 
 

13 16, we talked about this a couple weeks ago. So I'm 
 

14 going to try to go quickly through this. 
 

15 Because the history of the gas-cooled 
 

16 reactors and functional containment have gone 
 

17 together, that definition was included for the gas- 
 

18 cooled reactors. Whereas, for other designs we stuck 
 

19 closer to the existing general Design Criteria  16. 
 

20 But we acknowledge within the paper that  designers 
 

21 may want to go a different approach. They may want 
 

22 to adopt the MHTGR-DC-16. 
 

23 This Commission paper is intended to 
 

24 resolve any remaining doubt from the Commission's 
 

25 point of view that functional containment is a 
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1 technology-inclusive term, not meant for just 
 

2 previous decisions on gas-cooled reactors. And so 
 

3 that as we go forward in the summer and develop the 
 

4 licensing methodologies with the licensing 
 

5 modernization project papers, to the degree it's 
 

6 identified that there is a way other than what was in 
 

7 Reg. Guide 1.232, we'll have a decision to go  back 
 

8 and change that Reg. Guide, or, or we can have  two 
 

9 Reg. Guides that have two different acceptable 
 

10 approaches. 
 

11 It's we're not going to be saying  that 
 

12 Reg. Guide 1.232 requiring an essentially leak tight 
 

13 containment building on a molten salt is wrong. But 
 

14 that would be one way to do it. And another way to 
 

15 do it might be to use conventional containment. But 
 

16 we haven't -- we'll just, that will be a   decision 
 

17 point whether to go back and change it or just   to 
 

18 have two acceptable approaches on the street. 
 

19 MEMBER POWERS: One of the things  that 
 

20 always bothers me about this particular thing,  and 
 

21 indeed the discussions of multiple barriers that you 
 

22 find true so far, is you omit what I think is a 
 

23 crucial aspect -- I don't know that you omit it, you 
 

24 just don't mention it -- is that the barriers have to 
 

25 be independent and they should be of increasing 
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1 conservatism. That is, it takes a much more 
 

2 improbable event to penetrate each successive 
 

3 barrier. 
 

4 And I wonder why that language gets 
 

5 omitted from these discussions? 
 

6 MR. RECKLEY: I can add, I can add some 
 

7 more language. I mean, totally independent, of 
 

8 course, is something we've not done in the past. 
 

9 What you want to make sure as you go through the five 
 

10 levels is that you don't have whatever causes you to 
 

11 lose something in one level in terms of the IAEA 
 

12 discussions leading to a failure in the next level. 
 

13 The concern that I personally have in 
 

14 listening to some of the discussions is that 
 

15 independence is sometimes interpreted as a  totally 
 

16 different independent system, as opposed to 
 

17 independent behavior, if you will, such that you 
 

18 don't -- 
 

19 MEMBER POWERS: What you in fact want is 
 

20 exactly that, is that a failure of one does not ipso 
 

21 facto lead -- 
 

22 MR. RECKLEY: Right. 
 

23 MEMBER POWERS: -- to a failure of  the 
 

24 successive barrier or barriers. 
 

25 MR. RECKLEY: Right. That is clear. 
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1 MEMBER POWERS: And you get, you get that 
 

2 by insisting that it takes a more energetic event or 
 

3 less probable event to penetrate each successive 
 

4 barrier. 
 

5 CHAIRMAN BLEY: I was going to jump in a 
 

6 little bit ago and say be careful of taking one 
 

7 member's comments. These are individual comments. 
 

8 MR. RECKLEY: No, no. 
 

9 CHAIRMAN BLEY: Where that ended up is a 
 

10 lot more comfortable for me. But where there's not 
 

11 complete independence, which is almost  everywhere, 
 

12 the important thing is to know where the dependencies 
 

13 exist -- 
 

14 MR. RECKLEY: Right. 
 

15 CHAIRMAN BLEY: -- and account for them 
 

16 properly. 
 

17 The barriers ought to be resistant to 
 

18 increasingly unlikely -- that's kind of inside-out - 
 

19 - it's a concept I have a little bit of trouble with. 
 

20 I get the reason we're saying it, but the one thing 
 

21 we have come to realize after years of playing with 
 

22 this stuff and analyzing it and thinking about it is 
 

23 barriers are path-dependent. Barriers' quality or 
 

24 effectiveness is path-dependent. 
 

25 So, depending on what event is going to 
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1 get through, one barrier might be extremely   good, 
 

2 another not nearly so good. Not just related to how 
 

3 energetic it is or how unlikely it is, but everything 
 

4 about its characteristics. 
  

5 So, you were getting close to something 
 

6 that made sense to me, Bill. And just be a little 
 

7 careful on this one because what you do to take care 
 

8 of one designer might not take care of the other 
 

9 designer or a policy of safety. 
 

10 MR. RECKLEY: Right. And this is, this 
 

11 is part of the dilemma. And I, this is going to be 
 

12 sympathetic to asking you guys to write a letter on 
 

13 this because -- 
 

14 MEMBER CORRADINI: I didn't understand, 
 

15 sympathetic to do what? 
 

16 MR. RECKLEY: That we're asking you  to 
 

17 write a letter on this because in the summer  we're 
 

18 going to be talking more about how it all fits 
 

19 together, for example, the licensing basis  events. 
 

20 So, to some degree this paper is saying take it  on 
 

21 faith that when we come back to you the whole 
 

22 methodology is going to work. But for now we need 
 

23 the Commission to take its foot off of this one thing 
 

24 because we can't, we don't think we can move forward 
 

25 without this issue being resolved. 
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1 So, this is the dilemma. So going back 
 

2 to this paper, the paper does build off of the 
 

3 licensing modernization. And we don't try to  hide 
 

4 the fact that when we ask the Commission to decide on 
 

5 this paper they're taking a step in the direction of 
 

6 saying that the approach developed over these  many 
 

7 years, evolving from various places, most  recently 
 

8 NGNP, and now being changed and tweaked and improved 
 

9 by licensing modernization, that that process for 
 

10 building the licensing basis events and all the 
 

11 related matters is what we're building into the 
 

12 functional containment paper. 
  

13 And so if -- so there's a step in  that 
 

14 direction. We're saying we're not asking the 
 

15 Commission to bless off yet all the details on  how 
 

16 that's going to work, but as a general matter  it's 
 

17 going to work with these event categories: 
 

18 anticipated operational occurrences, design basis 
 

19 events, beyond design basis events, and design basis 
 

20 accidents which is the more traditional Chapter 15. 
 

21 I'm going to go through all of these in a minute. 
 

22 MEMBER CORRADINI: If I might just,  I 
 

23 could be wrong. Dana and I think John and  Dennis 
 

24 were here at the time, but my memory is we wrote  a 
 

25 letter in support of 1860 back in 2007. 
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1 MR. RECKLEY: This, one of the reasons I 
 

2 don't think this is a -- 
 

3 MEMBER CORRADINI: Or service model. 
 

4 MR. RECKLEY: -- this is not a huge leap 
 

5 is because this is not new. You've written letters, 
 

6 ACRS. The staff has made findings such as the  key 
 

7 licensing issues on NGNP. We've produced 1860 and 
 

8 said we were going to pilot it. All of those things 
 

9 in total lay a background that this is not new. 
 

10 Matter of fact, if you go back to   the 
 

11 original paper -- now I forget the number -- ninety- 
 

12 -two oh -- ninety-two, ninety-three, it talked about 
 

13 event categories and the fact that the whole system 
 

14 that was being proposed revolved around event 
 

15 categories. And so, you know, this is, this   is, 
 

16 again, not really new. But we're saying we're not 
 

17 quite ready on these particular frequency consequence 
 

18 targets to ask the Commission to weigh in. We need 
 

19 to ensure consistency across various uses in terms of 
 

20 how will this be used in emergency planning, how would 
 

21 it be used in other areas before we go up. 
 

22 But the thought is the Reg. Guide on 
 

23 licensing modernization that we'll talk to you this 
 

24 summer will have to start to be a little more 
 

25 definitive, not just an approach, that here is  the 
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1 consequence targets that's going to be in the 
 

2 guidance. 
 

3 CHAIRMAN BLEY: You may have just 
 

4 answered me. But right in your text where you  say 
 

5 your staff's not ready on this. Now, was it not now, 
 

6 when? I mean it appears from looking at this stuff 
 

7 -- 
 

8 MR. RECKLEY: Right. 
 

9 CHAIRMAN BLEY: -- that you just talked 
 

10 about that goes back to 1860 and before the -- after 
 

11 that NGNP, and before that the MHTGR, what's the hole, 
 

12 what's the gap? And why are you going to be  ready 
 

13 when you get to the modernization stuff? 
 

14 MR. RECKLEY: I don't think it's a -- I 
 

15 don't think it's a philosophical gap. But what we 
 

16 have, for example, right now we have discussions 
 

17 going on with NuScale. They, they approach this a 
 

18 certain way. We had long traditional interchanges 
 

19 with the gas-cooled reactors that have an approach. 
 

20 Molten salts are just coming up to try to 
 

21 develop their standards and design approaches. 
 

22 I don't think there's big  differences, 
 

23 but there are differences in detail like, just going 
 

24 to one, the cutoff at  the bottom. I'm not a  PRA 
 

25 person, so I'll say I'm looking for somebody to say 
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1 is it under 6,  7, 8. And then the staff can  go 
 

2 forward to the Commission and say we're going to use 
 

3 a frequency consequence target figure within our 
 

4 licensing framework. Inherent in using that kind of 
 

5 approach is there's events that could cut off   the 
 

6 bottom. 
 

7 CHAIRMAN BLEY: So I'll, if we talk  a 
 

8 little about 1860, I have to say I have a   contact 
 

9 because I was one of the authors  of that. But the 
 

10 committee wrote a letter on that. The staff worked 
 

11 on it for ages. They spent a lot of time  stewing 
 

12 over the differences between frequency  consequence 
 

13 curve there and the one that was in the MHTGR -- 
 

14 MR. RECKLEY: Right. 
 

15 CHAIRMAN BLEY: -- submittal and the 
 

16 bases for them, and tried to resolve all that. You 
 

17 had a lot of help from the ranks. 
 

18 MR. RECKLEY: Right. 
 

19 CHAIRMAN BLEY: I mean, I think  you've 
 

20 already done it. So I'm a little nervous there. 
 

21 But I want to sneak in just a  pedantic 
 

22 question, too. 1860 called, the process is in  the 
 

23 report, technology neutral. That's morphed into 
 

24 technology inclusive. 
 

25 Technology neutral versus technology 
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1 specific I kind of get. Is this just some kind of 
 

2 it sounds better or is there some real meaning, 
 

3 difference in meaning for technology inclusive? Are 
 

4 you trying to convey something that's different from 
 

5 what was intended when people talked about technology 
 

6 neutral? 
 

7 MR. RECKLEY: It's, I don't know  that 
 

8 there was all that much thought given. 
 

9 CHAIRMAN BLEY: Same concept? No 
 

10 difference? 
 

11 MR. RECKLEY: Well, I think actually it 
 

12 was picked quite intentionally so that we could say 
 

13 it's inclusive of the following, the three that  we 
 

14 talked about for the non-lights. 
 

15 Technology neutral brings in the 
 

16 operating fleet -- 
 

17 CHAIRMAN BLEY: It does, yes. 
 

18 MR. RECKLEY: -- and light water 
 

19 reactors. And we -- 
 

20 CHAIRMAN BLEY: And you're trying to 
 

21 avoid that? 
 

22 MR. RECKLEY: It's too big a lift. 
 

23 MEMBER CORRADINI: Well, I thought, I'm 
 

24 going to point at John so it's his fault, I thought 
 

25 he did say, though, that SMRs could fit, would fit. 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 



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

64 

1 Sorry, John. 
 

2 MR. RECKLEY: We'll look. The 
 

3 proposals, the proposals that we had from the 
 

4 companies that we've interacted with to date -- 
 

5 MEMBER CORRADINI: Okay. 
 

6 MR. RECKLEY: -- have said they  didn't 
 

7 want, they didn't see a need to rely on a different 
 

8 approach. There's obviously exemptions and other 
 

9 things that they need to get because the designs are 
 

10 different. But they would stick with the  existing 
 

11 light water framework and explain the  differences, 
 

12 versus adopt what is more different framework. 
 

13 MEMBER REMPE: So, before you leave  I 
 

14 have a nit. In the regulation we can find 
 

15 definitions of design basis event. It's defined 
 

16 conditions of normal operation, including anticipated 
 

17 operation occurrences, design basis accidents, 
 

18 external events, and natural phenomena for which the 
 

19 plant must be designed, and it goes on. 
 

20 MR. RECKLEY: This is different. 
 

21 MEMBER REMPE: This is different. And I 
 

22 grew up with the GA which after I graduated hearing 
 

23 that definition there, and is that, did it cause 
 

24 trouble that you guys are changing the definition if 
 

25 you start going with this? 
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1 MR. RECKLEY: We've talked. We could 
 

2 try to come up with a different wording here in order 
 

3 to avoid that conflict. But right now my thinking 
 

4 is we just explain it means something different here. 
 

5 MEMBER REMPE: And then from my education 
 

6 I remember GA used to have a logic on that lower bound 
 

7 cutoff. Is that what the debate is at on this 1860 
 

8 stuff? Because I wasn't -- I've seen other stuff at 
 

9 that time. 
 

10 CHAIRMAN BLEY: All the points on  this 
 

11 curve, and related curves, were discussed and argued. 
 

12 MEMBER REMPE: And the GA philosophy is 
 

13 -- 
 

14 CHAIRMAN BLEY: And the committee got 
 

15 involved in it as well. But they're pretty similar. 
 

16 MR. RECKLEY: Yes. 
 

17 CHAIRMAN BLEY: There are some minor 
 

18 differences. And I don't remember the  differences 
 

19 in that case. 
 

20 MEMBER REMPE: Thank you. 
 

21 CHAIRMAN BLEY: Tom Kress did a lot  of 
 

22 thinking about this. And wrote some things on his 
 

23 own about it, too, didn't he, as I recall. 
 

24 MR. RECKLEY: So, I put this figure in. 
 

25 It's not actually in the paper. But the discussion 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 



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

66 

1 of mechanistic source term, we did add a paragraph. 
 

2 It was one of the feedbacks on our draft that   the 
 

3 topic of how does the radioactive material  migrate 
 

4 across barriers, whatever they may be, is the  key. 
 

5 You know, that's the point that we're discussing. 
 

6 Non-lights are -- have traditionally sets 
 

7 out to do that using a mechanistic source term versus 
 

8 what one might say was the traditional approach  of 
 

9 just making the assumption on a certain degree   of 
 

10 core damage and then a certain amount of leakage from 
 

11 the containment building in light water reactors. 
 

12 So, so this will be key. And within 
 

13 this, and this figure was derived, first showed up, 
 

14 or a variant of it, in  the NGNP. And it's carried 
 

15 forward to some of the licensing modernization 
 

16 project discussions. There is a whole lot that needs 
 

17 to go into actually understanding this graph or, you 
 

18 know, this how you model these events to  determine 
 

19 what your releases are going to be. 
 

20 So, this process, as we describe it, my 
 

21 fear was it comes across as being relatively 
 

22 straightforward and simple, and then we're done. 
 

23 Boy, people can just take off. Actually, when we're 
 

24 done people can start. 
 

25 PARTICIPANT: It will actually be  very 
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1 difficult. 
 

2 MR. RECKLEY: Right. Because, because 
 

3 all of these things require a lot  of work. Right? 
 

4 I mean, qualifying fuel, that's an activity for the 
 

5 TRISO fuel that's been going on now for the last 10, 
 

6 15 years, and it's still ongoing. 
 

7 Obviously, you guys were hearing  about 
 

8 other fuels and so forth. But that's, that's a big 
 

9 activity. Just the materials, we have a whole effort 
 

10 undergoing in ASME, Section 3, Division 5 on   high 
 

11 temperature materials for these reactor designs. 
 

12 The analytics, you know, that's a whole 
 

13 strategy we have in terms of developing computer 
 

14 codes and simulations. So -- 
 

15 MEMBER POWERS: We see people 
 

16 recognizing this. As you say, this is a huge 
 

17 undertaking. And it gets especially expensive  as 
 

18 soon as you acquire the generated experimental data. 
 

19 And the fact of the matter is that with 
 

20 the existing fleet that central column, how the 
 

21 fission products get out of the fuel and get to the 
 

22 containment is one where at best you have a crude and 
 

23 not especially accurate mechanistic description. 
 

24 Despite having a wealth of external data. 
 

25 And now we see people writing paeans of 
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1 truths of massive, parallel computation as the route 
 

2 to avoid this. Is the thinking about these future 
 

3 licensing going to address the question of where 
 

4 there really needs to be experimental data, 
 

5 particularly on those things that are proven to  be 
 

6 difficult to calculate in an a priori sense with the 
 

7 existing fleet? And is your central column, red 
 

8 column there where we simply cannot calculate 
 

9 kinetics for anything more sophisticated than two 
 

10 hydrogen atoms combining. That is the limit of our 
 

11 ability to do a priori kinetics. 
 

12 MR. RECKLEY: And I'll go back. And we 
 

13 had some discussions of all the strategies. But in 
 

14 terms of the analytical parts of it, yeah, it has to 
 

15 be rooted, you have to do your validation and 
 

16 verification to the satisfaction of the  developer, 
 

17 their quality assurance, and ultimately to the  NRC 
 

18 that -- 
 

19 MEMBER POWERS: Yeah, but that is --  I 
 

20 mean, as soon as you find out, for instance, CEA just 
 

21 conducted some very nice experiments on fission 
 

22 product release from LWR fuel. It's very useful. It 
 

23 revealed many things that we have not anticipated in 
 

24 the existing fleet. Those things cost about $3 
 

25 million dollars a pop. 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 



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

69 

1 As soon as you tell people that they're 
 

2 going to have to generate a base of experiments at $3 
 

3 million a pop, they're going to say, hmm, I can  go 
 

4 and do that or I can go talk to a congressman. It's 
 

5 a hell of a lot cheaper to talk to a congressman. 
 

6 MR. RECKLEY: Kind of related to this -- 
 

7 MEMBER KIRCHNER: It's interesting, in 
 

8 your -- you actually gloss over the MHTGR  example, 
 

9 the general design criteria. But one of the things 
 

10 that's changed in that, if that's the root 
 

11 definition, so to speak, of functional  containment 
 

12 you're changing the word from the existing GDC, and 
 

13 for that matter the advanced reactor generic 16 
 

14 criterion from uncontrolled release to controlled 
 

15 release. And that comes back to your diagram, which 
 

16 conveniently -- okay, next one. 
 

17 So it seems to me the implication is now 
 

18 you have to model all these things and have all the 
 

19 experimental data and such. You need a fairly mature 
 

20 design going in to make the convincing argument that 
 

21 I can get by without essentially leak-tight 
 

22 containment. You see where I'm going? 
 

23 Your wording changes a barrier  against 
 

24 uncontrolled release to multiple barriers to provide 
 

25 controlled release. And it implies, therefore, you 
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1 need all that, you need a very clear design so  you 
 

2 can look at all the leak backs, for example, of just 
 

3 the buildings and such, and have reasonable 
 

4 confidence that, you know, you can model all these, 
 

5 these leaky places in the building and not have  -- 
 

6 you know, starting from the source term and the fuel. 
 

7 Or if it's a liquid fuel you already have the source 
 

8 term going. And on. 
 

9 MR. RECKLEY: Right. 
 

10 MEMBER KIRCHNER: You see where I'm going 
 

11 with this? 
 

12 MR. RECKLEY: I do. And I'll be with 
 

13 you up to the point where you need to have the 
 

14 understanding of each barrier and the success and the 
 

15 uncertainties associated with each barrier. 
 

16 MEMBER KIRCHNER: Right. 
 

17 MR. RECKLEY: That's true. 
 

18 MEMBER KIRCHNER: I mean, that suggests 
 

19 a very mature design. So going back to this 
 

20 uncertainty in the licensing process and such, I 
 

21 think in general if you go down this route -- which 
 

22 I applaud because it's performance-based rather than 
 

23 dit-dit-dit, you need a lot more majority than a lot 
 

24 of these designs have at the current time to   make 
 

25 that decision that you can go to a functional 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 



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

71 

1 containment. 
 

2 MR. RECKLEY: That's, and that's 
 

3 probably true. But it is within their design process 
 

4 the iterations and the critical decisions they'll 
 

5 need to make as to how to address that. And that's 
 

6 all we're trying to open up is it's really up to the 
 

7 designer to try to say how they're going to address. 
 

8 And they can add a barrier, like a building, or they 
 

9 can reduce the uncertainty on a barrier, like to try 
 

10 some fuel, or they can do something in between,  as 
 

11 long as they can demonstrate that the   radioactive 
 

12 material is not going to go from where it starts out 
 

13 to the public with an adequate assurance to satisfy 
 

14 us. 
 

15 That's, so let me -- running a   little 
 

16 late -- 
 

17 CHAIRMAN BLEY: Before you go on here, a 
 

18 couple of things. 
 

19 One is you mentioned briefly in the SECY, 
 

20 back in the source terms, not a whole lot about them, 
 

21 not even this much, just pictures. 
 

22 MR. RECKLEY: Right. 
 

23 CHAIRMAN BLEY: But on this picture  I 
 

24 wonder, I guess one could argue that   experimental 
 

25 data's embedded in the boxes around here, but maybe 
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1 the toughest thing here is   the chemistry. And I 
 

2 don't see that showing up in   the diagram. And I 
 

3 don't remember the old NGNP stuff but I can go back 
 

4 and look. But you're developing, you're going  to 
 

5 have something on mechanistic source term. 
 

6 MR. RECKLEY: Right. 
 

7 CHAIRMAN BLEY: We don't have a meeting 
 

8 scheduled for that yet; right? I don't believe we 
 

9 do. 
 

10 MR. RECKLEY: No. We'll have to kind of 
 

11 see how this discussion works into the licensing 
 

12 modernization. Right now it wasn't -- 
 

13 CHAIRMAN BLEY: Okay, that's where you 
 

14 expect it will start coming up. Okay. 
 

15 MR. RECKLEY: Maybe not even -- 
 

16 CHAIRMAN BLEY: It sounds as if you see 
 

17 what you've been doing and that all coming together 
 

18 into one. 
 

19 MR. RECKLEY: It all has to come together 
 

20 at some point. 
 

21 CHAIRMAN BLEY: Eventually. If you're 
 

22 going to endorse it or use it? 
 

23 MR. RECKLEY: Right. 
 

24 CHAIRMAN BLEY: Okay. 
 

25 MR. RECKLEY: But, but I'm not sure this 
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1 summer we'll have details on that other than   that 
 

2 it's a critical component. So we'll have to see. 
 

3 The NGNP papers and mechanistic  source 
 

4 term was one that the staff basically didn't have any 
 

5 major disagreements with NGNP. 
 

6 MEMBER KIRCHNER: But then, Bill, 
 

7 doesn't it beg that your definition of   functional 
 

8 containment has to have some dose consequence  when 
 

9 the -- 
 

10 MR. RECKLEY: Yeah, we'll actually -- 
 

11 MEMBER KIRCHNER: -- the advanced design 
 

12 criteria for the SFR that we saw actually appends a 
 

13 variation of the general GDC-16 with the actual 
 

14 leakage and dose stipulation. 
 

15 MR. RECKLEY: And we'll get there, we'll 
 

16 get there in a second. 
 

17 MEMBER KIRCHNER: Okay. 
 

18 MR. SCHULTZ: But, Bill, again this is a 
 

19 daunting regulatory approach. That is to say that 
 

20 we're going to hear about the   HTGR example. And 
 

21 they've gone through the evaluations, some of   the 
 

22 evaluations that would be required here. 
 

23 And the regulator has to develop a way in 
 

24 which to evaluate all of what has been examined and 
 

25 calculated and determined for the design in order to 
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1 move forward with functional containment evaluation 
 

2 from a regulatory perspective. And that's not a 
 

3 simple thing. 
 

4 MR. RECKLEY: None of this is simple. 
 

5 MR. SCHULTZ: I understand. Well, I'm 
 

6 comparing it to what has been done before: 
 

7 containment. As Member Skillman said, containment, 
 

8 box. 
 

9 MR. RECKLEY: I understand. And but we 
 

10 lived through this, unfortunately. 
 

11 MR. SCHULTZ: Yes. 
 

12 MR. RECKLEY: They weren't as simple -- 
 

13 MR. SCHULTZ: That's true. 
 

14 MR. RECKLEY: -- or as straightforward 
 

15 as we thought they were either. We have since the 
 

16 gener -- you know, since the development of the 
 

17 current set of containment designs the NRC has  had 
 

18 containment performance programs to look at it in the 
 

19 '80s. Obviously we revisited in Fukushima. 
 

20 And so, let's not over simplify the world 
 

21 of the light waters either. 
 

22 MR. SCHULTZ: Right. Okay. But there 
 

23 are issues and questions associated with what is 
 

24 going to be the -- 
 

25 MR. RECKLEY: Yes. 
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1 MR. SCHULTZ: -- regulatory requirement 
 

2 associated with things like -- 
 

3 MR. RECKLEY: Yes. 
 

4 MR. SCHULTZ: -- data, and 
 

5 demonstration, and experimentation -- 
 

6 MR. RECKLEY: Yes. 
 

7 MR. SCHULTZ: -- associated with 
 

8 assuring the functional containment that is proposed. 
 

9 MR. RECKLEY: Right. And, again, this 
 

10 is the catch-22. And it takes a lot of work,   it 
 

11 takes a lot of money. And what we have heard from 
 

12 the stakeholders is that we have to be   developing 
 

13 stuff in parallel, because otherwise they're spending 
 

14 all this money and they're not getting any regulatory 
 

15 feedback. 
 

16 MR. SCHULTZ: So this goes back to  we 
 

17 need to get our foot off the pedal of this issue so 
 

18 that that can emerge. 
 

19 MR. RECKLEY: Right. So that we can at 
 

20 least move forward. 
 

21 And again, when I look at the history and 
 

22 the previous Commission decisions, we're really 
 

23 asking the Commission to affirm, in my mind, really 
 

24 where I think they've already  weighed in. But we 
 

25 want to be absolutely sure, because as we go   down 
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1 this path and we work with the industry to  develop 
 

2 this guidance, we don't want to work on this for the 
 

3 next three, four years and then have the Commission 
 

4 say, no, go back. 
 

5 MEMBER REMPE: So, just to emphasize  a 
 

6 couple of things, there was something in the 
 

7 information you read that said the lack of action by 
 

8 the regulator actually delays progress on enhancing 
 

9 the safety of the advanced design because of the need 
 

10 for decisions. I'm very sympathetic to what you're 
 

11 saying here today, but a lot of times in this  last 
 

12 discussion it's been emphasized it costs so much for 
 

13 the developers to make -- and they aren't seeing any 
 

14 reduction in the regulator, but it takes time to get 
 

15 the data and it costs to get the data. 
 

16 I don't -- a lot of times in the 
 

17 discussions that we see, as Dana's pointing out, it's 
 

18 not, you can't get around with fancy tools,  you've 
 

19 got to have the data. And I know I was in one of the 
 

20 interactions on the Hill, and the Union of Concerned 
 

21 Scientists emphasized that point, too. And I'm 
 

22 sympathetic that that really has to be emphasized to 
 

23 the landscape of folks coming in. 
 

24 MR. RECKLEY: Yeah. And then, again, 
 

25 I'm not meaning to imply here that this is  somehow 
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1 they avoid all of that responsibility, or they avoid 
 

2 any testing, or they avoid  really anything. It's 
 

3 just that what we're trying to do is reduce the 
 

4 regulatory uncertainties as those costs are incurred 
 

5 to do that. 
 

6 MR. SEGALA: And I would just add, in the 
 

7 regulatory review roadmap there we joined, we  each 
 

8 had a separate white paper on prototype guidance, and 
 

9 then we've merged those two documents together. So, 
 

10 in that final roadmap document it's not just 
 

11 prototype guidance, it's guidance on how to evaluate 
 

12 what kind of testing you need to demonstrate   your 
 

13 safety system. 
 

14 So we have shared that with industry in 
 

15 terms of what we're looking for to demonstrate  the 
 

16 performance of the safety system. 
 

17 MR. RECKLEY: Okay. So, again, I wanted 
 

18 to just kind of reinforce that the heart of the 
 

19 development of performance criteria, acknowledging 
 

20 that this is largely process or philosophical, but it 
 

21 goes to the definitions of event categories. And so 
 

22 these are really some of them are slightly different 
 

23 than what you might be used to, but most of them are 
 

24 generally aligned. Normal operations is aligned. 
 

25 And we have regulations on what governs 
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1 how much radioactive material can be released through 
 

2 normal effluence and so forth. So those, that 
 

3 remains largely unchanged. 
 

4 Anticipated operational occurrences, the 
 

5 general frequency range is analogous to what's 
 

6 usually been talked about as anticipated operational 
 

7 occurrences. It's slightly different because as you 
 

8 get into now you're talking about PRA sequence 
 

9 frequencies, whereas the old definitions of the 
 

10 anticipated operational occurrences is reflected in 
 

11 ANS Standards 51, and 52.1, 51.1, and 52.1. 
 

12 They talk about the same range, but there 
 

13 was probably a little more leaning towards initiating 
 

14 event frequencies versus total sequence frequencies. 
 

15 But it wasn't defined, and it wasn't coming out of an 
 

16 actual PRA assessment. It was actually listing 
 

17 events like dropped control rod, or loss of feed 
 

18 water, or loss or load. They were actually 
 

19 specifying specific events to be assessment and then 
 

20 putting them into rough categories based on whether 
 

21 they expect it to occur or not expect it to   occur 
 

22 during the life of the facility. 
 

23 So, this definition of anticipated 
 

24 operational occurrences, again, it's generally 
 

25 familiar. I don't think it's a far reach from what 
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1 people are accustomed to. 
 

2 The offsite doses, again, these are 
 

3 anticipated events. The doses to the public, if any, 
 

4 are expected to be very small, would be governed by 
 

5 some fraction of Part 20. 
 

6 The current approach and the approach of 
 

7 some non-light water reactors would be that a 
 

8 barrier, they'll do an assessment of a barrier  and 
 

9 show that the anticipated operational occurrence 
 

10 doesn't challenge the barrier versus carrying it all 
 

11 the way out to an  offsite dose. For example, on 
 

12 light water reactors, if you show the cladding 
 

13 remains intact you don't then carry out the release 
 

14 of anything within the cladding all the way out  to 
 

15 the public. 
 

16 So, some of the non-lights might take 
 

17 that approach. Again, it's the same concept. It's 
 

18 showing that the dose is remaining very small as  a 
 

19 result of anticipated operational occurrence. If you 
 

20 show a barrier remains intact and the area   you're 
 

21 showing is no dose. 
 

22 MEMBER MARCH-LEUBA: Yeah. Built into 
 

23 all this analysis also, assumption of a single 
 

24 failure assumption. Are you going to require that? 
 

25 MR. RECKLEY: We were. And I'll get to 
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1 that. 
 

2 MEMBER MARCH-LEUBA: I can, I can wait. 
 

3 MR. RECKLEY: These sequences, other 
 

4 than the design basis accident which is a Chapter 15 
 

5 kind of assumption, and single failure would come in 
 

6 to the degree you have active components that   you 
 

7 have to assume single failures for. But these, 
 

8 otherwise, the three event categories are  PRA-type 
 

9 sequences. 
 

10 And so they are inherent -- there's  no 
 

11 assumption of a single failure. But there will be 
 

12 sequences where there were multiple failures, so. 
 

13 MEMBER MARCH-LEUBA: So you don't force 
 

14 a single failure? 
 

15 MR. RECKLEY: Not, not -- 
 

16 MEMBER MARCH-LEUBA: You consider it 
 

17 probably for one. 
 

18 MR. RECKLEY: Only for the design basis 
 

19 accident. 
 

20 MEMBER MARCH-LEUBA: And when you're 
 

21 rely so much on passive components, which you 
 

22 probably don't test regularly, how can you   assure 
 

23 that you are still there? 
 

24 MR. RECKLEY: Well, that, that will be - 
 

25 -  
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1 MEMBER MARCH-LEUBA: I mean, like you 
 

2 have a containment, and this containment somebody 
 

3 left a window open. You know, and not just because 
 

4 -- 
 

5 MR. RECKLEY: Well, everything that gets 
 

6 in place to control things will have to have 
 

7 surveillances and monitoring programs. I mean, we 
 

8 don't throw all of that away. That, that continues. 
 

9 So we'll talk about -- let me go on and 
 

10 then we'll come back. 
 

11 So, design basis events. As was 
 

12 mentioned, this is a slight, this is a defined term, 
 

13 or the staff considers it a defined term within the 
 

14 regulations. This is a slightly different definition 
 

15 of it because it's now not a -- it's now just a range 
 

16 category of event sequences. And it goes from the 
 

17 on the order -- again, we're not asking the Commission 
 

18 to agree yet whether it's 10 to the minus 2, 10  to 
 

19 the minus 4. Those have been the traditional 
 

20 numbers. But when we come back in the summer those 
 

21 will be the staff proposing in a regulatory guide to 
 

22 accept whatever those are, so. 
 

23 MEMBER CORRADINI: But let me just  be 
 

24 clear because you answered Jose in a certain way. 
 

25 From those, maybe you said it, they're a 
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1 definition. So you would take a subset of those to 
 

2 be the deviators? 
 

3 MR. RECKLEY: Yes. 
 

4 MEMBER CORRADINI: And then apply 
 

5 Chapter 15 assumptions? 
 

6 MR. RECKLEY: Yes. 
 

7 MEMBER CORRADINI: Okay, thank you. 
 

8 MR. RECKLEY: Then the beyond design 
 

9 basis will be from wherever the distinction is, the 
 

10 lower bound of the design basis events down to 
 

11 whatever the cutoff is in the range of 10 to the minus 
 

12 7. 
 

13 And throughout this, I mean, the exercise 
 

14 the designer is doing is they're doing iterations on 
 

15 designs, is they're seeing where an event falls here 
 

16 and then what they need to do to either lower a 
 

17 consequence, potentially by adding a barrier, or 
 

18 lower a frequency, maybe by adding a redundant system 
 

19 or somehow making sure the system they have is more 
 

20 reliable. So this, you know, as you go through these 
 

21 event categories -- and we'll visit this in the summer 
 

22 -- this becomes the exercise of looking at the 
 

23 licensing basis events. 
 

24 What will I, what will I do to make sure 
 

25 that an event doesn't jump across the category 
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1 because I need to increase the  assurance that a 
 

2 system's going to work? Or, how do I keep the dose 
 

3 from jumping across the line by, again, adding a 
 

4 barrier or taking some other, some other action. 
 

5 MEMBER REMPE: Sort of like a transient 
 

6 design that you had to analyze. 
 

7 MR. RECKLEY: Well, that, and that's, 
 

8 yeah, that's the biggest thing of this is this is an 
 

9 iterative process for the designer. But -- well, 
 

10 I'll leave that. 
 

11 CHAIRMAN BLEY: So the one that's a 
 

12 little odd or different to us is the beyond  design 
 

13 basis event. So we've sort of now invented a beyond 
 

14 the beyond design events category, which nobody has 
 

15 to think about, I suppose. And the beyond design 
 

16 basis events you've just got to try to make sure they 
 

17 won't jump up and become more likely or more higher 
 

18 consequence. 
 

19 MR. RECKLEY: Right. 
 

20 CHAIRMAN BLEY: Okay. 
 

21 MR. RECKLEY: There's always going -- 
 

22 CHAIRMAN BLEY: But they are less likely 
 

23 then. 
 

24 MR. RECKLEY: There's always going to be 
 

25 some, there's always going to be some residual risk; 
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1 right? And so -- 
 

2 CHAIRMAN BLEY: And you're defining that 
 

3 at somewhere around 10 to the minus 7? 
 

4 MR. RECKLEY: I'll defer to people  who 
 

5 use those kind of numbers to tell me where that floor 
 

6 is, so. 
 

7 So then you have -- 
 

8 MR. SCHULTZ: You're not proposing, I 
 

9 mean you have the frequency consequence diagram out 
 

10 there. But you're not proposing that that is a 
 

11 concept that the staff is endorsing? 
 

12 CHAIRMAN BLEY: Well, it's in a  table 
 

13 here describing all the stuff he's got. 
 

14 MR. SCHULTZ: Well, I mean it's 
 

15 described. But the frequency diagram shows the -- 
 

16 MR. RECKLEY: My, my thinking is that -- 
 

17 MR. SCHULTZ: Data points on the right- 
 

18 hand side of the curve. 
 

19 MR. RECKLEY: The exact points, the lines 
 

20 on here we're not asking the Commission to weigh in 
 

21 yet. But we are trying to give warning on the next 
 

22 round we're going -- this curve will be integral. 
 

23 Now, what we've tried to say in our 
 

24 feedback to the licensing modernization is not   to 
 

25 consider this a kind of go/no go line. You are 
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1 setting out as an objective to be as far away as you 
 

2 can be, not -- 
 

3 MR. SCHULTZ: I'm surprised it's a line 
 

4 and not a band. 
 

5 MR. RECKLEY: A band. Well, there's 
 

6 some variations that have bands. And so but we're 
 

7 not asking the Commission on this paper. That paper 
 

8 will come in the summer or fall. 
 

9 MR. SCHULTZ: Sure. 
 

10 MEMBER CORRADINI: Just one. I think I 
 

11 get your point. But -- you don't have to go back to 
 

12 the figure -- but if I started placing things on that 
 

13 figure with some sort of barriers, boundaries, where 
 

14 is the process that helps the industry understand how 
 

15 they determine the uncertainty? Because it strikes 
 

16 me that the X axis uncertainty and the Y axis 
 

17 uncertainty as a design use, the maturing will get 
 

18 smaller. But most of these will have very wide 
 

19 uncertainties. 
 

20 MR. RECKLEY: The general approach to 
 

21 this is that the PRAs are going to be done in 
 

22 accordance with an NRC-approved ASME/ANS  standard. 
 

23 That they'll be the equivalent of Reg. Guide  1.200 
 

24 for non-light water reactor PRAs. Inherent in that 
 

25 will be how you address uncert -- how you  identify 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 



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

86 

1 and address uncertainties in those kind of key, key 
 

2 topics. 
 

3 When we talk about putting a plot,  you 
 

4 really put a point and then uncertainty bands on these 
 

5 sequences. So, and where the uncertainty pauses you 
 

6 would cross in that category or consequence targets, 
 

7 that informs you. 
 

8 MEMBER CORRADINI: So let me just -- so 
 

9 the risk experts or the PRA experts aren't   saying 
 

10 anything. So this makes me worry. 
 

11 The X axis is more phenomenological. The 
 

12 Y axis strikes me as much more level one-ish,   for 
 

13 want of a better word. And I'm just struggling with 
 

14 who is going to start going through -- I guess I 
 

15 thought, I keep on coming back to a pilot. I'm trying 
 

16 to think who is thinking this through so as they go 
 

17 through this exercise they can reflect on you,  and 
 

18 you can say, yeah. Because just saying it's going 
 

19 to be the standard. Okay. But that puts it way out 
 

20 into the future and get through committees. 
 

21 And I'm struggling with this from the 
 

22 pilot standpoint of what would, how these things 
 

23 would sit on a particular design with a  particular 
 

24 concept. 
 

25 MR. RECKLEY: And this -- 
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1 MEMBER CORRADINI: The closest we got 
 

2 were the white papers that NGNP provided. And then 
 

3 the activity stopped for non-light water. That's the 
 

4 closest that I've ever seen. 
 

5 MEMBER REMPE: Back in the days of  the 
 

6 MHTGR interactions with the NRC, they used to  have 
 

7 the -- 
 

8 MEMBER CORRADINI: But it's the same 
 

9 graph. 
 

10 MEMBER REMPE: Yeah. But they would put 
 

11 little dots with little arrow bars on it. 
 

12 MEMBER CORRADINI: But that's the same 
 

13 graph that we got -- 
 

14 CHAIRMAN BLEY: No, you're thinking of 
 

15 examples, and 1860 had an appendix that applied to an 
 

16 LWR and showed how you would characterize all   the 
 

17 events out of the PRA and how you would  eventually 
 

18 get to design basis accidents. And you guys did the 
 

19 same thing. 
 

20 MEMBER REMPE: Right. But the 
 

21 discussion really ought to emphasize to the landscape 
 

22 you need a design and a PRA to do this. And I hope 
 

23 that they all are hearing this. 
 

24 MR. RECKLEY: I think so. 
 

25 MEMBER KIRCHNER: I have just a question. 
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1 The other thing in that, in that space there is then 
 

2 selection of structures, systems, and components, and 
 

3 safety classification. So now, say on paper coming 
 

4 in they're off the charts below, how are you going to 
 

5 use that information on making decisions about  the 
 

6 multiple barriers that provide the equivalent 
 

7 containment, the functional containment? Or will you 
 

8 just say that a priori if that particular barrier is 
 

9 part of your functional containment it's safety 
 

10 class? 
 

11 MR. RECKLEY: Well, that's a good, that's 
 

12 a good -- let me do that using this graph   because 
 

13 this is a -- 
 

14 CHAIRMAN BLEY: Yeah, but before you do 
 

15 that. 
 

16 MR. RECKLEY: No, that's okay. 
 

17 CHAIRMAN BLEY: I want to interrupt you. 
 

18 I've let you just stretch out a  little 
 

19 bit because I think this is conceptually necessary. 
 

20 We've got to work through this. I'm going to take a 
 

21 15-minute break. We'll come back, finish up  your 
 

22 slides. I think this is an okay place to break. 
 

23 MR. RECKLEY: Yes. 
 

24 CHAIRMAN BLEY: You don't have many left 
 

25 but it could take a while. 
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1 I'm going to ask the two groups providing 
 

2 the examples to kind of speed those presentations a 
 

3 little bit. And I'll ask the committee to try to let 
 

4 them speak, especially SGGR's got about 20  slides. 
 

5 And then we'll wrap up. 
 

6 We'd like to get done by about noon 
 

7 because we're going to lose some members. And I was 
 

8 hoping we could -- 
 

9 MR. RECKLEY: Okay. 
 

10 CHAIRMAN BLEY: -- drag it on a bit 
 

11 longer, but I think several of our members have  to 
 

12 leave about noon. 
 

13 But you were about to say something? 
 

14 MR. RECKLEY: No. 
 

15 CHAIRMAN BLEY: Okay. So, we will 
 

16 recess for 15 minutes. We'll start promptly at 25 
 

17 to 11:00. 
 

18 (Whereupon, at 10:18 a.m., the committee 
 

19 recessed, and reconvened at 10:34 a.m.) 
 

20 CHAIRMAN BLEY: We are back in session. 
 

21 The meeting recorder, I need to correct the record. 
 

22 I neglected to mention Member Dick Skillman when  I 
 

23 read the list of attendees. He's been here for the 
 

24 whole meeting. I apologize, Dick. And speak up, 
 

25 Dick.  
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1 MEMBER SKILLMAN: Yes, sir. 
 

2 CHAIRMAN BLEY: Back to you, Bill. 
 

3 MR. RECKLEY: Okay. So taking what we 
 

4 talked about before the break, and boiling it down to 
 

5 the process or the methodology for defining 
 

6 performance criteria for the functional containment, 
 

7 this graph tries to boil that down into, into   the 
 

8 approach. Which is, if you start with the 
 

9 fundamental safety functions of controlling 
 

10 reactivity, removing decay heat, and retaining  the 
 

11 radionuclides, one of the first things we wanted to 
 

12 do is to say the fundamental safety function at play 
 

13 for functional containment is the retention of 
 

14 radionuclides. 
 

15 So that limits what we're going to   be 
 

16 looking at. 
 

17 And then you go down and go through each 
 

18 event category and what are the structures, systems, 
 

19 components, to some degree maybe even programs that 
 

20 you're relying on in order to retain the fission 
 

21 products through the various event categories. 
 

22 That, since each event category has a 
 

23 performance criteria, that becomes the  performance 
 

24 criteria for your functional containment for that 
 

25 category. Aggregate all of those and you get  what 
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1 there are for requirements for the containment, for 
 

2 the functional containment, whatever is serving that 
 

3 purpose. 
 

4 This, this again is a little  different 
 

5 than the light, than the light  water approach. I 
 

6 mean, to me really functional containment becomes all 
 

7 three fission product boundaries that we talked about 
 

8 for light water reactors. 
 

9 So, again, it's a little different, a 
 

10 little different thinking. Containment in light 
 

11 water reactors is generally after you've already 
 

12 thought you've lost the other barriers. In this kind 
 

13 of thinking those barriers are part of your 
 

14 functional containment. And so that's why that TRISO 
 

15 fuel is part of, in the gas-cooled reactors, part of 
 

16 the functional containment. 
 

17 To me it's not that big a  distinction. 
 

18 If I were to put functional containment on light water 
 

19 reactors I'd put the fuel cladding as part of   the 
 

20 functional containment. 
 

21 So, you go down, again, so you just  go 
 

22 through the various event categories we've  already 
 

23 talked about. And it would, it would pop out either 
 

24 as the performance measure is the frequency 
 

25 consequence target, or a fuel  design limit. That 
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1 could be, again, that could be cladding. It could 
 

2 be temperatures. It could be whatever barrier 
 

3 integrity measure is set up for that particular 
 

4 technology. 
 

5 CHAIRMAN BLEY: You're covered. I was 
 

6 going to say you're kind of covered. You're covered. 
 

7 MR. RECKLEY: Yeah. 
 

8 CHAIRMAN BLEY: But it's curious to  me 
 

9 that you put fundamental safety functions up there. 
 

10 And so I'm only looking at one of them. 
 

11 MR. RECKLEY: Oh. 
 

12 CHAIRMAN BLEY: And which isn't quite 
 

13 consistent with the bow tie diagram and the 
 

14 discussion back there. 
 

15 MR. RECKLEY: Oh, I'm sorry. 
 

16 CHAIRMAN BLEY: And as we come down 
 

17 through it you pick up at least the decay heat removal 
 

18 aspects and then the reactivity to the fuel  design 
 

19 limits. 
 

20 MR. RECKLEY: I'm sorry, I misspoke. 
 

21 CHAIRMAN BLEY: Yeah, and so -- 
 

22 MR. RECKLEY: In this paper we only are 
 

23 addressing -- because this is a functional 
 

24 containment paper. Really when you look at a 
 

25 designer, and what we'll come back to talk about for 
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1 the broader licensing modernization and the whole 
 

2 framework, you will repeat this for each   critical 
 

3 safety function or each fundamental safety function. 
 

4 So, yeah, I'm sorry, it's not as if  we 
 

5 are going to say we don't care about reactivity, we're 
 

6 only going to see what the ultimate outcome is   in 
 

7 terms of radiological release. I meant only for this 
 

8 paper am I focusing on functional containment and the 
 

9 retention. 
 

10 CHAIRMAN BLEY: Even within this paper 
 

11 when you get down to your performance criteria  and 
 

12 whether I meet my fuel design limits and the F-C 
 

13 curves for those two, you're picking up decay  heat 
 

14 removal -- 
 

15 MR. RECKLEY: Sure. 
 

16 CHAIRMAN BLEY: -- and reactivity 
 

17 control because -- 
 

18 MR. RECKLEY: Because that's how you do 
 

19 it. 
 

20 CHAIRMAN BLEY: -- that's the evidence 
 

21 of safety. 
 

22 MR. RECKLEY: That's right. 
 

23 CHAIRMAN BLEY: It just feels a  little 
 

24 hokey, that's all. 
 

25 MR. RECKLEY: Right. Again, these 
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1 things are independent. You are,  in order to 
 

2 maintain fuel integrity you have to remove the heat, 
 

3 so, for most designs in any case. 
 

4 MR. SCHULTZ: Bill, just to go back  to 
 

5 your comment. If you were going to apply this  to 
 

6 LWRs, the normal, under normal operation an 
 

7 anticipated event which the fuel and the cladding are 
 

8 the functional containment. 
 

9 MR. RECKLEY: Right. That's right. 
 

10 MR. SCHULTZ: So this is an extrapolation 
 

11 in a sense. 
 

12 MR. RECKLEY: That's right. 
 

13 So, the bolded one is design basis 
 

14 accidents. And, again, I'll come back. The 
 

15 distinction there is that's a more traditional 
 

16 Chapter 15 kind of approach. I'm only crediting 
 

17 safety-related equipment. And I'm going to be 
 

18 comparing it to the 5034 regulatory requirements in 
 

19 terms of offsite dose. 
 

20 I'll just mention on the last one,  the 
 

21 beyond design basis accidents, in addition to   the 
 

22 frequency consequence targets, which are tied 
 

23 primarily or derived primarily from the NRC  safety 
 

24 goals, the last mention there is the EPA PAGs because 
 

25 a lot of designers are going to try to make sure they 
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1 don't exceed a certain does so that they can   then 
 

2 seek relief on emergency planning. And as John 
 

3 mentioned, we'll come back to these to talk   about 
 

4 that proposed rule later in the year. 
 

5 MEMBER REMPE: Bill, I was thinking about 
 

6 other topics we have to address. And I was looking 
 

7 at your definition of design  basis event. And in 
 

8 addition, you talked about integrity of the fuel 
 

9 cladding and coating. I'm thinking about  another 
 

10 thing that we're going to be discussing   tomorrow. 
 

11 And sometimes you can still have the fuel attached, 
 

12 but the control material might be gone. 
 

13 That's something you might want to think 
 

14 about because it goes at a lower temperature than the 
 

15 cladding if you go with, for example, accident- 
 

16 tolerant fuel. Right? So as you think about this, 
 

17 I don't know what all these different folks in  the 
 

18 landscape are doing, but basically the need to 
 

19 preserve the control of reactivity should be -- that 
 

20 was one of the top, and you've got reactivity control 
 

21 there. 
 

22 MR. RECKLEY: Right. 
 

23 MEMBER REMPE: It's just something that 
 

24 you might want to think about in your definitions. 
 

25 MR. RECKLEY: Okay. 
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1 MR. SCHULTZ: Bill, do  you want to 
 

2 include the EPA PAGs in your box for design   basis 
 

3 events also? I understand that for design basis 
 

4 accidents -- 
 

5 MR. RECKLEY: Yeah. 
 

6 MR. SCHULTZ: -- you require single 
 

7 failure, so that you're going to allow, if you will, 
 

8 5034 limits, but. 
 

9 MR. RECKLEY: That goes with -- yes, 
 

10 that's a good point, it should be. Because it's a 
 

11 line that goes all the way up. 
 

12 Even its applicability to design  basis 
 

13 accidents has been under discussion, so. 
 

14 MR. SCHULTZ: Okay, good. 
 

15 MR. RECKLEY: So all of the things  in 
 

16 purple we'd say these are the performance  criteria 
 

17 for whatever serves the purpose of functional 
 

18 containment. 
 

19 I tried to address in the paper --  and 
 

20 I'm not sure, it was either clarifying or more 
 

21 confusing -- what becomes actually then the 
 

22 requirements on the building, a building. The 
 

23 assumption is that all of these reactors will be 
 

24 enclosed in something. 
 

25 And so the discussion has always been or 
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1 has frequently gone to containment building, I see a 
 

2 building, that's the containment. So, so you have 
 

3 these discussions. And so I included in the  paper 
 

4 what becomes the requirements on the enclosure,  on 
 

5 the physical building? 
 

6 That is potentially separate from what is 
 

7 the -- what is serving to retain the  radionuclides 
 

8 within the facility. But the first arrow connecting 
 

9 the purple to the building is in some cases the 
 

10 building will be one of the barriers, it will be  a 
 

11 key part of the functional containment. And to the 
 

12 degree that it's serving that role, then all of the 
 

13 requirements will come to it. 
 

14 If it is serving that role during a 
 

15 beyond design basis event, then it may have special 
 

16 treatment requirements but not be safety-related. 
 

17 If I'm credited in within the Chapter 15 
 

18 design basis accident, then it's going to have 
 

19 consequences in terms of -- I mean, it's going   to 
 

20 have the safety classification come along with that 
 

21 and be safety-related. 
 

22 So there is a potential for the physical 
 

23 enclosure to be part of the functional containment. 
 

24 In many cases it will be. It will pick up whatever 
 

25 the requirements are from the category in which it's 
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1 being credited. 
 

2 MEMBER SKILLMAN: I think it would  be 
 

3 very important that that point be emphasized. 
 

4 MR. RECKLEY: Okay. 
 

5 MEMBER SKILLMAN: In other words, if it's 
 

6 a strong box or concrete, or made or iron or  steel 
 

7 it's not precluded, it's just swept up in how  they 
 

8 licensee chooses to credit that device -- 
 

9 MR. RECKLEY: Right. 
 

10 MEMBER SKILLMAN: -- in terms of its 
 

11 required functional performance requirements. 
 

12 MR. RECKLEY: Right. That's right. 
 

13 MEMBER SKILLMAN: So but I hope that you 
 

14 will weave that into the text. 
 

15 MR. RECKLEY: Okay. 
 

16 MEMBER SKILLMAN: So that those who would 
 

17 say I really don't want to go through this whole 
 

18 thing, I'm just going to make a great big strong box, 
 

19 and I'll make sure it doesn't leak. 
 

20 MR. RECKLEY: That would be an option. 
 

21 MEMBER SKILLMAN: Yes. But I'm 
 

22 suggesting that you might want to consider embedding 
 

23 those words so that it is clear that the effort that 
 

24 you put into this doesn't halt that thinking, it 
 

25 simply makes it available as an option for the 
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1 designer. 
 

2 MR. RECKLEY: Okay. 
 

3 MEMBER SKILLMAN: Thank you. 
 

4 MR. RECKLEY: Then as we've talked about 
 

5 during the early parts of the presentation, the 
 

6 enclosure or the physical building can have   other 
 

7 functions. And it will pick up whatever requirements 
 

8 are coming with those functions. 
 

9 The first one, decay heat removal. Many 
 

10 of these systems, designs are using reactor  cavity 
 

11 cooling or reactor vessel cooling in which the 
 

12 building is going to have a role in that heat removal. 
 

13 That part of the structure is going to pick up,   a 
 

14 similar exercise is going to pick up whatever 
 

15 requirements come from it serving that function. 
 

16 So if that's your relied-upon,  safety- 
 

17 related decay heat removal and you're relying on part 
 

18 of the building, it's going to pick up, at least that 
 

19 part of the building is going to pick up those 
 

20 requirements. 
 

21 We mentioned external events, flooding 
 

22 protection, seismic protection, all of that would 
 

23 come. Security, if you're going to use it as  a 
 

24 delaying feature. Severe accident, it will get 
 

25 looked at as part of the severe accident mitigation 
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1 alternatives. 
 

2 And, lastly, of less concern to the NRC, 
 

3 the reason there's an enclosure going to likely  be 
 

4 there is because these are still very expensive 
 

5 facilities and they're going to have some kind   of 
 

6 asset protection from the designer and licensee's 
 

7 point of view. 
 

8 So that basically summarizes then really 
 

9 how we define the performance criteria. It's an 
 

10 event-based system. The performance criteria just 
 

11 get derived from the event categories. And then 
 

12 whatever you're crediting, it picks  that up. And 
 

13 then a couple pages of discussion on what other 
 

14 functions the physical enclosure might, might hold, 
 

15 might have with it. 
 

16 I have one additional slide just kind of 
 

17 as a --- also an IOU from the Reg. Guide on advanced 
 

18 reactor design criteria is the issue of your   fuel 
 

19 design limits. And what you use, and there's various 
 

20 proposals what to use. 
 

21 And within this paper we're simply trying 
 

22 to recognize that they're related. And the way this 
 

23 came out in the ARDC paper or Regulatory Guide  was 
 

24 that some designers, mainly the gas-cooled reactors 
 

25 that traditionally use specified acceptable 
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1 radionuclide release design limits, or SARRDLS, being 
 

2 the amount of radioactive material that's basically 
 

3 available for release should you have a rupture  in 
 

4 the primary circuit. And so they, they have  used 
 

5 that as their fuel design limit proposal. 
 

6 Obviously that kind of number gets tied 
 

7 to the functional containment because -- and  again 
 

8 this was the desirable thing from the designer's 
 

9 point of view in trying to get some feedback from the 
 

10 regulator, I'm now trying to control for each event 
 

11 category to make sure that I remain below the 
 

12 frequency consequence targets. 
 

13 I now have two variables that I can look 
 

14 at. I have the containment and how it holds   the 
 

15 material in. And I have my starting point of  how 
 

16 much radioactive material am I allowing to be in the 
 

17 system potentially released. And so I can back  up 
 

18 on one in order to reach that optimum, optimum design. 
 

19 CHAIRMAN BLEY: You just triggered a 
 

20 thought. And I don't know it belongs in this paper. 
 

21 But have you guys thought much about when I come in 
 

22 with a proposal for functional containment for   my 
 

23 design, my worry is in the future people will  fall 
 

24 back on the building; that's the containment. 
 

25 But really the functional containment 
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1 will be defined as a list of SSCs and  maybe 
 

2 phenomenology. That whole set is the functional 
 

3 containment needs to be tracked and protected as we 
 

4 would the building. 
 

5 MR. RECKLEY: Right. Yes, and again, I 
 

6 don't mean to over simplify because anticipated 
 

7 operational occurrences and design basis event, 
 

8 that's not one, that's multiple sequences that will 
 

9 bring into play, as you're mentioning, different 
 

10 sequences, different phenomena, and different events. 
 

11 And maybe what I'm needing to address for one design 
 

12 basis event is different than another design  basis 
 

13 event. 
 

14 And it's going to define a requirement on 
 

15 whatever I'm crediting. Or maybe I credit  within 
 

16 design basis events, I credit two different  things 
 

17 because there's two different event sequences and 
 

18 phenomena I've planned. So it would get, hopefully, 
 

19 picked up. But both of those then become part  of 
 

20 functional containment. 
 

21 CHAIRMAN BLEY: Yeah, absolutely. We'll 
 

22 have to develop a new mindset here. 
 

23 MR. RECKLEY: Yes. 
 

24 So this just, again, this just summarizes 
 

25 what I just said. I know it's kind of philosophical 
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1 or process oriented. But basically at this point, 
 

2 from my viewpoint what we're asking the Commission to 
 

3 do is to let us free up this aspect of the design and 
 

4 treat it like the other aspects of the design because 
 

5 there's been some question as to whether we   would 
 

6 require some kind of physical enclosure to serve this 
 

7 purpose. 
 

8 And, again, different people read the 
 

9 history different. This is just to try to  resolve 
 

10 it once and for all. 
 

11 Once the Commission were to decide that 
 

12 we can proceed this way we'll be back because all of 
 

13 these other, you know, this just becomes then a part 
 

14 of the puzzle. And we're just, so we would be back 
 

15 to explain how it fits in with the rest of the pieces. 
 

16 MR. SEGALA: Bill, can you talk  really 
 

17 quick about the second sentence in the note on slide 
 

18 19? I don't know if you already discussed that, but 
 

19 I think -- 
 

20 MR. RECKLEY: Yeah. This was really my 
 

21 -- this was just a close-out of the paper. And where 
 

22 we're taking some differences between the  specific 
 

23 terminology like design basis event, really when you 
 

24 get down to the definition of the design basis  for 
 

25 each structure, system, and component, I think this 
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1 maintains that same basic concept. 
 

2 Your really have to do -- and I know in 
 

3 the Fukushima discussions, those who were involved in 
 

4 those, we had to go through what does it mean to have 
 

5 a design basis established for a structure, system, 
 

6 and component. And different components are playing 
 

7 different roles in different events. 
 

8 That's all part of the design basis for 
 

9 that, for that particular component. But the 
 

10 terminology we've used over the years is so bad that 
 

11 it's very hard. I mean, because we have design basis 
 

12 accidents, design basis events. They have very 
 

13 particular meanings within Chapter 15 and so forth. 
 

14 Whereas, the design basis for an actual component is 
 

15 much more straightforward engineering: it's 
 

16 whatever you're asking that component to do for 
 

17 whatever reason you're asking it to do it, and   so 
 

18 over the range of events. 
 

19 And I think this one we maintain  that. 
 

20 And one can argue really what we're doing, going back 
 

21 all the way to this curve, is we're just taking   a 
 

22 much more systematic approach to evaluating events, 
 

23 categorizing them. And especially down in this area 
 

24 because even for -- I mean, for the operating reactors 
 

25 by the time we get down here we're defining particular 
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1 events and saying you don't need to address that one, 
 

2 but you do need to address station blackout and ATWS. 
 

3 But you don't need to address some other sequence out 
 

4 of the PRA. 
 

5 So, I think with that we can -- this just, 
 

6 this slide just goes through what I already said about 
 

7 the enclosure having functions associated with it. 
 

8 So, with that we can get into how  this 
 

9 might actually be applied to a specific technology. 
 

10 CHAIRMAN BLEY: At this point I want to 
 

11 ask all the members and see who has to leave right at 
 

12 noon and who can -- 
 

13 (A show of hands.) 
 

14 CHAIRMAN BLEY: A couple, three of you. 
 

15 Who has to leave by 1:00 o'clock? 
 

16 (A show of hands.) 
 

17 CHAIRMAN BLEY: So about half of us. So 
 

18 we need to kind of condense this. We might go over 
 

19 a little bit or he won't make any sense, there won't 
 

20 be half of us here. 
 

21 MR. RECKLEY: Really going through the 
 

22 examples, so really this was kind of the end. 
 

23 CHAIRMAN BLEY: Okay. And I'd ask the 
 

24 members to restrain our questions on the examples, if 
 

25 we can. Really we're going after concepts and things 
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1 we're going to come back to in April. 
 

2 MR. RECKLEY: Well, the full committee 
 

3 will be in April on this, yes. 
 

4 CHAIRMAN BLEY: On this, yes. 
 

5 MR. RECKLEY: Farshid, can you introduce 
 

6 yourself? 
 

7 MR. SHAHROKHI: My name is Farshid 
 

8 Shahrokhi. I work for Framatome. And today I 
 

9 represent the HTGR Technology Working Group. I am 
 

10 the chairman of that work. 
 

11 HTGR -- next slide, please -- HTGR 
 

12 Technology Working Group is a volunteer group 
 

13 attached to the NEI Advanced Reactor Working Group. 
 

14 Our members are Framatome -- our developer  members 
 

15 are Framatome; Star Core, a Canadian company with a 
 

16 small HTGR; X-Energy, with the pebble bed design; and 
 

17 Kairos Power. 
 

18 Kairos Power is not an HTGR but, however, 
 

19 it's a molten salt reactor, fluoride, molten fluoride 
 

20 reactor. But it intends to use TRISO particle fuel 
 

21 as their fuel. So they've joined our working group. 
 

22 Of course BWXT, which is our fuel 
 

23 manufacturing arm. 
 

24 We are also supported by NEI and EPRI and 
 

25 Idaho National Lab. 
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1 Next slide, please. 
 

2 Today I was planning on providing you an 
 

3 example of developing our functional containment for 
 

4 a high temperature gas-cooled reactor through a 
 

5 process of event categories, which was discussed 
 

6 earlier in general as the technology-inclusive items. 
 

7 For us, we will go through our barriers. 
 

8 For us TRISO particle fuel is very important as far 
 

9 as functional containment  is concerned. So we'll 
 

10 discuss that. Our helium pressure boundaries, 
 

11 reactor cooling system for the light water  reactor 
 

12 folks, is also our important boundary for our 
  

13 accidents and events. 
 

14 And for this purpose for the reactor 
 

15 building as traditionally in the light water reactor 
 

16 world being considered as a containment, wanted to go 
 

17 over a little bit more about the other functions of 
 

18 the HTGR reactor building, which was a little bit too 
 

19 early. So HTGR reactor building for us has, of 
 

20 course, a radionuclide containment function. And of 
 

21 course there are, it has other functions that   was 
 

22 alluded to earlier. 
 

23 Next slide, please. 
 

24 So what is the functional  containment? 
 

25 How do we define functional containment for high 
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1 temperature, modular high temperature gas-cooled 
 

2 reactor ? I narrowed this to modular high 
 

3 temperature gas-cooled reactor because high 
 

4 temperature gas-cooled reactors can be designed as a 
 

5 modular design, have passive features, inherent 
 

6 safety features. Of course they can be designed 
 

7 larger with active features also. I'm just focusing 
 

8 our developers are only interested in a modular high 
 

9 temperature gas-cooled reactor, which is a smaller, 
 

10 passive, with inherent safety features. That 
 

11 actually limits the power level of our reactor. 
 

12 So, what do we mean? I will state up 
 

13 here what we mean by functional containment, which is 
 

14 a collection of design characteristics, design 
 

15 selections that taken together ensures radionuclide 
 

16 retention within multiple physical barriers. 
 

17 For us, emphasis is on the fuel. We rely 
 

18 on this fuel to retain majority of the products. And 
 

19 we must, of course, prove that through the 
 

20 qualification of this particular fuel. 
 

21 We've been using this fuel for over  50 
 

22 years and it has been being developed. We finally 
 

23 have come up with a fuel design that we think is  a 
 

24 winner and it's being characterized at Oak -- at Idaho 
 

25 National Lab and the DOE AGR program. 
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1 Of course our designer goals, of course, 
 

2 is to because of our reactor, our concept, our modular 
 

3 reactor, we intend to co-locate this reactor with the 
 

4 end user. Our end user, at least for Framatome, is 
 

5 process heat. So we want to co-locate this reactor 
 

6 near the process heat user. So we intend to  meet 
 

7 all, one of the additional designer's goals for  us 
 

8 is, or for the developer is to meet all the regulatory 
 

9 requirements of release of radionuclides at the site 
 

10 exclusionary boundary. 
 

11 So that means that we don't want to 
 

12 interfere with activities outside of our plant 
 

13 boundary. 
 

14 So what are our radionuclide  barriers? 
 

15 We have five barriers. Of course, the kernel itself 
 

16 is one of  our barriers. The kernels that we  are 
 

17 qualifying is the UCO fuel, the combination of  UO2 
 

18 and UC, that has certain characteristics that we 
 

19 believe and we have shown through the experimentation 
 

20 and characterization in Idaho that has a   superior 
 

21 performance to the UO2 fuel. So, the German fuel 
 

22 which was used in the early '80s and in the   early 
 

23 '80s and late '80s are UO2 based. And we selected 
 

24 UCO because we found that is has better performance 
 

25 characteristics. 
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1 For its coatings, it has  three, four 
 

2 different coatings. It's a pyrolytic, inner and 
 

3 outer pyrolytic carbon and a silicon carbide coating 
 

4 on each individual kernel. 
 

5 Graphite cores is also the next area for 
 

6 our reactor design, which is a prismatic design, is 
 

7 a stationary fuel assembly graphite, nuclear  grade 
 

8 graphite fuel assembly which these particle fuels 
 

9 have been compacted and then put into the fuel 
 

10 assemblies. 
 

11 The pebble bed design has a very similar 
 

12 fuel configuration but it's in a  pebble form. And 
 

13 moves, the fuel moves through the system as  online 
 

14 fueling. 
 

15 Helium pressure boundary is our reactor 
 

16 cooling system boundary. 
 

17 And then, of course, our reactor building 
 

18 is the fifth barrier. 
 

19 The next slide kind of pictorially shows 
 

20 what I was talking about as far as first, second, and 
 

21 third barrier. On the upper left is our TRISO 
 

22 particle fuel with the kernel and three coatings on 
 

23 it. This is approximately a millimeter in diameter. 
 

24 And the coatings are performed, very types of coating 
 

25 processes. And the one that we know it works in BWXT 
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1 is the continuous coating process. 
 

2 And then for the prismatic design  they 
 

3 use the TRISOs, are made into fuel compact, and 
 

4 compacts put into the fuel assemblies. 
 

5 For the pebble design, they are made into 
 

6 the pebble and then it's a tennis ball sized graphite 
 

7 ball. The inside of it is thousands of these TRISO 
 

8 particle fuel. 
 

9 Next is a depiction of our fourth 
 

10 barrier, which is the reactor cooling system. This 
 

11 is the prismatic design where you have an   annular 
 

12 core with graphite moderators and fuel  assemblies. 
 

13 And, of course, it shows one of the, one of the two 
 

14 steam generators for our reference design. 
 

15 Next slide, please. 
 

16 And this slide shows our fifth barrier, 
 

17 which is the reactor building for our design and  I 
 

18 believe for the X-Energy's design. It's an 
 

19 underground installation of the reactor system, which 
 

20 is the core, the reactor vessels, steam   generator 
 

21 vessels. And they're both in a silo  configuration 
 

22 underground. 
 

23 And, of course, our building is a vented, 
 

24 low pressure reactor building. And this is one of 
 

25 the reasons that we were here as far as  functional 
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1 containment. We do not want our reactor, at  least 
 

2 our design does not favor a pressure retaining 
 

3 containment because, because of the technical 
 

4 reasons. And we would like to vent the primary 
 

5 system in case of the primary   system breaks. We 
 

6 would like to vent that and we believe that that 
 

7 circulating radioactivity is known that it meets the 
 

8 10 CFR 20 limits. 
 

9 And what's the driving force between the 
 

10 -- since our primary system is helium it's not 
 

11 condensable, it's not off the water, you can spray on 
 

12 it just a light water reactor. If you can't do that, 
 

13 you've got to get rid of it, otherwise you're   not 
 

14 making a very safe reactor for us. In fact, we would 
 

15 not -- we would endeavor not to design this reactor 
 

16 if we have to have a pressure-containing building as 
 

17 our fifth barrier. It's not necessary for reasons 
 

18 that we will have to show that's proper. 
 

19 Next slide, please. 
 

20 This slide you've just seen. I'm going 
 

21 to go through this particular slide as far as finding 
 

22 what's the performance requirement, criteria for our 
 

23 reactor building. Of course, every barrier will go 
 

24 through this process. 
 

25 On the left is, of course on top are 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 



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

113 

1 fundamental safety functions as far as radionuclide 
 

2 retention is concerned. And we'll go through 
 

3 individual accidents, individual events, licensing 
 

4 basis events we call it. In the normal operation, 
 

5 anticipate AOOs, design basis events. And a selected 
 

6 portion of that that we would call design basis 
 

7 accident, which we have a deterministic analysis in 
 

8 our Chapter 15, and beyond design basis. 
 

9 So, for normal operations, Part 20 is our 
 

10 performance criteria. And Bill just went through all 
 

11 of these, what these performance criteria are   for 
 

12 these various accident categories. 
 

13 The frequency/consequence curve that 
 

14 you've seen earlier, you've seen it earlier through 
 

15 the NGNP and through the  GA's efforts. There are 
 

16 different figures. But they're all basically  the 
 

17 same. There is a low frequency/low consequence, low 
 

18 frequency/high consequence, depending on which 
 

19 category of accident events you have. 
 

20 And, of course, your fuel  performance, 
 

21 the information that you get from your fuel 
 

22 characterization, the fuel performance under various 
 

23 accident conditions derives the X axis calculations, 
 

24 which is the dose calculation. 
 

25 So -- Go ahead. Oh, I'm sorry. 
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1 So these, going through various accident 
 

2 scenarios establishes -- and, of course, your design 
 

3 establishes requirements on individual barriers, in 
 

4 this case the reactor building, which I will describe 
 

5 a little later. 
 

6 Next slide, please. 
 

7 This slide, you just  saw that. And I 
 

8 just put it in there. I wasn't sure whether Bill was 
 

9 going to include it. It just shows the  different 
 

10 regions for AOOs design basis events and beyond basis 
 

11 events. And, of course, our goal is to stay within 
 

12 EPA dose limits. So we're not really concerned too 
 

13 far. On the right side our design has to show that 
 

14 in order for us to co-locate it near our end user we 
 

15 need to stay below 1 rem at the outside boundary, our 
 

16 EAB. So we have to show that analysis with the fuel 
 

17 characterization results and our codes and ethics. 
 

18 So, going through each individual -- next 
 

19 slide. Thank you. Going through each individual 
 

20 barrier, what is the function of these barriers, what 
 

21 do they do? And we have to understand what  these 
 

22 barriers are for. 
 

23 The kernel itself is the majority of 
 

24 radionuclides stays in the kernel. The most 
 

25 efficient things happen, unless it's a mobile  type 
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1 fission product, it stays  within the kernel. So 
 

2 majority stays in kernel. 
 

3 Kernel is important for us. And we 
 

4 wanted to make sure, we picked the UCO kernel   for 
 

5 this particular reason, it has better performance 
 

6 characteristics than other types of kernel. 
 

7 The TRISO coatings have different types 
 

8 of function. Each coating has a different type  of 
 

9 function. We had a source term white paper  during 
 

10 NGNP that went through details of what   individual 
 

11 barriers do and do not do. So that doesn't mean that 
 

12 every fission product is retained. Some fission 
 

13 product that's walked through some of these barriers, 
 

14 we understand those. And we need to account for it. 
 

15 The core graphite is the graphite for the 
 

16 pebble is the graphite that holds these TRISOs 
 

17 together in a tennis ball form. For us in the 
 

18 prismatic world is the fuel assembly and our graphite 
 

19 model is actually our core. And also it has a 
 

20 retention function. And also it has a cooling 
 

21 function for us because the graphite actually works 
 

22 as our, not only as our moderator, as our heat sink. 
 

23 Post-accident graphite temperature can 
 

24 go up and holds some of the heat sink without 
 

25 deteriorating. So it works as a heat sink for  our 
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1 fuel, our accident simulators. 
 

2 And it also provides the -- okay,   the 
 

3 next barrier is our reactor pressure vessel,  which 
 

4 also has a retention capability because it holds the 
 

5 primary system together. It has a cooling function. 
 

6 We depend on the reactor pressure vessel to provide 
 

7 a conduction of heat through the cavities. So during 
 

8 a conduction cooldown, either pressurize or 
 

9 depressurize conduction cooldown, which is one of our 
 

10 accident scenarios, it provides a path for the heat 
 

11 to get from the core, through the vessel, into  the 
 

12 reactor cavity system and into the reactor   cavity 
 

13 cooling system which our only passive decay heat 
 

14 removal system for our design. 
 

15 MEMBER CORRADINI: I don't want to stop 
 

16 you if you're still finishing  your slides. But I 
 

17 have a question about number 10. 
 

18 MR. SHAHROKHI: Go ahead. Yes. 
 

19 MEMBER CORRADINI: So is it, these  are 
 

20 all design dependent but I'm not sure, is the reactor 
 

21 cavity cooling system a required decay heat removal 
 

22 system? 
 

23 MR. SHAHROKHI: Depends on your power 
 

24 level. For us, our modular power level is 625, 625 
 

25 megawatt thermal. We do need a reactor cavity 
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1 cooling system. 
 

2 MEMBER CORRADINI: Okay. Okay. 
 

3 MR. SHAHROKHI: But if you, if you 
 

4 technically, because we are looking at other designs, 
 

5 if you reduce your power level to let's say 50 
 

6 megawatt you really don't need a reactor cavity 
 

7 cooling system. You can -- 
 

8 MEMBER CORRADINI: So that's a -- well, 
 

9 the reason I -- So here's my, the reason I'm asking 
 

10 the question. Is the reactor building -- So let me 
 

11 put it provocatively and you tell me when I'm wrong. 
  

12 MR. SHAHROKHI: Okay. 
 

13 MEMBER CORRADINI: Is the reactor cavity 
 

14 cooling system safety grade, therefore the building 
 

15 has to be safety graded Seismic I? 
 

16 MR. SHAHROKHI: The function -- Yes. 
 

17 The answer is yes. But there is a  clarification 
 

18 there. 
 

19 The function of the reactor building is 
 

20 to maintain the geometry of not only the reactor 
 

21 cavity cooling system, which is a water wall system, 
 

22 but the vessel itself, because the vessel is 
 

23 supported in this cavity by a support system  which 
 

24 basically the reactor building provides the base of 
 

25 that support. So that, so it has those functions. 
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1 The third function of that reactor 
 

2 building, to allow for the depressurization path, 
 

3 basically the first puff. If you have a break in the 
 

4 primary system, the largest break we can have,   at 
 

5 least for our design, is the safety valve on our steam 
 

6 generator. If that, if that system, if that  valve 
 

7 breaks the primary system pressure pressurizes 
 

8 reactor cavity, we have to have a  depressurization 
 

9 path to the outside so we can depressurize the system 
  

10 and the building. 
 

11 MEMBER CORRADINI: Okay. Then that 
 

12 leads me to my last question which is I guess   the 
 

13 last sentence stumped me. "Limit air ingress." 
 

14 Again, design-dependent. 
 

15 MR. SHAHROKHI: Right. 
 

16 MEMBER CORRADINI: Is the machine 
 

17 running with essentially an inerted atmosphere in the 
 

18 building? 
 

19 MR. SHAHROKHI: No. 
 

20 MEMBER CORRADINI: Then I don't 
 

21 understand "limit air ingress." 
 

22 MR. SHAHROKHI: There is a -- 
 

23 (Simultaneous conversation.) 
 

24 CHAIRMAN BLEY: I'm sorry, everybody's 
 

25 talking without their mikes on. More than you. 
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1 MEMBER REMPE: I'll let the guys talk. 
 

2 MR. SHAHROKHI: Okay. Correct me if I'm 
 

3 wrong, please. 
 

4 So after the depressurization process, 
 

5 depending on what your depressurization cap is, the 
 

6 air ingress is through a torturous path. So we, we 
 

7 have to design the depressurization path so it goes 
 

8 through a torturous path to the outside so when all 
 

9 the air is exhausted, it's basically evacuated, 
 

10 pushed out into the atmosphere, including the primary 
 

11 system circulating helium, so that the reactor 
 

12 building is now, is full of helium. 
 

13 So, as the core cools air gets, 
 

14 potentially gets sucked in. 
 

15 MEMBER CORRADINI: So you have a  leak 
 

16 rate, the reverse leak rate criterion. 
 

17 MR. SHAHROKHI: Exactly. 
 

18 MEMBER REMPE: And you're worried 
 

19 because of air intake. 
 

20 MEMBER CORRADINI: I understand. 
 

21 MR. SHAHROKHI: Exactly. 
 

22 MEMBER CORRADINI: It's in the oxidation 
 

23 issue. So you have an air ingress loop rate? 
 

24 MR. SHAHROKHI: We have an air ingress. 
 

25 There is no limit, there's an ingress process  that 
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1 happens. Okay? So we have to show that once  air 
 

2 ingress happens into the reactor building, and  now 
 

3 what has to happen? That air, which obviously has 
 

4 to go through whatever the break is, gets into  the 
 

5 core, again tortuous path, gets into the  graphite, 
 

6 start oxidation process. 
 

7 So that has to be analyzed. We've done 
 

8 tests at Texas A&M is being -- of course, at the same 
 

9 time this is timed, at the same time core is cooling. 
 

10 So there is, there is a limit. When the core gets 
 

11 below 400 or 300 degrees C, the core graphite, then 
 

12 the oxidation process basically diminishes; doesn't 
 

13 matter how much oxygen you have there, the oxidation 
 

14 process is not there. 
 

15 We do have an oxidation limit on our 
 

16 critical part of our core, which is the core supports. 
 

17 This core has got graphite supports on the bottoms. 
 

18 It's a top down flow. These graphite supports are 
 

19 beads of graphite holding the core up on top. There 
 

20 are limits for this graphite because it has to 
 

21 actually structurally support the core. So I have 
 

22 to maintain my core geometry, a coolable core 
 

23 geometry because my reactor cavity cooling system is 
 

24 cooling my core. So, so I have to maintain that. 
 

25 I'm not -- I mean, everybody is worried 
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1 about -- 
 

2 MEMBER CORRADINI: You've answered my 
 

3 question. Thank you. 
 

4 MEMBER REMPE: So, I have a  different 
 

5 question if you're done. 
 

6 MEMBER CORRADINI: Yes, yes. 
 

7 MEMBER REMPE: On page 2 I believe  you 
 

8 list all the members of your HTGR Technical Working 
 

9 Group. 
 

10 MR. SHAHROKHI: Yes. 
 

11 MEMBER REMPE: And of all those members 
 

12 who's ready to submit a regulatory engagement plan? 
 

13 I know you've developed the technology working group 
 

14 roadmap for DOE. And I've seen that. Although I'm 
 

15 not sure that Carlos is part of that as much. 
 

16 But which group's ready to jump in and do 
 

17 a regulatory engagement? 
 

18 MR. SHAHROKHI: Our working group is  a 
 

19 little bit different from the other working groups. 
 

20 Because of our TRLs we are more competitors. We are 
 

21 also friends, you know. We meet in these  working 
 

22 groups. So, I don't know what X-Energy is doing as 
 

23 far as that question. 
 

24 I know AREVA, or Framatome now, 
 

25 previously AREVA, we are not ready to submit because 
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1 we don't have  enough design. And to have  enough 
 

2 design you have to have funding. So, no, we are not 
 

3 ready to submit. 
 

4 MEMBER REMPE: Of all the people in your 
 

5 member group from the outside here, I would have 
 

6 thought AREVA would be one of the first because it's 
 

7 a high technology readiness level that would be  -- 
 

8 although I understand the funding is an issue -- 
 

9 MR. SHAHROKHI: Right, right. 
 

10 MEMBER REMPE: Say you don't have enough 
 

11 aligned information, I'm a little surprised, because 
 

12 I think the other ones would be really far back  if 
 

13 you guys are back. 
 

14 MR. SHAHROKHI: You have to look at the 
 

15 big picture. From where I sit, my design sits today 
 

16 I am a billion and a half, a billion and a half to my 
 

17 first reactor, which my customer that sits over here 
 

18 wants to see -- doesn't want to pay -- but wants to 
 

19 see that it operates, it can be licensed, and it 
 

20 performs as I promised him. 
 

21 And I'll tell you, we're with 100 million 
 

22 of that. But I still have a lot of ways to go. I 
 

23 don't have enough information to go talk to him. 
 

24 MEMBER REMPE: That's a very important 
 

25 statement to make because I think the others  would 
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1 be, if they -- I think you would be ahead of the game 
 

2 compared to the others just from what you guys have. 
 

3 So I think it's a worthwhile statement to make. 
 

4 CHAIRMAN BLEY: Walt, did you have 
 

5 anything you wanted to get in there? 
 

6 MEMBER KIRCHNER: I'm okay. 
 

7 MEMBER CORRADINI: Can I go back to the 
 

8 last point. So there's nothing for the reactor 
 

9 building that is a barrier to radionuclide rays? 
 

10 MR. SHAHROKHI: The reactor building has 
 

11 some condensation features. Some -- we don't take 
 

12 credit for that. 
 

13 MEMBER CORRADINI: Okay. 
 

14 MR. SHAHROKHI: We don't take credit, 
 

15 yes. We have louvers and we don't take credit  for 
 

16 the louvers to close. These are non-safety louvers. 
 

17 We don't credit for that. 
 

18 So the next slide is basically is  it's 
 

19 telling you, telling us what the path from the source, 
 

20 which is these TRISO kernels, the fission is to the 
 

21 outside. This just basically walks you through that. 
 

22 For the fission projects, first bullet, 
 

23 is generated in the fuel kernels. And it selectively 
 

24 migrates through the TRISOs because it's like silver 
 

25 leaves some strange -- don't ask me, I'm not a 
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1 radiochemist -- but silver leaves krypton and some of 
 

2 the other gaseous fission products leave the  TRISO 
 

3 fuel. That's what the circulating activity  during 
 

4 normal operation is. So we have to know that. We 
 

5 have to make sure we measure it. 
 

6 If we had a batch of that fuel, you know, 
 

7 there's some kind of -- some fuel there is some 
 

8 uranium is basically trapped out of the --   didn't 
 

9 get, didn't get coated and it's uncoated. That 
 

10 basically if it happens it shows up right away in the 
 

11 primary system, absent some old data to show you that 
 

12 that process is very sensitive. 
 

13 So we are really relying on very   high 
 

14 quality fuel. We have quality limits on our fuel and 
 

15 our fuel manufacturer must meet those quality 
 

16 standards because we depend on the performance   of 
 

17 that fuel. 
 

18 So, of course it goes through the 
 

19 graphite. It goes through the core graphite and the 
 

20 primary helium pressure boundary. And then the 
 

21 primary helium pressure boundary, some of these 
 

22 radionuclides during normal operation when they get 
 

23 out they have certain characteristics they play out. 
 

24 They, if you're looking at this graphite core,  for 
 

25 some of the cores that are moving around dust may be 
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1 generated. And these radionuclide silver, may  get 
 

2 plated on that silver right on the core part of the 
 

3 primary system, not the hot part. 
 

4 So we can design what we call a cold 
 

5 finger where we put in certain equipment there that 
 

6 basically collects some of the radionuclides because 
 

7 of its radiochemical characteristics. 
 

8 Of course we have a helium purification 
 

9 system which purifies the helium. Because the helium 
 

10 that you buy from the store basically to put it  in 
 

11 your reactor is not a reactor quality helium, it has 
 

12 to be purified to a  certain standard. And, also, 
 

13 that helium purification system has a  radionuclide 
 

14 basically cleanup capability also. 
 

15 So it's depending on our system, specific 
 

16 design of our system that that comes into play. 
 

17 So this is basically the process that we 
 

18 go through understanding the transport of 
 

19 radionuclides from where it's generated to where it's 
 

20 ready to go out, depending on what accidents you have. 
 

21 And you have to understand that. 
 

22 The next, my last figure is basically a 
 

23 figure that one of our colleagues at GA, David Hanson, 
 

24 put together many, many years ago. This is basically 
 

25 says the same thing. 
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1 It's on the outside of the block is the 
 

2 reactor building, holds everything in there. And, 
 

3 of course, it's a vented building so things leaks out 
 

4 and things vented out. Things get condensated on it. 
 

5 So all the processes happens from the   generation, 
 

6 into the compact, into the block, into the 
 

7 circulating activity. And some of that circulating 
 

8 activity is basically circulating. It's measured. 
 

9 SARRTLs, we talked about SARRTLs earlier. 
 

10 That circulating activity can be measured. And if 
 

11 there is a problem, if there is a bad batch of fuel, 
 

12 if there is heavy metal contamination in our system 
 

13 that is not being, is not being contained in the TRISO 
 

14 coatings. That is readily measured and you have to 
 

15 stop the reactor and figure out what the problem is. 
 

16 So that's the process that we go through 
 

17 to establish our performance criteria of our 
 

18 functional radionuclide containment system, which is 
 

19 more than just  the building. It's a system. It 
 

20 starts from fuel and goes through the building. 
 

21 MEMBER POWERS: Bill, here's one -- 
 

22 MR. SHAHROKHI: Yes. 
 

23 MEMBER POWERS: -- where I think  this 
 

24 presentation raises an issue I've harped on before. 
 

25 This particular reactor design as described to us has 
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1 catastrophic vulnerability if there's air ingression. 
 

2 And it's air ingression against the back pressure of 
 

3 helium. Helium, of course, is a quantum gas so  it 
 

4 doesn't behave like ordinary gases. So codes like 
 

5 FLUENT and whatnot don't do a very good job   doing 
 

6 heavy gas and into helium. 
 

7 At what point -- and on top of that the 
 

8 design says I'm going to have a tortuous pathway for 
 

9 this air intrusion to take place. That makes it more 
 

10 complicated to calculate how much oxidants you're 
 

11 going to get in the core. At what point would the 
 

12 NRC say, gee, your FLUENT calculations look wonderful 
 

13 to me, they're certainly very colorful, but I insist 
 

14 on a full scale experimental demonstration that you 
 

15 can calculate the rate of air intrusion into   this 
 

16 because it's catastrophic when it does? 
 

17 It takes me from my design basis  world 
 

18 into my beyond design basis world if it occurs. How 
 

19 do you decide? 
 

20 MR. RECKLEY: I think what you would need 
 

21 to do is you're going to have to look at that 
 

22 particular -- the way you're describing it now, 
 

23 you're going to have to look at that event and  say 
 

24 what are the conditions, the failures that are 
 

25 leading to that particular event? And if it shows 
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1 up as being something I need to analyze in the beyond 
 

2 design basis realm -- I'm assuming it will be at least 
 

3 low enough to be in the beyond design basis realm -- 
 

4 then -- 
 

5 MEMBER KIRCHNER: It's a major break in 
 

6 a helium line, so a design basis event. 
 

7 MR. RECKLEY: Depending on the size. 
 

8 Right, yes. Some of them will be. 
 

9 MEMBER KIRCHNER: Likewise a steam 
 

10 generator tube rupture. 
 

11 MR. RECKLEY: Uh-huh. 
 

12 MEMBER KIRCHNER: Massive rupture in the 
 

13 steam generator is going to create enormous volumes 
 

14 for this. 
 

15 MR. RECKLEY: So whatever it is in  the 
 

16 event category, they're going to have to assess  it 
 

17 with a code. Right? And they're going to have to, 
 

18 the designer, probably working with laboratories and 
 

19 others, are probably going to have to, they will have 
 

20 to demonstrate that -- 
 

21 MEMBER POWERS: I have had these people 
 

22 come in and protest to me and absolutely swear on a 
 

23 stack of bibles that I didn't need to worry out  an 
 

24 ingression because it would encounter this hot 
 

25 graphite early in its flow pathway and that   would 
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1 consume all the oxygen and it would never get to the 
 

2 fuel. 
 

3 I said I didn't believe that and   gave 
 

4 them the reasons. They went back and recalculated 
 

5 and said, oh yeah, he's right, this thing gets  all 
 

6 over the place. 
 

7 Those people would come in with codes 
 

8 that would calculate whatever you ask them to get. 
 

9 That's not this question. What really 
 

10 happens? 
 

11 MR. RECKLEY: Well, -- 
 

12 MEMBER POWERS: When did you ask for 
 

13 experimental data? 
 

14 MR. RECKLEY: Right. At the point where 
 

15 -- I mean, every code, you're right, but each  code 
 

16 has behind it verification and validation through 
 

17 something: the experiments, comparisons to other 
 

18 codes. There's some mechanism. And that will be 
 

19 dependent on what it is. 
 

20 So traditionally in Chapter 15 space that 
 

21 goes through quite rigorous and usually conservative. 
 

22 If you have uncertainties you address it through 
 

23 making conservative approaches. 
 

24 In the spaces where you're going to be in 
 

25 beyond design basis space, those things are going to 
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1 be the MELCORs and other codes, they will have   to 
 

2 show some kind of demonstration that -- 
 

3 MEMBER POWERS: They will show you 
 

4 correlations against Reynolds number for every damn 
 

5 thing you can think of, none of which work for quantum 
 

6 gas. 
 

7 MR. RECKLEY: You're way over my  head. 
 

8 So -- We'll come and consult to ACRS, of course. So 
 

9 I guess I'll just leave it as the hypothetical. 
 

10 MR. SHAHROKHI: Can I have it? 
 

11 MR. RECKLEY: Sure. 
 

12 MR. SHAHROKHI: We just finished a test 
 

13 at Texas A&M which basically did not do a full scope 
 

14 testing of air ingress but we did have a scale test 
 

15 facility. This research was sponsored by DOE and the 
 

16 results are public. 
 

17 We had a three, four compartment model of 
 

18 the reactor system. And we pressurized them and 
 

19 depressurized them and measured the air ingress. It 
 

20 was instrumented and we calculated the oxygen 
 

21 concentration. The results were very  encouraging. 
 

22 And we could, we could show that our GOTHIC model can 
 

23 predict that particular test facility. 
 

24 So we are trying to understand the  air 
 

25 ingress process. Depending on -- you're correct -- 
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1 depending on where the break is there may remain air 
 

2 in some of these compartments that might migrate back 
 

3 into the reactor system, into the core, and  starts 
 

4 the oxidation process. 
 

5 But, yes, we have to show that the  air 
 

6 ingress is not an issue. 
 

7 Water ingress is another issue. While 
 

8 we have steam generators our steam generators are not 
 

9 light water reactor steam generators. The tubes are 
 

10 gunmetal tubes. They're thick tubes because of, we 
 

11 have to do that because of the tritium, tritium 
 

12 migration. 
 

13 So, and we have steam dump system which 
 

14 as soon as an increase in pressure in the   primary 
 

15 system is detected, the steam dump system dumps all 
 

16 the secondary system to the dump system, and   that 
 

17 limits the amount of water that comes into the primary 
 

18 system. Of course, we have to show that with  that 
 

19 limited water in the primary system we're still 
 

20 controlling the oxidation process. 
 

21 We have a -- that's why a million and a 
 

22 half, a billion that we have to go, that's where it's 
 

23 going to go. We don't have enough design to continue 
 

24 for licensing. But we do need this, this is a carrot 
 

25 and a stick process. You need to show me a carrot 
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1 so I can start designing my system from the  things 
 

2 that I know that I would not do. I would not design 
 

3 a reactor with a high temperature gas-cooled reactor, 
 

4 a modular high temperature gas-cooled reactor with a 
 

5 pressure containment, it makes it -- I wouldn't  be 
 

6 able to license it in China. I couldn't license it 
 

7 anywhere. 
 

8 CHAIRMAN BLEY: I think we're going  to 
 

9 stop this and move ahead. But before we do that and 
 

10 go to Dave's piece, I think there were two people who 
 

11 were leaving at noon. You and who else? You're both 
 

12 leaving at noon. 
 

13 We might not finish by noon with  this. 
 

14 So, Ron, do you have any particular comments you would 
 

15 make at the end based on what you've heard so far? 
 

16 MEMBER BALLINGER: No. 
 

17 CHAIRMAN BLEY: Matt? 
 

18 MEMBER SUNSERI: I don't have any 
 

19 comments. 
 

20 CHAIRMAN BLEY: Okay, that's good. 
 

21 Dave, go ahead. 
 

22 MR. HOLCOMB: Good morning. My name is 
 

23 David Holcomb. I work with -- Oh. I word for Oak 
 

24 Ridge National Laboratory. I've been working on 
 

25 molten salt reactors pretty well exclusively for 
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1 almost 15 years now. And so I'm trying to present 
 

2 to you how functional containment will be applied to 
 

3 molten salt reactors. 
 

4 Essentially, to start with, what's a 
 

5 molten salt reactor and how is it, how is this concept 
 

6 of functional containment work? 
 

7 Basically, molten salt reactors use a 
 

8 liquid fuel, molten salt, as their fuel. And because 
 

9 it's a low pressure system you can see many of  the 
 

10 features that are in the molten salt reactor depicted 
 

11 in the figure you see here where it shows things like 
 

12 segmented containment here. 
 

13 So we've got drain, fuel drain tanks in 
 

14 one concrete structure. We've got the reactor vessel 
 

15 in another concrete structure. We have an off-gas 
 

16 system in another concrete, different concrete 
 

17 structure. 
 

18 And so we would have, expect to be at low 
 

19 pressure. These things operate well below boiling, 
 

20 typically at boiling points with several hundred 
 

21 degrees of margin. You can vent part of the gaseous 
 

22 fission products so you would not get pressure build- 
 

23 up. There are a lot of design decisions as do  you 
 

24 want to actively strip them and then have most   of 
 

25 your fission products in filter beds, or do you want 
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1 to leave that heat in the reactor vessel and use it 
 

2 to generate energy? 
 

3 It's chemically inert salt. It's not 
 

4 like sodium or any -- 
 

5 CHAIRMAN BLEY: Is that tradeoff 
 

6 settling out anywhere? 
 

7 MR. HOLCOMB: No. I know some designers 
 

8 are choosing one way and some designers are choosing 
 

9 the other direction on there. 
 

10 CHAIRMAN BLEY: Oh, I see. 
 

11 MR. HOLCOMB: And I understand their 
 

12 rationale for both of them. 
 

13 Like I say, it's chemically inert salts. 
 

14 The halide salts, whether it's a fluoride or a 
 

15 chloride, they're both chemically inert. They don't 
 

16 react chemically, they would react physically. 
 

17 They're hot. So there are no exothermic  reactions 
 

18 that are possible. 
 

19 So we do want to limit the amount of water 
 

20 in containment. So things like, you really have to 
 

21 think about things like how are you going to cool the 
 

22 pump motors and the like. Because one of the things 
 

23 is we don't want to have the possibility of 
 

24 pressurizing containment or we have to change   the 
 

25 design performance requirements. And so you are 
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1 really thinking about, okay, how much water volume is 
 

2 available for this? 
 

3 Again, no cliff edge phenomena has been 
 

4 identified for this. There isn't any margin for 
 

5 nuclear boiling event for this, so we don't have any 
 

6 major, say, obvious accidents that you're really 
 

7 trying to protect against. 
 

8 The fission products are mostly very well 
 

9 chemically bound. Things like strontium makes good 
 

10 fluorides and chlorides. Cesium makes good fluorides 
 

11 and chlorides. They dissolve into the salt. Have 
 

12 no tendency to want to leave. 
 

13 We run numbers of capsule irradiation 
 

14 programs. Remember, molten salt reactor is one  of 
 

15 the original reactor classes. They were started in 
 

16 the late 1940s. We had at least two of the  Nobel 
 

17 laureates in the Manhattan Project who said we should 
 

18 always have done molten salt reactors because these 
 

19 are better at representation of an ideal reactor than 
 

20 the mechanical systems. 
 

21 So they were, you know, lots, and so we 
 

22 run about a dozen loops in pile, as well as, you know, 
 

23 multiple hot critical experiments as well, and  two 
 

24 operating reactors. One of which operated very 
 

25 successfully for about four years at Oak Ridge. 
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1 Again, so the chemical retention 
 

2 capabilities are pretty well understood, particularly 
 

3 with the fluoride salts. There's less evidence, 
 

4 almost none actually, for the chloride salts 
 

5 experiments. So they will need an experimental 
 

6 program to demonstrate some of these things in a 
 

7 reactor on chloride salts. 
 

8 But the chemical retention capabilities 
 

9 are retained following a barrier failure. It's not 
 

10 a function of being inside the reactor vessel  that 
 

11 the cesium chloride stays in the salt; it's a property 
 

12 of the salt. 
 

13 Certainly we'll need better 
 

14 documentation of some of these things. But because 
 

15 we run a reactor and we know where things went to we 
 

16 have fairly good experimental evidence. 
 

17 Next page, please. 
 

18 MEMBER SKILLMAN: So before you 
 

19 continue. 
 

20 MR. HOLCOMB: Go ahead. 
 

21 MEMBER SKILLMAN: Just a question. If 
 

22 the salt retains the cesium and strontium, it would 
 

23 seem that the specific activity would continue   to 
 

24 increase. If you have weepers or leakers in   your 
 

25 fuel there's a point perhaps where you can't get near 
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1 the thing. 
 

2 MR. HOLCOMB: Oh, the in-vessel or  the 
 

3 in, the hot cell containment level are really, this 
 

4 is very hot. You will have a very highly automated, 
 

5 long-handled, all automated there. You're probably 
 

6 talking 10 to the 6 R   per hour inside, inside a 
 

7 shielded. 
 

8 So those, if you look above this, those 
 

9 large concrete blocks are for shielding. It's not, 
 

10 it's not trying to do a pressure retaining, it's that 
 

11 I need -- you know, so it may, the properties of that 
 

12 are shielding. So, you know, commercial design this 
 

13 may be a hoop structure where you pile a couple meters 
 

14 of sand on top  of it. You do need to have  that 
 

15 shielding someplace. 
 

16 In almost all the commercial designs 
 

17 actually now they're trying to put the shielding on 
 

18 the inside of the vessel to limit the flux on   the 
 

19 vessel on there, so that you may actually have a lower 
 

20 end commercial design than we saw. Because one of 
 

21 the things we learned is that the more   vulnerable 
 

22 thing is to the radiation to the damage to the vessel 
 

23 that was in that generation of alloy. We have 
 

24 perhaps improved alloys. But it was still a design 
 

25 practice that's gone in now is to put the shielding 
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1 on the inside. 
 

2 MEMBER SKILLMAN: Okay, thank you. 
 

3 Thank you. 
 

4 MEMBER CORRADINI: I don't remember, and 
 

5 it's of course design dependent, where does the 
 

6 radioactive inventory reside since you're continually 
 

7 cleaning the liquid fuel of the fission products as 
 

8 waste? 
 

9 MR. HOLCOMB: Well, you're not -- That's, 
 

10 again, that's design dependent. Some of these are - 
 

11 - 
 

12 MEMBER CORRADINI: So give me an example. 
 

13 MR. HOLCOMB: Okay. In most cases 
 

14 you're leaving a fair amount, well, certainly  only 
 

15 about 40 percent of the fission products have a 
 

16 gaseous precursor. Those may, you elect to take out 
 

17 in the cover gas handling system on there. And then 
 

18 that would be in the carbon beds where they would be 
 

19 sitting in. 
 

20 And then those in -- many of that, like 
 

21 cesium 137, almost all of that has the xenon 
 

22 precursor, so the cesium might all be in the carbon 
 

23 beds except for what you had bubbled out of it, just 
 

24 the last phase inventory. 
 

25 On the other hand, many of these things 
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1 will remain dissolved in the fuel.  Some of the 
 

2 fission products also are not -- are nobles relative 
 

3 to the salt, meaning they don't dissolve into   the 
 

4 salt. So they're located within the salt, basically 
 

5 independent atoms in the salt. And the first surface 
 

6 they see they plate out on. And that often is in the 
 

7 heat exchanger tubes. But there you'll have plated 
 

8 out things like platinum, ruthenium, things that are 
 

9 noble to the salt but not dissolved that plate  out 
 

10 onto the surfaces. 
 

11 So locations of this, that's one of the 
 

12 challenges, is these are distributed sets of 
 

13 radionuclides. 
 

14 MEMBER CORRADINI: All, the way you 
 

15 described it, all of approximate equal magnitude? 
 

16 MR. HOLCOMB: They can be in many 
 

17 different places. Yeah, it's a fair amount. If you 
 

18 elect to have a new design, essentially, much  like 
 

19 the GE design for the vented fuel where you try  to 
 

20 keep -- you only allow the noble gases out of your 
 

21 system on there and just let it burp out after it's 
 

22 been for several days, you may only have the nobles. 
 

23 But you have a much lower magnitude going   through 
 

24 your carbon beds for the delay. But, you know, then 
 

25 everything's inside. 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 



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

140 

1 But certainly in the heat exchange,  in 
 

2 the primary heat exchanger that's fuel salt at  one 
 

3 side of the primary heat exchanger  on there. Yes, 
 

4 you have coolant salt on the other side, but there's, 
 

5 you know, a fair amount of the radionuclides are not 
 

6 in the vessel. 
 

7 MEMBER CORRADINI: Okay. That helps. 
 

8 Thank you. 
 

9 MR. HOLCOMB: So what you have to worry 
 

10 about in containing this because it's not, this isn't 
 

11 solid fuel. Okay, where will all the radionuclides 
 

12 go? 
 

13 Well, first of all, we produce  tritium 
 

14 just like any other. But, however, some of the salts 
 

15 that are used, particularly some of the thermal 
 

16 spectrum reactors are using lithium and beryllium 
 

17 fluorides. Both of those produce a fair amount  of 
 

18 tritium just as direct reaction products. And if you 
 

19 produce the tritium, then we get, you know, we  get 
 

20 almost as much as a heavy water reactor. Not quite 
 

21 as much. 
 

22 However, once you get them above  about 
 

23 300 C, the tritium goes through steel pretty  fast. 
 

24 It just diffuses through. So you have to use all of 
 

25 the possible strategies: trapping, basically make it 
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1 travel in carbon or another material; or a bunch of 
 

2 stable tritide blocking. So those are the  things 
 

3 like he was talking about, gunmetal tubes, maybe an 
 

4 aluminum oxide, maybe a barrier structure, and 
 

5 stripping. In other words sparging. There are a 
 

6 number of different technologies. 
 

7 But it is how do you remove, reduce the 
 

8 amount. And, again, different people have come  to 
 

9 different conclusions as the best technology to 
 

10 reduce the tritium. 
 

11 MEMBER REMPE: So just to be clear, you 
 

12 said at the beginning of this paragraph, you   said 
 

13 this isn't solid fuel. And my understanding is there 
 

14 are some concepts that do have solid fuel and  some 
 

15 that don't. 
 

16 MR. HOLCOMB: He is talking -- you  saw 
 

17 the picture that was, actually was produced earlier. 
 

18 There is one molten salt reactor that has a   solid 
 

19 fuel. The remainder of all of the others that  are 
 

20 produced are liquid fuel. This particular talk is 
 

21 about the liquid fuel. The solid fuel is being 
 

22 represented under the HTGR category. 
 

23 MEMBER REMPE: Okay. And are any of the 
 

24 ones that you're representing are they going to do a 
 

25 demonstration or a test reactor? Or where are they 
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1 on the testing? 
 

2 MR. HOLCOMB: I can only speak to  what 
 

3 they have publicly announced because, like I say, I'm 
 

4 not an applicant or  a vendor. I'm a national lab 
 

5 representative. So, some of these have  announced 
 

6 their plans. 
 

7 The TerraPower, for example, has 
 

8 announced that by 2021 it intends to submit a license 
 

9 application for a test reactor. But then we also 
 

10 have TerraPower -- I'm sorry, Terrestrial Energy who 
 

11 is indicating that their first applications are 
 

12 probably going to be in Canada. But it may be -- but 
 

13 it has submitted a response to the regulatory 
 

14 information survey last year indications that it is 
 

15 intending to submit either construction permits or a 
 

16 license application by October of 2019. 
 

17 But I believe they were indicating what 
 

18 they were going to be doing was a full scale plant. 
 

19 But their plant is relatively small. 
 

20 MEMBER REMPE: So you're talking about 
 

21 fast as well as thermal? 
 

22 MR. HOLCOMB: Both the fast and the 
 

23 thermal which have announced plans. 
 

24 There are others who have filed documents 
 

25 that are not public about what their plans area. So 
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1 you'll have to ask in private for what they have 
 

2 actually announced. There, that would probably be 
 

3 best. 
 

4 MEMBER REMPE: So you're with this 
 

5 Technology Working Group, I assume, of the MSR; 
 

6 right? 
 

7 MR. HOLCOMB: I am a technical  advisor 
 

8 to the work -- to that working group. My other things 
 

9 I do, how I get to these folks is I'm also the chair 
 

10 of the ANS-20.2 design safety standards. So I get 
 

11 to -- so all the vendors, or at least several of the 
 

12 vendors are participating actively, as well as  the 
 

13 international participants are doing that. 
 

14 MEMBER REMPE: How many of them, are you 
 

15 aware of how many of them have one regulatory -- or 
 

16 are thinking about seeing, preparing a regulatory 
 

17 engagement plan? 
 

18 MR. HOLCOMB: The obvious two of  these 
 

19 which have very public ones of this would be 
 

20 Terrestrial Energy and TerraPower. 
 

21 MEMBER REMPE: They both have? 
 

22 MR. HOLCOMB: They both have regulatory 
 

23 managers and have done work in there. Again, I am 
 

24 not prepared to speak about the particular things on 
 

25 individual private companies and what their plans are 
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1 because I don't think they've made public 
 

2 announcements on them. 
 

3 MEMBER REMPE: Thank you. 
 

4 MR. HOLCOMB: So what's the other  next 
 

5 challenge on containments? Well, obviously strength 
 

6 at high temperature on there. It's a high 
 

7 temperature reactor on there. People are showing 
 

8 core exit temperatures basically from 600 C to about 
 

9 750 C on there. And that's fortunately with  low 
 

10 atmospheric pressure or at atmospheric pressure, so 
 

11 that you're not -- so that really does help you with 
 

12 your strength requirements on this. But it's still 
 

13 high temperature. So you're in more, you know, it's 
 

14 much like the alloys that you would be using for high 
 

15 temperature at steam plants. So it's in that same 
 

16 class and tends to be high nickel alloys. 
 

17 Radiation damage. Well, MSRE 
 

18 demonstrated -- and that's probably why you have all 
 

19 the internal shielding, is the next generation design 
 

20 was the available nickel alloys over time 
 

21 substantially embrittled with a fairly low fluxes 
 

22 there. And so you could see that's what the   plot 
 

23 shows. The dark ones, which is the upper line,  is 
 

24 the unirradiated. And then you can see the various 
 

25 irradiation conditions with fair amount of 
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1 substantial reduction in the creep rupture. 
 

2 So it's just certainly, you know,  more 
 

3 modern alloys would have a different performance. 
 

4 But that's what we had at   the time. And we are 
 

5 concerned basically you generate helium. The helium 
 

6 moves along the stress concentration gradient to the 
 

7 first foundry it comes to. And that tempts the drain 
 

8 boundaries. And at that point it accumulates and it 
 

9 bubbles. And then you get something that looks like 
 

10 Swiss cheese at the drain boundaries. 
 

11 We'll talk in the next slide about some 
 

12 of the ways to design around that. 
 

13 Corrosion is basically we spent 30 years 
 

14 working on corrosion, much like light water reactors 
 

15 spent 30 years working on corrosion. Largely, you 
 

16 know, it's maintaining your chemistry control. 
 

17 Because you have an alkali halide you know how it's 
 

18 going to corrode. It's, you know, to a first order 
 

19 it's in redox reaction. The structure alloys are in 
 

20 their most reduced form. Don't oxidize them, they'll 
 

21 stay there. 
 

22 If you oxidize them,  they corrode. So 
 

23 we say, well, it's the first order to keep the salt 
 

24 in reducing condition and it doesn't corrode  them. 
 

25 That maintains good chemistry control. 
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1 So it's not, you know, that I've  heard 
 

2 multiple times that people really worry about salts 
 

3 and corrosion. Well it's, again, chemistry control 
 

4 matters. As well as competition. You can't do 
 

5 things like protect with an oxide layer because 
 

6 fluorides are really good at fluxing off oxide 
 

7 layers. So you have to use first principle 
 

8 thermodynamics and say thermodynamically it's going 
 

9 to stay in the wall rather than dissolve into   the 
 

10 salt. 
 

11 And the other thing, of course, 
 

12 containment challenge is you've got distributed 
 

13 sources. You've got fuel all the way through  your 
 

14 primary circuit. It's not just in the core. It's 
 

15 all the way through the primary circuit and in  the 
 

16 cover gas. And because of that you just have  more 
 

17 locations that you have to protect it from leaking. 
 

18 And you can see what happens. The other 
 

19 plot here is just showing you when we're   reducing 
 

20 oxides in the environment that was a cracking 
 

21 parameter. We had how many cracks were on the 
 

22 surface. You run it to a reducing environment, all 
 

23 this goes from a very high number to a very low, and 
 

24 they're essentially gone. Chemistry control matters 
 

25 just like in a light water reactor. 
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1 MEMBER SKILLMAN: David, are there 
 

2 technology import opportunities here from aerospace 
 

3 or from fossil where they're running really, really 
 

4 high temperatures just like we're showing here? 
 

5 MR. HOLCOMB: Well, certainly we will -- 
 

6 Yes. Basically we'll be using very similar alloys. 
 

7 The main thing is that -- actually, go to 
 

8 the next slide to talk about it   a little. Those 
 

9 high-strength, low-embrittlement alloys, the second- 
 

10 to-the-last bullet, are precipitation strength. And 
 

11 they tend to actually have carbide precipitation 
 

12 strength. They're basically a fifth generation 
 

13 alloy. 
 

14 Those are the same types of things that 
 

15 you want. That precipitation strengthened is  the 
 

16 strengthening mechanism and that helps you with high 
 

17 temperature strength. But that precipitation 
 

18 strength basically is, means the first thing the 
 

19 helium atom runs into is one of these carbides. And 
 

20 it sits there. And so if you put lots of individual 
 

21 sinks into this there, you get, you keep the helium 
 

22 from moving all the way to the drain foundry because 
 

23 it stays at the sinks. 
 

24 And that's the exact same alloys that you 
 

25 want for the fossil and the aerospace purposes. And 
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1 so these fifth generation alloys that are,   fossil 
 

2 alloys, are very, you know, very, would be very useful 
 

3 for nuclear applications. However, that's part of 
 

4 the reasons we're so interested in functional 
 

5 containment is that these do not have -- the available 
 

6 high temperature alloys are all 40 to 60 years old. 
 

7 And the amount of evidence that has been taken to get 
 

8 them makes them prohibitive. And to say, well, we're 
 

9 pretty sure that these newer alloys work better and 
 

10 give you a better performance. 
 

11 And that's why, I'd say we'll talk about 
 

12 the concepts of how do you say, well, now we use this 
 

13 as a single barrier. And we don't put all our eggs 
 

14 in one basket. It's not a light water reactor where 
 

15 I've got 6, 8 inches  of steel. I've got multiple 
 

16 layers of barrier. And if I have my LOCA accident, 
 

17 it is an accident. We don't want to have that happen. 
 

18 But I've got my next layer barrier, which is not 
 

19 normally stressed, it's not in, it's not touching the 
 

20 salt, it's not normally at really high temperatures 
 

21 or really high fluxes, so you have a very high 
 

22 confidence in the performance of my subsequent 
 

23 barriers. 
 

24 And how many I have is, again, is going 
 

25 to be functionally determined how many do I need to 
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1 have. Again, multiple barriers, some of which  are 
 

2 not normally stressed. And so what would, we have 
 

3 to look at what the functions are. Again, this is a 
 

4 layout of the MSRE shown here. And you can see that 
 

5 they were using barrier analysis there. 
 

6 And that's how they did the licensing at 
 

7 the time was to go ahead and say, look, for this 
 

8 accident, well, did they break any place to get past 
 

9 this barrier? Well, in this accident did they  get 
 

10 past the next barrier? 
 

11 In order to get a measurable thing they 
 

12 had to postulate you've got multiple simultaneous 
 

13 things going on in order to get an accident to   be 
 

14 able to do a site  consequence analysis. This was 
 

15 just simply because most of the accidents simply did 
 

16 not go through all the barriers. 
 

17 Again, one of the things is that because 
 

18 we're in a low pressure system the barriers  really 
 

19 are substantially independent. So failure of an 
 

20 independent barrier the salt comes out. Well, that 
 

21 doesn't really do anything to the exterior of   the 
 

22 building. Yeah, I now have salt that touches   the 
 

23 next barrier, but it only needs to touch it for long 
 

24 enough to complete safe shutdown of the accident. 
 

25 So if I have my next barrier, say   304 
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1 stainless steel, that doesn't corrode very fast. And 
 

2 certainly initially you get a skull because it just 
 

3 -- you know, first layer, it melts at 450 to 500 C, 
 

4 and so it will initially form a nice protective layer. 
 

5 You continue to maintain decay heat 
 

6 removal whether it's through a DRACS system or 
 

7 through, in this illustration, it flowing down into 
 

8 a, into a, again, passively cooled drain tank. 
 

9 Again, the design challenges, you know, 
 

10 just use design to reduce challenges. Interior 
 

11 shielding, coatings. That's one of the other things 
 

12 people are looking at is it's pretty well standard, 
 

13 again aerospace, aerospace and other people are using 
 

14 coatings because other materials are better with 
 

15 chemical compatibility and other things are  better 
 

16 with strength. And can we put coatings on the 
 

17 material? It's not conventionally done in the 
 

18 nuclear industry other than putting a, you know, that 
 

19 3/8ths of an inch of stainless on the inside of the 
 

20 reactor vessel. But we're not talking about 3/8ths 
 

21 inch generally. 
 

22 Again, the higher-strength, low- 
 

23 embrittled nickel alloys. Actually putting in 
 

24 modern alloys. 
 

25 The other thing is because none of these 
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1 things are massive structural components, all of the 
 

2 designers that I'm aware of are intending that every 
 

3 component in the system has a limited lifetime. So 
 

4 it might be a decade for the  reactor vessel. And 
 

5 where that accumulated so much irradiation 
 

6 embrittlement damage, or I've got this and I need to 
 

7 replace it. And so that we don't need to have 
 

8 something that lasts 60 years, but we do need to have 
 

9 a very effective automated maintenance systems 
 

10 because, again, very high doses and I'll need -- 
 

11 public doses, and so I'll need to be able to replace 
 

12 all these components. 
 

13 I encourage you -- 
 

14 MEMBER REMPE: Any of these designs post 
 

15 PRAs? I mean, you've heard the discussion   today. 
 

16 And do we even have a design and a -- with a PRA to 
 

17 support that design? 
 

18 MR. HOLCOMB: There are bits and pieces 
 

19 of them. There are not complete PRAs that I'm aware 
 

20 of on any  of these. There are more things  where 
 

21 they're starting to get things like, say, master 
 

22 logic diagrams. Because our problem is because  we 
 

23 don't have the experience base, hitting the 
 

24 probability method is really difficult  to do. And 
 

25 so we have that frequency consequence where we can do 
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1 the consequence elements of things, but doing   the 
 

2 frequency part of things without an experience base 
 

3 is just, is quite challenging. 
 

4 MEMBER REMPE: So, I mean you've  heard 
 

5 the discussion today. I tried to emphasize  about 
 

6 what the staff might propose. And how is that going 
 

7 to be accepted by some of the folks in the landscape? 
 

8 And are you saying that this would be difficult for 
 

9 the folks in the MSR community to come up with this? 
 

10 MR. HOLCOMB: The MSR community is likely 
 

11 going to want to use something that looks like a 
 

12 barrier analysis to say that we do an accident 
 

13 progression based upon some master logic diagram type 
 

14 thing. And it may be that we use the PRA to identify 
 

15 the accident sequences. And then we say, well, we 
 

16 go through this accident sequence and we say, well, 
 

17 I didn't rupture my reactor vessel for this and, 
 

18 therefore, I don't need to worry. Yeah, that's where 
 

19 my accident stops. 
 

20 Or, I did rupture my accident -- this but 
 

21 I didn't go through my   guard vessel. And that's 
 

22 where the accident stops. 
 

23 Or from the outside in. You know, Mother 
 

24 Nature threw a large tree at something and that  -- 
 

25 but it didn't go, you know, it's not going through - 
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1 - 
 

2 MEMBER REMPE: Got it. 
 

3 MR. HOLCOMB: Yeah. But, again, it's 
 

4 more of a mechanistic approach rather than having the 
 

5 full probabilistic approach, simply because we don't 
 

6 have the data to run the models yet. But it's the 
 

7 starters for PRA which is, again, master logic 
 

8 diagram, all the pieces for it. 
 

9 Again, and limited -- next slide then. 
 

10 So let's talk about that. How do you do 
 

11 this and how do you map the, all the different 
 

12 accident levels into, you know, into what does   it 
 

13 mean from MSR. 
 

14 So if I say the condition, you know, 
 

15 normal operations, release through an intact barrier. 
 

16 And AOO barriers leak. Let me tell you, your steam 
 

17 generator -- well, this isn't our steam generator -- 
 

18 but our primary to secondary salt, lots of   tubes, 
 

19 there are lots of welds or perhaps braces. For 
 

20 instance, in this case there might be a leak. That's 
 

21 an AOO. A full failure. You've got, you know, 
 

22 somehow we've gotten a major crack or, you know, 
 

23 something, but of just one barrier. 
 

24 To us that's a DBA or a DBE depending on 
 

25 we run a consequence evaluation on your safety 

NEAL R. GROSS 
COURT REPORTERS AND TRANSCRIBERS 



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

154 

1 system. The beyond design basis event for us is that 
 

2 you've broken at least two barriers. And then so you 
 

3 look at these things so, well, diffusion through  a 
 

4 structure is normal operation on there. The only way 
 

5 you can come up with normal operation for 
 

6 radionuclide release on there is tritium coming 
 

7 through things. 
 

8 And so you have to create your design to 
 

9 go through the  Part 20. Say do I use  absorption 
 

10 blocking stripping as my mitigation mechanisms? 
 

11 Heat exchanger tube leak is our, you 
 

12 know, is a good example of an AOO. That's likely to 
 

13 happen at some point in a plant's life. 
 

14 radionuclide release design limits we're 
 

15 going to have. The main figure is, because it's  a 
 

16 low pressure system, is you run up, you run the 
 

17 intermediate loop at two atmospheres or an 
 

18 atmosphere-and-a-half, I get leak anywhere. You can 
 

19 measure that. Those are things that are fairly easy 
 

20 to measure and assure that you're not -- so the 
 

21 radionuclides don't go out. 
 

22 The other thing is that if you did, you 
 

23 know, secondary thing would be if this got to be more 
 

24 and more, is actually putting an isolation valve into 
 

25 the system so that you just shut off the -- so that 
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1 you don't have an uncontrolled thing. 
 

2 If I started leaking enough that I  was 
 

3 draining my intermediate loop I'd want to be able to 
 

4 maintain the inward -- the lack of providing an 
 

5 outward path. 
 

6 Design basis accidents, again, salt 
 

7 wetted boundary failures. Classic example of that 
 

8 on there because we've got it there. We know what 
 

9 the performance criteria area. That was just, you 
 

10 know, Bill just gave us that. So you either have a 
 

11 guard vessel with a DRACS, like a sodium   reactor, 
 

12 except a fairly close fitting there so I would have 
 

13 to keep my DRACS heat exchanger still covered. 
 

14 Or I've got a catch, essentially the 
 

15 guard vessel is a catch basin and it drains to a -- 
 

16 it's a drain tank. And those things have their own 
 

17 natural circulation, naturally driven decay heat 
 

18 removal system. 
 

19 Another different one would be the head 
 

20 end of the cover gas. If that's got, if we're putting 
 

21 out, you know, 40 percent of the fission products in 
 

22 there, that's could be 20 megawatts in a big plant in 
 

23 the cover gas that you're pumping out. Well, that 
 

24 needs a natural -- that needs to have another vessel 
 

25 with passive cooling. 
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1 Some of the designs I think most common 
 

2 is to put that into the drain tank and actually pre- 
 

3 heat the drain tank so you don't permanently shock it 
 

4 because you already have the decay heat removal 
 

5 system for the drain tank  on there. And so your 
 

6 secondary mitigation is there's another barrier. 
 

7 Again, it's a low pressure system, a system  having 
 

8 another independent barrier is, you know, a   leak- 
 

9 tight barrier is not a major issue on there. 
 

10 And beyond design basis, the double 
 

11 barrier failure. So you could have an external event 
 

12 rupturing the outer barrier, and then have combined 
 

13 with the salt wetted, you know, the salt wetted 
 

14 barrier. So all the EPA protective action 
 

15 guidelines, safety goals basically our thing is  is 
 

16 that until you rupture all of the barriers the only 
 

17 thing you're getting out is tritium. You have, if 
 

18 you have a one intact barrier, you still have an 
 

19 intact barrier. 
 

20 And then, you know, even if you do 
 

21 finally rupture all of the barriers your next, your 
 

22 final fallback thing is the salt radionuclide 
 

23 retention. And your vast majority of anything 
 

24 interesting is still in the salts and it's at   low 
 

25 pressure, so it's not tending to want to go anywhere. 
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1 We actually did, it's one of the things 
 

2 that you learned that what they did in the '50s that 
 

3 we couldn't do today, we actually irradiated  salts 
 

4 for the aircraft reactor program and just dumped it 
 

5 into a hole and put out radionuclide monitors to see 
 

6 whether it would go anywhere. They couldn't detect 
 

7 anything. Not an experiment we would do today, but 
 

8 it's sort of provides you a nice comfort level that, 
 

9 well, that's real. 
 

10 CHAIRMAN BLEY: Was it well-documented? 
 

11 MR. HOLCOMB: No. I tried to get  the 
 

12 movie. We actually took, did movies of it. And I 
 

13 haven't been able to get it out of the Y-12  vaults 
 

14 yet. But they had it. 
 

15 And that's really all  I have. So I'm 
 

16 open for questions. 
 

17 CHAIRMAN BLEY: Okay. At this point we 
 

18 go back to Bill for where we're going. 
 

19 MR. RECKLEY: So, the idea was just, the 
 

20 idea was just to go through those examples to  see. 
 

21 And there will be variations. As David was 
 

22 mentioning, and we've talked to different designers 
 

23 of different sizes and technologies in terms of how 
 

24 they might fly, for example, and even use this, this 
 

25 concept. And for those that are less inclined   to 
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1 rely on probabilities, to me that's not a fundamental 
 

2 challenge to this overall approach. You can still 
 

3 use the Benning, as David was describing. It would 
 

4 look a little bit more like what we did traditionally 
 

5 for light water reactors in terms of, well, we think 
 

6 in general it will be in this probability range but 
 

7 you might not be going to some database in order to 
 

8 pull those probabilities out because it's not there. 
 

9 MEMBER REMPE: I understand the 
 

10 uncertainties will be larger. But I thought 
 

11 literally earlier in the meeting today we said, hey, 
 

12 this really implies they need a PRA. 
 

13 MR. RECKLEY: They need to go  through, 
 

14 as David was saying, they need detailed failure modes 
 

15 in the flux, which to me is pretty close to a   PRA 
 

16 without the -- 
 

17 MEMBER REMPE: You need a detailed -- 
 

18 MR. RECKLEY: -- without the 
 

19 probabilities. 
 

20 So I'm just saying you can tailor this to 
 

21 the data that you have. You can't force -- you can't 
 

22 say this system is dependent on probabilities  that 
 

23 aren't available. So we would fall back on 
 

24 engineering judgment and still be able -- all   I'm 
 

25 trying to say is we would still be able to do a 
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1 Benning, no more complicated than what we did in the 
 

2 past. And you would have for each ben you still have 
 

3 performance criteria so that this basic methodology 
 

4 then can be used. 
 

5 MEMBER REMPE: So, if you did that, 
 

6 though, you definitely need a detailed design so that 
 

7 you can --  I mentioned earlier about a transient 
 

8 design because in the early years of my career   we 
 

9 used to laugh about that we changed the design so we 
 

10 could meet the criteria, and we'd add a component or 
 

11 whatever -- and so they really need a detailed design 
 

12 to use this approach; is that -- 
 

13 MR. RECKLEY: In the end the goal  for 
 

14 everybody is to get to a detailed design. The 
 

15 problem is to get over the hurdles between the 
 

16 conceptual, the preliminary and the final or 
 

17 detailed. And all of those involve iterations  and 
 

18 tradeoffs that the designers are going to have   to 
 

19 make based on safety, based on economics, based  on 
 

20 any number of factors. And all, again, all  we're 
 

21 trying to do is put in place the system that can weigh 
 

22 in from a regulatory point of view such that   when 
 

23 they're trying to do those tradeoffs we can provide 
 

24 the necessary feedback that -- from our perspective. 
 

25 So -- 
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1 CHAIRMAN BLEY: I want to challenge one 
 

2 thing you said. I really wish you hadn't said   a 
 

3 failure mode flux analysis is almost a PRA. 
 

4 MR. RECKLEY: Right. 
 

5 CHAIRMAN BLEY: It's not. It's not in 
 

6 any way. 
 

7 But if you go through, as you would in a 
 

8 PRA, and define the scenarios very well, now that's 
 

9 getting closer. If you get to places where you don't 
 

10 know the frequencies or the probabilities of failure 
 

11 you can use judgment. We've got some of those. You 
 

12 can experiment if you need to. But you're looking 
 

13 at these barriers in a path-dependent way, not just 
 

14 as independent barriers. They have to be -- I  was 
 

15 about to say independent -- they have to be looked at 
 

16 for every scenario. 
 

17 And if you can show that you've got one 
 

18 that won't fail, that's pretty good. But you have 
 

19 to have looked at all the ways it could be 
 

20 compromised. 
 

21 MR. RECKLEY: Right. And I apologize, 
 

22 all I was trying to get to is if you focus on 
 

23 probabilities, that might be what is lacking because 
 

24 you don't have the operating experience to -- 
 

25 CHAIRMAN BLEY: But you ought to be able 
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1 to narrow your expert down to trying to evaluate. 
 

2 MR. RECKLEY: Right. 
 

3 MEMBER STETKAR: You know it's less than 
 

4 ten per demand, which is impossible. And you know 
 

5 it's greater than 10 to the minus 100. And we can 
 

6 then discuss uncertainty. 
 

7 So you do have probabilities -- 
 

8 MR. RECKLEY: That's right. 
 

9 MEMBER STETKAR: -- because we're 
 

10 engineers. And we have experience, we have the 
 

11 experience of the universe. 
 

12 CHAIRMAN BLEY: Yeah, but he key  thing 
 

13 is it's got in there it's a structure, but  you're 
 

14 talking about the scenarios. 
 

15 MR. RECKLEY: Right. 
 

16 CHAIRMAN BLEY: So you can look at these 
 

17 barriers scenario by scenario. 
 

18 MR. RECKLEY: That's right. And I guess 
 

19 I should just shut up. 
 

20 To me, to me what's important in that is 
 

21 being able to ben and then having the   performance 
 

22 criteria defined for the barriers. 
 

23 So in the end what are we going to send 
 

24 up this paper and ask the Commission to decide   or 
 

25 affirm, depending on where you think they left off, 
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1 that we can go on this continuing effort to develop 
 

2 and event-based approach to decide -- to defining the 
 

3 performance criteria for functional containment where 
 

4 the design of any particular structure, system,  or 
 

5 component would be determined by aggregating all of 
 

6 the assumptions that you made for that   structure, 
 

7 system, or component through the five event 
 

8 categories. 
 

9 And that those that are associated with 
 

10 retaining the fission products, that's functional 
 

11 containment. And there may very well be, or  there 
 

12 will likely be other requirements put on enclosures. 
 

13 And that's just decided by whatever credit you want 
 

14 to assume for that enclosure for external events or 
 

15 aircraft impact or security or whatever other 
 

16 challenge is being thrown at the facility. 
 

17 So that's basically the end of the 
 

18 presentation then. 
 

19 MEMBER SKILLMAN: Bill, let me ask this. 
 

20 Do you or does the staff envision that if the 
 

21 Commission should say, yeah, we're good with  this, 
 

22 that some of the basic principles that we used, Reg. 
 

23 Guide 1.36, 1.39, 61.61, 50.69 for the metrics, that 
 

24 all of those would be  applicable also? Or do you 
 

25 envision with this proposal that there is going  to 
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1 have to be an adjustment to that body of regulation 
 

2 that we've used to try to connect the dots  between 
 

3 SSC Safety Classification, seismic risk  importance 
 

4 and those details? 
 

5 MR. RECKLEY: It's the latter. And they 
 

6 almost all get replaced with this kind of a   logic 
 

7 system as opposed to lists. Most of the guidance for 
 

8 light water reactors consists of, like if you go to 
 

9 safety classification it basically says here's lists 
 

10 of safety-related equipment. 
 

11 Because we're, largely because we're 
 

12 trying to do this technology-inclusive we want a 
 

13 methodology to do that versus lists because the lists 
 

14 of even these two designs will have very little  in 
 

15 common. 
 

16 So, so much of that guidance we'll derive 
 

17 what we can from it. But much of it will end  up 
 

18 having to get replaced with a more logic-driven 
 

19 system. 
 

20 MEMBER SKILLMAN: Okay, thank you. 
 

21 CHAIRMAN BLEY: Thank you very much. 
 

22 This is the end of the day. Before I 
 

23 ask for a couple of comments and get the one request 
 

24 on the table for any more questions, we'd like to get 
 

25 the phone line open. But as you're doing that I want 
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1 to invite Amir Afzali -- 
 

2 MR. THERON BROWN: Bridge open. 
 

3 CHAIRMAN BLEY: -- to the mike to -- 
 

4 MEMBER REMPE: With respect to the bridge 
 

5 line -- 
 

6 CHAIRMAN BLEY: -- present the comments 
 

7 he had asked to present. 
 

8 But first we have a question? 
 

9 MEMBER REMPE: With respect to the bridge 
 

10 line open, I saw an email come in from Pete saying he 
 

11 was disconnected. It's past noon. And I haven't 
 

12 checked my email since then, but you may not really 
 

13 have it open is all I wanted to say. The timing. 
 

14 CHAIRMAN BLEY: Thank you. 
 

15 MEMBER RICCARDELLA: This is Pete. Can 
 

16 you hear me? 
 

17 CHAIRMAN BLEY: You betcha. 
 

18 MEMBER REMPE: Yes. 
 

19 MEMBER RICCARDELLA: I'm reconnected. 
 

20 It took me about ten minutes but I got reconnected. 
 

21 So everybody else should be -- 
 

22 MEMBER REMPE: Thanks. 
 

23 CHAIRMAN BLEY: We'll get you in a 
 

24 minute. 
 

25 Amir, please go ahead. 
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1 MR. AFZALI: Good afternoon to all. My 
 

2 name is Amir Afzali. I'm Southern Company Services 
 

3 licensing policy guide actor. I'm also NEI's 
 

4 Advanced Regulatory Task Force co-chair. 
 

5 And also, Joy, I have a data point  for 
 

6 you if you have a few minutes about the question you 
 

7 asked. 
 

8 So, I'm also LMP technical lead. And I 
 

9 am the licensing, southern licensing lead for   the 
 

10 molten chloride fast reactor which we run a  joint 
 

11 project with TerraPower. 
 

12 So I have a deep involvement with every 
 

13 part of this equation. So, as part of my duties I've 
 

14 prepared a statement to read on behalf of all these 
 

15 different committees. But the dada point I  wanted 
 

16 to provide to you with respect to the PRA. 
 

17 So, Southern Company authorized EPRI to 
 

18 develop a PRA for MSRE, Molten Salt Reactor 
 

19 Experiment design. So there have been a number  of 
 

20 papers written on that and show the benefits of 
 

21 developing a PRA. 
 

22 We are -- 
 

23 MEMBER REMPE: If there have been papers 
 

24 it would be nice to see them, if you could send them 
 

25 to Girija.  
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1 MR. AFZALI: Sure. Sure. 
 

2 So just one more data point -- 
 

3 CHAIRMAN BLEY: Well, actually -- 
 

4 MR. AFZALI: Sorry. 
 

5 CHAIRMAN BLEY: -- Derek is our official 
 

6 member but he's being represented today by Girija. 
 

7 Go ahead. 
 

8 MR. AFZALI: The Chinese used their 
 

9 design to pilotize new PRA standard. So that's 
 

10 available through ASME, I suppose, if you want just 
 

11 to see how you can develop PRA for program. 
 

12 MEMBER REMPE: Thank you. I do have to 
 

13 read but I did read your point. 
 

14 MR. AFZALI: Thank you. In terms of 
 

15 prepared statement, this is to support the  staff's 
 

16 proposed SECY for modernizing the current descriptive 
 

17 practice for dealing with the radioisotope retention 
 

18 provisions of the regulation. 
 

19 As the ACRS members are well aware, Mr. 
 

20 McCree, the NRC's Executive Director of Operations, 
 

21 issued a memorandum on July 21st of this year 
 

22 communicating NRC's intention to make 
 

23 transformational changes in its regulatory approach 
 

24 for dealing with innovative technologies such as 
 

25 advanced light water reactors. We believe the 
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1 subject functional containment SECY paper provides a 
 

2 good example of how licensing issues for   advanced 
 

3 non-light water reactors can be addressed using   a 
 

4 technology-inclusive, risk-informed, and 
 

5 performance-based approach. 
 

6 This effort forms the foundation for the 
 

7 coherent modernization of regulatory requirements 
 

8 beyond the functional containment issue. The paper 
 

9 is also consistent with processes proposed by   the 
 

10 utility-led licensing modernization project. 
 

11 This is needed to reduce  stakeholders' 
 

12 uncertainties and to provide improved understanding 
 

13 and assurance of facilities' safety margins. 
 

14 Therefore, we support the work done  thus far. And 
 

15 we look forward to future collaborative work   with 
 

16 your staff to finalize this work, then peer 
 

17 proposals, and other assessment and initiatives  to 
 

18 enable innovation, and safety improvement and 
 

19 technology, development and deployment. 
 

20 Thank you for your time. 
 

21 CHAIRMAN BLEY: Thank you. Are there 
 

22 any questions for Mr. Afzali? 
 

23 (No response.) 
 

24 CHAIRMAN BLEY: Okay. I'd also like to 
 

25 mention that, as I did at the beginning, that we 
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1 received written comments from Prasad Kadambi. And 
 

2 he is here. And we've all seen those, and people in 
 

3 the room have seen them. For the members, are there 
 

4 any questions for Prasad? 
 

5 (No response.) 
 

6 CHAIRMAN BLEY: At this point I turn to 
 

7 the room and ask if there are any, if there's anyone 
 

8 on the room who would like to make a comment; if so, 
 

9 please come to the microphone. 
 

10 (No response.) 
 

11 Nobody here. Oh no, that's right. 
 

12 Now, is there anyone on the phone  line 
 

13 other than our members who would like to make a 
 

14 comment? If so, please announce your name and give 
 

15 us your comment. 
 

16 (No response.) 
 

17 CHAIRMAN BLEY: Hearing none, I'd like 
 

18 to hear from members of the committee on any comments 
 

19 you have, and especially thinking toward a letter in 
 

20 April, anything you would really like to see show up 
 

21 in the letter. And I want to start with the   two 
 

22 members on the line. Pete, if you're still there why 
 

23 don't you go first. 
 

24 MEMBER RICCARDELLA: Yeah, this is Pete. 
 

25 I have no comments. 
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1 CHAIRMAN BLEY: Thank you. 
 

2 Harold, are you still on the line? 
 

3 MEMBER RAY: Yes, I am. And I guess my 
 

4 only comment is I would really value an opportunity, 
 

5 Dennis, for more discussion than we have time   for 
 

6 today among the members concerning the basis for the 
 

7 letter that we'll be writing. So I presume that will 
 

8 have to take place in April then. 
 

9 CHAIRMAN BLEY: Yeah, that will take 
 

10 place in April. And we'll do it in the format  we 
 

11 just started doing. Following the full  committee 
 

12 meeting I will present some bullets on what   we're 
 

13 heard and things that we might have in the  letter. 
 

14 And then we'll open it up for discussion. And we'll 
 

15 do that before we actually see a draft of the letter 
 

16 to discuss. 
 

17 Thanks, Harold. 
 

18 MEMBER RAY: Yes. 
 

19 CHAIRMAN BLEY: Now I'd like to go around 
 

20 the table. Let's start with Charlie. 
 

21 MEMBER BROWN: No, I thought the  part 
 

22 relative to the functional containment stuff is 
 

23 fairly reasonable in terms of what they've approached 
 

24 and how they're going about it. 
 

25 I guess I had a question that I  didn't 
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1 ask because I didn't want to interrupt the flow -- 
 

2 CHAIRMAN BLEY: Sure. 
 

3 MEMBER BROWN: -- and the karma that was 
 

4 emanating from the front relative to this. 
 

5 But I presume it took 23 pages into the 
 

6 document to talk about your three fundamental safety 
 

7 functions. You've mentioned only the one of them is 
 

8 radionuclide retention. And based on the  earlier 
 

9 meetings we've had I just wanted to clarify that it 
 

10 looks like reactivity control and/or decay heat 
 

11 removal is largely going to recover the existing 
 

12 breakouts in the work you've done relative to 1.232 
 

13 and stuff, or are there other areas that would come 
 

14 about? 
 

15 So I had another thought and then I 
 

16 forgot what it was, so I'll let you, if you can answer 
 

17 that. 
 

18 MR. RECKLEY: Yes, as far as we've 
 

19 explored, yes, those two fundamental safety functions 
 

20 are already addressed in 1.232. 
 

21 MEMBER BROWN: This was in our last 
 

22 discussion. 
 

23 MR. RECKLEY: Right, right. On the 
 

24 advanced reactor design criteria. 
 

25 There may be, as we get into the  event 
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1 categories, some subtle changes, not to the 
 

2 fundamentals. But the difficulty is, and you 
 

3 encountered it some during the discussions on   the 
 

4 ARDC, since that originated with the general design 
 

5 criteria it brought with it the traditional   light 
 

6 water reactor event categories and structures. And 
 

7 so these are a little bit different. 
 

8 So, as we align them there might be some 
 

9 slight differences. But, again, I don't think 
 

10 they're going to be -- there still will be, you know, 
 

11 reactivity control, there still will be decay  heat 
 

12 removal. Those are critical things -- 
 

13 CHAIRMAN BLEY: I'm going to -- 
 

14 MR. RECKLEY: Right. 
 

15 CHAIRMAN BLEY: We're in the close-up 
 

16 session and we've only got five minutes before some 
 

17 more members disappear. So I'm going to go to Walt. 
 

18 Thank you, Charlie. 
 

19 MEMBER BROWN: Yes. 
 

20 MEMBER KIRCHNER: Thank you. I'll be 
 

21 brief. 
 

22 I just maybe searching for the  unified 
 

23 field theory of general design criteria and such, I 
 

24 just would test the applicability of any  framework 
 

25 that is developed against an advanced LWR SMR. And 
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1 I'll stop there. 
 

2 Thank you. 
 

3 CHAIRMAN BLEY: Dana. 
 

4 MEMBER POWERS: Well, Bill certainly 
 

5 outlined a framework he says we need to work through 
 

6 to get from pre-conceptual design to a final design. 
 

7 Of course, always  a challenge. But I think  this 
 

8 framework is going to be incomplete, fatally 
 

9 incomplete till we confront the issue of where 
 

10 experimental data would be mandated in the 
 

11 confirmation of the computer codes. 
 

12 And you talked a little bit about   air 
 

13 intrusion into the graphite reactors. We just talked 
 

14 about the molten salt reactor. And it just brings 
 

15 to mind the crisis that arose in the   aeronautical 
 

16 industry when they discovered superalloy corrosion on 
 

17 their -- when they used superalloys for the turbine 
 

18 blades. 
 

19 They had the entire corrosion community 
 

20 swearing and be damned that superalloys stood up to 
 

21 everything and would never corrode because they did 
 

22 all the testing statically. As soon as they put it 
 

23 into blades, ran diesel over it with a little bit of 
 

24 sulfur in it, they got blistering and corrosion that 
 

25 destroyed the blades. And it was just a major 
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1 crisis. 
 

2 The computer codes I only know what the 
 

3 computer code developer knows. And that's not nearly 
 

4 as much as mother nature knows. 
 

5 CHAIRMAN BLEY: Thank you, Dana. 
 

6 Mr. Stetkar. 
 

7 MEMBER STETKAR: I'm going to take a 
 

8 little, little different approach. I've been quiet. 
 

9 Because listening to this and reading through   the 
 

10 paper myself I kept coming back to your   frequency 
 

11 consequence code, as did all of the presenters this 
 

12 morning. 
 

13 And it strikes me that without a   SECY 
 

14 paper to the Commission, to get Commission, today's 
 

15 Commission not 20 years ago Commission, today's 
 

16 Commission buy-in on this concept and how it 
 

17 addresses several of the more detailed points of 
 

18 discussion that we've had this morning in terms  of 
 

19 are the barriers physical? How many do you  need? 
 

20 Well, you know, what do you need to protect against? 
 

21 You can't protect against a meteorite 
 

22 strike so, you know, get over it. But where is that 
 

23 in this whole notion of things. You can have 700,000 
 

24 barriers and a meteorite's still going to wipe  you 
 

25 out.  
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1 So my whole point is are we getting ahead 
 

2 of -- if you send this up to the Commission now, the 
 

3 Commission's going to come back and say explain it to 
 

4 me in the construct of this thing that you say you're 
 

5 not ready to explain yet. And that, that bothers me. 
 

6 That's all. Thanks. 
 

7 CHAIRMAN BLEY: Thank you, John. 
 

8 Oh, you're still here. 
 

9 MEMBER CORRADINI: Yes. 
 

10 CHAIRMAN BLEY: Mike. 
 

11 MEMBER CORRADINI: I don't have any 
 

12 additional comments. I had some before. But I 
 

13 think, I think I'm still not sure, if I can go   to 
 

14 your slide 19, what you're asking of us to write  a 
 

15 letter on. Because you backed away from the 
 

16 frequency consequence code. John's already given his 
 

17 comments on that. I don't disagree with that. 
 

18 But if you're -- I'm going to say  back 
 

19 away -- if you're not going to be specific on that, 
 

20 I think slide 19 is what you're asking us to approve 
 

21 or augment or whatever; yes? That's my 
 

22 interpretation. 
 

23 Okay, that's all I need for the moment. 
 

24 We'll discuss it I think. 
 

25 CHAIRMAN BLEY: Thank you. Dick. 
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1 MEMBER SKILLMAN: No further  comment. 
 

2 Thank you. 
 

3 CHAIRMAN BLEY: Thank you, Dick. Jose. 
 

4 MEMBER MARCH-LEUBA: I do, I just  have 
 

5 some comments. 
 

6 I understand what you're proposing to do 
 

7 on the functional containment. And I like it because 
 

8 it's actually appealing, it's logical, you know. You 
 

9 see what everything, if something happened and what 
 

10 would happen. However, I have concerns with the 
 

11 implementation because it will rely on a PRA analysis 
 

12 that must be complete. And I have never seen a PRA 
 

13 analysis of this complete. 
 

14 Whenever we have had a severe accident is 
 

15 because we have an event that nobody thought of. And 
 

16 so going completely away from the concept of 
 

17 retention that's based on a PRA analysis that is by 
 

18 nature incomplete, it's dangerous. 
 

19 Okay, so if this goes forward we   will 
 

20 need to know -- you need to -- I didn't ask you 
 

21 before, are you willing to bet your firstborn   son 
 

22 that this PRA is complete? The last question was 
 

23 already asked but they did ask you that question. 
 

24 With that in mind, I am going to  argue 
 

25 vehemently with the letter that we insist on having 
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1 multiple independent barriers, not just a LOCA or the 
 

2 failure of a single barrier. And that will not 
 

3 affect any of the designs. I mean, that the barriers 
 

4 must be multiple and independent. 
 

5 That's what I will argue in the letter. 
 

6 CHAIRMAN BLEY: Okay. Is that it? 
 

7 MEMBER MARCH-LEUBA: No. That leads me 
 

8 to a different line  of thought. And this is very 
 

9 difficult to regulate: a concept of ample margin. 
 

10 It is almost impossible to regulate. 
 

11 But the reason we are considering having 
 

12 this functional containment for these designs is 
 

13 because we know that we're not even close to the 
 

14 deadline on the frequency consequence with materials. 
 

15 We are two, three, four orders of magnitude away from 
 

16 it. And, therefore, even if we are, we go   wrong, 
 

17 we're never going to violate it. 
 

18 The moment the Commission approves a 
 

19 green line there's going to be a dramatic issue there. 
 

20 It's going to get it right to the limit. So I will 
 

21 ask you to think about how to regulate ample margins. 
 

22 And with that I'll shut up. 
 

23 CHAIRMAN BLEY: Steve, we'd like a 
 

24 summary of your comments. And I look forward  to 
 

25 receiving something written. 
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1 MR. SCHULTZ: Thank you, Dennis. 
 

2 I, with regard to the functional 
 

3 containment I see this after the presentations  and 
 

4 the discussions as follows the paper that you 
 

5 presented that really we're looking at either 
 

6 expanding the definition of functional containment, 
 

7 even you can move it forward from light water reactor 
 

8 design. It is a functional containment, it's just a 
 

9 different type than what we've explored for the 
 

10 advanced designs. 
 

11 But the functional containment that we've 
 

12 described for the advanced designs -- and I really do 
 

13 appreciate the discussions we've had today in   the 
 

14 examples that have been presented --the designers are 
 

15 certainly going to be challenged because the 
 

16 functional containment design now is one that's 
 

17 demonstrated with the functional containment 
 

18 retention demonstrated with complex analysis, the 
 

19 overall system of barriers, the SSC  functionality, 
 

20 and all of that is going to be put into the context 
 

21 of designers and their treatment of uncertainties. 
 

22 So even though you said it was, this was 
 

23 a piece of the bigger picture and we have to get by 
 

24 this so we can move to that bigger picture, there's 
 

25 a lot that's left to do to fit all the pieces of the 
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1 puzzle together. 
 

2 With regard to the functional 
 

3 containment, one of the challenges for the designers 
 

4 is going to be the evaluation of the structured 
 

5 systems and components with regard to the reliability 
 

6 and functionality. And that leads to maintenance, 
 

7 operational quality assurance, and all of the above. 
 

8 So if the Commission approves going 
 

9 forward with this concept, it doesn't reduce the 
 

10 amount of work or regulatory attention to this,  it 
 

11 really increases it. It's going to be an interesting 
 

12 path to follow for the designers. 
 

13 I really do appreciate the comments  by 
 

14 Amir and Prasad also because they've also addressed 
 

15 the issue of opportunity with regard to safety 
 

16 margins and safety improvement for the advanced 
 

17 designs. 
 

18 CHAIRMAN BLEY: Thank you, Steve. 
 

19 That's all of the committee. 
 

20 I don't have anything in particular more 
 

21 to add. 
 

22 No, he already had his turn. 
 

23 But it's worth taking just a minute and 
 

24 talk about full committee meeting and any revisions 
 

25 we do to this paper. Since I expect you might  be 
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1 doing some, I'm going to ask the same as we did the 
 

2 last time about ARDC, that if you do make   changes 
 

3 before full committee that at least a week   before 
 

4 full committee you get us a redline strike out from 
 

5 the version we're holding now so that we can   very 
 

6 quickly see anything you've changed. That would be 
 

7 extremely helpful. 
 

8 Almost the full committee participated in 
 

9 this meeting with only one exception. So if you can 
 

10 simplify in many places, we probably don't need the 
 

11 examples because we're going to be pretty well 
 

12 strapped for time. So keep it, we'll get no  more 
 

13 than two hours, so aim at an hour presentation,  an 
 

14 hour discussion that will be intermixed. 
 

15 And I guess that's about it for me. 
 

16 Thanks to everyone. Good presentations, very good 
 

17 discussions. And it's going to be an   interesting 
 

18 letter for us. 
 

19 Thanks very much. We are adjourned. 
 

20 (Whereupon, at 12:32 p.m., the  meeting 
 

21 was adjourned.) 

22 

23 
 
24 
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Statement of Amir Afzali, Southern Company 
February 22, 2017 ACRS Future Plant Designs Subcommittee Meeting 

 
This is to support the staff’s proposed SECY for modernizing the current prescriptive 
approach for dealing with the radioisotope retention provisions of the regulation.  As the 
ACRS members are well aware, Mr. McCree, the NRC’s Executive Director of 
Operations, issued a memorandum on January 25th of this year, communicating NRC’s 
intention to make transformational changes in its regulatory approach for dealing with 
innovative technologies such as advanced non-light water reactors.  We believe the 
subject functional containment SECY, provides a good example of how licensing issues 
for advanced non-LWRs can be addressed using a technology-inclusive, risk-informed 
and performance-based (TI-RIPB) approach. This effort, including its proposed process 
for selecting and evaluation of licensing basis events (LBEs) provides a foundation for 
the coherent modernization of regulatory requirements beyond the functional 
containment issue.   The paper is also consistent with the processes proposed by the 
utility-led licensing modernization project (LMP). The LMP approach includes a 
technology inclusive process for LBE selection and evaluation, safety classification of 
Structures, Systems, and Components, and for evaluating defense-in-depth adequacy.  
We believe that the development and implementation of such systematic and 
predictable processes for early resolution of fundamental technical issues is a high 
priority. This is needed to reduce stakeholder uncertainty, and to provide improved 
understanding and assurance of facility safety margins.  Therefore, we support the work 
done thus far and we look forward to future collaborative work to finalize this work, the 
LMP proposals and other such modernization initiatives to enable innovation in safety 
improvements and technology developments and deployment. 
 



 

Statement in Support of Staff Paper on Functional Containment 

Submitted to ACRS Sub-Committee  

For Meeting on February 22, 2018 

By N. Prasad Kadambi (npkadambi@verizon.net) 

 

The purpose of this supportive statement on the subject paper is to make more explicit its 
context and importance relative to policy initiatives by the Commission from the late 1990s.  

As part of the framework of policy direction from the Strategic Assessment and Rebaseling 
Project, the Commission conducted a number of studies, one of which was on Direction Setting 
Issue No. 12 entitled “Risk-Informed, Performance-Based Regulation.” That direction from the 
Commission has produced many activities whose benefits may be enhanced by explicitly 
recognizing the policy roots as being closely related to the outcomes sought by DSI-12. The 
functional containment paper makes reference to one of these, the Commission’s SRM-SECY-
1998-0144, “White Paper on Risk-Informed and Performance-Based Regulation.” This SRM 
represents a very significant element of progress toward a different way of looking at nuclear 
safety by clarifying certain terminology. It has since become a standard reference for the 
meaning of terms such as “risk-informed” and “performance-based”. A more widespread 
understanding of the Commission’s work would be promoted by quotations from the White 
Paper. This would also assure that the common understanding of the terms is based on a 
foundation of Commission level statements. 

Another piece of work referred to in the functional containment paper is the guidance document 
NUREG/BR-0303, “Guidance on Performance-Based Regulation.” NUREG/BR-0303 is directly 
related to DSI-12. Companies interested to invest in advanced reactors may want to know how 
their use of the functional containment concepts are related to Commission level issuances. The 
reference to NUREG/BR-0303 would offer justification by recognizing that it and the functional 
containment paper invoke structured performance models. In the functional containment paper 
the structured performance model is presented as Figure 3, “Derivation of Performance 
Criteria”. In NUREG/BR-0303, Appendix B, the structured performance model proposed is the 
model that is used in the Reactor Oversight Process. For designers of novel reactor concepts, 
the important recognition may be that they have the flexibility to propose a structured 
performance model that optimizes the technology benefits that each designer aspires to 
achieve. 
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Outline

2

• Background (Advanced Reactor Program)
• Functional Containment Performance Criteria 

Commission Paper
– Background
– Relationship to Other Activities

• RG 1.232, Advanced Reactor Design Criteria
• Licensing Modernization Project

– Performance Criteria
• Examples
• Recommendation



Advanced Reactor Program

3

• NRC Vision and Strategy: “Safely Achieving 
Effective and Efficient Non-LWR Mission 
Readiness”  - December 2016

• Implementation Action Plans (IAPs)
– Near-term (within 5 years)
– Mid-term (5-10 years)
– Long-term (beyond 10 years)

• SECY-18-0011, “Advanced Reactor 
Program Status” - ML17334B217



Advanced Reactor Program
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Advanced Reactor Landscape
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*   The list of companies in this figure is taken from the membership of 
established technology working groups



Format

• Paper (Policy)
o Enclosure 1 – Background
o Enclosure 2 – Risk Informed Performance Based 

Performance Criteria
• Background (Enclosure 1)

o “Functional containment” concept (SECY-93-092)
o Define performance criteria (SECY-03-047)
o Next generation nuclear plant (NGNP)
o Advanced Reactor Design Criteria
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Enclosure 2

Implementation Action Plans
• Strategy 3:  Develop guidance for a flexible non-LWR 

regulatory review process …
• Strategy 5: Identify and resolve technology-inclusive 

policy issues…
• Contributing activities include:

o Establish and document the criteria necessary to reach a 
safety, security, or environmental finding for non-LWR applicant 
submissions. The criteria and associated regulatory guidance 
are available to all internal and external stakeholders. 

o Determine and document appropriate non-LWR licensing 
bases and accident sets for highly prioritized non-LWR 
technologies. 

o Identify, document and resolve (or develop plan to resolve) 
current regulatory framework gaps for non-LWRs. 

o Analyze and resolve technology-inclusive non-LWR policy 
issues 
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Bow Tie Diagram

8

The notion of barriers in Figure 1 can include controls, programs, or hardware serving the functions of 
preventing or mitigating the top-level event. The term “barriers” in many NRC discussions of defense in 
depth relate to physical features such as fuel cladding, reactor coolant piping, and a containment 
structure. The staff will attempt to address this and other challenges related to terminology in future 
guidance documents.



Advanced Reactor Design Criteria

RG 1.232, “Guidance for Developing Principal Design Criteria for Non-
Light Water Reactors,” resulted in the following design criterion and 
supporting rationale for “functional containment” for modular high-
temperature gas-cooled reactors (MHTGR-DC-16):

Containment design. 
A reactor functional containment, consisting of multiple barriers internal and/or 
external to the reactor and its cooling system, shall be provided to control the 
release of radioactivity to the environment and to ensure that the functional 
containment design conditions important to safety are not exceeded for as long 
as postulated accident conditions require.
Rationale
The term “functional containment” is applicable to advanced non-LWRs without 
a pressure retaining containment structure. A functional containment can be 
defined as “a barrier, or set of barriers taken together, that effectively limit the 
physical transport and release of radionuclides to the environment across a full 
range of normal operating conditions, AOOs, and accident conditions.”
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Basic Framework

• The basic framework is built around the 
identification and categorization of licensing-basis 
events. 

The figure is being provided to illustrate the general organization of events but 
the staff is not ready to request Commission-level decisions on the specifics 
within the figure.  The staff is continuing to interact with stakeholders to reach 
alignment on some topics such as the demarcation of categories and ensuring 
consistency across the assessments of prevention and mitigation controls and 
barriers for various events and consequences. 
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Key Input for Licensing

General depiction of a technology-inclusive 
approach, developed in conjunction with NGNP
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Mechanistic Source Term



Event Categories 

Normal operations define initial conditions for 
licensing basis events.  Radiological doses resulting 
from normal operation are controlled by limiting 
routine effluent releases to below regulatory 
requirements (i.e., Part 20 limits)
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Event Categories (AOOs)

13

Anticipated Operational Occurrences (AOOs) encompass 
planned and anticipated events (e.g., frequencies exceed 
approximately 10-2 per plant-year). The radiological doses 
from AOOs are required to meet a fraction of the normal 
operation public dose requirements (i.e., Part 20 limits) which 
are established for annual dose rates due to both events and 
planned effluent releases.  AOOs are used to set operating 
limits for normal operation modes and states, and historically 
used to establish performance criteria for reactor protection 
systems.  Design features and programmatic controls are 
established to limit AOO frequencies and consequences in 
terms of offsite doses and success of controls and SSCs 
serving a prevention function (e.g., integrity of fuel cladding, 
coatings, or other fuel system boundary)



Event Categories (DBE)

14

Design Basis Events (DBEs) encompass unplanned 
off-normal events not expected in the plant’s lifetime, but 
which might occur in the lifetimes of a fleet of plants (i.e., 
event frequencies in the range of 10-4 to 10-2 per plant-
year). The radiological doses from DBEs are required to be 
a fraction of accident public dose requirements (e.g., 10 
CFR 50.34) as shown on the sliding illustrative F-C target 
figure.  Design features and programmatic controls are 
established to limit DBE frequencies and consequences in 
terms of offsite doses and success of controls and SSCs 
serving a prevention function (e.g., integrity of fuel 
cladding, coatings, or other fuel system boundary).  The 
identification and evaluation of DBEs provide input to the 
selection of design basis accidents (DBAs).



Event Categories (BDBE)

Beyond Design Basis Events (BDBEs) are rare off-normal 
events whose frequencies range from a very low value 
(e.g., approximately 10-7 per plant-year to 10-4 per 
plant-year.  BDBEs are evaluated to ensure that they 
do not pose an unacceptable risk to the public.  
Design features and programmatic controls are 
established to limit BDBE frequencies and 
consequences in terms of offsite doses and success of 
preventive controls and SSCs (e.g., integrity of fuel 
cladding, coatings, or other fuel system boundary) or 
mitigation measures (e.g., severe accident design 
features).
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Design Basis Accidents (DBAs) are the event sequences 
reflected in report Chapter 15, “Accident Analyses,” 
which are prescriptively derived from the DBEs by 
assuming that only SSCs classified as safety-related are 
available to deal with the event. The public 
consequences of DBAs are conservatively calculated 
and assessed against 10 CFR 50.34 limits, similar to 
DBAs analyses for existing LWRs.  DBAs have 
historically been used to define safety margins for SSCs 
and establish limiting conditions for operation.

Event Categories
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Methodology to Identify 
Performance Criteria

17



Related Topics

• Interrelationships between functional containment 
performance criteria and other areas such as fuel 
design limits

• Some non-LWR designs may not include a fuel cladding 
or have a distinct transition from effective to ineffective 
heat transfer such as departure from nucleate boiling 

• Specified acceptable radionuclide release design limits 
(SARRDLs) concept establishes limits on the possible 
increase in circulating and plateout (condensed) 
radionuclide inventory during normal operations or an 
AOO (e.g., from fission product releases from coated 
fuel particles). 

• Defining SARRDLs for specific designs is intertwined 
with functional containment performance criteria 
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Proposed Approach

• Performance Criteria
– Established for event categories
– SSC performance criteria established based 

on their role in meeting event category 
performance criteria

– Generally consistent with current use of 
“design basis” for SSCs

For each event category, performance criteria would define specific functions to be 
performed by a structure, system, or component (SSC) of a facility, and the specific 
values or ranges of values chosen for controlling parameters as reference bounds 
for design.  The design of each SSC would be determined based on the aggregation 
of performance requirements for the event categories and critical safety functions as 
well as other potential roles that a designer may choose for that SSC. 
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Physical Structure Functions

• Possible functions other than radionuclide retention
o Structural support to primary cooling systems;
o Supporting the decay heat removal critical safety function 

via structural support for and housing of backup or 
emergency cooling such as reactor cavity cooling systems;

o Prevention barrier against external events such as flooding 
and wind loadings;

o Design feature credited in aircraft impact assessments;
o Physical security design feature credited in preventing or 

delaying adversaries; and
o Design feature credited during environmental assessments 

of severe accident mitigation design alternatives.
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Examples

MHTGR – Farshid Shahrokhi, Framatome
MSR – David Holcomb, ORNL
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Methodology to Identify 
Performance Criteria

22



Recommendation

23

The staff recommends that the Commission approve the integrated, 
technology-inclusive approach described in Enclosure 2 for establishing 
functional containment performance criteria.  The approach consists of 
identifying event categories with associated performance requirements 
needed for fundamental safety functions, such as the retention of 
radionuclides within defined SSCs.  The design of SSCs serving as part 
of functional containments would be determined based on aggregating 
the performance requirements for all event categories.  Requirements 
on physical structures or enclosures would reflect their role, if any, as 
part of the functional containment and any separate purposes to meet 
regulations or design goals not specifically associated with radionuclide 
retention (e.g., protection from external events).  



HTGR TWG Members 
BWXT

Framatome (previous AREVA)
Kairos Power

StarCore Nuclear
X-Energy

Duke Energy, EPRI and NEI

Farshid Shahrokhi (Chairman HTGR-TWG)

Functional Containment Performance Criteria

--- High Temperature Gas-cooled Reactor ---



HTGR- TWG
Members

• Reactor Developers
– Framatome 

• SC-HTGR - prismatic core modular high temperature gas-cooled reactor
– Star Core Nuclear

• StarCore - small core modular high temperature gas-cooled reactor
– X-Energy

• Xe-100 - pebble bed core modular high temperature gas cooled reactor 
– Kairos Power

• KP-FHR - molten salt core high temperature reactor 

• Fuel Manufacturer
– BWXT 

• UCO based TRISO coated particle fuel

February 2018 Page 2



Topics of Discussion

• Developing criteria for functional containment 
for modular High Temperature Gas-cooled 
Reactors through event categories

• Role of the fuel (TRISO coated particle fuel) 
• Role of the helium pressure boundary and the 

reactor building during AOO, DBE/DBA, and 
BDBE event sequences

• Other functions of the HTGR reactor building
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Modular HTGR
Functional Containment Concept 

The collection of design selections and characteristics that, taken 
together, ensure that radionuclides are retained within multiple 
physical barriers, with emphasis on retention primarily at their 
source i.e. TRISO coated particle fuel

Designers’ goal – All regulatory requirements for release of 
radionuclides are met at the site exclusionary area boundary (EAB).
Radionuclides barriers for HTGRs:

1. The fuel particle kernel 
2. The fuel particle coatings (silicon carbide and pyro-carbon coatings)
3. The core graphite
4. The helium pressure boundary
5. The reactor building
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Barriers 1, 2 and 3
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Barrier 4
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Barrier 5
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Fundamental Safety Functions
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LBE Frequency – Consequence Target
Framework
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Normal Operation and AOOs
Events >10-2

Design Bases Events
10-2 < Events > 10-4

Beyond Design Bases Events 
10-4 < Events > 5 x10-7



Radionuclides Barrier Functions

1. Kernel - Retention
2. TRISO Coating - Retention
3. Core Graphite  - Retention and cooling
4. Reactor Pressure Vessel – Retention, cooling, 

and structural support for the core
5. Reactor Building

– Structural protection for Reactor Cavity Cooling 
System and Reactor Vessel

– Depressurization flow path and limit air ingress
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Radionuclides Path to the Environment 
Generation, Retention, and Release

• Fission product generation and retention in the fuel kernels
• Selective migration of certain fission product through the 

TRISO particle coatings 
• Further retention fission product in the core graphite
• Circulating activity in the primary helium pressure 

boundary (HPB)
• Distribution of condensable radionuclides on the inside 

surfaces of  the HPB (plateout and dust)
• Radionuclide release to and distribution in the reactor 

building
• Radionuclide release from the reactor building to the 

environment (source term)

Page 11February 2018



HTGR Functional Containment
Radionuclides Generation, Retention, and Release

Page 12

The phenomena illustrated are modelled to determine 
mechanistic source terms
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Backups
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Coated Fuel Particles are highly Retentive
100’s of degrees above normal operation

• German fuel element test results 
have demonstrated retention 
capability for hundreds of hours at 
1600°C and greater than a hundred 
hours at 1700°C without fuel 
particle failure

• Normal operating peak fuel 
temperature less than 1250°C

• Large temperature margins enable:
– Passive heat removal independent of 

coolant pressurization
– Greater use of negative temperature 

coefficient for intrinsic reactor 
shutdown
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SC-HTGR DCC Accident Scenario

Peak Temperatures During a 
DCC accident Scenario
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Peak Fuel Temperature
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UCO Failure Fraction
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SC-HTGR
DCC- Nominal temperatures  
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SC-HTGR
Depressurized Conduction Cool Down Results

Component Nominal 
Case

Conservative 
Case

Scoping 
Criterion

Fuel peak temperature 1332°C 1635°C ~1650°C
Core Barrel peak temperature 720°C 784°C 800°C
RPV peak temperature 440°C 482°C 538°C
Duration RPV above 371°C 305 hr 446 hr 750 hr
Duration RPV above 427°C 96 hr 233 hr 250 hr

• All scoping criteria satisfied
– Safety functions are not impaired
– Components remain within design limits
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mHTGR –DC 16
Containment design

• A reactor functional containment consists of multiple barriers 
internal and/or external to the reactor and its cooling system, shall 
be provided to control the release of radioactivity to the 
environment and to ensure that the functional containment design 
conditions important to safety are not exceeded for as long as 
postulated accident conditions require.

– Treats the functional containment as an integrated entity with one 
PDC.  Individual barriers are addressed in other PDCs.

– Addresses multiple (five) barriers vs. LWR containment building.  (For 
DBAs, only the first three or four barriers are relied upon to meet 
regulatory requirements for off site dose [10CFR50.34, 10CFR52.79] at 
the EAB.  For meeting EPA PAGs at the EAB, all five barriers are taken 
into account.)
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mHTGR-DC 71
Reactor building design basis

• The design of the reactor building shall be such that , 
during postulated accidents, it structurally protects the 
geometry for passive removal of residual heat from the 
reactor core to the ultimate heat sink and provides a 
pathway for the release of reactor helium from the 
building in the event of depressurization accidents.

– Containment is replaced by the reactor building.
– Specific reference to penetrations and testing of their leak 

tightness are deleted and replaced by:
– Provision for reactor helium vent path due to intentional 

venting of reactor building at high pressure
– Geometry protection of passive heat removal 
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mHTGR-DC 72
Provisions for periodic reactor building inspection

• The reactor building shall be designed to permit (1) 
appropriate periodic inspection of all important 
structural areas and the depressurization pathway, 
and (2) an appropriate surveillance program.

– Inspection and surveillance of reactor building is focused 
on fundamental structural integrity for protection of 
passive heat removal.
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Fuel and Helium Pressure Boundary Barriers are 
Addressed by the Following mHTGR-DCs 

• mHTGR-DC 10 Reactor Design

• mHTGR-DC 14 Helium Pressure Boundary

• mHTGR-DC 15 Helium Pressure Boundary Design

• mHTGR-DC 30 Quality of Helium Pressure Boundary

• mHTGR-DC 31 Fracture Prevention of Helium 
Pressure Boundary

• mHTGR-DC 32 Inspection of Helium Pressure 
Boundary
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mHTGR-DC 10
Reactor design

• The reactor system and associated heat removal, control, and 
protection systems shall be designed with appropriate margin to 
ensure that specified acceptable system radionuclide release design 
limits are not exceeded during any condition of normal operation, 
including the effects of anticipated operational occurrences.
– The ability to meet specified acceptable core radionuclide release 

design limits (SARRDLs) is governed by the entire reactor system and 
the heat removal systems, not just the core and its coolant system.

– Coated fuel particle performance is directly linked to SARRDLs
– SARRDLs are measureable:  circulating activity and plate-out inventory, 

as measured by grab samples and plate-out probes.
– SARRDLs provide a link to off site doses resulting from LBEs

Page 24February 2018



mHTGR-DC 14
Reactor helium pressure boundary

• The reactor helium pressure boundary shall be designed, 
fabricated, erected, and tested so as to have an extremely 
low probability of abnormal leakage, of rapidly propagating 
failure, of gross rupture, and of unacceptable ingress of 
moisture, air, secondary coolant, or other fluids.

– Reactor residual heat removal can be accomplished without fuel 
failure with the HPB depressurized.  Undercooling effects are 
not severe relative to those of LWRs.

– HPB integrity is important for:
• Radionuclide retention (functional containment)
• Protection from ingress of impurities (air, steam, etc.)
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mHTGR-DC 15
Reactor helium pressure boundary design

• All systems that are part of the reactor helium pressure 
boundary, such as the reactor system, vessel system, and 
heat removal systems, and the associated auxiliary, control, 
and protection systems, shall be designed with sufficient 
margin to ensure that the design conditions of the reactor 
helium pressure boundary are not exceeded during any 
condition of normal operation, including anticipated 
operational occurrences.

– Generally the same criterion – terminology is changed.

– The ability to remain within HPB design conditions is governed 
by reactor system, vessel system, and heat removal systems and 
their associated systems.  The role of each is reflected by adding 
them to the scope of mHTGR-DC 15.
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mHTGR-DC 30
Quality of reactor helium pressure boundary

• Components that are part of the reactor helium pressure 
boundary shall be designed, fabricated, erected, and tested 
to the highest quality standards practical. Means shall be 
provided for detecting and, to the extent practical, 
identifying the location of the source of reactor helium 
leakage. Means shall be provided for detecting ingress of 
moisture, air, secondary coolant, or other fluids to within 
the reactor helium pressure boundary.

– Same criterion – only terminology is changed.
– HPB integrity is important for:

• Radionuclide retention (functional containment)
• Protection from ingress of impurities (air, steam, etc.)
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mHTGR-DC 31
Fracture prevention of reactor helium pressure boundary

• The reactor helium pressure boundary shall be designed with sufficient 
margin to ensure that, when stressed under operating, maintenance, 
testing, and postulated accident conditions, (1) the boundary behaves in a 
non-brittle manner and (2) the probability of rapidly propagating fracture 
is minimized. The design shall reflect consideration of service 
temperatures, service degradation of material properties, creep, fatigue, 
stress rupture, and other conditions of the boundary material under 
operating, maintenance, testing, and postulated accident conditions and 
the uncertainties in determining (1) material properties, (2) the effects of 
irradiation and helium composition, including contaminants and reaction 
products, on material properties, (3) residual, steady-state, and transient 
stresses, and (4) size of flaws.

– Same criterion – only terminology is changed.

– HPB integrity is important for:
• Radionuclide retention (functional containment)
• Protection from ingress of impurities (air, steam, etc.)



mHTGR-DC 32
Inspection of reactor helium pressure boundary

• Components that are part of the reactor helium pressure boundary 
shall be designed to permit (1) periodic inspection and functional 
testing of important areas and features to assess their structural 
and leaktight integrity, and (2) an appropriate material surveillance 
program for the reactor vessel.

– Generally the same criterion – only terminology is changed.

– HPB integrity is important for:
• Radionuclide retention (functional containment)
• Protection from ingress of impurities (air, steam, etc.)

– Leaktightness is not needed for core cooling and need not be 
maintained to the same degree as for the LWRs.

• Thus GDC 33, Reactor Coolant Makeup, is not applicable to the HTGR



1 Functional Containment for MSRs

Functional Containment 
Molten Salt Reactors (MSRs)

David Holcomb
Oak Ridge National Laboratory



2 Functional Containment for MSRs

Functional Containment Aligns With MSR Configuration 
and Characteristics

• Low pressure even under accident 
conditions
– Continuous venting of gaseous fission products 

through carbon bed
– Chemically inert salt – no exothermic reactions 

possible
– Only small amounts of water in containment
– Large margin to boiling – no cliff edge 

phenomena

• Chemically bound fission products
– Plate out of non-dissolved fission products
– Chemical retention capabilities retained following 

barrier failure
MSRE Layout



3 Functional Containment for MSRs

What Are the MSR Containment Challenges?
• Tritium

– Particular problem for lithium and/or beryllium 
salts

– Trapping, blocking, and stripping are all 
candidate technologies to reduce release 
amounts

• Strength at high temperature
– Low pressure reduces requirements

• Radiation damage
– Embrittlement of available nickel based alloys 

primary concern

• Corrosion
– Necessitates fuel salt chemistry control

• Distributed sources

Salt chemistry 
controls surface 

cracking

MSRE alloy 
embrittled 

during service



4 Functional Containment for MSRs

How Does Functional Containment Address the 
Challenges?

• Multiple barriers - some of which 
are not normally stressed
– Barrier performance requirements 

depends on their safety function

• Segmented containment
• Independence of barriers

– Failure of interior barriers does not 
substantially stress exterior barriers

• Design to reduce challenges to barriers
– Interior shielding
– Coatings and salt chemistry control
– Higher strength, low-embrittlement (precipitation strengthened) nickel alloys
– Limited lifetimes

Multi-Layer, Segmented Containment at MSRE



5 Functional Containment for MSRs

Containment Performance Requirements Reflect Event 
Severity and Location 
Condition Normal 

Operations
AOO Design Basis Accidents Beyond Design Basis 

Event
Event Release through 

intact barrier 
(e.g. tritium)

Barrier leakage Single barrier failure Double barrier failure

Example(s) Diffusion 
through 
structures

Primary heat 
exchanger 
tube leak

Salt wetted 
boundary failure

Head end 
cover gas 
system rupture

Salt wetted boundary 
failure and independent 
external event resulting in 
outer barrier penetration

Performance 
criteria

Part 20 Radionuclide 
release limits

10CFR50.34 EPA PAG, Safety goals

Primary 
mitigation 
mechanisms

Absorption, 
blocking, 
stripping

In-leakage 
(pressure 
differential)

Guard vessel / 
DRACS or Catch 
basin / drain 
tanks

Guard vessel 
with passive 
cooling

Independent barrier with 
passive cooling

Secondary 
mitigation 
mechanism

Isolation valves Independent barriers Salt radionuclide retention
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