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2 (9:30 a.m.)

3 MR. CARBON 3 The meeting will now come to

4 order.

5 This is a meeting of the Advisory Committee on

6 Reactor Safeguards, Subcommittee on CRSR. My name is
.1

7 Carbon. I am the subcommittee chairman. The other ACRS

8 members present today are Ors. Axtmann, Mark and

9 Okrent. We have in attendance ACRS consultants Ors.

10 Kastenberg anci Lipinski.

11 The purpose of the meeting today is to

12 continue review of the ACOA energetics issues for CRBR.

13 ' This meeting is being conducted in accordance with

14 provisions of the Federal Advisory Committee Act end the

15 government in the Sunshine Act.

16 Paul Boehnert, on my right, is the designated

17 federal employee for the meeting.

18 The rules for participation in today's meeting
, ,

i

; 19 have been announced as part of the notice of this

20 meeting previously published in the Federal Register on

21 October 28, 1982.

22 A transcript of the meeting is being kept and

23 will be made available as stated in the Federal Register

O 2A notice.

25 It is requested that each speaker identify

O
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() 1 himself and speak clearly and loudly so that a or she

2 can be c adily heard.

3 We have received no written statements from

4 members of the public, and we have no requests for time

5 to make oral statements from members of the public.

6 In terms of my own comments to start the

7 meeting I guess I have not very many. I would mention a

8 couple of things. I believe you all have a copy of the

9 letter we erote to Theo on October 12th asking for

10 coverage of certain points todar. I won't go through

11 that further.

12 I am sure everyone has also received a package;

13 of material, the three-part set which came from Theo

14 depending upon where you were last weekend or early this '

iS week.

18 Does anyone have any point to bring up before

17 we start? If not, I believe so will charge on into the

18 meeting, and I guess I will call on Mr. Cardis Allen.

19 MR. ALLEN: I have very little to say other

20 than to introduce Dr. Theofanous and his team. As you

21 know, the group was formed back in July at a point after

22 which we had been reviewing information the applicant

23 provided on their core disruptive accident analysis.

() 24 They mere given the charter and technical activities to

| 25 develop a position on CDA energetics, and they have been

O
|

|
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() 1 working diligently since that time, and they are here to

2 convey the fruits of their labor to you.

3 And with those remarks I will turn the floor

4 over to Dr. Theofanous.

5 MR. THEOFANGUS: If I remember correctly, at

6 the last meeting of this subcommittee Dr. Mark thought

7 that I was very quiet, so today I will do most of the

8 talking to make up for that.
4

9 We are going to cover today the results of our

10 assessments for core disruptive accidents of CRBR

11 energetics. Based upon the wishes of the subcommittee

12 we would also like to spend quite a bit of time on the

13 organizational aspects of our effort.,

l

14 The whole presentation is broken down into,

15 four parts. The first one is discussing the management

16 and the organization and the philosophical aperoach of

17 the review group. The second one goes into some more

18 detail into the overall structure of our technical

19 offerts. And the technical discussions are concentrated

20 here in Part 3, and that in turn is concentrated on the

21 loss of flow accidents energetics. Then finally we will
,

22 close with conclusions. That is a pretty long

23 presentation based upon our trials the day before

() 24 yestercay, and it depends upon the number of ouestions

25 we will be getting. It could be anywhere between three

)'
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1 and six hours.

2 We would like to propose, Mr. Chairman, that

3 each one of those, especially this one, the large

4 section is broken down into five units; so I would like

5 to propose if you have any questions or qualifications

6 that you interrupt at the moment the question arises,

7 either questions relating to the subject. At the end of

8 each unit I will ask for questions, and then se can go

9 into more depth into the questions.

10 Is this agreeable?

!
11 MR. GKRENT: Before you start, can I ask the

12 Chairman why se need to go deeply into tha management

13 group since we have had something to read. Is there

14 something special you feel needs to be covered nos that

15 it's in writing?

16 MR. CARBON: If it's all right with the

17 subcommittee, we can skip the management group and

18 simply ask questions.

19 MR. MARK: I have a general question. It

20 seemec from reading the material you sent out, Theo, as

21 if the management group and the project entirely had set

22 up with a somewhat oreconceived objective of attempting

23 to back up the position taken by tne project and the

O 24 sia,<.

25 I hope that was not truly the case, namely

O
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() 1 that your study was to find out what is true rather than

2 confirm what has been said.

3 MR. THECFANQUS: This is absolutely correct.p
U

4 I don't know what you are specifically referring to as a

5 preconceived notion.

6 MR. MARK: The way things were presented as

7 written, one could have taken this other conclusion.
t

8 MR. THEOFANOUS: It could be that you are

9 referring to Appendix 8 in which we have the tasks

10 outlined in terms of of objectives, scope and outputs.

11 Some of those say so that. Maybe that is what you are

|
12 referring to when you say it is preconceived.

13 I think the reason for this verbiage there is

14 because we wanted to really focus the efforts in a given

15 direction so people would know what they are locking

16 for. However, it was very clear through our interaction

17 with everyone that certainly we were looking for what

18 was the truth.

19 MR. MARK: I 'm sure I knew that was the case,

20 and my criticism, if there is one, is only in some

21 details of the presentation.

|
22 MR. THECFANQUS: Thank you.

!
l

23 MR. CARBON: I have a question with regard to

() 24 the synopsis here. On page 2 there is a statement near

| 25 the end that qualitative probabilistic framework for

()'

,
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() 1 quantifying the consequences of the accident given. I

2 stumble a little on " qualitative" and " quantitative."

3 But I sonder if you would say just a word on

4 philosophically why you are putting the emphasis on this

5 particular thing.

6 MR. THE3FANQUS: I think that this is under

7 Section 38 in fact, it is the first vu-graph, I think,

8 on Section 3. And if you would like not to go over the

9 first two, we can go right into the presentation and

10 start exactly from this question. If you intend to skip

11 the first two parts, we can go straight into your

12 question by giving you what we have.

13 MR. CARBON: That sould be fine to handle it

14 then, but I think there will be some questions some of

15 us will have on the first two parts. So to give us a '

16 chance to ask questions.

17 MR. OKRENT: If I could follow up Dr. Mark's

| 18 question, was there a specific segment of the group that

19 was given the responsibility of trying to find out what

20 was wrong and what the other group was doing, shat the

21 project was saying, and to find possible soak spots, and

22 that was their only function.

23 MR. THECFAN00S3 Yes. I think I nos

| () 24 understand the thrust of your cuestion as well as Dr.

25 M a r k 's , and I thirk I will be able to explain better our

()
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() 1 position with respect to that if you will allos me to

2 show one vu-graph in the first section. This is the

3 revies path.

4 I think what you are saying would have been

5 correct if the management plan and everything that sent

6 with it was formulated at the beginning of the review.

7 However, it's important to point out that the management

8 plan was formulated sometime following the review. So I

9 would like to go over this. I think it would be helpful

10 in these two questions.

11 The review started by the updatin g of the CRBR

12 PSAR by GEFR 523. We spent a lot of time over the first

13 few months -- in fact, it was from December until May,

i 14 sometime in May that exactly we were looking for

15 problems and issues in reviewing and going very

16 carefully over the applicant's case, as was documented

17 in GEFR 523.

18 Over this period of time also there was a very

19 extensive discussion going between the reviewers, which

20 was the NRC staff, and their censultents, as sell as the!

{
21 project and their consultants on the other hand. There

| 22 were a number of meetings taking place during this time

23 frame in which we were hashing out those issues. You

() 24 saw the results of this kind of intaraction in the;

|

25 previous CRSR subcommittee meeting here.
1

,

!
I
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(]) 1 Sased upon this extensive review in which our

2 main emphasis was to find out what was scong with the

3 Applicant's case, we formulated these eight fundamental

4 questions, eight issues, and those are given as Appendix

5 A in the handout I gave. And by the way, we have a

6 large number of copies of everything that will be

7 discussed today, and if anyone does not have one, you

8 are welcome to get some.

9 Those issues were formally transmitted. The

10 applicants were amare of our narrowing down into these

11 issues over a period of time, but they were formally

12 transmitted to the applicant sonewhere around June

13 1982. The applicant then responded two or three months

14 later, and as a result of this response we had a meeting

15 to discuss this response. We had a meeting at Argonne

16 on 9-22 in which we agreed with the applicant on

17 remaining issues.
<

18 There were still issues we had problems with

19 after their presentation. As a result of that, we came

20 up with a number of action items for the applicant to

21 give us information. In the interim between the

22 identification of those eight issues and this date over

23 here (Indicating) the group was formed, and the

() 24 management plan and everything that goes with it,

25 everything you see in Appendix B sas developed in this

O
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(]) 1 time frame. So that already we had gotten a major part

2 of the review unoer way. Already we knew what we were

3 looking for.

4 Maybe that is exactly the thing conf using to

5 you. It sounds like se know what we are looking for.

6 Certainly se had better know what so were looking for at

7 this point. If we didn't know at that point, we would

8 have been in bad shape later on. That is why the tasks

9 are described more in the imperative rather than looking

10 for something we don't know what it is.

11 If I may continue that a little bit further,

12 in addition to these eight issues, we had input, other

13 inputs in the formulation of this plan, and these inputs

'

14 had the form of other letters specifically asking the

15 consultants for another round of letters with any

| 16 remaining problems they might have, and this cas

17 factored into the management plan.

18 After the plan was formulated we sent it out

19 again to all of the consultants, as well as to the

20 project, as well as to the NRC, and asked for additional

21 feedback to make sure it was complete and sound. And
|

|
22 following all of these interactions then, the management

23 plan was finally assigned to individuals, and we

| () 24 continued going on with this, what we called further

i 25 independent assessment.
l

O
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1 At this point we changed the mode of

2 operation. Up to this point we were formulating

3 questions and looking for problems. From that point on

4 we factored these problems as well as what were our

5 perceptions of hos the accident is going into more or

6 less you might call it a positive effort in which we

7 really tried to de our own independent assessment. And

8 then, in addition, we got further input from the

9 meeting, further responses from these action items. And

10 at this point se are in this meeting here (Indicating),

11 and you are going to here from us, primarily zeroing

12 again into our independent assesrments, which although

13 they will not explicitly state at every point of the way

14 the apolicant's positions, of cnurse, since we had a

| 15 long interaction with the applicant it is factored into

16 the pictJre.

17 MR. GKRENT: That was a long answer, and if I

18 cond it one way, I think it was no to my question.

19 because my question was do you have within your

20 management structure a group whose only function it is

21 to see whether they can punch holes into your

22 conclusions?

23 MR. THEOFANGUS: Into our conclusions? I

O 24 18 =28* v = --

25 MR. OKRENT: Into your conclusions. Into your

O !

j
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(]) 1 conclusions.

2 MR. THEGFANQUS: Of course we have. It was a

3 yes because I said --

4 MR. OKRENT: Who are the people whose only

5 function it is to try to puncture your conclusions?

8 MR. THE0FANGUS: Well, we have, Dr. Gkrent, a

I 7 finite number of resources. I don 't think it would be

8 wise to allocate one or two or three or any number of

9 people with the only job to do looking at what we are

10 doing and trying to punch holes.

11 I ti11nk we have a very strong interaction

12 within the review team, and we are all alert at any

13 given moment to check the status and find problems

| 14 inside these positions. So you might say that the whole
'

15 team has this function, although I don't think we can

18 afford to taka any section of the team and say that's

17 all your job, look what you are doing and find a mistake.

18 MR. OKRENT: That's all for now. I will come

19 back to it later.

20 MR. THECFANDUS: And if I may take that one

21 step further then, it seems to me we are 21.nost there.

22 As a result of this meeting we, as well as the

23 amplicant, expect to have your comments and criticisms.

() 24 I believe that the apolicant will take that into

25 consideration together with the further assessments to

O
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2 then se will take all of this information and integrate

3 that into a report that will contain -- it will be in

4 greet detail so I can follos it on a technical basis.

5 We are scheduled to begin the writing at the

8 beginning of December. We hope to have the first draft

7 by the end of January and the final draft by the end of

8 February. From that point of view, therefore, this

9 meeting is very timely because it is almost like our

10 last interaction with the outside world before se get

11 into the business of writing.

12 MR. CARBON: Let me go to a question on page 3

13 of your writeup where you talk about review and

14 evaluation of the coplicant's arguments, and then you

15 lead into the point that some of your work has involved

16 new studies that were original in various ways, one of

17 these ways being new phenomena or new effects being

18 taken into account.

19 MR. THE0FANOUS: Yes.

20 MR. CAR 90N: How many new things in the way of

21 new phenomena, new effects and new scenarios and so on

22 have you brought in here that weren't considered earlier

23 by the project? I would just like to have some feeling. ;

O 24 sa. Tse0 Fan 0us: res. 'et me first sav wrat !

25 we consider to be the major accomplishments of thoj.

O
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2 MR. CARBON: Let me make clear I am asking for

3 what was original on your part.

4 MR. THEOFANGUS: Okay. All right.

5 This aspect here, the incorporation of the

6 fission gas effects, was original. This problem was

7 initiated by us. Fission gases are supposed to be in;

8 the plenum when the reactor is run, but this was the

9 first time these effects were incorporated into the

10 safety analysis as far as we know, and we believe they

11 are very important effsets.

12 There is a reason probably why they were not
,

13 brought up in the FFTF review, and the reason is, of
i

14 course, that the accident develops in this kind of

I 15 reactor, the FFTP, in such a way that the plonum gases

16 are most likely te get out of the plenum by the time

: 17 this pressure there might become relevant. So that is
'

18 something that was not included in the GEFR 523.

19 We thought it was very important at this

20 point. The applicant thinks it is very important, and

21 they consider it to be not the kind of end spectrum

| 22 situation but almost like a base case or reference case,

23 so we think that is extremely important. It changes our

O'
24 percaptions co pieteiv as far as a ...e part that m12h1

25 involve irradiated fuel.

O
i
l
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2 over here, it has always been a consideration as to

3 whether the fission gas plenum should be opened and not

4 pressurized or pressurized. It may not have been in the

5 applicant's consideration, but it always has been in the

6 LMFBR program.

|
7 MR. THECFANGUS: It might have been, but as

8 far as I know, I was the first one to actually document

9 the concern, the safety concern, with respect to plenum

10 gases in loss of flow accidentsi and that was about five

11 years ago. And we had as recently as just a few months

12 ago, I guess when 523 was written about a year ago, that|

13 was not taken into acccunt.

O 14 PR. LIPINSKI: 1 em saying it mEy not have
,

15 been in the applicant's case, but it has been in the

16 program.

17 MR. THECFANOUS: And neither was it taken into

18 account in any of the safety reviews. For example, in

19 the homogeneous ccre of the CRER it was not taken into

20 account. And I believe -- I guess I brought up the

21 problem in connection with that core. And I believe
1

22 that in fact with respect to that core it would have

23 been a much more serious problem than it is here.

O 24 Aaother item, or. care a. that z thinw e maea

25 original contributions as a part of this review process

O
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|
'1 is to cuantify the origin and severity of

2 recriticalities. Again, recriticalities are something

3 new. People have been struggling with them over many,

4 many yearsi and we made, I believe, the first real

5 effort, and I believe the project also is making a real

8 effort, because they agree with us that recriticalities

7 are possible, not something completely impossible as it,

8 was thought some years ago. And we made a very serious

9 effort to look at the origin, look at the likelihood, as

10 well as to try to quantify them in a way that is useful

11 in assessing the energetics potsntial from the CRER.

'

12 Another aspect is the possible revision of the

13 energetics relief path. I think that will become more

14 clear after I go through some of the technical

15 discussion. But very briefly for now, this refers to

18 the classical process of disassembly and the relief of

17 the high pressure of the core. It is one in which high

18 pressures develop in the core, and they push up the

19 upper internal structure. This is the structure hanging

20 from the head of the reactor vessel. When the crossures

21 are high enough, they push it upward and allow an upward

22 expansion.

23 he looked very carefully at the structures

O 24 around this high pressure region, and we have a

25 suspicion that -- and now we are trying to cuanity it

i

O
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{} 1 better -- that maybe the core barrel feels a little

2 higher pressure because it is even closer to this high

3 pressure region. Maybe that one might go first. And if
O

4 that sere to happen, that would result in a more

5 isometric kind of expansion upwards and off to the side.

6 It's not that it will make a very big

; 7 difference. In fact, in my opinion if anything it will

8 make it a little more clear, the assessment of that part

9 of the accident. Nevertheless, we f eel it 's important

10 that we really know clearly hos disassembly might evolve

11 in a realistic sense.

12 And in any case, however, I need to point out

13 that this is not complete yet. I believe that the; ,

'

14 assessment of the structural aspects of this program is
,

15 probably the most straightforward and easy oner ard we

16 can count most, and therefore se canno t af f ord to leave
<

17 alone or to not look carefully into this. We can do

18 very well.

19 But I think I will have more te say about

20 that. There are other aspects we have considered that

21 are not here. As a result of having to consider these
|

22 plenum fission gases we had to do a lot of nem

23 developments in collateral occasion dynamics, for

() 24 example. I will be talking about that also.

25 We have another set of tasks. As you may

|
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O 1 re e eer, we cett the : series tesus- Thev have t- ==

2 with the initiators. There are a number of aspects of

3 those tasks that put us again into some new phenomena,

4 as I say in the document there, because the I-E tasks we

5 had some difficulty-identifying the appropriate

6 individuals, and they are somewhat delayed. So we don't

7 have the final word on those yet, but we don't expect to

8 have a very significant impact to the schedule. But

9 depending upon what some of those I-E tests will yield,
i

I

10 we believe there might be some new aspects developing

11 from there also.

12 Yes?

13 MR. OKRENT. If I can get back to the thrust

O :'

14 of the question I was raising earlier sometime before
,

15 the end of the presentation, the NRC presentation. If -

|

16 it is possible, I would like to hear from each of the

17 members of the team who are here whether they have any

18 reservations with regard to the conclusions of this work

19 individually.
.

20 Secondly, if there is a possible one or two

21 woak spots in what you are going to tell us, shore they,

l

22 might be.

23 Thirdly, whether the range of postulated

O 24 seauences is sufficieativ comarehensive to 8 ave covered

25 the things of interest to the general question being

O
!
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1 e x arp i n e d , namely could one somehow lose integrity early.

2 And then in some may I would like to hear

3 whether this concern alluded to in a memorandum by Dr.

4 Kelber about something at Los Alamos, I was interested

5 in how that has been addressed.

6 It's not that I am suggesting that the

7 conclusions here are not reasonable, but I would like to

8 hear whether people, as I say, have any questions and

9 where lurking, let's say, in the back of their minds or

10 where they would look if they had any and so forth.

i 11 And so the members -- and I am interestec in

12 your own reaction, obviously.

13 MR. THEOFANGUS: I am very happy that you made

O'!

i 14 that addition, because for a moment there I thought you
i

15 were coubting I would be giving you the correct picture
i

| 16 here.
;

17 MR. OKRENT* No, no, no. But I think it is

16 important to understand why, if this is reasonable, why'

l
i is it is. Also, where there might be something t h at 's a
|

20 surprise.

21 Now, in LWRs all too often you run into a

22 transient that wasn't on the previous event trees which
1

23 one can see if it occurred would lead to a rather

O 24 ai<< r at oueaos ae aech a= more r o aaiticas:

25 than in fact had been analyzed in those members of the4

!

O'

!

'

,
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:

() 1 set used in examiring a problem. And I think it is

2 therefore relevant here to make sure tnat we don't have

3 an equivalent situation that just hasn't entered into

4 this examination.

5 MR. THEOPANQUS: At least, Dr. Okrent, I am

6 not clear as to what you are asking. I don 't know if
4

|

| 7 the other consultants are. But if you are asking me if

8 we are considering other things than a loss of flow,

9 oxygen -- you mentioned transients. That would prompt

10 one kind of answer from me, and I can give you that. If

11 you are asking the consultants whether I am going to be

12 giving you the correct conveyance, co to speak, of their;

i

13 thoughts on the subject, that will prompt another kind

O 14 of an answer. If you are asking that, I will ts11 you

15 what.

( 16 Can you tell me, are you looking for both or

17 one at a time?

18 MR. CKRENT: Well, I assume you will give a

19 summary of the team's work.

20 MR. THEOFANGUS: That's right.

21 MR. CKRENT: But I would like to hear, as I

22 said, from the various people where, if any, where they

|
23 think there may be weak points, what are the number

() 24 first and second candidates for possible weak points.
1

25 In effect, if they were to take the role of devil's

!

ALDERSON REPORTING COMPANY. INC.

! M0 FIRST ST., N.W., WASHINGTON. O.C. 20001 (202) 828 9300
1

- . _ . . . - _ - - . . . - . - . - . . - . _ _ . . . - . _ . _ _ _ . _ _ _ . ._ _ - _ - _ _ _ _ _ _ - - __ _ - _-- - - -



21

() 1 advocates looking at what se are going to hear, where

2 they sculd pose what they consider to be hard questions

3 or however, okay? They may say se have nothing to add,

4 and that's okay, too, if that's what they want to tell

5 me.

6 MR. THEOFANDUS: You asked also me, and I will

7 try to give you some idea shore the holes are, if there

8 are any holes. However, I thought you were also

9 referring to other accidents or other transients.

10 That 's why I asked you. We have a special effort in

11 that we are intending to talk about it here. That's the

12 sequence of I-E tasks. We think it is a very important

13 sequence. We feel those I-E tasks will demonstrate that

14 shat we are doing within Iroking at great, great detail,

I

| 15 in the loss of flow accident, by looking at this
!

16 information me will be able to put numbers also on those

17 other I-E initiators.

18 If, however -- and I have examples I can tell

a new kind of thing develops that we have not19 you --

20 anticipated or something se are not suspecting now

21 develops in a direction that is not really covered by

22 our technical assessment and the loss of flow accident

23 studies, then we will focus on that also in great

() 24 technical detail and try to answer that one also.

25 MR. OKRENT: You see, part of the reason for

O
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() 1 the question is I can't tell whether you think you are

2 bcund to the situation with the loss of flow accident or

3 whether you still have a series of initiators that are

4 open and we're just not hearing about them today.

5 I have the impression you felt strongly you

6 had bounded it frcm what I reao.
,

7 MR. THEDFAN0053 Perhaps it would have been

8 preferable if I had gone through some of this earlier

9 stuff, but indeed we believe and have no reason to

10 doubt, and no one in the team has raised any doubt

11 shatsoever that our first premise here, which is to show

12 that the loss of flow -- to show that the loss of flos

13 accidsnts span the ranges of phenomenology of interest

14 is a true one and a correct one.
i

15 In particular, we have looked at the transient

16 overoorer accident in some detail. We have a whole team

17 working on that -- and as you know, that is one of the -

18 classical other initiators -- and there seems to be no
'

19 problem in that.

20 On the other hand, se have initiated a number

21 of additional tasks which are not in the classical

22 domain. As an example is the loss of heat sink

23 accidents in which the temperature rises uncontrollably

() 24 in the primary system. Then we are looking at the

25 possibility of the structural components start creeping

O
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() 1 under high temperature and stress in such a way that

2 there are some structural failures early on that might

3 lead us into a phenomenology such as, for example, the
)

4 shole core dropping out.

5 What was there to learn if this was to

6 happen? The secondary control rods will go with it also

7 because they are unlatched. So we are exploring

8 accidents and sequences up to that extreme, things which

9 to my knowledge have not been considered before.

10 All of this is part of the I series, and these

11 are the activities described over here. We feel

12 although there are some questions there and se are

13 looking at them, we basically have -- we are not sure st

C:)
14 this point to devote a measure of technical effort in

15 that. However, again I emphasize if something more to

16 come out as a result of the scoping analysir, ce thsn,

17 of course, sill put the whole emphasis here.
;

1e But classically and cver the past umeteen

19 years this has been the problem. People have had a
|

'

20 great difficulty resolving the loss of fica acefdent.

| 21 So Quite honestly, we felt as a starting point and a

22 real substantial point we have to put a lot of technical

23 emphasis in the less of flow accident. It makes no

()'

24 sense to go there and distribute thinly and spread

25 thinly over a very side number of things and at the end,

I

()
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2 about anything.

3 So me are trying to look at the whole thing in

4 perspective as well as in great depth in the croblem

5 that has been historically up to today and will be, I

6 think, for sometime to come, and that is the loss of

7 flow accident. And we believe by doing that me will be

8 able to assess energetic behavior through all of the

,

9 other indices. And no one in the team -- I can
l

10 categorically say that -- no one in the team disagrees

11 with this approach.

12

13

14

15

16
|

{ 17

18

19

20

21

22

23

| O 24

25

O
|
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1 MR. CARBON 3 On that chart, on pege 4, would

2 you refer to page 4 in the second paragraoh. There's a

3 sentence there that says, "Recriticality is used as a

4 short," and something is missing and I would like to

5 know what it is.

6 MR. THECFAN005: Where are you, Dr. Carbon?

I 7 MR. CARBCN: Page 4.

8 MR. THECFANOUS: Yes, recriticality is a

9 nomenclature. It is a name. We are referring to

10 recriticality as the process that produces supercritical

11 configurations from disrupted fuel. And we emphasize

12 this because me also have another process that is driven
,

! 13 by fuel, another process that is supercritical that is

() 14 driven by fuel. 3ut this fuel.is a fuel that has not

15 been disrupted yet, and here I'm ref erring to planum

16 fission gas compaction. So we need to distinguish

17 between those three modes of obtaining superprompt or '

18 prompt bursts.

19 So your recriticality is really a short, a
,

20 terminology for describing something.

21 MR. CARSON: Okay. Then on down on the same

22 page, the paragraph on doen, "We rely heavily on special

23 purpose analytic.. methods and experimental evidence to

(/ 24 scrutinize and guide system code calculations," the

25 point being there that you are saying SAS and SIMMER

O
.
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(]) 1 calculations do not represent the essence of your

2 efforts, but rather that special purpose analytical
>

3 methods and system code calculations will be the things

4 that you rely more heavily on.

5 I don't know what you mean by "special purpose

6 analytical methods." Will this be coming out later?
.

7 MR. THECFANGUS: This will be coming out, and

8 if by the end of the technical discussion this point is

9 not here or if you don't have enough examples, because
t

|

10 obviously we did not put all of the examples of these

l
11 type of things in the presentation, then please tell me

|
12 and I will give you some more examples.

13 But this means usually a homemade, a quick
i

Ol
'

14 computer code or a back of the envelope calculation or

15 analysis of a model other than analytical activities

16 that come in to help interprat this information and
.

17 therefore guide the system. And we think that is a veey

1e important point I want to ( aphasize.

19 Of course, as all of us know, it's a very

20 controversial one. But we have the philosophy that

21 those codes here really do nothing but represent our
1
l

22 understanding of a given situation. We don't expect the

23 codes to give us a new understanding, but only to
,

() 24 integrate for us, basically to bookkeep reactivities.

25 That is really the name of the game here.

O
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2 Ycu have to integrate all of these reactivities and

3 power histories, but the phenomenology, what is really

4 happening, we expect fully that we will get guidance

5 from the code to give us that. I think we have examples

6 here.

7 MR. KASTENBERG: Thee, I have a question. In

8 the material you gave us, you listed the eight areas of

9 concern.

10 MR. THECFANDUS: Yes.

11 MR. KASTENBERG: And in reading your document

12 I couldn 't tell whether you had resolved some of them

13 yet. For example, the first one I have in front of me

14 has to do with the TOP, T-0-P, accident. And I couldn't

15 tell from reading this that the Applicant has addressed

16 that first issue.

17 MR. THEOFANQUS: Yes, the Applicant has

l 18 addressed it, Bill, and we have addressed it. And there

19 is another whole part of documentation that goes with

20 that. And as you will see, our presentation is very

21 tight, so se thought we should focus into one aspect,

22 the one that is historically the most difficult one.

23 Sut the TOP is being addressed from the point

O 24 of vie- ef erivies e ma . m" t re the aroari te e ma-

25 te drive the T3P, and the probabilities associated with

O
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({} 1 that. That is being addressed right now as part IE 1

2 tasks. Given what the Applicant tells us -- and we hope

3 we will be able to confirm that through the 15 1 tasks; ()!

4 -- but if we assume something on the order of less than

5 ten cents per second, our team and particularly the team

( 6 at Argonne, Carey, Holmer, Physic and Olsen; ' ell us

7 there's no problem with worrying about autocatalytic
;

8 behavior under TOP conditions.

9 So in a way we have resolved it. But there is

; 10 one thing to confirm, and that is taking this ramp rate,

| 11 the driving ramp that is given from the Applicant to

12 us.

'

13 MR. KASTENBERG: I recall at the May meeting

14 there was some question raised on the TOP for some of '

!

| 15 the cases where they ended at these intermediate

16 powers. The consultants and the Subcommittee raised
|
'

17 that issue, and I didn't see it addressed as one of your

18 areas of concern. Do you feel that is not an area of

19 concern?

20 MR. THEOFAN005: Well, no. This again is part

21 of the we are going to address that and we are going--

|

l 22 te come out with a technical judgment on this particular
|

23 problem after we have put a reasonable bound or number

() 24 on the driving ramp, because that is a very strong

25 fraction, what it is driving it, and that is currently

O
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;

() 1 under review under the IE 1 task.

2 However, it will be considered as part of what

3 you saw in ths previous slide, scoping out the

4 disruption phenomenology. We will go through and scops
.,

,

5 it out to see whether that falls into some mooo of

6 recriticality, and if it does we will use some of the

7 recriticality result's we will hear today t: asse:s
.

8 that.
,

9 MR. KASTEN6 ERG: Could I ask you to do this.

10 As you run through this, of those eight areas of concern

11 that you will address today, could you tell us which
,

12 ones they are, bscause it wasn't clear in reading the

'13 document that you were actually responding to some of

14 those areas. I had to keep reading back and forth to

15 see. *
'

,

16 MR. THEOPANDUS: First of all, the Applicant

17 is supposed to be responding to those areas.) We

18 examined the Questions, but we will discuss today t

f

19 everything in those eight questions that relt.tes to the |

20 loss of flow accident, and I think if I remember it's

21 all of the next seven. The first is TOP and all of the

22 rest are loss of flow. All of the rest should be coming

23 out af here, and if still something doesn't come from ~

'

() 24 here please let me know and we can discuss it.

25 MR. CARBON: Would you flip over to number 7,

O
,
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(]} 1 I-7, 1-7.

2 MR. THEOPANQUS: Yes.
;

3 MR. CARBON: This has to do with the sodium

4 void worth values. Would you comment her6 one why are

5 there cifferent values being used here now than have
|

6 been used previously?

7 MR. THE0 FAN 00S I think the answer is,

8 because the old ones were not correct. And why they

9 were not correct I think we don't know. We have to ask

10 the people who developed them.

11 MR. CARBON: Because why?

12 MR. THEOFANOUS: We don't know. We sould have,

13 to ask the people who gave the first figures. All I can

( 14 say from our point of view is that this first sodium

15 sorth came up in one of the'eight questions. We sore

16 asking the Applicant for the uncertainty in sodium void

17 worth. We were interested in this uncertainty and the

i 18 correct value of the boundary around it, because as you

1g know it has a great influence on the potential for loss

20 of flow-driven transient overpower.

21 Following this cuestion for the Applicant, we

22 went back and recelculated, basically, the numbers and

23 came up with a larger best estimate volume, as well as

.() 24 with an uncertainty bound around it. However, it so

25 happened that the uncertainty was reduced by more

I
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(]) 1 careful scrutiny of that.

2 So what we ended up with was a larger number

3 for the sodium with a smaller uncertainty. Now, this

4 had a very measured effect, we believe, in our

5 perspective on the whole evolution of the loss of flow

6 accident. And me tend to agree with the current |

7 values. There is a relatively small area of

8 controversy, and I would like to take a couple of

9 minutes to explain that.

10 The project calculates a better volume now

11 that is somewhere around 1.9 dollars. Then there are

12 experimental data that show criticals, that show a

13 sodium worth of about 1.4. Then the project is using

14 the experiments to bias the calculated results. There

15 is a systematic bias in the results. You will hear more

16 about that in the afternoon from the project.

17 Therefore, we have to reduce our calculated

18 values down to some value consistent with the

19 experiments. We seem to have a little bit of a problem

20 with this bias. It's not a real serious problem, but ai

21 little bit of s problem of interpretation. And we

22 haven't talked to a lot of neutronics experts. Even

23 they cannot quite agree with the detail of it. But I

() 24 want to emphasize, it really is a detail.

25 What you will see us using here is a number

O
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(]) I that is a somewhat larger value of sodium worth than the|

2 project, but it is not significantly larger. We sill be

3 using something like 1.7, and I think you will have a

4 whole presentation on the subject by the project in the

5 afternoon.

6 Sut the interesting thing to point out here,
|

| 7 as a result of this increase this problem also was

8 somewhat aggravated, because, as you will see later,

t 9 this problem -- the faster, so to speak, the core is the

10 more severe this problem is. And of course, the higher'

11 the sodium worth the faster the core becomes.

12 Are there any other cuestions?

13 MR. LIPINSKI* Cl--ify yaur statement, the

O 14 faster the core becomes. Are you talking about ramp

15 rates or spectra?

16 MR. THECFANGUS: Timing between events,

17 power.

18 Are there any more questions up to Section 2,
,

1g including Section 27

20 MR. GKRENT: I only have one question. Is

21 there work being done on ex-vessel containment and

22 in-vessel containment as a part of this task group?

23 MR. THE0FANGUS: Oh, yes. Now, I can quantify

() 24 this here. The ex-vessel containment means failure of

25 the primary through a disassembly, as is shown here.

O

ALDERSON REPORTING COMPANY, INC.

440 FIRST ST., N.W., WASHINGTON. D.C. 20001 (202) 628-0300



_

|

|

33
,

|

() 1 Everything else coming from here or there is ex-vessel |

2 centainment or in-vessel containment, which means we

d 3 have a permanent subcriticality within the vessel.

4 Now, from that point on it is the job of the

5 TPS to look at it. So there is another -- out of here,

6 it continues on through another group, another technical

7 effort looking into thermal margins. We are not looking

8 into that.
,

9 MR. CARSON: I have a question on that slide.

10 I have a problem with your center red arrow, the

11 dispersal task. The task, what is it that is

12 significant there in terms of a straight line from the

13 interruption down to the complete, other than going

14 t h r o';g h the mild termination or the energetic

15 termination?

16 MR. THE0FANDUS: Of course, the significant

17 port is that this represents a continuum of disruption

18 states, and what we want to portray by this picture here

19 is that the disruption begins to localize at some place,

20 and we'd find that any place in the core where the first

21 cladding becomes molten, where the structure begins to

i 22 change, from that until the complete disruption. That

23 is the one in which somehow no material moved out of the

() 24 core and all of the material is molten within that

25 cylindrical confine. This is sometimes known as the

O
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| () 1 whole core pool.

2 The core then, the core undergoing a loss of

3 flow accident is going to experience a continuum of,

4 disruptive states as it proceeds from here to here.

5 What we like to portray here is, there are paths, exit

6 paths from this porcess, and this exit path can either

7 be energetic or mild, normally referred to as the

8 special.

9 If you enter the exit path, basically your

| 10 energetic problem has finished. Especially if you enter

11 it this way, you are at the end of energetic concern.

12 If you enter this way, you still have to examine whether

13 the primary system fails or not.

14 The important point, however, is, and you will
|

15 see later more clearly, the potential for energetic '

16 disassembly is different throughout these core

17 disruption states, and the severity should one energetic

I 18 member occur, the severity would be different also

19 because of fundamental physical phenomena I hope will

20 become more clear later.

21 Therefore, one needs to be aware, at what

22 point does one exit and terminate the accident all along
'

23 this continuum of disruption stages.

() 24 MR. CARBON: Ckay, thank you.

25 MR. KASTENBERG: Theo, where does the vessel

O
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(]) 1 melt-through come in?

2 MR. THEOFANOUS: That comes beyond that point,

3 from this point up. Our review is only for the

4 energetic events, so after we heat this box or this box

5 we are finished.

6 MR. AASTENBERG: It is a little misleading if

7 you don't have a little arrow ceming in there.

8 MR. THEOFANGUS: All right, we will remember

9 that.

10 MR. KASTENBERG: It seems you are making a

11 supposition you can hold it in the vessel if you take
,

i

| 12 that, anc that's not true.

13 MR. THEOFANOUS: Yes, that's right.

14 MR. CARBON: I don't get your answer to that

.

15 question, though. The ex-vessel containment is --

|

16 MR. THEOFANQUS: I think what Sill is saying

17 is, this is misleading in the sense that it leads one to

18 believe that the ehole accident is all finished and the

19 material is inside the vessel forever. And what I am
,

20 saying is, in this team we are concerned with the

21 energetics and therefore if we hit this for us the

22 accident is finished, because all we are worrying about

1
'

23 is energetics.

() 24 But there is another team in the NRC that

25 scrries what happens beyond that point, whether it will

O
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'

({} 1 penetrate the vessel, when, how, and what will be the

2 consecuence to the containment.

3 MR. CARBON: By the same token, the right,

4 block there, ex-vessel containment, indicates.you have

5 already gone out of the vessel.

6 MR. THEOPANDUS: That is true also, and that

7 also does not, I hope, give the implication everything

8 is finished, because after you get out of the vessel you

9 have to worry about whether the containment holds and

10 for how long. So up to here is our range or area of

11 interest, and there are other steps beyond that peint

12 that I guess other people have to worry about.

13 Really, I think I have talked to this slide as

( 14 long as I want or need to, and I only show this because

15 the next one, as se go to section 3 now, will shos you

16 --

17 MR. CARBON: Wait a minute. Would you go to

18 slide 2-2 and comment upon initiator 37

19 MR. THE0FANGUS: 2-2 is this one. Initiator 3

20 is the seismic events and the loss of piping integrity.

21 Here me are looking for -- again, that is really

22 shooting out in the dark. We kind of believe that maybe

23 people in general have not looked as thoroughly as thsy

() 24 should into what an earthquake beyond safe shutdown can
i
'

25 do to a reactor, and we have a number of structural

O
|
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(]) 1 people looking into several aspects of the system to

2 tell us what we can possibly expect.

3 And if there is a phenomenology, again, if

4 there is a set of physical phenomena that is too sidely

5 different from what we are already considering, we would

'8 like to address that. It doesn't mean necessarily that

7 they will become a very significant risk contributor.

8 But we like to be as complete as we can.

9 And this also, piping integrity, is one of the

10 accidents that have been looked at a little bit in the

11 past, again I don't think in as great detail as they

12 should, and somehow this is connected to structures and

13 seismic events and that is why it is part of it.

() 14 MR. CARBON: On to number 3, I guess.

15 MR. THEOFANDUS: Number 3 is just an example

18 of a sample task definition. Really, there is nothing

17 to say there. It's self-explanatory. But to give you

18 an idea, again, we knew what we were looking for, so

19 that when the probability was unlikely we know already

20 because we had done it already.

21 At the time this was written, we knew the

22 autocriticality behavior was demonstrated to us to be

23 unlikely, and the project had done their indepenoont

(]) 24 analysis already and they knew what to expect. But we

25 had a few loose ends to tie, so to speak, and tnat is

O

ALDERSON REPORTING COMPANY,INC.

44c ORST ST., N.W., WASHINGTON, D.C. 20001 (202) 62H300

. - . - _ . --- - - _ . _ _ . _ _ _ _ _ - _ _ _ _ _-



. - _ _. _ _ _ .
. _

38

O ' av ta 1 a r tiv a tur < *ai 83 c*iv - 4ae it

2 turns out, in fact, it is correct.

3 And I guess maybe it would be worthwhile to

4 highlight the current status. We have reached a

5 consensus within the team on the approach, the

6 monitoring plan and the tasks. We have reached

7 consensus, se believe, with the project on crucial

8 points of assessment. We have essentially completed the

9 loss of flow accident, and remaining is to consider the

10 I tasks.

11 We aro working on them now and plan to

12 complete them very soon, and then document all of the

13 details. Now we are going on eith the 3-1, and this
'

14 looks exactly the same as the framework that I gave you

15 for the management plan, except for having discretized
i

16 this continuum.

17 We have discretized it into two. If one is

18 confronted with a continuum, there's an infinite number

19 of points and combinations, ano analysis can never be

20 done. We believe we can identify certain stages of core

21 disruption that are significantly unique in their

22 structure, that can be addressed generically.

23 As se go there from the pin disruption, which

O' 24 is der ee ov r 8 r . 18. * * s i e etv

25 disruption, and this process continues on with pins

O
|
|
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l

(]) 1 molting and disrupting, but with the subassembly walls

2 being more or less intact. Now, obviously not all
|

3 subassembly walls are going to melt in exactly the same

4 time, so the transition from this stage over here to the

5 next one, which I will explain in a minute what it is,

6 will be somewhat confused.

7 However, we have a highly discretized core

8 disruption stage over here and we believe the next

9 significant state to be addressed is this annular pool,

10 which I am going to show you, is I guess dictated by the

11 structure, the heterogeneous structure of the CRSR

12 core. What we have here is the driver, three driver

13 rings, the inner blanket region, the outer blanket

14 region, and we have driver fuel interdispersed into ths

15 internal blanket.

16 Obviously, there is a very great difference in

17 power between the driver and the blanket, and we expect

18 the driver assemblies will go first and their walls will

19 go first, in fact. And if it was on19 for thermal

20 effects -- in other words, if se let the blanket melt by

21 its own power -- this would take somewhere upwards of

22 ten seconds.

23 In fact, se believe that in reality it

() 24 wouldn't take that long, because these blankets would be

l
95 attacked from inside and outside through those driver

()I

!
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() 1 fuels and will be then made into disrupting pellets,

2 mixing and molting. That will happen in some time less

3 than ten seconds.

4 But in any case, there is some delay between

5 the formation of an annular pool and what is known as

6 the whole core pool, which would involve this whole

7 region, rolten and mixed up. That would be then a full

8 cylindrical pool.

9 MR. CARBON: Hold up a minute. I am having,

l

10 trouble relating to your sketch, which is different than

11 ours. What is the blue?

12 MR. THE0FANGUS: The driver fuel.

13 MR. CARBCN But that's not right, is it?

14 MR. THEOPANDUS: Excuse me?

1S MR. CARBON: It doesn't seem right compared to
,

'

oh, the blue and the white together.16 --

17 MR. THE0FANDUS: Of course, not the white in

18 here. But I sant to emphasize here the annular

19 structure. This white here is driver, inside the inner
,

20 blanket.

21 MR. CARBON: I was trying to separate the

22 white from the blue and you lost me. Would you go back

23 and start again on these pools?

() 24 MR. THEOFAN005: Yes. These are the three

25 outer driving rings, and this is the driver fuel

O
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() 1 contained between the outer blanket and the inner

2 blanket. The inner blanket itself is interdispersed by

3 driver fuel also. So when the -- because of the

4 difference in power between the blanket and the driver,

5 the driver is going to melt first; and therefore,

6 furthermore, the blanket will delay. If it were to melt

7 only by its own power, it would delay by something on

8 the order of ten seconds. We believe in fact the

9 disruption of the blanket would be faster than that.

10 Sut nevertheless, there is a lot of thermal

11 inertia here and it will take time before all of this

12 becomes one big cylindrical pool. That is what is

13 classically known as the whole core transition phase or
,

14 a number of different names, and that would be the case

15 if you had a homogeneous core, for example, this case,

16 you go first through the annular pool and the last step

17 is the whole core pool, as is shown over here.

18 Now, we believe that it is legitimate to do'

19 that. It is not only practical from the point of view

| 20 of having to deal with discrete states $ we believe also

21 it is legitimate because there is a weak memory in the

22 system in going from one state to another. What I am

23 saying here is, through the initial phase disruption,

() 24 the initial stages of fuel disruption. the system is

25 more or less deterministic. Still, it can have some

O
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(]) 1 probabilistic behavior, but it is pretty well

2 deterministic.

3 By the time the fuel begins to move, the fuel

4 motion so strongly affects the power of the system, the

5 power history, that from that point on we believe that

6 the time from one state to another is somewhat;

!
| 7 disconnected, with a short memory. This is not to say,

8 however, that if one were to lose, as I am going to
,

9 argue for later on, if one were to lose five percent of

10 the fuel over here, this is not to be remembered later

11 on, because there is less fuel to go around and that has

12 significant impact on the reactivity potential and the

13 recriticality potential of the system.

14 MR. CARBON: In your concept, an annular pool

15 would be essentially sort of a pool within the core.
:

16 MR. THE0FANDUS: It would be really a part of

17 the core. The core is defined as -- I guess I would

18 define it as this whole thing.

19 MR. CARSON: Yes.

20 MR. THE0FANQUS: That is all generatng power

21 and it has a certain amount of fuel in it. However, we

22 separate the core into two parts. One is the driver and

23 that produces most of the power, and the other is the

() 24 blanket. So the annular pool then sould be an annular

25 space there that is within that core region. It will be
,

O
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(]) 1 part of the core.

2 MR. CARBON: Being molten over some cistance,

3 some height, such as the fluid or --

4 MR. CARBON: Typically, that would be really

5 almost the whole height of the reactor fuel, about three

6 feet about the middle. So this pool has the cimensions

7 of about a meter by four subassembly wheels, something

8 like that.

9 Ckay. Now, I want to get into the real

10 controversial --

11 MR. CARBON: Before you leave that, what is

12 the significance of the small A, B, C, 0, E? Oces it,

l

( 13 have any?

14 MR. THEOFANOUS; This is just a key, a key

15 sith what is written in the written part. Section 3.A,

16 for example, refers to this one, B and C refer to this

17 one, and 0 refers to this one.

18 Maybe also I would like to point out here that

19 this is a continuum of states all of the way from here

20 to here, while those two are processes. So those two

21 processes are allowing to bypass a number of states. If

22 you enter those axes you go straight from whatever state

23 you enter all the way to the end, and that is permanent

() 24 suberiticality.

25 This with the CRBR core means removal of

O
|
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() 1 upward of 40 percent of the active fuel in the core. We

2 feel really it is closer to reality to think in terms of

| 3 30 percent, because if you consider also the timing and
| )

4 what the blanket is doing in this period of time and

5 what the still is doing, it's more like 30 percent for

6 the range of interest. But something like 30 or 40

7 percent leaving out of the original core confine would

8 mean that is the termin& tion of the accident as far as

9 energetics are concerned.,

I

10 Also, maybe I should point out that these;

i
11 little letters here are just to identify the paths and

12 to identify that me have one path going into disassembly

13 from the initiating phase, the initial disruption, and

14 then there is a path over here showing that some

15 portion, a proportion of those disassemblies, are going

16 to lead to failure of the primary system, and all of the

17 rest of them of course will go this way (Indicating).

18 So if you want to be exactly precise, I didn't

19 plot it here but this part here should also be four,

20 alpha, beta, samma and delta. So here we wrote, alpha,

21 beta, plus gamma, plus delta. So this hour here is

22 ccmplementary to those four hours over here.

23 And we are showing -- another point to make

() 24 here is, we are showing four hours, because, as I said
,

|

| 25 before, the potential for doing damage to the vessel is

i

I
1
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Q 1 a function of share you are disassembling f rorr. So we

2 will take a separate look at these assemblies from each

3 one of those different states.

4 The next is getting us into the real

5 controversial aspect, I expect, of this presentation,

6 and that is talking about probabilities. The way that

7 we view our task is to come here in this very general

8 framesork, which is pretty generic to core disruptive

9 accidents, and put numbers on those arcs, and by doing
!
|

| 10 all of the multiplications and some measures to come up

! 11 with a vessel failure probability. And that is a
!

12 conditional probability, given a loss of flow acciaent.

13 Now, we know this is a very difficult thing to

14 do and I know there are people who might in fact doubt

15 our ability to do that. In our presentations of this --

16 and we have a couple of presentations up to now -- wo

17 got mixed reactions. There were people who wanted to

18 see whole distributions, not only frequencies, not only

19 single numbers in each of those, but they wanted to see

20 whole cistributions. They said, if you don 't know the

21 whole distributions you can't put a number there; that

22 means you know nothing. There were other people who

23 said, you cannot put numbers or distributions because

O 24 vo# don t waos eaoesh-

25 We understand those limitations and we try to

O
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(} 1 explain some of that in the written summary here. All I

2 want to say is, we understand it is a very difficult

3 job. However, we riso believe very, very strongly that

4 someone has to start throwing some numbers around. We

5 have tc put numbers, leave them up for discussion and

6 criticism, and if someone has a better number to put

7 there me are willing to discuss it.

8 However, unless you have numbers you cannot

9 have a quantitative idea of what's going on here. The

10 problem is that you have more than one path and you have

I 11 more than one step that gets you into the vessel

12 failure. So if you go qualitatively describe each one

13 of those steps and say, I believe this is very unlikely

14 and that is strongly unlikely and that is possible, then
!
| 15 there is no way you can multiply all of those words and

16 come up with numbers at the eno.

17 So we had to have a way of coming to the

18 bottom line, and in fact I believe that some of the ACRS

19 Subcommittee members through telephone conversations

20 have specifically asked me for such numbers. So ne 've

21 made an effort te do that here, and we would of course

22 greatly appreciate your comments and criticises.

23 In doing that, se tried to keep a certain

() 24 degree of consistency. I think that the choices we made

25 might not be agreeable with everyone, but I would like

O
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() 1 to emphasize, first of all, that as you look at the

2 numbers we are going to give you in the conclusion

3 section, it is very, very important to remember that we

4 assigned those numbers on the basis of the following

5 definitions here.

6 We have defined, first of all, a set of

7 probability splits, so to speck, so we attach sone

8 meaning to those numbers. Therefore, the end results

9 should be interpreted in terms of those meanings.

10 Again, this became necessary because we have to follow

11 sequences or steps which involve more than one in those

12 probabilities. If it was only one step we were worrying

13 about, it wouldn 't be enough to make any of those
!

14 statements and we would be finished. But here wo

15 involve more than one stop, so we have to deal with

16 multipliers.

17 Therefore, as we look at those meanings it is

18 important to look at consistency. For example, if you

19 had one event that was one in ten because the behavior

20 was known within known trends, but was obtainable only
!

21 at the edge of spectrum choice of the parameter, and if

22 this process was followed by one whose behavice was

23 reasonably known, but you could only get this particular

() 24 behavior by making choices of the parameter values

i 25 outside the spectrum you considered reasonable, then the

O
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2 think should be something close to being incredible.

3 Therefore, this seems to be consistent.

4 That's why we chose the number one in a thousand here.

5 I think tha't is the main point. Someone might really

6 disagree with that and say, how can you assign such a

7 high probability to an incredible behavior. If it's

8 incredible it will never happen and you should give it

9 zero.

10 Of course, obviously zero never exists.

11 However, for the purposes of being consistent hers we

12 thought we wanted to stay at this level. So one may of

13 looking at that is, maybe one in one thousand is a very

l 14 po ssirtistic way of looking at the credible things,

15 maybe. But one thing I want to caution you; Incredible

when you do a PRA and you look at the front end of16 --

|

17 the spectrum of those accidents, you have a different

18 data base. You scery about machine failures and you

19 have a good data base for that. The meaning of

20 probability is something much more quantitative there.

21

22

23

O 24

25

O
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() 1 In this general framework, an incredibility, a

2 phenomena incrocible deserves to be given a phenomena

3 much less than one and in fact less than 1 in 1000. So

4 you want to emphasize you have to be careful between

5 taking numbers in the front end and multiplying with

6 numbers over here to get a whole perspective.

7 On the other hand, this is not to say that

8 this is not meant to give you a quantitative feeling of

9 what you believe the bottom line will be. Rather, what

10 we are doing is cautioning you and saying that you look

11 at the bottom line and look at the number and go back

12 and reinterpret that in terms of this, and now carry

13 that interpretation over to your PRA as you look at the

14 front end and the tail end that has to do with the

15 containment failures to put a number for this step going

16 from loss of flow accident or CDA to vessel failure.

17 MR. KASTENBERG: Thee, the only thing I would

18 like to comment on that is the one-half. Do you really

19 mean what you say, or do you mean that I have two

20 choices, and I really have no evidence to support one

21 choice or the other; therefore, I give it a half?

22 MR. THECFANDUS: That is exactly what I mean.

23 Thank you, Bill.

() 24 MR. (ASTENBERG: It doesn't say that.
1

25 MR. THECFANDUS: Thank you, Bill. That is

O
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(]) 1 also a controversial aspect. In fact, one can make the

2 argument here that if you have enough steps in the path

3 and if you don't know anything along the way, by putting

4 enough one-halfs there you can convert total ignorance

5 into something that you think you know something.

6 And, of course, I have been for a long time a

7 real opponent of this kind of approach, so we have been

8 very careful in that respect by making an event tree

9 that has a discrete and small number of steps so we

10 don't fall into this.

11 And furthermore, as you will see, we only had

12 this one-half -- it aopears only at one line near the

13 and, and that is the whole core pool. By the time you

14 got there already the probability is so low really you

15 don't care what you put there anyway. But we'll come

16 back to that.

17 The important point is that the only place

18 where these numbers show up in the end, in the
,

19 conclusion is in a state that we don't believe, and the

1

| 20 numbers support, we will over get to. And probably that

21 is the reason we know so little about it. And so the

22 one goes with the other, and that is why we say we will

23 give it an even chance to go either way.

() 24 MR. CARBON: That is the only place the one

25 and two comes in?

O
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(]} 1 MR. THECFANQUS: That is the only place it

2 shows. It shows going from the cylindrical pool to

3 termination or disassembly. And there were some recent

4 questions arising from similar calculations in whole

5 core pools having to do with sloshing and coherencel

6 that we feel there's enough uncertainty there that we

7 don't want to weigh more the dispersal as opposed to

8 disassembly, so we give it an even chance.

9 MR. CKRENT: Is it important that there be a

10 sodium pool above the core region in order to damage the

l 11 primary containment?

12 MR. THEOFANGUS: Well, the sodium slack is the

13 means by which you focus the thermal energy into

14 mechanical work. You focus it all in the head. It is

| 15 very important, and you can see that in experiments. If

16 you do one of those experiments, if you get half bigger

17 than the other one, you get much less impact. It's very

18 clear.
1

19 Someone might say why don 't you fill it up

20 completely, but of course you c an 't do that. The slag

21 of sodium is important in focusing the energy.

22 MR. CKRENT: But if there were no socium above
'

23 the core --

() 24 MR. THEOPANCUS: Yes.

25 MR. CKRENT: -- Do you have an estimate as to

A]Ns\
.
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|

(]) I how severe a transient, how much energy release you

2 would have to have in order to threaten a loss of

3 containment from the primary containment?

4 MR. THEGFANGUS: This aspect we in fact intend |

5 to go into. Sofore the vessel you have another

6 enclosure. It is almost like a cage. You can almost

7 view the core as being enclosed in a cage with very

8 strong structural components.

9 So really your question, and as you 6111 see,

10 we are going on the path now that really the

11 energy-absorbing and really the one giving us most of

12 the margin is that inner bag, to so speak, rather than

13 the whole bag surrounding it.

14 So from that point of view what is happening

15 outside is not really all that important, although if

16 you were going to exceed a certain level of energetics

17 that se think is pretty high, then of course my tendency

18 sculd be to say that in that eventuality of course you

19 would be violating the bags. And in that event if you

20 didn't have the sodium on the top, I think the effects

21 from the head would be less prcnounced.

22 On the other hand, you could be -- I can

23 conceive of piercing holes through the side wall by

() 24 direct impact of the molten expanding stuff and hitting>

25 directly on the side walls. But if you look at the time

O
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(]) 1 scales involved here, I think even that would be

2 doubtful.

3 So, in general, in regard to your question, I

4 personally f eel we didn't address it in the group, that

5 eventuality, because it's part of the loss of heat sink

6 failure. And if that were to happen, I think the impact

7 on the head would be less pronounced. There would be no

8 real, direct mechanical damage on the head.

9 Of course, if you go to extremes of getting

10 very, very high energy limits outside the realm of
'

11 possibility, you could be generating the whole UIS

12 itself moving up with such great force.

13 Now, this goes and hits up the top of the

14 vessel, but this can happen just as well when the sodium

15 is there.

16 MR. OKRENT: Well, has the group developed an

17 assessment of what is the limiting reactivity insertion

18 rate or whatever criterion it wishes to use for

19 accidents where you no longer have sodium above the

20 core? And I'm not sure I woule use only limiting

21 reactivity insertion rate, in fact, for that event.

22 What I have seen in here is a number like $100

23 a second as sort of a threshold or the event where you

() 24 do have sodium, if I understand what I read.

25 MR. THE0FANQUS: Yes, that is correct. And

O
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Q 1 the answer to the cuestion is me have not comcleted --
,

2 this is part of the I series. We don't know how a loss

3 of heat sink accident, if it were to lead us into

4 energetic behavior, we don't know what the thing would

5 look 1.ike. We are now scoping it out.

6 Now, if we find out that we are in a situation

7 of having the core highly disrupted and potentially

8 becoming supercritical with no sodium involved, we will

9 certainly look into that. I think, however, that you

10 have no mechanism of transferring the energies. The
.

11 whole thing going with the mater reactors, if you don't

12 have the slack there you might get some limited steam;

|

13 explosion which does nothing to produce missiles for
1

14 you. You don't have the energy coupling.

15 I think in that sense if we were to evaluate

16 this case, the result would be allowing greater

! 17 energetics, so to speak, by the primary system. You

18 have no mechanism to get that energy converted back to

19 1rt p a c t .

20 MR. OKRENT: You might have some weakened

21 structures temperature-wise. I don't knos how important

22 that would be.

23 MR. THEOFAN005: That certainly would be the

O 24 c e. no 18 1 1 e c11v ss 1 we were coaceraee 118

|25 in fact, that the structures weaken so much they run

O
|
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(]) 1 away from you.

2 We think a loss of heat sink accident is

3 possible. The whole vessel might be creeping under high

4 temperatures, and you might get some structural failures

5 before even you have sodium boiling, much less after you

6 vaporize all of the socium. But se need to look into

7 tPat.

8 That is again part of the I series. Today we

9 are focusing only on the loss of flow accidents.

10 MR. CKRENT: And just one last question. Are

11 there any mechanisms physically possible whereby you can

12 drop down in sodium level a la TMI and then get sodium

13 back in at a reasonable rate?

14 MR. THECFAN005. Not that we have identified.

15 Even the pipe break will get you a limited inventory

16 loss.

17 And now then we begin Unit A which is

18 addressing some of those questions of disassemblies and
i

| 19 energetics. We thought we would start from that point

i 20 because as you look for an energetics assessment you

21 need to have an idea of what you are looking for, what

22 kind of level of energetics would be of consecuence to
i

23 the primary systam.

() 24 We define as an energetic terminaticn one

25 dominated by a ramp rate of greater than $30 per second,

O
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(]) 1 and that is in a two-phase fluid. And why I make a

2 scocial effort to qualify that you will see in the next
i

3 few slides.

4 If it is a two-phase fluid involving fuel you
i

5 mill need something more than $30 per second to produce

6 the fes bers of pressure in a short time scale, a few

7 millisecondsi therefore to categorize it or identify it

8 as an energetic event. And to obtain this kind of a
I

9 ramo rate you have to have rapid material relocations.

10 That is what will change the reactivity of the systems.

11 There are three materials in the core:

12 sodium, cladding and fuel. And they, of course, they

13 have morths1 they have reactivity worths. And their

14 rapid relocation could give rise potentially to these
|

15 kinds of events.

16 For the sodium, for example, reactivity, the

17 shole core sodium reactivity is something less than $2.

18 In order to produce an energetic event by removing the

19 sodium from the core you would have to remove it less

20 than .07 seconds. This is a very good example of what

21 we consider an incredible event. We know positively, we

22 can argue today, that this can't happen, althcugh there

I remember when I was still going to23 was at one time --

() 24 school that this was in fact the may LMFBRs were

25 supposed to oisassemble.

| (:) !

!
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[]} 1 The idea there is the. sodium is heating the
,

i 2 core. It is heating, heating, heating and superheating )
3 without being able to boil. It reaches a high heat of

4 superheat, and it produces a voiding. ,And, of course,

5 these kinds of rates are not out of the quastion.

6 However, we've had extensive expehiance tince
,

7 then that indicates that such voiding is impossible.

8 The same thing with cladding here.
;

9 MR. CARBON: Before you Isave that --
;

10 MR. ThEOFAN005: Yes.

11 MR. CARBON: -- I appreciate that the

12 consensus is that that kind of voiding would be

13 essentially impossible, but I would still ask is there a

14 residue of opinion like in the fuel coolant interaction

15 case shore some people feel it is possible, or is there

16 no residue of opinioni
<

17 MR. THECFANOUS: Are you thinking in terms of

18 getting sodium voiding through a fuel cooling

19 in t er a c tion ? !
,

|

20 MR. CARBON: I am saying are there some people

21 sho believe --

22 MR. THEOFAN005: The Question of FCI, yes, I

23 think certainly there are some peccle, and I think in

() 24 fact there will always be some people- who will always

'25 feel you could have a fuel coolant interaction.
1

() I
1
;

|
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Q 1 MR. CARBON; No, no, not fuel coolant

2 interaction -- superheating triggering a vaporization.

3 MR. THECFANOUS: Oh, I haven't heard of any of

4 these people since the last time I was in Europe a few

5 years ago.

6 MR. CARBON: So there are no people 2

7 MR. THECFANOUS: I don't think there is

8 anyone. But if you do an experiment in a laboratory and

I 9 take a special precaution that involves pressurizing the
|

,

10 vessels --

11 MR. CARBON: Yes, I know.

12 MR. THE0FANDUS: -- Then of course we can get

13 it. You can get very high superheats.

1A MR. CARBON: But in a practical case like this

15 --

.

16 MR. THEOFANDUS: No.

17 MR. CARBON: -- There's no significant --

18 MR. THEOPANQUS: No, because you can point to

19 a very large number of data in pile, out of pile,

20 anything that looks remotely like an LMFBR bunole has
i
' 21 never given them superheat.

22 MR. MARK: Theo, is there essentially

23 uriversal agreement on that first statement, that the

O 2A sodium worth is ao more thaa $22

25 MR. THECFANOUS: For the CRBR, yes. I'm

D
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2 MR. MARK: Oh, of course. For the present

3 design?

4 MR. THECFANOUS: For the present design, yes.

5 MR. MARK: Everyone feels this applies?

6 MR. THE0FANGUS: Yes.

7 MR. MARK: What fraction of that $2 is carried

8 by just heating the sodium from its nominal running

9 temperature up to boiling temperature?

10 MR. THEOFAN005: I would suspect a very small

11 fraction because that is total void. That is actually

12 taking it out.

13 MR. MARK: I realize it. If you just heat it,

14 however, you take some out.

15 MR. THECFAN005: That 's right. I would expect

16 it would be on the order of 10 percent. Just looking at

17 the density variation I would suspect 10 percent.

18 MR. MARK: Okay.

19 MR. THEOFANQUS: Sut you remind me of an

20 interesting question. I think someone asked me on the

21 telephone, one of the subcommittee members, what if the

22 ccre is different. Of course I want to emphasize

I
23 everything we are going to say refers to the core that

24 is before us for reviewl and if someone at a future time

25 sants to put up another core, it would have to be

O

|
t
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i

() 1 reviesed, I feel, exactly the same way we do for water
,

2 reactors. And if there are some benefits thei4, of

3 course, go ahead.

4 MR. CARBON: The wording in the report says

5 that the maximum sodium void worth is well belos $2. Is
, f
! 8 the .07 seconds based on $20

7 MR. THECFANOUS: Thah s based on $2, yes.

8 MR. CARBON: Okay.

9 MR. THEOFANOUS: Now, the cladding is around

10 $5 total reactivity. It would take a time of removal of

| 11 the cladding of two-tenths of a second, and we believe
!
' 12 that is also truly incredible. We have no problem

-3
13 assigning to that the probability of 10 or even

14 less. However, why this is improbable I think you can

| 15 really appreciate that. I will speak about cladding
1

18 later on.

17 The fuel worth is $1 per centimeter. If you

18 take the whole core of the CRBR and compact it by one

19 core all the say across, you would increase the value by

20 $1. Therefore, if you were to iake this compaction at

21 the rate of 30 centimeters a second, that is what you

22 would need to oroduce $30 a second.

23 Now, this kind of velocity is not something

() 24 very dramatic. It's quite a bit less than you would be

25 obtaining if you let the fuel melt and just slump under

O
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l

() 1 its own weight. Therefore, from the point of vies of

2 energetics, this is the primary reactor. This is the

3 meterial which through its relocation can give us an

4
.

energetic . vent.
,

5 MR. LIPINSKI: What is the total worth? )

6 MR. THEOFANDUS: The total worth?

7 MR. LIPINSKI: Yes. You have it only per
!

| 8 centimeter. What's the total upper limit?

9 MR. THEOFANDUS: Oh, it's a lot. I think the

10 whole core is $140.
I

11 MR. LIPINSKI: Completely compacted.

12 MR. THEOFANGUS: Completely, yes. So I think

13 this is taking that into consideration, because well

| 14 before that the process would be disassembly. But you

15 can see why this process can be.

16 Charlie.

17 MR. BELL: I think there might have been a

18 misunderstanding on that last answer. The total

19 compaction would be $30 to $40. The total fuel worth is

20 like $140 to $150 if you removed it.

21 MR. LIPINSKI: That's why I wondered, because

22 he had upper limit numbers in the case of sodium and

23 cladding shore he didn't put an upper limit in terms of

O 24 the fuet worth.

25 MR. THECFANOUS: Eecause here I couldn't take |
l

()
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() 1 37 minutes per second. I know I cannot compact it.'

2 MR. LIPINSKI: If it were less than $1, it

3 sould not be a concern, but if it's greater than a

4 dollar, it is,

5 MR. THECFANQUS: No, no. It's a dollar per

6 centimeter.

7 MR. LIPINSKI: I understand that, but if you

8 had only less than a centimeter of motion it would be of

9 concern. _

10 MR. THECFANGUS: Well --

11 MR. LIPINSKI: You are assuming it's already

12 greater than $1.

13 MR. THECFANOUS: No, no, no. Even if it were

O 14 50 cents per contiineter it would be of concern.

15 MR. LIPINSKI: Total worth, not incremental.

16 If you could only move it and get half a dollar you
'

17 would not be concerned zith the phenomena.

| 18 MR. THECFANOUS: All of the fuel?
!

| 19 MR. LIPINSKI: Yes.

20 MR. THEOFANGUS: Slump it all of the way

21 doen? Of course.

22 MR. LIPINSKI: That's why se need to know what

23 the total number is as well.

() 24 MR. THECFANQUS: Yes. We wouldn't have any

25 problem if that was the case. That is the only actor,

O
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({} 1 therefore, that can give us energetics. However, this

2 is not to say that those two material relocations are

3 unimportant because they set the stage in which the fuel )

4 motions take place. And what is the power level at
,

5 which time, for example, the fuel begins to move is very

6 important on the cirection as well as the intensity of

7 fuel motion.

8 In addition to those material relocations one

9 also needs to take into account significant negative

10 impacts which help set the stage. That's of course the

11 Doppler, the axial expansion. This is axial expansion

12 of the fuel pins shy they are still integral. As they

13 are heated they want to exp: nd. That is a very

14 significant negative feedback. And of course, finally,

15 the vapor and fission gas pressures that induce fuel

16 motion. And typically this fuel motion is dispersing
,

17 which leads to less reactivity.

18 That is why I classify this as negative

19 feedback. We have to say more about that la ter.

20 In addition to that, to put these worths here,

21 and this philosophy requires as a minimum -- to get

| 22 energetic events inte a proper perspective I think we

23 should mention that the whole core is made out of 156

() 24 drivers, 156 subassemblies containing fuel, and their

25 power distributions, and their flow distributions. And

O
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O 1 each of the subassemblies behave differently than its

2 neighbor. The tiring of events is different.

3 Therefore, when you look at the figure of $1

4 per centimeter, you need to remember that not all

5 subassemblies are going to be moving at the same time.

6 This we refer to as intersubassembly incoherence.

7 In addition, we think within each subassembly

8 we have 219 pins, and each one of those pins within the

9 subassembly will behave differently than the next one.

10 This is true even in homogeneous cores in which there is

11 no mass power toting within the subassembly. Beccuse of

12 the wall you get cooling near the end.

13 For this core over here you have up to maybe a

14 30 percent power slump across the subassembly, so you

15 will have a significant timing or delay difference,

16 timing delays within a subassembly. We refer to that as ,

|

17 intersubassembly incoherence.

18 When it comes down then to each of those

19 processes, we need to worry about both of those aspects;
,

!

20 and we will see some examples of that. |
1

21 Now, here we have a little illustration of an

22 energetic event. We had some ouestions from

23 subcommittee members as far as how rapidly the power

O 24 rises, how ranidtv the aressures eevotoa aad so ea.

25 Here is a typical two-phase assembly from a driving

. O
|
|
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.

(]) 1 reactivity of $50 a second. You can see the cover rises

| 2 quickly to 4,000 times nominal, and very quickly also,

[ 3 within the matter of a fem milliseconds, goes back down()
i 4 to zero.
!
1

5 We say that the core disassembles in this

6 case. This was done for the CRBR core, and the

7 disassembly comes about by negative feedback from

8 Doppler and by negative feedback from the primary one of

9 shutting down fuel motion. Fuel must move outwards from

10 a high worth to a low worth in order to produce the,

11 disassembly. The pressures rise, in this case to a 100

12 bars in the center. But this is a high flux region.<

13 This is a very localized place. And very quickly they

14 drop as that expands, as it pushes fuel out. Ano it

15 comes out eventually within a few tenths of a

16 millisecond to something referred to as a quasistatic

17 pressure.

18 As far as doing damage to the structure, this

19 is what is significant. Here we have shown the

20 variation of the peak pressure and the average or

21 quasistatic pressure as a function of the ramp rate.
|

|

22 What is interesting to note here is this scale is ten

23 times more than that, and there is roughly one order of

() 24 magnitude difference between the high pressure and the

25 peak pressure and this cuasistatic oressure.

O
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1 What you see here and the thought I went to

2 leave you with from this slide is it takes about $100 a

3 second to produce about a hundred barss, a hundred
O

4 atmospheres. I rcund it out because it's easy to

5 remember 100 for 100. In reality, it's more like 75.

6 And that is also a function of how can wall and steel

7 mixing with the fuel and heat transfer between the two

8 materials, how that can bring the pressure to even lower

9 limits.

10 Was there a question?

11 MR. CAR 20N: I have a question on the second

12 slide there. It indicates there are one or two

13 calculations. I would like to incuire how closely can

14 you come to coming out with the same general results if

15 you did this on sort of a back-of-the-envelope kind of

16 calculation.

17 Isn 't it possible to cerry out an estimate

18 that you know sould be in considerable error but maybe

19 within a factor of two or some such thing, the result

20 you get theie, U are you flying strictly on the basis

21 of the code calculation result?

22 MR. THECFANOUS: I understand the thrust of

23 your question, and I think we have made some offorts in

O 24 181= etc etiaa -- aa uch ==a<ie ac da - a ia

25 these numbers being produced by SIMMER -- and I want to
|

O
'
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() 1 address that. In fact, it's the next vu-graph. Let me

2 put this up.

| 3 One effect, in fact, that is interesting and
: ()

4 that is the one in the letter Cr. Ckrent referred to

5 before is if you have a single-phase fluid the fluid

6 upon heating in a fluid disassembly expands very rapidly

7 because of thermal expansion and gives you very rapid

8 disassembly. And people who have been doing

9 calculations using various codes -- and we have a number

10 of them around -- they have been accustomed -- they

11 almost came to believe you can get any energy out of the

12 fuel no matter what ramp rate you impose on it.

13 On the other hand, there are people doing

14 similar calculations with two-phase fluids, basically a

15 two-phase core, and they found out they are able to

16 produce enough energy in the core by something like $50

17 or $100 per second. So for some years there was a

18 discrepancy.

19 We santed to investigate that further and give

20 you an illustration of what is controlling and why there

21 are such differences of opinion. After that I will come

22 to another interesting result that came out as a result

23 of this exploration here that I think you will like.

() 24 First of all, then, there to illustrate the

25 effects first and to illustrate the basically bottom

O
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(]) 1 line, the bottom line is there's no difference in codes

2 because basically the process is so fundamental. It is
I

3 as fundamental as F = MA. You have such and such

4 pressure. You will produce such and such more as long

5 as the code does not do drastically something wrong; and

6 one certainly knoes that if the code is as wrong as not

7 being able to calculate motions.
|

8 The real difference is because people were

9 dcing calculations using different material

10 configurations, and we wanted to illustrate that here.

11 We have two test cases, one-dimensional disassemblies,

12 one-dimensional disassemblies. In this case we allow

13 the whole core to be compacted so the whola thing is

O 14 liquid.

| 15 Now, we know we can't do that neutronically

16 decause it would be, well, supercritical before that.

17 Sut this is a calculation purely hydrodynamic. We

18 impose a power pulse which would resemble one of

19 disassembly. It goes up to 8,000 normal power within

20 one millisecond and then goes back down to zero within

21 another millisecond. And then we tried to see how the

22 two one-dimensional systems respond to this to tower

23 pulse.

() 24 From this and from the knowledge of how much

25 fuel removal we must have in order to produce shutdown,

O
!
|
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[]} 1 we can identify any real differences in behavior between

2 those two systems as far as energy-absorbing

3 capability. So here then we are indicating that it will
,

t

4 take about two kilograms per subassembly to move from

5 the central half of the subassemblies in order to reduce

8 neutronic shutdown.

7 We have 150 subassemblies taking out 2

8 kilograms each, so that means 300 kilograms over the

9 shole core. That means the whole core -- the half of

! 10 the core has a volume of about 1.5 cubic meters. That

11 means se have to have a reduction by 200 kilograms per

| 12 cubic meter over the whole core similar density in order

13 to achieve shutdown.

14 Let's see in the single and two-phase

15 calculations how much time it took to produce this kind

18 of reduction in density. Here is the single phase.

17 This is the initial density distribution. It is almost

18 77 or 7800. Within 24 milliseconds already the density

19 has dropped by 100 kilograms per cubic minutes. Within

20 .9 milliseconds it's well beyond. You see, it goes from

21 77 down to below 748 so that within .8 milliseconds if

22 this were an actual core undergoing disassembly it would

23 have long been shut down.

() 24 Of course, the reason for this is the whole

25 thing is single pFaso. The pressures are very peaked

O
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(]) 1 and very cuickly develop to 400 bars, 600 bars, and of

2 course push the material up. I also need to indicate

3 here there's a change of scale; so whatever mass has

| 4 come down from here has to show up over there. And the
i

5 reason it doesn't show as big is because there's a

6 change in scale.

7 Now, looking at the two-phase disassembly, you

8 start out from a smear density about half as much as the

9 single phase, about 4,000 and, look, 1.6 milliseconds

| 10 later the density has hardly decreased by 100 kilograms

| 11 per cubic meter. That means this core now, if this were
i

12 a core disassembling, would be still absorbing energy.
|

13 It would still be before shutdown. So that is a
i

14 fundamental behavior.

15 You see here that in .4 milliseconds here we

16 have 400 bars and here we have almost nothing, so there
,

17 is no pressure to push it because here is the pressure

18 has to come from vapor pressures, and of course you have

19 tc heat it up before it gets there; while in this other

20 case the pressures como just because of thermal

21 expansion which is present right from the beginning.

22 That is better illustrated I think Fere on

23 this slide where you saw for a single phase the slide

() 24 shows mass expelled from a single half by cross-plotting

25 results like this. It gives the energy absorbed, how
|
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[]) 1 much energy will you put to the central half in order to

2 produce so much mass to come out.

3 And what you see here for a single phase youO
4 only need about 5 megajoules per subassembly, while for

5 a two-phase you need almost an order of magnitude

6 higher, almost 25 megajoules. That means a two-phase

7 system will absorb more and more energy before it can be

8 self-heating enough or self-pressurizing enough to shut

9 down.

| 10 So basically, then, another interesting thing

| 11 se did here, because for a moment we suspected that we
!
'

12 might be getting such delays in the two-phase

13 disassembly because our two-phase modeling in the

i 14 calculation was such that allowing vapor to slip through

15 and not carry with it fuel, and of course the liquid

16 fuel removal is the one that carries the reactivity void.
i
|

17 So se did two calculations one in which we

18 allowed the nominal slip we are allowing in the cores

19 and in the other one we made the slip essentially zero.

20 We made them behave homogeneously, and we got exactly

21 the same result. So basically the not result here is

22 that this is as fundamental as F =MA, and we don't

23 really have any great doubts about this behavior here.

() 24 As long as you can calculate correctly the mass

25 displacement because of forces -- and I think that that

O
.
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(]} 1 is again very fundamental -- the next missing part of

2 the link -- not quito missing but the next thing you

3 need to know is hcw much reactivity change will follow a
Oi

4 given displacement of mass. And, again, neutronically

5 se have very high confidence that we can do it quite

6 well, and in fact, symmetry is the state-of-the-art tool

7 in doing the job.

8 The bottom line then is probably those are as

9 good a disassembly calculation as you can get today.
|

10 MR. CARBON: I guess I'm still left with

11 questions. It may be as good as you could get.

12 MR. THEOFANQUS: And sufficiently good.

13 MR. CARBON: I would still like to ask, going
|

14 back to Chart 4, could you without using SIMMER come up

15 with some numbers that would be in the same ballpark?

16 MR. THEOFANOUS: Yes, we could come up with
.

17 numbers, for example, using other codes, using VENUS or

18 other disassembly codes.

19 MR. CARSON: Totally independent, tctally

20 separate?

21 MR. THEOFANGUS3 Totally independent, yes.

22 Those more done in the early days of developing SIMMER.

23 As I remember, they were done independently of the

() 24 people who developed SIMMER, because I remember in those

25 days I was involved with the NRC staff in reviewing the

O
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i

1 FFTV and the early CRBR, and they were doing independent

2 assessments and calculations, and it was pretty good.

3 Now, you can't really do that, Max, back of

I 4 the envelope, because if you could so would have done it

5 already. You probably can do it if you were patient

6 enough, plot some numbers for the single phase, but it's
.

7 more difficult for the two-phase to do that by hand.
'

8 MR. CARBON: I appreciate that back of the

9 envelope is misleading, but could a person sit down and
|

10 in a week or so --

11 MR. THECFANOUS: Yes. I feel if you sit down
i

12 and you are willing to punch a few numbers in a

13 computer, you could do it yourself.

14 MR. CARSON: And come out with good numbers?

15

16

17

18

19;

20

21

22

23

|O 24

25

O
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1 MR. THECFANCUS: Now we need to relate this
{}

2 pressure element to the potential for doing damage to

3 the vessel. And here illustrates dramatically the

O
4 vessel configuration. And this is the box I was

5 referring to before. This is like a cage. The core

,

6 support structure is a very sturdy one. Everyone tells

|
7 us, all the structural experts tell us, that is the last'

8 thing that will fail.

9 Above the core, that is illustrated here by

10 this red mark, is a whole heavy, big structure referred

11 to as the upper internal structure. I am going to

12 abbreviate that by "UIS." This is supported by four big

13 steel cones that come from the head. Surrounding the

14 core, as you remember, was the core, the drivers, the

15 blankets, and then we had three rings of reflectors,

16 which are basically subassemblies essentially filled

17 with stainless steel.

18 So immediately after that, we have the core

19 barrel, and this core barrel is 2 inches thick steel,

20 and any high pressure developed in this small region you

21 see here will have to push out of the way either the

22 upper internal structure or the core barrel or both

23 before it can do any damage to any other part of the

() 24 system.

25 Now, I don't want you to have the impression

O
(
l
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(]) 1 this is a completely closed case, that things will stay

2 there forever, even if there were high pressure. This

3 is a leaky cage. But the point is there is enough pulse

4 up here that it is sufficent for throttling high

5 pressure.

6 So any volumetric flow coming out of here

7 under high pressure will be throttled, and it's not

8 happening over a tenth of a millisecond, it will be

9 happening over hundredths of milliseconds, therefore,

10 quenching the expansion, not being able to accelerate

11 the slack to do work on the head.

12 So the only way you can get a real focusing of

13 this thermal energy to the head is by violating

14 catastrophically one or both of those strucutures.

15 Now, the project has estimated in one of our

16 questions, Bill, of the eight questions, what it will

17 take to push it up. At that time we were not smart

18 enough to ask about the core barrel, we only asked for

19 this. And they figured out 100 bar, and our initial

20 evaluation in facts suggests this is reasonable. But

21 then we started Icoking into the pressure traces coming

22 out of the disassembly calculations, and they are of

23 this type. And this is approximate here just to

() 24 illustrate the effect.

25 There are $100-per-second ramp. The core
1

(:)
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1 barrel is in immediate proximity to the high-pressure

2 region, so it's going to see a pressure that is more

3 representative of the peak pressure developed in the

O
4 subassembly, which as you know is short-lived. It is a

5 highly dynamic one. It goes up and goes down.

6 We illustrate here a range of behavior because

7 what will happen in the longer term is a function of the

8 heat transfer between the fuel and the steel that might,

9 be involved. On the other hand, before the UIS can

10 become engaged in this process, it takes som, time,

11 something on the order of a few tenths of milliseconds.

12 By the time it becomes engaged, in fact, the pressures

13 driving the whole thing have been reduced by cuite a bit.

( 14 Now, this goes about that because although it

| 15 takes into account the impact of these two things coming

16 in and hitting it, again we will experience a transient

17 and it will come back down again. So this UIS will

18 experience something more typical of the cuasi-static

19 pressure while the core barrel will experience something

20 more representative of the peak pressures.

21 Because of this behavior, we thought that --

22 this again Dr. Okrent, another terminology -- we

23 searched and discovered we *hould worry about the core

(]) 24 barrel. We have an analysis done on the core barrel

25 because of the highly dynamic nature of this pressure.

O
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1 We don 't think it's fair to put this pressure here,

2 statically on the top of there. It certainly wouldn't

3 be able to take it. But there is a lot of inertia
O

4 massed between the blanket actually the core as

5 illustrated here.'

;

6 This is all very heavy steel, and these three

7 or four rows of subassemblies are all filled. So as

8 scon as the core barrel begins to yield, I guess the

9 pressure will drop unless all of this mass can keep up

10 with it. Se se feel there is significant inertia

11 effects there.

12 We are evaluating also, we take into account
|
i

13 the stiffening effect because of braces here, because of

14 the vessel, and because even of the sodium between. So

15 currently: we're not sure exactly how this will end.

16 But we suspect maybe because of this (indicating), this

17 might fail first.

18 And if this were to happen, the relief would

l
1 19 be over on one side. It would be like a bubble growing

20 under this licuid sodium pool, and it would be growing

21 so recidly because of the catastrophic failure of this

22 that it would be able +o accelerate the slag to go hit

23 the head and produce energy.

24 We don 't think that this kind of isometric

25 behavior is going to be anything detrimental. In fact,

O
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1 we feel because of two-dimensional effects, we might

2 oven get a little less energy conversion than one gets

3 from the classical situation where one allows this
O

4 expansion to go directly into the pool and start

5 accelerating sodium in pretty much ideal fashion.

6 From the point of view then of doing work to

.
7 the head -- and that is the real concern here because

1

8 that is where the containment is and that is how one

9 gets concern about fires and what have you -- it is

10 important that one is concerned with the integrity of

11 these bags here.

12 And if those bags were to fail

13 catastrophically, if one wanted to do a calculation that
I

v 14 is almost back of the envelope, it would be one in which

15 one quickly removes all of the obstalces out of the way,
!
'

16 and one can do adiabatic or asymptotic calculation as

| 17 the process is done to find out how much energy can be

18 released.

19 And the way this is done is shown in the next

20 slide. Basically, you take the pressure, and that would

21 be standing out from the quasi-static pressure and you

22 span it out as improbably against volume up to the

23 volume of the covered gas origin. And that is 21 cubic

O 24 *r- aae x== * * 28- iat seat =ae r tai = curv . aa

25 that will be an upper limit of the kinetic energy that
|

O
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1 you can expect. And I really 1 san the true upper limit

2 because there are a lot of other mitigating fectors

3 between that the slag would have as it goes and hits on

O
4 the head.

5 Therefore, remembering back the importance of

8 the bags and the estimates of pressures and energies it

7 will take to fill it, we feel the level of energetics is

8 zero up to $100 per second. By that zero, we mean there

9 is no significant acceleration of the sodium slag to

10 really do work on the head.

11 However, at some place around here, around

12 this neighborhood, the pressures developed will be

13 sufficient to violate the integrity of these bags in a

0 :14 catastrophic way. And if this were to happen, if we eid

15 this process here, we end up with numbers that will be

18 very close to the structural margin. And furthermore, ;

17 we will state here that as you go beyond that point, the

18 slope is pretty steep. And furthermore, we will state
i

19 the uncertainty is pretty high because you are going out
|

20 to very high camps and you have a lot of other different

21 questions.

22 Therefore, the real margin, however, is not

23 from here to there or from here to there. Obviously,

24 there would be s o rt e kind of a trajectory going from here

25 to there. The real margin is from this level to this

O
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1 level, and we obtained this margin by claiming that for

2 the cases of interest we were going to be concerned with

3 reactivity ramp rates well below this Category 1.

4 At this point then, the conclusion is that we

5 are looking for events of this ordsr as the kind of

6 event that would be of concern to the failure of the
1

7 primary system.

8 And with that, I think we complete Unit A.

9 And if you have any questions?

10 MR. CARBON: This would be a good point to

11 stop, I think, but I do have a question. On page 13 it

12 talks about essentially -- I think it is saying -- there

13 cannot be a fuel-coolant interaction in effect there

14 because the physical situation is such that it won't

15 take place.
,

1

16 The thing I wonder about is could the vapor

17 bubble in its expansion be disrupting the fuel and the
|

| 18 surrounding subassembly such that you truly could get

19 breakup of the fuel in the surrounding assemblies which

20 would lead to some sort of heat transfer from the fuel

21 particles to the sodium, which would enhance this?

22 MR. THECFANDUS: That would be within the core

23 region. That would be only possible if you enter in an

() 24 energetic situation with the core still in the core I--

25 am sorry, excuse me -- with sodium still in the core.

O
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({} 1 If you have sodium in the coca as you enter a burst

2 situation, then very racidly fuel will be molten chile

3 the sodium has not had a chance yet to see the high

4 temperatures and powers and therefore will be in almost

5 a pre-mix situatien. Is that what you are referring to?

6 MR. CARSON: Perhaps. Cr in any way, could

7 tha vapor bubble in the center of the core in undergoing

8 its expansion cause the fuel in the exterior to be

9 broken up such that it would somehow or another come

| 10 into contact with the sodium either in the core or

11 outside the core?

12 MR. THECFANGUS: I think we have to better put

13 this in the picture. If there is no sodium in this

14 general area and in many cases, for example, under

15 recriticality conditions, which is the major pathsay

16 through which one can get some energetics, we believe,

17 of course you are not concerneo with getting fuel and

18 sodium mixed.

19 The first contact of fuel with t'io sodium will

20 happen up here in the pool. That is where the fuel

21 bubble expanos and comes into contact with the sodium.

22 MR. CARSON: Could the fuel bubble be preceded

23 by unvaporized fuel, is what I am saying, aith the

() 24 unvaporized fuel coming in contact with the sedium?

25 MR. THECFANQUS: Well, in fact, the material

O
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[]} 1 that will be coming out in an expension of this type

2 will be a very high quality but still containing some

3 liquio with it, fuel material. It will not be pure

4 vapor, it will also be liquid involved with it. But it

5 will be high-quality material. That means a high

8 percent of this volume will be occupied by vapor and a

7 small percent will be occupied by delivery. Therefore,

8 if there were any potential for interaction, steel is

9 there because the liquid could be moving.

10 One can postulate the liquid moves faster,
|

11 sakes it through the bubble, and goes and hits the

12 sedium. However, we don 't believe we are concerned with

| 13 getting augmentation because of this process, because

14 the two materials, fuel and sodium, are initially

15 separated. They are coming in contact in the manner

16 which coes not promote mixing. And even if some mixing

17 were to take place -- we believe mixing does not take

18 place during those conoitions -- but even if mixing were

19 to take place, that mixing would involve small

20 quantities of fuel and sodium before the two interact

21 and push themselves apart'again.

22 And in fact, we had some experiments just

23 recently we have not published them yet -- in which--

() 24 we are blowing tsc-phase saturated water into a freon

25 level under very bich pressure conditions. It's very

O
i
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(]) 1 interesting to see if you did this experiment blowing

2 two-phase high-pressure water into water, you find you

3 are very far from isentropic expansion, of course,

4 because you have a lot of condensation going on.

5 What you do when you do it with freon is you

6 observe a smoother interface indicating a loss of
(
| 7 mixing. And I think the reason for that is there is a

8 natural repulsion between the hot material and the

9 velatile material, and it's indicateo that this behavior

10 is very close to adiabatic behavior.

11 That 's why I think when we have this kind of

12 expansions, I believe the isentropic evaluations might

i 13 not be too far from reality. I thought your original

( 14 question was with some sodium staying in here. Noa, it

15 gets a little more tricky because if that were the case,

16 you already have a pre-mix situation here, fuel and

17 sodium within a subassembly, and that could be a

18 low-power subassembly. And you will see some maps later

19 on that show you this picture. You do not have an

20 opportunity yet for the sodium to void out.

21 Now, suppose another part of the core is

22 undergoing a super pump burst. Now, all of this fuel

23 that was nicely distributed there becomes molten and, of

() 24 course, naturally possible to mix with the surrcunding

25 sodium. In that case, whether you have an augmentation

O
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1 or not, I think it is possible to have some

2 augmentation. Hosever, I think we need to wait until we

3 sc into the next section to see under what conditions we
4 can develop this and how much sodium can be arouno under

5 those conditions.

6 Typically, most of the sodium is out. Cnly a

7 very few subassemblies will have sodium in them. And
i

8 oven there, if something were to happen, we are more

9 concerned with the LO."-driven TOP to the potential in

10 this situation rather than the energy conversion

11 potential.

12 (Brief recess.)

13

O 14

15

16

17

18

19

20

21

22

23

0 24

25

O
!
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({} 1 MR. THE0FANDUS: I think I would like to
,

2 occasionally put this slide on the board tc show you

3 where se are in this overall picture.O ,
4 We have discussed this part nos (Indicating), '

5 the technical basis for making these kinos et' judgments's

6 and now we want to address this part here (Indicating), ,

I 7 lookin; et what happens in the initiating phase, the

gek into energetic i8 initici disruption, and how we can

9 behavior using the initial status of disruption.
f

10 And this is really centered around this

11 problem of the plenum fission gas compaction. If this

12 was not the case, we would not have any problems a, bout
13 stating that we don 't expect the initiating phase

14 energetics or energetics during the initial stages of

15 the CRBR core period.

16 Now, this becomes a problem because if the

17 core is irradiated and a fission gas accumulation in the

! 18 plenum, these pressures can get as high as 30 bars near
i

19 the end of life. Initially, the pin is supported at

20 both ends. It is really free on the top, but one can

21 say it is supported in the sense that'if the cladding is

22 to be cut off here, it would not be allowed to be

23 ejected upwards because the subassembly exist moves down

() 24 and does not allos it to movo upward. 'So this oressure

25 is balanced by the axial ~ integrity 2f the ein. When the

O
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(]) 1 pin disrupts suddenly, you have an imbalance.

2 Typically, the disruption of the pin will take

3 place somewhere below the top of the core. That means

4 there will be some fuel, shown here in blue, in the

5 blanket that will be experiencing this downward force

8 because of the plenum gasi and you will have then this
i

7 physical ejection almost like a gun barrel geometry that

8 would introduce reactivity because the fuel will be

9 moving from a : Lower corth position to a higher sorth.

10 Yes?

11 MR. CARBCN3 I need to inquire in here. Your

c words are you have a high pressure in the upper plenum

13 there, and that is putting the fuel column in

14 compaction. But isn't the gas pressure pretty much

15 uniform throughout the column?

18 MR. THECFANCUS3 That is true. It would be

17 uniform under static conditions. If you go suddenly and

| 18 disrupt the cladding in the fuel here, what you have in

19 the neighborhood of the disruption is the fission cases

20 that are evolving from the intergranular spaces is a

21 finite, small quantity. As quickly as this pressure is

22 released, the only way you can balance this pressure

23 release is by having a very high flow of this gas out.

() 24 But this is restricted by the very small gap between the

25 pellets and the cladding.4

,

l

O
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({} 1 These are the mechanisms. What other key

2 parameters affect the behavior? I think the potential

3 for autocatalysis here is quite obvious, and that is the

4 primary reason we brought it up to start. But one can

5 easily envision that if one pin were in this compaction

6 process, because of the inherence of the core there

7 would be another pin close to it in terms of disruption

8 characteristics, that it will be disrupting, and it will

9 be compacting. This will increase the power, further

| * 10 accelerating more and more pins to undergo this kind of

11 a process. So the natural question is can this become

i 12 autocatalytic?
I
:

13 Sy the say, we are concerned about

| 14 autocatalytic behavior, and that is the first level we
l
|

15 are looking at things.

16 MR. CARBON: The first level at what?

17 MR. THECFANQUS: The first level at which we

| 18 are looking at this energetics question. First, we are

19 looking at the level of autocatalysis, and the reason we

20 are concerned is it is very difficult to bound

21 autocatalytic behavior.

22 In this case, for example, fortunatoly se are

23 able to demonstrate that we are not close to

() 24 autocatalytic behaviori and I think the purpose of this

25 section of the discussion, Section A, is to look into

O
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(} 1 this aspect of the problem.

2 The key parameters that affect this process

3 first of all, of course, is the stored plenum pressure.

4 .5 ave a beginning of life fuel, you have no.. ,-

5 pressure there, so the core pressure becomes mute, and

6 throughout the life then the pressures will build up

7 there. So you must have that.

8 Furthermore, you must have good timing between

9 the clad failure and the fuel melting or fuel heating

10 disruption properties. And what I mean by that, the

'

11 timing should be short enough so that the gas coes not

12 blow up. If there was enough separation in time between

13 the clad failure and I mean clad failure, not--

I

v 14 melting, but because of internal pressures and heating

15 and fuel disruption -- there will be enough time for

18 this gas to come out by the time the fuel is disrupted

17 and the fuel column became imbalanced.

18 Typically, the time constant for blowing down

19 this gas is from a quarter of a second to maybe one

20 second, and depencing on how pessimistic you want to be,

21 maybe slightly more than that. So you are talking about

22 a very short time it takes to vent this gas, and that's

23 aby this problem is not really relevant to a core like

() 24 FFTF that is very, very slow.

25 However, if a core because it has a good

)
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(]) 1 sodium volume reactivity undergoes an acceleration

2 because of the increasing power, you can shorten this

3 time scale between these two processes enough that atO!

4 the time the fuel is disrupting there is significant

5 pressure up here.

6 In turn, then, what effects -- I put more

7 clearly here shat effect is typing, is the sodium worth

8 and the voiding rates, is the clad failures and the

9 location rates and the initial trends of the fuel motion

10 upon disruption.

11 The reason this is important for the CRBR is

12 because the first fuel to be disrupted -- in fact, this

13 occurs at relatively los powers. And in the first group

14 of subassemblies to be disrupted there already is enough

15 timing from the moment their cladding failed until

16 voiding that for them the gas is not there; the gas has

17 blown off.

18 Now, if that initial disruption of the fuel is

19 going to end reactivity, that will incrasse the power,

20 and that will bring closer all of the remaining

21 subassemblies which either have just failed or are about

22 to fail very soon.

23 If, on the other hand, this initial fuel

() 24 disruption is highly negative, that means subtracting

| 25 reactivity. That sill, on the other hand, buy a lot of

O
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(]) 1 time so the remaining subassemblies can continue to void

2 and fail clad and blowing the gases out before the fuel

3 in them has an opportunity to cissolve. That is cuite

4 crucial.

5 To the extent that pressures up here mean

6 irradiated fuel, se know this automatically implies that

7 this fuel nere has to have some intergranular gas.

8 And finally, of course, one must have known

9 friction between the pellet of the cladding if this

|
10 column was to be accelerated downsard. Some people

11 believe it is virtually impossible no matter what the

| 12 pressure behind those pellets, it 's virtually impossible
[

| 13 to shoot a bunch of pellets through such a small

14 clearing.

15 We did not feel we had enough justification to
|

|

16 exclude that. That is the reason we go into this whole

17 story. In fact, some early interactions with the

18 project indicated to us that maybe some of the fission

19 products might be even vaporized and go back there into
|

20 these regions here where they recondense, but because of

21 their molting properties and so on might even provide a

22 lubricating layer for this stuff to go out.

" In any case, we think we are approaching that

() 24 conservatively in the sense that for bounding this

25 problem we are assuming there is no interaction between

O
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{) 1 the cladding and these pellets) that they are free to

2 accelerate. However, not completely free. They have to

3 obey the basic lass of nature, and that is inertia. So'

'
(

4 we put all of the force on those pellets and let them

5 accelerate based on their free inertia without any

6 negating forces.

7 MR. KASTENBERG: Theo?

8 MR. THEOPANGUS: Yes.

9 MR. KASTENBERG Is the channel pressurized at

10 this point?

11 MR. THECFANGUS: The channel here is not

12 pressurized, no. Whatever pressure can come out from

13 these fission gases. But this is short-lived. As long

} 14 as it goes through, there is no remaining pressure to

15 oppose this compaction.

16 Now, let us take a look and see how the

17 pressures build up with time in this plenum. We are

18 showing here the plenum pressure versus burnup in full

19 power days, and ycu see that we have a gradual and
|

| 20 steady monotonic increase. Near the end, typical

21 pressures are 30 bars, and because of heating in the

22 early phases of this loss of flow accident, in fact

| 23 these pressures develop up to 40 bars.

(]) 24 What you see from here is the significant

25 fraction of the lifetime of the core is relevant to this

O
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({} 1 question; I would say maybe the second half. Similarly,

2 and because it is also important, it is quite close to

3 this, se havs the variation of the gas pressure in the
| (

4 fuel now in grams of fission gas, grams of fuel times
4

5 10 Ana you see this gas building clearly. !.

6 And what you see here is that very quickly

! 7 within maybe something like 50 days, from then on the

8 fuel can be categorized as pretty gassy. This is very

9 important because a gassy fuel tends to be dispersive

10 and disruption. When the fuel is very fresh it has no
,

11 motor forces inside it, so upon molting basically it

12 slumps under gravity. We know that is very important on

13 the timing of subsequent events.

O -

| 14 So it's very crucial here to remember for

15 consistency we are going to let the fuel plena have

16 pressures, but at the same time we are going to allow

17 the fuel itself to have fission gases in the structure

18 itself. So the initial tendency for the fuel will be to

19 be disruptive and dispersive instead of being compacted.

20 Also, I want to say something about what is

21 our basis for this. We have experiments, a number of

22 experiments with prototypic materials that in fact

23 indicate that when we have irradiated fuel at some

() 24 reasonable powers, you will get in general disruptive

25 behavior.

O
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(]) 1 Now, there are probably a lot of pocole, maybe

2 oven including myself, who will say that we do not know

3 everything there is to know about the rates and timing

4 of fuel dispersal because of fission gases. That was

5 and in fact I think still is or can be a serious problem

6 if one is looking at fuel dispersal to mitigate a

7 process, for example, for the LF-driven TOP. In that

8 case the timing is very crucial, the timing and the

9 extent. And I don't think we know enough to be able to

10 make this kind of judgment.

11 Here what is important to know is the general

| 12 trend, whether we will get compaction or soms kind of

13 dispersal. And I think we know enough " cased on

14 experimental analysis and total knowledge to allow us to

15 make a pretty reasonable judgment as far as that.

16 MR. CARBON: Is there considerable uncertainty

17 in that, more than you are perhaps indicating?

18 MR. THECFANOUS: I think the uncertrinty of

19 that, Max, has to do again with how precise you want

20 your answer. If you are asking me do you know the time

21 of fuel cisruptions within a few milliseconds, I think I

22 would tell you no, I don 't know it, because in fact 7e

i

23 don 't have that.

() 24 Now, maybe there are some people whc disagree

25 with me, but you asked me will the fuel disrupt at some

O
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( []} 1 point as it is being heated, I would say sure, I know

2 one hundred percent it will disrupt. If you ask me is

3 the fuel upon disruption going to collapse under

O
4 gravity, or will it just stay there or disperse, I will

5 tell you yes, with a very high degree of confidence I

6 can tell you that the fuel in general will be

7 dispersive. If you ask me do you know it's going to be

8 mcving with a velocity of 100 centimeters per second
:

9 upon dispersal upwards and downwares, the moving

to activity, plus or minus 20 centimeters per second, I

l 11 will tell you no, I don 't think I know that. But if you

12 ask me in general will it be a gerocal upward direction

13 or general doenward direction, I will say yes. I think

14 you will find very few people disagreeing with that, and

15 if they do, they will have a hard time justifying it.

16 MR. OKRENT4 I am trying to understand the

17 dispersal picture that you have for the fuel. Could you

18 indicate a little bit better for me what you think the

|
| 19 fission gas is doing and what you think the fuel is

20 doing and what the state of this fuel is, is it solid or

21 molten, and how this changes as it moves from the fuel

22 into the channel or what was the channel and so forth.

23 MR. THECFANCUS: Right. In some cases you

() 24 might not even have a channel because we know as the

25 fuel heats up it swells. At least in a number of cases I

)
i

'

!

I
!
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(]) 1 there is experimental data that shows as the fuel heats

2 up at the beginning of melting, maybe 10 percent radio

3 mill fraction, it begins to swell. It swells because of

4 the internal pressures, because of the gases. And by

5 the time it is ready to disrupt, which is typically 50

6 percent radio mill fraction, it is essentially

7 hydrocoolingl so there is nothing much flowing through

8 them.

9 Now, beyond that point at some point the fuel
|
| 10 will disrupt, and the pellets will actually

11 disintegrate. This point will be sometime before all of

( 12 it is molten. We think 50 percent is a good middle
l

| 13 . range value, and me are not very sensitive to the number

14 we choose for that.

15 Upon disruption there will be further gases

16 being released, and again, depending upon the power

17 level, you will have multi-forces. There will be

18 pressures inside that disruptive zone that have liquids,

19 solids, carbons and gasesi so it is like a frothing

20 region that is some place in the middle of the core that

21 now experiences these local forces which are high, but

| 22 high with very low driving potential because the amount
|
| 23 of gas there is not a hell of a lot.
1

() 24 The result of that is just like the zone

25 experiences, a pulse in both axial directions. Fuel
.

1

()
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(]) 1 then is being thrown up and down in this frothy region.

2 However, we oelieve that it won't go very far in that

3 early stage of disruption, because as the fuel above and

4 below it is swelling, maybe the passages are so small

5 that this intends to go up, but maybe after the gas has

6 dissipated itself, maybe start again, coming back

7 together.

8 So that is the picture we have with respect to

9 this phenomena, and we think because of this, the nature

10 of this, especially what I have to say about this slide,

| 11 we are not very sensitive to that.

12 MR. GKRENT: I guess listening to you it's not

13 completely clear to me -- at least I have a picture of

14 what the passages are through which this disruptive fuel

15 is moving, and just how I know when the gas gets out and

16 when it is in and just what it is that is doing the

17 motion, and how in fact I can be sure that I know even

18 in what direction the motion is since I don't really

19 know shat the passages are.

20 MR. THE0FANOUS: Well, I think that many of us

21 share your general uncertainty of knowing exactly what

22 is happening there. But what I was trying to indicate

23 before is you have a region that is disrupted. It has

() 24 liquids, solids and gases, high pressure gases.

25 MR. GKRENT3 I agree it is disruptive.

O
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1 MR. THECFANGUS: It goes witnout.saying.

2 MR. OKRENT3 In the sense that you no longer
1

3 have your original pellet.

O
4 MR. THECFANOUS: Right, right. It is a

5 mixture, a frothy mixture of liquid, solid and gas.

6 That is high pressure. That goes without saying.

7 Because you have cases there, they have to exhibit

8 themselves. They come out.

9 What can happen? One thing that can happen,

10 you might ask me which way can this fuel go. One way

11 would be upon molting and disruption somehow magically

12 all the cases disappear from there and the thing comes

13 down under gravity. I will claim that this is a highly

14 impossible situation, because se all know that first of

15 all you at least have to get the gas out. If you are

16 not allowing for any dispersal behavior from the gas, at

17 least you have to get the gas out before the fuels can'

l

18 come back together.

19 MR. OKRENT: But the gas might be able to move

20 through past the fuel, can't move through.

21 MR. THECFANOUS: Of course. That is what I am
|

22 saying. Eventually what will happen is the gas will be

23 dissipated. I said that already. Eventually the gas

() 24 will be dissipated, and the fuel will then come back

25 dosn, and we are taking that into account in our

O
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Q 1 analysis.

2 MR. CKRENT: I thought you indicated it was

3 clearly dispersive.

| O
4 MR. THECFANOUS: But the timing here is very

5 important. It will be clearly dispersive to start with

6 for some duration of time, but then we trended the gas,

7 and we have ways of doing that, and we let the fuel come

8 back. So it is neither permanently nor monotonically

9 dispersive.

10 We think the initial tendency of that will

11 tend to be dispersive, but the finite amount of gas and

12 this behavior, as well as I mentionec before shat se

13 expect to be occluded channels above and before. No

14 matter what pressure you have, you will have a hard time

15 getting the fuel out. We don 't disagree.

16 MR. CKRENT: Let me cut it this way. Using
i

17 your probabilistic terms at the moment, I put this in

18 the category of one-half.

19 MR. THECFAN005: That's a good judgment, and I

20 will say we are not sensitive to that.

21 MR. CKRENT: If that's the case, you are

22 better off.

23 MR. THECFANCUS: That is the point we are

O 24 mewia 8ere- z<e a e so m we the c- <- 'e-oriv =

25 TOP, as I indicated before, we would have been in a

' O
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1 different predicament than the case we would have to do{}
2 here. That is exactly the purpose of this figure over

3 here.

O
4 To illustrate how we go about looking at this

5 continuum, we havs lots of variables here, and it would

8 be forever to do a very detailed, comprehensive,
,

7 parametric, statistical evaluation to obtain true

8 statistical distributions of probabilities for plenum

9 fission gas compaction and severity. But a few very

10 fundamental ideas here can be useful to clarify what we

11 are looking for.

12 First of all, if we -- of course, wFat is

13 really important here is the reactivity feedbacks. And

14 the question one is confronted with as one is trying to

,
15 do this kind of analysis is what should I use. Should I.

1

16 use higher ranges of uncertainties or lower ranges of my

17 uncertainties?

18 Let's see what happens here if you use the

19 high and the low. If we were to bias all of the

20 reactivity feedbacks in a downward direction, that means

21 takes the sodium worth all of the way down to nominal

22 value minus 2 sigma Doppler, everything gives them as
1

23 slow as we possibly could justifyv we would have such a

() 24 slow initial behavior of the accident that it will

25 provide enough time between the clad failure and the

O
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1 fuel disruption that this whole question of plenum

2 fission gas reaction would be moot in the same way it is
i

3 moot for FFTV. That means in this level of positive
O

4 reactivity feedbacks, the severity is essentially zero.

5 Now, you might have expected that if we push

6 everything to the higher limit, we might make things

7 bed. In fact, intuitively that was behind my mind when

8 I was thinking about this problem a few years ago.

9 Well, it doesn't work that way.

10 As you make the reactivity feedbacks to be

| 11 high, they show a more nominal plus 2 sigma
|
l 12 uncertainty. Take Doppler, much more than what you

13 expect it to be, everything to be in the positive side.

14 You would come so close to pump critical that by the

15 time you are ready to move the fuel, you don't have

16 enough time to accelerate the pellet downwards and give

17 it a good ramp at the time it comes. This is the time

18 that it gives the energy yield.

19 So as a result of that, the severity again

20 goes oown, and there is no monotonic increase of the

21 feedback; and I think that is very important. So there

22 is some range in between, a pretty broad range, and that

23 is why I say we are very sensitive to that.

O 24 Ta * siv = == 181= xt=== ia ==a=isa t=- aad

25 the way to look at this problem is to try to put

O

ALDERSON REPORTING COMPANY, INC.

440 FIRST ST., N.W., WASHINGTON, D.C. 20001 (200 628 e300

_ - _ - - - _ _ _ - - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



|

I101 ;

!

(]) 1 boundaries rather than coming out with a very detailed

2 granting numbers, a lot of calculations and

3 probabilistic assessments of all of those parameters.

4 MR. AXTMANN: What are the units of severity?

5 MR. THECFANOUS: That would be, for example,

6 pressure ramp rates, to start with -- that would be a

7 unit -- and then the ramp rate could be converted

8 through a previous slides in Section A into pressures.

9 And that could be converted into filling backs, and

10 after you fill back, that can be converted into

11 megajoules of kinetic energy of the slide.

12 So really, the starting point of the unit of

13 severity is ramp rate in a superprompt discussion. That

14 is what we are looking for. If we have that, se can

15 make all of the other steps.

16 MR. CARSON: Would you summarize once again

17 why you have confidence that you are on the ends of the

| 18 curve rather than in the center?

19 MR. THEOFANDUS: I will say we are going to be

20 trying to stay at the center of this curve.

21 MR. CARBON: You're trying to what?

22 MR. THECFANGUS: To assess and put a severity

23 number to this broad maximum. We are looking for this

() 24 beund that tries to put everything below it.I

1

( 25 MR. CARSON: Okay.

O
|
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(]} 1 MR. THE0FANQUS: And we have done a very large

2 number of sensitivity studies, and of course, we

3 obtained some additional insights from the sensitivity,

l ()
4 studies that the project has done. And with those

5 insights se think that we can cofine the bounds. And

6 this is shown here. This is the case where we use the
1

7 sodium worth of about $1.7, which is maybe a little bit

8 more than what the project man considers nominal. I

9 think it is 20 percent more. We use a 50 percent axial

10 expansion, and we use a fuel that is generally

11 disruptive but is not extremely, exaggeratedly

12 disruptive. And the power transient is shown here, and

13 it goes up to several thousand times nominal. And the

14 reactivity history is shown here.

15 And this bar period, the slope of tFis line,

16 is on the order of $50 per second. And we think that it

17 is a bound, an upper bound.

18 MR. OKRENT: How much would it be if you had

19 zero contribution reactivity from what you called the

20 disruptive behavior of the fuel in the middle?

21 MR. THEOFANOUS: If we made basically the fuel

22 tc stay motionless, right?

23 MR. OKRENT: Effectively motionless.

() 24 MR. THE0FANOUS: Effectively motionlass. If

25 that were the case, it would be a number below that. I

h |

{
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(]} 1 can't tell you exactly what. We have done a lot of

2 calculations, and I don't have in my head now all of the

3 results. But what you do witn the fu;1, it affects howt

()
4 much gas also bloss down.

5 Probably I have a feeling that if you did just

6 that, you would not be too far maybe from that because

7 you are in that general range of broad maximum, but you

8 will not be more than that.

9 MR. OKRENT: Well, I am trying to understand.

10 Your first answer was it would be less.

11 MR. THEOFANQUS: Yes, but in that general

12 broad umbrella of maximum.

13 MR. OKRENT: And I guess when you say less,

14 you mean the energy developed in the burst would be less.

15 MR. THE0FANGUS: Right. The dollars per

| 16 second.
I

17 MR. OKRENT: And shy was your answer that it

18 would be less if instead of being dispersive it was

19 neutral?

20 MR. THECFANQUS: It's a number of things that

21 play a role here. I don't have them all at my

22 fingertips here, but we have done a lot of calculations

23 around that general area. In fact, we've done

() 24 calculations in which we let the fuel compact also, and

25 that brings us over to the other side.

|
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() 1 What we intend to do in the report, in order

2 to give you this perspective we are going to give a

3 range of assumptions. And by looking one against the
}'

4 other, it would be easier to ur.derstand how this can be

5 really a reasonable limiting value. But it is a total

6 integration between how much time is allowed between the

7 clad failure, and therefore the beginning of the

8 blowdown, and fuel disruption. And that is a function

9 of the power, and the power, of course, is affected very

! 10 strongly by the fuel motion, and also by what is the

11 reactivity level at the time at which the pellets begin

12 te accelerate.

13 As I said before, if you leave the fuel

( 14 motionless, you might have been closer to being prompt,

15 so that the time allowed for the pellets to be compacted

16 would be less. Therefore, you would be going through

17 this with a lower ramo.

18 MR. OKRENT: I think that could be a reason,

19 but it leads me to a related question. What do you get

20 as the largest reactivity insertion rete from the plenum

21 pressure pushing fuel toward the middle if it's not

22 terminated by a burst and you are not setting just below

23 orompt critical when it occurs?

() 24 MR. THE0FANQUS: I think that I can answer

25 better if I show you the next vu-craph, because exactly

O
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1 I was intending to cover that. I knew it sould be a{)
2 burning question in your minds.

3 MR. AXTMANN: What do you assume for the

O
4 thermal conductivity of the pellets during --

5 MR. THEOFANQUS: The thermal conductivity of

6 the pellet?

7 MR. AXTMANN: Yes. Which is if the effective

8 thermoconductivity of the pellet -- do you use the bulk

9 conductivity of the fuel?

10 MR. THEOFANOUS: Yes, yes.

11 MR. AXTMANN: But it's pellets.

12 MR. THEOPANQUS: Yes.

13 MR. AXTMANN: And do you think in these

() 14 timeframes the effective thermoconductivity will be the

15 same?

16 MR. THE0FANDUS: I think so. I think if there

17 are any questions there, the more important question is

18 what do you use for the gap conductants.

19 MR. AXTMANN: Right.

20 MR. THE0FANQUS: I don't know if that's what

21 you're referring to, but that can affect the time of

22 clad failure. And we try again to expand that as well

23 as we can within reason. But we have more of a cuestion

(:) 24 there.,

25 MR. AXTMANN: That's what I meant by effective

O
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; 1 thermo --(}
2 MR. THEOFANDUS: Okay. In order to understand

3 the answer that Dr. Okrent asked, as need to take a look

O 4 at what are the material p.tterns as se approach the

5 burst. And here me are showing for this case for which

6 I showed the power and reactivity just before the prompt
.

7 burst, here is the sodium void pattern. What you see is

8 essentially 60 pe" cent of +he core is voided, and of.

9 course the reacon is because of this voiding to brought

10 up the activity, and we have been able to shorten the

11 time so that we have pressures nom, and these pressures

12 are indicated at the too here. Those are the pressures

13 in the plenum.

() 14 And I should say something about these plots

15 here. These numbers belos each one of those plots

16 represent SAS channels. The midth of those is

17 proportional to the number of subassemblies grouped in

18 that channel. So roughly then this channel is a big one

19 representing something on the order of 10 to 12 percent

2L of the core, 15 percent maybe. While this tunnel 6 is

21 the one that has the higher poser fuel in it, it is very

22 small and represents something like 6 percent.

23 MR. OKRENT: Where is the inner blanket?

() 24 MR. THEOPANDUS: I am not showing the blanketi

25 here because typically for this kind of a problem, for

(
i
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Q 1 example, our primary concern is the state of the driver

2 fuel. So to make things fitting in one page -- this was

3 three times as big before -- I only show the o-iver fuel.
O

4 So what you see here is by looking at this --

5 this is linear scale -- by looking at that up to 11 is

6 60 percent of the core roughly; that is voided. The

7 next txo channels are just beginning well on their way

8 to voiding, while very little vciding happened in

9 channels 14 and 15.

10 The pressures are sheen on the top here, for

11 example, and what you see is channel 6 is the first one

12 to undergo voiding. Therefore, that is the first one to

l 13 undergo pin failure and all of the subtaquent events.

14 And you sea because of that, because the power was

15 lowest early on, it bought enough time that the pressure

to is only 3 bars at this point; so this channel is of no

17 consequence whatsoever as far as the compaction.

18

19

20

21
,

|
'

22

23

O 24

25

O.
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1 However, you see the next channel tFat comes

2 in, channel two, still has a pressure rate bar, and
|

3 there are 40 bars, around 40 bars in channels 7, 8, 7,O
4 9, and 10. Now remember, at 50 percent radial melt

5 fraction, and that is shown over here, we allow the fuel

6 te disrupt. So at this point, then, channel 2 and

7 channel 7 is disrupting. Channel 4 is very, very close

8 to being disrupted. And upon disruption those tunnels

9 will be the ones that will be compacting, and it will

10 give us a burst.

11 What is important here is, all of the other

12 channels because of core-wide incoherency have

13 significantly lower melt fractions. It takes some time

14 to bring this melt fraction from here over to there, and

15 by that time the burst is essentially over. However, at

16 the end of the burst, I think the point here is we

17 cannot arbitrarily take all of these channels here, all

18 of the core, and let it compact independently of what

19 the melt fraction of the fuel happens to be.

20 There are natural incoherencies that have to

21 be acknowledged. You havs to pick a number for fuel

22 disruption, and you can pick any one you like. But

23 after that you have to make all of the fuel disruptions

O 24 * **- - t* <r cti a. ad 1 v v== itt a

25 incoherence in entering this prompt burst behavior.

O
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1 Therefore, the driving reactivity will be taking place

2 by a small fraction of the whole core.

3 I think it is quite clear if you let all ofO
4 the core do this you will reach an intolerable

5 situation. That is for sure.

6 MR. MARK: Theo, in the large, what you have
|

| 7 been telling us, you have not said to what extent what

8 you have been saying here woulo differ if we sore

9 discussing the old original core design, homogeneous

10 core. In shat degree and in what ways does the core

11 design affect what it is proper to say here?

12 MR. THEOFAN005: I think it would be

13 different, the homogeneous core would be different, in a

O 24 very significant way, and that is because of the high.c

15 reactivity worth of this core, because of the absence of

16 internal blankets. The accident escalates in power much

17 ouicker. It does not take, for example -- you could not

I 18 have that situation. You would have only one or two

19 channels, maybe, there to voiding, and already you would

20 be in a high power condition, maybe already failing

21 fuel, and already therefore initiating compaction.

22 I don't know if that would have been better or
23 worse from the point of view of total energetics

O 24 r =ut**as <ra tai ==== c*i a araat - a c == c ia -

25 could be so close to prompt critical that it didn't

'O
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({} 1 allow enough time for acceleration of the pellets to go

2 in.

3 However, I know for sure it sould have been
O

4 morse off from the point of view of having a cicture

5 like this here. This is a picture showing the molten

6 fuel as a function of the tunnel, and you see

{
i 7 essentially the whole core is molten. So the difference

8 here is, in a homogeneous core you will be entering that

9 condition cost-burst with a lot of sodium in the core.
10 You will be back to the question asked before. You have

11 already a lot of interspersed fuel and sodium, and wo

12 are really a little shaky there as far as what happens.

13 So from that point of view, personally I feel,

14 and I think the rest of the team faels, much more

1 15 comfortable that we are achieving this kind of condition
|

16 here with only a very minute amount of the core, denoted

17 here by stars, which still, as you see here, is

18 unvoided, therefore is experiencing this condition of

19 high power with strong cladding, with sodium around, and

20 with molten fuel inside the cladding.

21 This is a typical condition that we call

22 LOF-driven TOP. And to respond at least in part to an

23 earlier question Cr. Okrent asked about any remaining
1

(]) 24 uncertainness, this is an area where we are working a

25 little more, because although it isn 't marginally the

)

|
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{]) 1 situation, because it is in typical LCF-driven TCP, we

2 like to obtain some more confidence that that sill not

3 yield additional difficulties.

O
4 In fact, I understand yesterday in the ANS

5 meeting there was a W-2 test addressing the failure of

6 the fuel pins under these conditions that was discussed

7 at ANS. We did not have an opportunity to go there, but

8 we are looking very anxiously for an opportunity to have

9 time to look at that and evaluate the information.

10 I think there are two questions there: Gne,

11 number one, what is the likelihood to have pin failures

12 in the centerline? And those are the cases where you

13 worry about fuel coming, moving inside the pin, and

14 getting out in the channel. And the second one ist If

15 this more to happen, what would be the consequences?

16 There are two questions. And from that point of view,

17 whether this core is much better than the other one, to

18 that extent we don't know very well those things.

19 The other thing I want to poin t out here is,

20 these numbers here indicating fuel vapor pressure within

21 those subassemblies that have been -- again, the

22 post-burst period. And if you mix up with this fuel

23 steel, which is over here (Indicating) -- this is in the

(]) 24 pre-burst condition. You see only a small amount of

25 steel has melted. The core exits and both axial-ends

O
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[]} 1 are open, and because of all of this fuel here you have

2 a lot of molten steel intermixed eith the molten fuel.

3 So these pressures you see here will be
O

'

4 augmented by roughly one order of magnitude to take into

5 account the presence of steel in the vapor pressures.

6 So you see, this point is -- you have reversed the

7 pressure credient to take your 140, 130, 80, 70 -- the

8 smallest would be 50 -- while on the top it is pushing

9 'this number. So one way of looking at that is that this

10 number times ten pushes upwards, while these numbers

11 (Indicating) push downwards.

12 So there's no question about additional

13 compaction following that on the remaining

i 14 subassemblies. So clearly, then, we have seen -- we see

15 a way out of this, a way to termination, because of all

16 of the openings here and because of all of the high

17 internal pressures in the core because of this fuel

18 vapor pressure and steel vapor pressure.

19 David?

20 MR. CKRENT: From your analyses, is it clear

21 that 11 cents a second is worse than 10 cents a second

22 reactivity insertion ratio, and that 10 cents is worse

! 23 than 10 and so forth?

() 24 MR. THECFANOUS3 I think if you put it into

25 cents my answer is no, but that is a separate question,

O
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(} 1 that refers back to initiating phase TOP in posing a

2 ramp and then looking at what potentially can happens;
3 and it is not necessarily monotonic, the consequence.

O
4 But from the point of viou of energetics, from the point

5 of view of how much mechanical energy can do to the
$

l6 system, as I said before you can only develop that if
|

7 you have a pro.npt burst, and you can only develop

8 pressures of that -- of course, the higher the prissure

9 the higher the energy, and from that point of vies'the

10 higher the ramp the higher the pressursiand the highet! i

11 the energy.

12 So in that sense, if you go into;.what we have

13 defined as energetic events, that is more than 30

(' 14 dollars per second, which develops pressures within a

15 few milliseconds, the trend is monotonic.

16 MR. OKRENT: I am still interested in the

17 initiating event part, and I am trying to understand for

18 the moment whether anything you have1 told us is

19 sensitive to the assumption on the -- well, let me word

20 it this way. Suppose one rode instead of all of the

21 rods staying out in the lossuof flow, one rod partly got

22 in. Wou'a t at always help? \

23 r4, THECFANQUS: Could I suggest, Dave, if you
|

() 24 have questions outside of shat we are covering here, for

25 tFat purpose we left the last half-hour of the day to

|

|
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({} 1 discuss other things. Again I will repeat, what I am

2 giving you today is for the loss of flow accident, which
1

i
3 is historically the one that gave us the problems. '

4 We are addressing all of the others, and what

5 you are saying here is part of the other initiators.

6 There are I tasks. If you like we can discuss it. We

! 7 are not finished cn that one yet, and part of the

8 question se are addressing is exactly that.

9 One other one we are addressing is, what if wo

10 have a TOP, a classic TOP that is followed immediately

11 after that by a loss of flow because the pumps have to

12 trip also? That is another one that has not been

13 exampled well before and we are examining, but it 's not

14 a part of my story here. It is a different story.

15 MR. OKRENT: Okay.

; 16 MR. THE0FANOUS: To summarize Unit B, then, wo

17 are pretty comfortable there's no autocatalytic behavior

18 shown. This is because of the incoherency across the

19 core, because of the inertia of the pellets, and because

20 the driving force forces for compaction are finite. If

21 they were infinite, you remember this inversion of the

22 pressure grading wouldn't be present and you would keep

23 compacting. But here we have a finite number of

() 24 compaction forces. Therefore, we do not enter this

25 behavior.

O
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1 MR. OKRENT: Excuse me. I'm not sure what you

2 mean by non-autocatalytic behavior. I thought you said

3 you could gain some reactivity from fuel moving inward?
O

4 MR. THEOFANDUS: Right.

5 MR. OKRENT: That usually is interpreted as an

8 autocatalytic effect.

7 MR. THECFANGUS: There are many says to move

8 fuel inward without being autocatalytic. Autocatalytic

9 is if one event leads to the next and allows spreading.

10 This terminology comes from chemical reactions, where

11 you start off an autocatalytic one, there's no end until

12 it's all reacted. If you have a chemical reaction and

13 it goes autocatalytic, you've got to react all of it.

14 Over here we have shown that because of

15 incoherencies the thing was limited to only tso

18 channels. It would have been autocatalytic of the

17 process were such that there was no inertia, for

18 example, the timing between the different subassemblies

19 are causal.

20 MR. OKRENT: I understand how you are using

21 the word. Thank you.

22 - M R'. THE0FANOUS: We feel we can bound it to 50

23 dellars per second, and in fact we believe because of

O 24 tate -=ue == 8tv iaca" r aci = a=* 11 aia= itaia -

25 subassembly will fail at the same time, most likely 50

O
I

ALDERSON REPORTING COMPANY,INC.

440 FIRST ST., N.W., WASHINGTON. D.C. 20001 (202) 628-9300

_ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _



|

116
|
|

|

(} 1 percent of them. And of that eere the case it would bei

2 -- more a figure of merit here would be like 35 dollars

3 per second.,

O
4 We can see the termination of this because of

5 the openings above and below the core. We are

6 re-evaluating the LCF-driven TCP behavior in this

7 marginal amount of the core with sodium in it, and we

8 will reevaluate the consequences. Especially, so will

9 look at this new information that was presented

10 yesterday on W-2.

11 MR. CARBON: Sofore you leave that, your -

12 bcunding reactivity ramp rate, 50 dollars, maybe 35

13 dollars per second, if you had 100 dollars per second

() 14 maybe you are on the verge. It is a factor of two or

15 three. But this is all very nebulous. Do you have a

16 lot of confidence in it?

17 MR. THECFANQUS: We have a lot of confidence

18 in that. I will sey later on when me assign numbers,

19 because we will try to convey from this qualitative

20 meanings, later on to probabilities, to actual rumbers.

21 And again, in the absence of giving you a complete

22 distribution, because that is another way of conveying

23 to you our confidence, instead of doing that, beczuse we

() 24 don't feel it is fair at this point to do that, we will

25 tell you the numbers we are going to give you will be
i
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(]) I high confidence, 95 percent high confidence numbers.

2 So we feel we are there with a very high

3 confidence level, because basically, to put it bluntly,

f
4 se tried to do the bett we could to make this number go'

5 up and we couldn't. Remember that we brought this

6 problem up, so we had all good reasons to try to make it

7 as severe as we pessibly could.

8 Are there any other cuestions on Unit B?

9 (No response.)

10 All right. Cn Unit C we are looking at the

11 initiating phase behavior, loss of flow. And this is

12 back in the -- to remind you of the general structure,

13 we are back in here now, and we examined the path that

14 can lead us to here. But we said there are ways by

15 uhich this will not happen, for example if it were a

16 fresh core. 50 percent of the time the core would not

17 be going through this.

18 Furthermore, the pellets maybe were too --

19 really lodged inside the cladding and couldn't move,

20 either freely or not move at all. Or maybe the gas

21 could bjos down faster than what we thought because

22 insteed of assigning to the gap a time constant size and

23 therefore a time constant for blowdown of the gas of

() 24 half a second as we have done, maybe we usa the value of

25 a guarter of a second like the project is doing.

O
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1 So there's a number of reasons by which we
[}

2 could have avoided that situation. And then se need to

3 be concerned soout, suppose we avoid that and move into

O
4 here and into here? We would like to know how we enter

5 this further disruption state, so we need to get the

6 general stage, the general framework, in which the fuel

7 now starts melting and coming in.

8 And in addition, we would like to know what is

9 the potential for developing blockages in the inlet and

10 the exit of the core during that stage, because

11 obviously that has an impact on dispersal. So therefore

12 at this stage we are looking in some more detail. We

13 are going to look in more cetail in the initiating

() 14 disruption phases of the core for the purpose of scoping

15 out a range of behavior, again fecm the point of view of

16 uncertainties of feedback, so that we know share we are

17 in general concerning power and blockages.

18 And that is, what I said with many words, it
|

| 19 is summarized here. The objectives are to lock for fuel

20 removal paths, for driving forces for fuel dispersel,

21 and to scope the entry into recriticality-prone

22 conditions. That is how we defined it.

23 Cisruptive fuel is not going to be

() 24 monotonically disruptive. It might come down again. We

25 neec to know under what conditions we will be doing

O
,
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1 that. The key process here, we feel, is something we
[}

2 call co-disruption. Co-discuotion refers to the

3 simultaneous melting of fuel and cladding in a channel,
)

4 and by that I mean molting such that it is so close in

5 time it has not given enough time for the cladding to

6 separate out, so fuel and clad coexist in this frothy,

7 solid-liquid, fuel and clad, maybe mostly molten and

8 vaporized.

9 This is important because it provides us with

10 steel pressures which are typically an order of

11 magnitude greater than fuel pressures. It provides us

12 with an increased penetration potential. In any kind of

13 escape path, if you try to put this kind of material

() 14 here you go a little bit further. If you put fuel-steel

15 mixture right on steel, you go further.

16 And finally, even if it were to block or

17 freeze someplace at the exits, you will have blockages

18 that contain fuel, self-heating, therefore can melt

19 those blockages. This process of core disruption is

20 favored by increased sodium worth, making the whole

21 accident faster, and by the plenum fission gas

| 22 compaction.

23 If, for example and that might be the truth--

() 24 -- maybe 30 percert or 40 percent of those pins that

25 meet the criteria for compaction are lost and the

O
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1 pellets cannot move and the other 60 percent is free to
[)

2 move, then we will not have a strong burst, but it will

3 increase the power, bringing closer the molting and
O

4 disruption of the fuel to the clad melting. So that the

5 two things mix together, so that is why both of them are

6 important in promoting core disruption.

7 MR. MARK: You said, and I wasn't quite clear

8 on this, the pressures of the -- I guess it would be --

9 vaporized steel were an order of magnitude larger than

10 the pressures of fuel. Is that correct?

11 MR. THE0FANGUS: That is for the range se are

12 looking at. Right after melting and for another maybe

13 100 bar or so, this is very roughly correct. I give you

O 24 a rough order of magnitude.

15 MR. MARK: If they were both vaporized, then

16 that would no longer be true?

17 MR. THE0FANGUS: That would depend really on

18 the mixture se have, but the vapor pressure is

19 appropriate to the material. So for the same

20 temperature if the two materials were to mix and be the

.

21 same temperature, you would be getting most of the
|

22 pressure from the vapor of the steel, which means the

23 fuel would have condensed.

(]) 24 MR. MARK: Okay.

25 MR. THECFANQUS: But just to give you an idea,

O
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(]} 1 if you have, for example, fuel that is by 300 cegrees

2 above its melting point, you would be having not very

3 high vapor pressures, fuel vapor pressures. *ut if you
O

4 get steel mixed up with that, you would have very high

5 steel pressures.

6 MR. CKRENT: Would you again say or say for

7 the first time, as the case may be, just what is the

8 situation when co-disruption occurs and when does it not

9 occur, and what does it take for it to occur?

10 MR. THEOPANOUS: You are anticipating the next

11 few vugraphs. That is exactly what we want to explain

12 here.

13 MR. OKRENT Okay.

( 14 MR. THECFANOUS: However, let me say that

15 sodium voiding is important. That is what aids

16 reactivity. So the extent of co-disruption is a

17 function of the power history, and the power history is

18 a function of the reactivity history, which in turn is

19 really reflecting the material relocation nistory. So

20 before I give you our actual results showing the extent

21 of co-disruption for different assumptions, I sant to

22 show you, if you like, a little bit of our basis for

23 using the voiding that we use and the co-disruption that

O 24 - == a ad == =a-

25 MR. GKRENT: You defined a term,

|

ALDERSON REPORTING COMPANY,INC.

440 FIRST ST., N.W., WASHINGTON, D.C. 20001 (202) 628-9300

. . - . . . _ - _ . _ _ _ _



l

122

1 "co-disruption." I want to have a better term in my[}
2 mind.

3 MR. THECFANQUS: I can give you a visual

O 4 picture of that. That is what we define as

5 cc-disruption.

6 (Laughter.)

7 One picture is worth a thousand scrds, they

8 say, and this one is. This is a plot that comes out

9 from a SAS calculation. On this axis here se plot
:

10 percent volume fractions, and the key is shown over

11 here. So this is all molten fuel. Over here is molten

12 cladding. At the exit, this is the upper axial blanket

13 and lower axial blanket. This is the cladding. Of

() 14 course, that is still cold, so it's still integral over

15 there. And th3,s is the structure.

16 Now, co-disruption is a case in which, because

17 of the short timing between clad molting and fuel

18 molting, there is insufficient time for the cladding to

19 move up there and produce a blockage, and most of the

20 cladding is mixed up with the fuel. From that point of

21 view, this graph is misleading because it shots you only

22 the volume fractions.

23 But the way to really conceptualize this is,

(]) 24 you have all of the pins, 270 pins, all the fuel and the

25 cladding in these proportions mixed up. That is what we

O
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[}
1 call co-disruption, again because of the power history,

2 the power being high and not allowing enough time for

3 the cladding to move out at the rate it moves and then

O
4 down to produce blockages and therefore separate out.

5 And what we see is, in very, very slow cases

6 you can have cases where the power stayed below--

7 nominal for the duration of the accident. If you have a

'
8 lot of time and the initial cladding moves up, blocks up

9 at the top because then the steaming comes down, the

10 rest of the cladding moves down, blocks up the bottom, a

11 nice big plug at the bottom. The top block is maybe .

12 only fractional in a cross-sectional area, and then

13 throughout this time the fuel is still solid, and then

() '

14 eventually the fuel melts in a completely segregated

15 system. That is then a typical behavior, this one here,
i

16 of a high-powered situation where the timing is so short

17 there is no time for separation.

18 MR. OKRENT: And how short is short?

19 MR. THECFANDUS: I think you will understand

20 that after you have an idea of how rapidly the cladding
,

21 moves, and I will go into that. If the cladding was to

22 move at 50 minutes per second, then short would be a

23 millisecond. If the cladding moves at 50 centimeters

(]) 24 only, in our view short is something on the order of

25 half a second or .2 to .3 seconds, around there.

O
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(} 1 Basically, short is defined by the time it

2 takes for the cladding to move from here to there before

3 the fuel disrupts. That is a function of power, again.
O

4 So to really better see that, I think we need to go

5 into, what do se use for voiding and what do se use for

8 clad relocation, because both of those processes are

7 important, number one, in dictating the power history

8 through the reactivity consequences, but also in

9 dictating clad failures, clad inception of molting, and

10 of course subsequently the clad relocation process.

11 So the next few slides will be into those

12 fundamental processes. First we take a look at the

13 vciding process. As you know, SAS is a one-dimensional

( 14 code. It treats this whole subassembly as the same

15 thing across, no variation in the rate or direction. So

18 the moment it precict: a boiling occurring, this boiling

17 screads out over the whole cross-section. Of course,

18 because of the increased fiction the process becomes

1g highly instable and quickly leads to flow reversal.

20 Typically, then, the SAS will give you flow
,

21 reversal from the moment of boiling inception as

22 something on the order of .6 seconds. That 's very

23 short. If the power was higher, this number would be

() 24 oven loser.
,

25 For some time people have looked into the

O
l
l
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1() 1 problem of inter-subassembly incoherence in this toiling

2 process, because really, if you look at the detail of
,

3 it, what you expect to happen here, near the top of the

O
4 core and in the center part of the bundle, that is where

5 the first boiling develops. It is like a boiling zone.

6 And then as the time goes on this boiling zone spreads

7 up, doen, and in lateral directions, like illustrated

8 here (Incicating).

9 Therefore, because of this localized boiling,

10 the liquid sodium can be diverted around and can

11 continue to cool the outside regions, which are already'

12 colder, and therefore prolong the time to flos

13 instability and inception of flow reversal, which is

() 14 crucial, because after flow reversal you go into voiding

15 and clad overheating.

16 We don't have a lot of experimental

17 information on that, although very likely -- just

18 recently there was a test completed at Argonne and wo

19 got hold of an advanced draft report, and this is the

20 15-pin CPERA test, 15 pins put together in such a way

21 that this small bundle simulates a 67-pin bundle. The

22 purpose of this test was to study how the boiling zone

23 propagates and hos boiling takes place all the way out

() 24 of boiling. So this is an out of pile experiment.

25 In fact, a few months ago they sent out a

O

'

ALDERSON REPORTING COMPANY, INC.
|
'

440 FIRST ST., N.W., WASHINGTON, D.C. 20001 (202) 628-9300

-_ __ -



f

126

{) 1 report of all of the tech specifications and askee

2 people to pre-predict the test before it was done. We

3 had a calculation that was done some time ago, but was

O'

e for typical CRSR condition. This was done with an

example of a little analysis we did separately from the

6 SAS code.

7 This treats this boiling zone here as a

8 two-dimensional zone with a very simple homogeneous
,

9 ocuilibrium model, which is just the opposite extreme of

10 SAS. SAS uses a pJefectly annular -- we use homogeneous

11 ocuilibrium.

12 As you can see here, we were very happy with
i

13 the agreement, especially remembering this was a protest

( 14 prediction. It predicted very well the time and the

15 whole trend to slow reversal. What is more, the time

16 that it took for these -- these are calculations, again,

17 from this model here -- the time it took for spreading

18 to the radial walls this was 1.6 secones according to

19 the test and about 1.6 seconds according to the

20 calculation.

21 I think we had only time to look at some few

22 things. I think se did a reasonable job in predicting
1
'

23 the rate of propagation and both reactions of the void.

() 24 The important thing to gather from that, not so much the

25 agreement between this and that I think that is the--

O
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(]) 1 trivial part of it the important thing is, one code--

2 grossly underpredicts the time to boiling inception -- I

3 mean, the time to flow reversal, compared to the actual
O

4 reality obtained from the test.

5 That is important because it shows that an

6 LMFSR bundle is highly two-dimensional, maybe

7 three-dimensional. In general, it is far from being

8 one-dimensional.

9 As a result of that, if you look at collateral

10 disruption, which means molting in location, you would

11 expect that those pins over here that have experienced

12 diminished cooling for a longer period of time than

13 those pins over there, they sill melt first. Therefore,

( 14 when a melt of the cladding takes place you would not

15 expect it to be over the whole subassembly, but to be

16 over a single part of it. And that is important in the

17 rate of relocation of the cladding.

18 In a way, all of these results only point to

19 the direction that in order to correctly assess

20 collateral disruption you must take into account

21 intra-subassembly incoherencies and effects. That is

! 22 where I want to go next before -- another thing to show

23 you, because you might have a natural question, is how

() 24 good are these HEV-20 with respect to SAS.

25 We have done the HEV-20 model into a

()
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|
1 configuration so it becomes one-dimensioncl ano compare

2 it with SAS, and you see very good agreement, although
|

3 the two models are widely different, just as far as you
O

4 can be from the point of view of two-phased behavior.

5 The reason is, the whole process from here to here is

6 really governed by heat capacity. So it's more a

7 thermal effect that is important, and of course we know

8 it much better than the details of the two dimensional.
9 Another interesting thing, incidentally, to

i 10 point out is this timing. This delay, of course,

11 decreases as the power increases, and what you see here

12 is between 85 percent and 100 percent power. This kind

13 of variation of 50 percent in power is showing much more

14 in a two-dimensional calculation rather than in a

15 one-dimensional calculation.

16

17

18

19

20

21

22

23

24

25

O
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1 MR. THEOFANGUS: Taking a look at the
{)

2 collateral location problem with this in mind, we are

3 confronted with a set of results. This is one case in
O 4 pile results which at first glance are inconsistent.

5 What you see here is the R series tests. Those were

6 three tests, 17 bundles. That gives, going through a

7 typical LF transient, that gave millimeter scale

8 blockages. We have the R8, one part of these series. I

9 single it out because it is the only test in which we

10 have pre-pressurized pins. So there was some gas in the

11 fission gas plenum at high pressure.

12 In fact, we have normalized our blowdown

13 models against the results of these tests. So it was

() 14 pre pressurized and gave no blockage. The P3A, which is

15 an SF, LSF test, 37 pin, gave two contimaters blockage.

16 All of those blockages are above, and the P3 test, 37

17 cin, gave ten centimeters of blockage. This was a

18 little bit longer. This was run. This was the same

19 test. This was run one or two seconds longer than this

20 one.

21 In all cases, the blockages were incomplete,

22 not 100 percent of the flow area. So to do something

23 about explaining these discrepancies, first, to take a

() 24 look at the experimental data that were obtained from

25 again a fes years ago. We obtained these data at

O
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1

1 schools similar material, woods, metal, and air, and

2 looking at the relocation characteristics of this metal

3 as it was subjected to the shear forces of the air going
O 4 by.

I

5 We are showing here how this data can be

6 correlated with the polaminator with a parameter GAG

7 star. It is a dimensional philosophy made dimensional

8 by a buoyancy effect. It is like the square root of 2,

9 the acceleration of gravity, the diameter and the celta

10 overall.

11 On this band over here, this one shows the

12 portion. This is a fraction in this axis. The fraction

13 of the cladding or in this case of the woods metal that

14 remained in the original position. So you see that as

15 you go from GAG star from one increasing less and less

16 cladding, less and less wocds metal remained in the

17 original position.

18 This band over here shows you the proportion

19 that moved upwards, and this lower bend here shows you

20 the proportion that was either in train or moved

|
21 onward. Basically, this is the difference of the sum of

|

| 22 those two from the hole. What comes out of this is, and
l

23 that is not really so shaky, this polameter hrs been

24 used before for such configurations. I think what is

25 important is, we demonstrated that also for a metal sith

O
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1 a high self-extension and for geometries of extension.
/}

2 For example, there were no data as far as I
,

l

3 know in the very small clearances of the type we sore

O
4 interested in here, but the idea is for a range of GAG

5 stars around one, the cladding is basically really

6 undecided. Some eight call it limitation. Some eight

7 call is sloshing, but it doesn't want to go in any clear

8 way up and down. If the GAG star is less than .9, the

9 cladding would like to drain, and if it is more than
,

,

10 1.5, we have a clear, sustained upward relocation trend.j

11 So, these are the criteria for clad

12 relocation. To obtain an idea of the timing of such

13 motions, we measured the film thickness, and here is the

( 14 fraction of film thickners as a function of time. You

15 see, when GAG stars about one, there is not much

16 veristion. Again, the idea is, it wants to sit there

17 and slosh. If it is 2.16, it goes out with the time

18 constant of about one second. If it is 3.29, it goes

19 out even faster, but not dramatically faster.

I 20 With this in mind, we want to take a look at

21 the INPO test parameters vis-a-vis the reactor

22 parameters. Here is the RC series. It is a seven ein

23 test. There is one central pin with six around it. The

() 24 behavior is highly two-dimensional, and in fat *. this is

25 supported by the discrepancy between the SAS prodiction

O
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|

|
1 of the time to flow reversal commpared to the test.{}
2 Sasically, the test delayed somewhat the trend |

3 I showed you before as compared to SAS. In a given flow

O
4 reversal, that indicates a central boiling zone with the

5 sodium flos going around it. Furthermore, because of

6 the proxt:eity of the six pins to the wall, which of

7 courr _s a very good sink, radial heat sink, it is very

8 difficult to melt those radial pins.

9 Therefore, se expect a strongly two

10 dimensional temperature distribution, and this parameter

11 of A tilda which represents the fraction of the molten

12 pins to the total number of molten pins is a very slow

13 one, and we will put something on the order of .4. I

() 14 refer to this as the radial incoherency of the bundle,

15 representing the degree of radial incoherence.

16 Another two parameters that are important as

17 far as the collateral location is concerned is the delta

18 P, and it was measured at 11.5 psi. Also, another

19 parameter that is important is the chugging intensity.

20 After the bundle is voided, and that is the time frame

21 at which you will look at collateral location. Sodium,

22 because of this delta P that exists, wants to enter back

23 into this heated zone, but as soon as it enters, it

() 24 evaporates, produces local pressures, and goes back out

25 again.

O
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1 So, this leads to an even out mode of motion

2 of the sodium at both ends, known as chugging, anc very

3 confidently with high accuracy we know this philosophy

O 4 of chugging because it is measured with electromagnetic

5 flow meters. In this case it was plus or minus .9

6 meters per second.

7 Looking at the P series, a bigger bundle, 37

8 pins, the behavior was one-dimensional. Looking at the

9 thermal principles, all the predictions and all the

10 comparisons, predictions, and tests, we see very clearly

11 a one-dimensional behavior here. Of course, again, the

12 oins that are right r.e x t to the wall, again, they will

13 delay molting, because they lose heat to the can, but

() 14 now, because of the 37 pins, the fraction of those pins

15 compared to the total cross-sectional area is much

16 smaller than compared to the R series.

17 Therefore, the incoherency factor here for

18 radial incoherencies will be one. The delta P across the

19 quarter was 16 psi, and the delta P, the chugging

20 velocity was 1.61 meters per second, somewhere higher

21 than the delta V over here. c or the reactor, based upon

22 the voiding profiles I was showing you before, we

23 estimate radial inconerency of .6 or 60 percent. The

[]} 24 delta P across the core in the reactor would be on the

25 order of 15 psi, and the chugging velocity, this is

O
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1 coming out of SAS, 1.3 to 2.4 meters per second.(}
2 What we see is that the R series is closer to

3 the reactor as far as incoherency but the ? series is
O

4 closer to the reactor in terms of delta P. Let 's see if

5 we can use this together with the previous information

6 to understand the difference in blockage formation

7 between those test series.

8 Our mental picture is in the middle of the

9 bundle somewhere near the top a certain fractional

| 10 portion both in the radial as well as the axial

11 direction of the cladding becoming molten. That is the

12 initial incoherency point. So se take this ratio to the

13 total. We take this ratio to the total, and that is the

| () 14 L tilda. When I say delta P across the core, that is

15 the delta P across the lower sodium interface to the

18 upper sodium interface. That is the delta P. And when

17 I talk about chugging, that is that interface goes in

18 and out and this interface goes in and out.

19 The delta P across the core is convenient to

20 make dimensionless by the liquid sodium static head as

21 you sas over here, so this number M then is the number

22 of licuid sodium static heads representative of delta P

l 23 across the core, and the important point here is that

() 24 somehow this pressure that is available to move the

25 cladding has to be redistributed both across the dry

()
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1 parts as well as across the wet part, the part that is{)
2 moving.

3 And of course what is important if me are

O
4 going to use the correlation I was showing you before,

5 we have to know what is tho sodium vapor velocity in

I 6 this two-phase regisn, ar.d that is what we are after.

7 Well, you can do all of this, and you end up mith a

8 grapn like this, which shoes that for any degree of

; 9 axial and radial incoherency, it shows you trajectories
|

| 10 of values of JG star over the square root of M going

11 through, so let me explain this.

12 The way you use this is, you pick out a point

13 here that represents your degree of incoP.orency radially

() 14 and axially, and then you look at which trajectory goes

15 through that point, and you read off here the value of

16 JG star over the square root of M. Then, if you knew

17 what M was, the square root of M, you multiply and find

18 the volume of JG star, and compare this volume against

j 19 the criteria I gave you befora.

20 If it is something more than 1.5, it would be

21 mcving upward. If it is below .9, it will drain. If it

22 is in between, it will stay suspended. So, with this.

23 background, we like to put the points for the P series,

(]) 24 the R series, in this plot and see what they tell us.

25 If I cut this R series, that will be, remember, a radial i

(:) l

,
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(} 1 incoherency of .4, and a small axial incohereccy. That

2 sould be a trajectory cf around 0.7, and I multiply that

3 times the M, square root of M of R series based on this()'

4 11.5 psi which is 2.2 and I get a JG star of 1.5.

5 That means for this test the cladding was at

6 the threshold of really feeling that steady upward

7 relocation, but was not really very determined, and that

8 is why it just barely made it into the reflector region

9 and froze there, ending up with a very thin blockage.

10 Also, this undecided behavior then, all it needed was a

'
11 little bit of gas like happened in the R series and you

12 could completely reverse this motion, have completo

13 draining, and you won't have any upward location, as was

| 14 again found experimentally in the R series, in the R8.

15 Now, then, let us put the P test here. As you

16 remember P was very one-dimensional. That is an A tilda

17 of one. The L tilda would be a small number. That puts

18 it right arcund here. And you raad a value here of

19 about 1.3. You multiply that times the delta P of 2.5,

20 and you end up with a JG star of 3.2. Clearly, in the

21 upward locating region, and certainly it was no surprise

22 that these two tests actually moved enough cladding um

23 to plug by two centimeters, and in the other test more

() 24 like ten centimeters.

25 Now, the other interesting thing to visualize

O
,
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(} 1 here is, as you move in, as the time goes on, more and

2 moro claading, more and more axial portions of the

3 cladding are molten, and as this happens, you move in
(

| 4 this incoherency plane upwards. Now, in the R series,

5 because always the radial pins are so close to the wall,

6 and always they irradiate and lose energy, they don't

7 come into the molting for some time. Therefore, the

8 tendency would be to move straight up, and as you see,

9 you are crossing still smaller and smaller JG values.

10 So, if the initial tendency was barely upward,

11 right at the threshold, as the thing melted more and

12 more, it clearly became sloshing, and in fact later on

13 maybe into draining. The same with the P series. As

14 you move up this may, you see the numbers get smaller

15 and smaller. So, again, although the initial tendency

16 was to move up, the numbers became smaller, anc

17 eventually this got to the point shore it just got into

18 sloshing.

19 The reactor is somewhere between to start with

20 and moves also a little bit in between, because you are

21 going to get more molting in the radial direction as

22 well as the axial direction. The reactor starts off

23 with a JG star of 1.9, which is slightly over that

() 24 (indicating). In my opinion, it still has a tendency to

25 move up, but not a very pronounced, and certainly not at

O
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() 1 very high velocities. As the time goes on, and this

2 trajectory here is written very rapidly in time, last

3 night se were trying to figure out if we could remember

4 how long it takes to go from here to here, ano se were

5 hoping to call this morning to look at the outputs, but

6 we didn't manage to do that, but I will venture a guess

7 of something on the order of maybe .2 to .3 seconds

8 under appropriately high power conditions to go from

9 here to here.

10 So, as you see, quickly you go from 1.9, 1.6,

11 and beyond that you go below the flooding point.

12 Now, one more thing that needs to be said here

| 13 to complete the story I think is important, and it has

14 not been considered before. I think it is crucial.

15 This chugging, there is enough of a delta, enough of a

16 velocity intensity variation in the chugging that really

17 it takes quite a bit of pressure to move liquid slugs--

18 moving into 1.5 or 2 meters per second, to take that,

|
19 reverse it, and push it back out again.

20 This localized vapor source of sodium could

21 give another pulse to this whole thing here, and that

22 pulse sould be limited in time, but could be intense.

23 And the frequency of those pulses is of the order of, if

() 24 I remember correctly, between two and five hertz.,

25 Therefore, you can see that if this whole process of

O
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(} 1 going from here to here is something on the orcer --

2 that it takes something on the order of .2 or .3

3 seconds, and if the frequency itself, the ptriod of theO
4 chugging is something of the same order of magnitude,

i

5 you see that at the time you hit this point, depenoing

6 where you were with respect to this oscillation of the;

7 chugging, you could have a certain randomness element

8 that maybe looking from the outside, from the

9 instrumentation experimentally, might show as a blockage
10 formation between two centimeter and ten centimeter.
11 And you say, well, what does that mean? I

12 want to point out there is a certain randem element here

13 which is real, not just imaginary. Homover, one thing

() 14 se haven't said here, and we have to be consistent, if

15 se are going to take into account the plenum fission

16 gases for compacting fuel, we must also take a look at

17 what is the possible effect clad motion. This is the

18 nominal value in the absence of any additional flows

19 into the channel. This volume JG will change.

20 MR. CKRENT: Excuse me a minute.

21 MR. THECFALOUS: Yes.

22 MR. GKRENT: Were you suggesting that the

I 23 chugging occurred in such a way as to give the

() 24 difference between the two and the ten centimeters of
25 plugging?

O
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(]) 1 MR. THECFALOUS: I think that is a real

2 possibility in my opinion.

3 MR. CKRENT: Well --O
4 MR. THEOFALOUS: It is the same chugging, but

5 because of the shortness of going from here to here as

6 compared to the period of those chugs, if you hit this

7 point, for example, in the P series at the moment when a

8 chug had just reversed, that would give you a different

9 instantaneous movement than if you hit it at the time

10 the licuid sodium was just coming in and there was some

11 molting before the pressure develcped, so there is a bit

12 of randomness there.

13 MR. CKRENT: It seems to me if you are going

14 to do that you should look at the possibility that

15 chugging would have done something different, and not

16 just use it to explain in one direction the experimental

17 results. I have a little bit of --

18 MR. THEOPALOUS: What do you mean, one

19 direction? I don't think I put any directions.

20 MR. CKRENT: What is the chance it would have

21 occurred at just the right time, and what is the chance

; 22 that tne chugging would have done something different in
|

| 23 some of the other experiments and so forth? Let me just

() 24 leave it as a thought for now.

25 MR. THECFALCUS: Well, I think your thoughti

|

l
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1 maybe is a little disturbing. The picture I am trying
[}

2 to paint here, and I don't want to leave it there, I

3 think I make an important point. First of all, the JG

O
4 star here is 1.5, and here,it is 3.2, end in my opinion

5 that is a hell of a big difference in JG star.

6 Indspendently of chugging, I have no problem at all

7 seeing an undecided collateral location here and a

8 clearly forceful upward relocation there.

9 Now, we have said in the past and we still

10 have the same opinion, based on the time it takes to

11 move cladding under those conditions, that typically

12 cladding would move with 50 centimeters per second.

13 Now, if you look at that, I guess I am saying that I

() 14 have no problem reconciling the difference between the R

15 series and the P series.

16 Now, you might ask me, shy in the P series

17 two, and in the other non-experimenting P series two

18 contimenters and in the other ten. There is some '

19 difference there. The important point is, and we soon

20 lose sight of that is, in both cases we have blockages.

21 As I said before, independent of what is going on with

22 the chugging, I expect blockages. So at least se have

23 been able to accomplish that.

() 24 To actually quantify the difference, I don 't

25 thirk anyone has done it, and I think it is difficult to

O
'

l
,
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() 1 do to precisely tell you the blockage, but I think it is

2 important first of all to know under what conditions you

| 3 have blockages and under shat conditions sou don't, and
)

4 what I am shosing to you here is that in the reactor

5 conditions the JG is so marginal I don't expect to have

6 blockages.

7 What I am going to do more, I will come back

8 arc tell you this volume JG will have to be brought down

9 oven more, because when I take into account fission gas

10 coming out from the plenum into the channel, it will be

11 an effective reduction on this M, and this is how this

12 works. The gas comes into the channel from the plenum

13 through the gap between the cladding and the blanket.

( 14 Typically the gap will be here. And then joins the'

15 vapor flow to go out.

16 Initially and intuitively, when we started

17 thinking about this, and also when the project started

18 thinking about this, people expected this gas coming out

19 sculd be so forceful that it will reverse the pressure

20 gradient, basically producing high pressure here, moving

21 both directions, and pushing all of the cladding

22 dosnwards this way.

23 Well, after careful examination and analysis,

() 24 and in fact that is one case 'sh o r e w e in fact went into
25 SAS and made some changes with new modeling, we decided

O
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1 that for the range of interests, in fact, this would not

2 happen. Here is what happens. The overall delta P is

3 like this as long as this channel is single phase. You
O 4 have a pressure grading like that. When you start

5 injecting gas, if this gas is not enough to reverse the

6 pressure gradient, it will have in effect a higher

l 7 pressure drop over here because more volume was flowing

8 through. Therefore, it will be a readjusting of the

9 pressure gradient.

10 So now se go into something like this

11 (indicating). Now, this readjustment of the pressure

12 gradient will be upwards. At this point it will be

13 moving up. At the beginning, we have its maximum

14 position when the gas flow is maximum, and as the gas

15 flow reduces in time, this point will move back down to

16 this line.

17 Therefore, if you are interested to know this

18 pressure gradient, because that is the one that will now

19 be concentrated to move the cladding, redistribute or

20 move the cladding, this one is characterized now with a

21 new effective M which we are plotting here at M is a

22 function of time, and that M now will be changing,

23 taking into account the movement of this point doenward,

24 because the rete of release of gas is going down with

25 time.

O
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(]) 1 What you see here, the effect of M is

2 essentially zero at the beginning. What that means is,

3 we are allowing sc much gas there that all of the celta

4 P can be accommodated from here to here basically

5 blocking off any flow. So M is zero now. If I went

6 back and put up my previous plot, and I was concerned
I

7 about clad motion this time I would tell you it sculd be

8 draining, because again I will be here. I will be

9 reading 0.9 times zero is zero. JG star zero. It means
i

10 draining.

11 Okay. hell, however, as the gas flow is

12 reduced, the M goes up, and in fact in this particular

13 example, and we found it to be the case in many of the

14 exampics we have run, by the time the cladding melts,

15 and that is about .6 seconds after the rupture of the

16 cladding, the failure of the cladding M already has

17 reached almost its nominal value of about two. M is

1 18 already 1.6.
|

19 Therefore now if I went back to the previous

20 plot and read off JG star over the square root of M and

21 multiplied it times this, I would get a JG star of 1.4.

22 That puts me into a very low value JG star as far as

23 upware relocation is concerned. Therefore, I come back

() 24 and say there would be no upward relocation. Basically,

25 we expect the reactor, a location more typical of the R

O
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Q 1 series than the P series, and that is really the bottom

2 line.

3 MR. OKRENT: What is your probability on this
O

4 argument? Is it one in ten, or one in 100, or one in

5 two?

6 MR. THECFALOUS: You have to define first what

7 you mean. If you were to run so many experiments in how

8 many experiments you would not find the blockage? You

9 have to tell me first what you are looking for.

10 MR. OKRENT: It seems to me the question is a
,

11 little broader, because it is not so much experiments,

12 but given the variety of possible situations that might

13 exist in the reactor, not just those that pertain to

14 this experiment, and then given how much one knows here,

15 what is the likelihood that you will or will not get

16 blocking above?

17 MR. THEOPALOUS: You keep coming back with a

18 variety of conditions. I think if you told me one

to scocific instead of a side variety of conditions -- pick

20 out one you are interested in knowing if cladding vill
,

21 move up, then I can answer you. We address here what we

22 think are nominal conditions for loss of flow accident.

23 If you think there is an accident in which you think

O 24 ** r 1 d it- a ce=== 18- r. ta * i= =a a=1 i*a

25 no sodium flowing and cladding molting, then ! sould be

O
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1 able to adcress it, but if you tell me the delta P

2 across the core is zero, fine, I will be able to answer

3 you.

O
4 Based upon a loss of flow accident, we pretty

5 much know what the delta P is across the core, and that

6 is the fundamental parameter. Noo, that is the one

7 thing that of course you might like to put another

8 number on it, but you have to tell me why you want to

9 choose another number. If you have a very high pressure

to you wouldn't be voiding to start with. You wouldn't

11 have a loss of fice. So I am not sure what you are

12 looking for.

13 MR. OKRENT: I think there is somewhat of a

14 deterministic picture of this situation. The boundary <

15 ccnditions for the physical situation you are

16 describing.

17 MR. THE0FALOUS: Sure.

18 MR. CKRENT: And it is not at all clear to me

19 that there isn't rather a considerable set of boundary

20 conditions given the title Unprotected Loss of Flow.

21 MR. THE0FALCUS: I think, Dave, as far as

22 collateral location, we are almost as deterministic as

23 we can get, because it is one condition that leads to

Q 24 that, and that is loss of the pumping power in the

25 pumps. Now, again, as I said before, if you postulate

O
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1 you have the pumping power, you don't have to worry

2 about that. If you lost it, you lost it, and pretty ;

i

| 3 much you know how much is your delta P across the core.

1 O
4 Now, if anything, it could be somethingi

5 happens to the pump and they arrest. Well, if they

6 arrest and they can't pump anything, then you will have

7 oven less celta P and it will be moving out in the

8 direction of even less collateral location, but I don't

9 think it stands to reason now to arbitrarily think of

I 10 this problem.

11 Th.1 is probably as clear as we can get to put

12 a lot of undefined probabilistic ambiguous things on it,

13 because then what will we do in real problems where se

14 have reasons to be ambiguous? So I don't really want to

15 take that ambiguity picture. I don't buy it for this

16 kind of a problem here.

17 I will give you a chance to raise ambiguity

18 questions later when I talk about recriticalities.

19 Okay?

20 Therefore, we believe that plenum gas blowdown

21 slightly interferes with upward relocation. I say

22 slightly here because it is not very pronounced to start

23 with, and then it is kind of tipping it off a little

O 24 bi1. .s you see, by 1h. iim. co11at.ra1 1ocates the s

25 value is closs to nominal. That is why I say slightly.

O
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(} 1 Nevertheless, we use an upward relocation of 50

2 centimeters per second. We believe by making this

3 choice we somewhat overestimate the real tendency for()'

4 upward collateral location, and the way we do that is

5 going in and putting models in SAS that will give us

6 this kind of behavior.

7 We expect then incomplete blockages. We say

8 they cannot be excluded. Maybe to some extent se expect

9 them if there is enough time. For example in the case I

10 showed you before, having to do with the plenum gas

11 compaction, in that case there wasn 't enough time to

12 start with even if the cladding wanted to move upward;

13 there wasn't enough time.

() 14 Some of the cases I will show you next, maybe

15 there is enough time, and maybe there is some limited

16 cladding blockages.

17 The other thing I want to emphasize on those

18 blockages is, as cladding is relocated upward and

19 freezes again it causes a lot of concentration of

20 pressure grading, and that pulls out again, reduces the

21 effect of M in the core. As a result of that, JG star

22 goes down and the streaming is cut off and you can't|

23 ctrry any more. Therefore, these blockages aith a very

() 24 high degree of confidence, almost as high as you can

25 over get, I think, for myself, I don 't expect to see

|
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1 completely blocked up LMFBR bundles under those[
2 conditions.

3 Here, then, we want to say also that we cannot

O
4 significantly plug up the core, although we might allow

5 some limited blockage because the upward location of

6 clugging produces reactivity feedbacks, in c r e a s in g

7 power, then leading us into co-disruption, so it is

8 almost like you cannot escape. It is almost like the

9 accident cannot escape.

10 MR. OKRENT3 Excuse me. You just made a,

11 statement that isn 't completely clear to me, because I

12 could envisage a situation where you had upwaro motion

13 of cladding which of course includes a reactivity

() 14 effect, but that other things sere going on at the same

15 time so the not effect was no change in reactivity or

16 oven a decrease in reactivity, so I don't really

17 understand.

18 MR. THECFALOUS: I can answer this cuestion,

19 yes. I kind of expected you to bring it up. The other

20 things that could be happening that would be significant

21 from the point of view of intensity of reactivity to be

22 negative would be fuel disruptions. We went through

23 that before, and I think you were telling me there that

() 24 maybe the fuel might be more compacting rather than

25 disturbing. Therefore, the tendency there if anything

O
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[]} 1 would be to accelerate the accident.

2 So the only way you have to postulate, and you

3 have to be consistent in this game, that you reallyO
4 stretch out the accident so far that you allos a lot of

5 time, is by assuming monatonic fuel dispersel, and I

6 think first of all I don't agree eith this concept of
;
'

7 monatonic dispersal, and I don't think you would agree

8 sith that.

9 MR. OKRENT: But we are talking about not very

10 la.go amounts of reactivity associated with the amount

11 of cladding.

12 MR. THECFALCUS: Thirty-five dollars.

13 MR. CKRENT: For all of the cladding?

) 14 MR. THE0FALOUS: Yes.

15 MR. CKRENT: I maintain you are not talking

16 about very large levels of reactivity, and I could

17 envisage fuel moving around to balance, so I must say at

18 the moment I remain unconvinced about your statement

i 19 about not signficantly plugging the core without
{

20 reactivity and poser increases. It is not at all clear

21 to me that is a one to one conclusion.

22 MR. THE3FALOUS: I think you might be more

23 convinced after you see some of the next vu-graphs. I

() 24 think that again in order to understand those things,

25 one has to make an effort to really look at the physics,

O
|
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{]) I what is going on in there. If you postulate a monatonic

2 fuel dispersal, I grant you that is one of the ways you

3 can stretch out the accident, and you will be blocking()|
4 and moving a lot of cladding, but as you will see now,

5 and I think as you already agree, the fuel cannot go

6 very far. What is moving the fuel to start with is

7 fission gases not in very great quantities, and we just

8 a few moments ago agreed that gas will slip through.

9 In fact, you also agreed sith that. If the

10 gas is going to slip through, what is going to keep --

11 that fuel dispersed it is going to come back oosn. Now,

12 you will see this picture very clearly.

13 MR. OKRENT: I guess in effect part of what

( 14 bothers me, Theo, is shat I tend to be hearing is

15 something that takes me down a road from the beginning

18 to the end without sufficient statement of the fact that

17 there are other roads and there are other combinations

18 of roads, and I can't tell which of these you think

19 might be important, and so forth, ,but again, at the

20 moment, I just don't see the basis for the statement

21 that you seem to have made unequivocally on that

22 previous vu-graph.

23 MR. THECFALCUS: If there are any other

() 24 routes, Dave, that we have not considered that suoport

25 ycur concept of how the accident progresses, se would be

O
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1 happy to look at those routes and see if we have not in

2 fact considered them. I think what you are missing here

3 is, ther's is a certain time constant or time scale()'

4 associated witn fuel motion. There is a time scale

5 associated with clad motion, and there is a time scale

6 associated with incoherencies across the core.

7 All of those are relevant times, and they are

8 not necessarily as ambiguous as you might like to

9 think. Now, we have looked at all of those time

10 constants, and we have looked at them from both sides.
|

11 As you will see here, we have looked at them from the

12 point of view of putting not only normal but higher than

13 normal reactivity worths. We have looked from the point

14 of view of putting as low as an activity worth as you

15 could. We tried to look at the whole range, and I don't

16 buy the concept that we are leading you desn one road

17 here, a one path road. I think in fact the opposite,

18 and I really want to emphasize that here we are trying

19 to shos you in this section exactly the whole spectrum

20 of routes or the ranges of conditions we can encounter

21 here, and we think that is very crucial.

22 On the other hand, if we have some inherent

23 processes that always lead us down after going through

() 24 seme intermooiate path down the same read, I don't think

25 I should try to jump out of this road just because I

t

i

|

|
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1 sant to jump out of it. I should have a good reason for

2 doing so. Sasically, what we are saying here is, the

3 reactivity stage of the materials is such that when youO
4 start disrupting them, you cannot stay at very los

5 power. That is really the statement of fact we are

6 saying. I think you have to produce antigravity. You

7 have to put things up on the moon if you want to achieve

8 that.

9 Wa are saying, as long as the reactor is

10 sitting on this earth, you can't keep it at very los

11 power f or a long time. I think that is an important

12 statement. We believe it, and we hope it comes true.

13 It is really part of the story.

14 Now, if you don't believe that, you have to
|

15 come back with some real argument to tell us how

16 magically you are going to disperse the fuel and keep it

17 there. But what cecision you make at this point has an

18 impact on fuel dispersal, criticality, and all of those

19 things. I don't think you will be able to get a

20 recriticality on the moon where there is no gravity.

21 So here, then, is Case B, and this one is what

22 do you consider reference LF case, and here we put all

23 of the reactivity worths to nominal or slightly above

() 24 nominal numbers, and this is exactly the same case with,

25 the previous casa of fission gas compaction I showed

|

|
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(} 1 you, with the only difference being that at this point'

2 where the fuel disrupted, instead of letting the pellets

3 coming in, rushing in under the pressure of the plenum
O

4 gas, se let the fuel disrupt.

5 Now, we know what would have happened if the

6 pellets were free to compact. Now we would like to

7 follow a different path to see what happens if the

8 pellets are somehow lost in there and they cannot

9 compact or for some esason the gas gets blown out and is

10 not there to push them down.

| 11 You see, what happens is, the fuel introduces

12 negative reactivity. The power goes down, but it

13 doesn't stay very long there. One tenth of a second,

( 14 and boom, there it goes again. That is a fundamental

15 behavior, and we are going to be really centering a lot

16 of our thinking and arguments on that fundamental

17 behavior, that you can't stay at very low powers after

i 18 ycu start disrupting. It is very fundamental, and I

19 thick we can make some very goed arguments for that.

20 MR. GKRENT: Again, why is it you can't stay

21 at very low powers for times that are a quarter of a

22 second or half a second?

23 MR. THE0FALOUS: 3ecause the core is

() 24 incoherent. The core is now different channels

25 undergoing voiding. Some others undergoing steel

O
!
i
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1 melting. In other channels, fuel is disrupting. In the

2 ones shore the fuel has disrupted, it goes up. It

3 cannot go very far. Then it will come back down again.

O
4 The fuel cannot stay in a fully suspended condition,

5 because there is nothing to keep it there. We have to

6 have a way. It is totally an artificial situation. If

7 we assume the fuel is totally dispersed and stays there

8 in the absence of any driving forces, the steel is cold

9 so it can't provide its own vapor pressures to stay

| 10 bciled up, so it is an impossibility.

11 This is all very clorr. You will see it even

12 more clearly in the next slide. At this time, then, at

13 this burst. We have shown the material patterns for

(} 14 cladding. Most of the core is molten, as you see, and

15 now, because this was slower, because of this additional

16 little tine here that we bought by allowing the initial

17 fuel to disrupt, se moved some cladding up into the top,

18 but you sea it is limited, because these, this cladding

19 here melted so close to this time they didn't have time

| 20 to move up there.
1

i 21 Therefore, again, most of the core is

| 22 unblocked above and below and in fact we believe that
23 even those blockages here are very thin for ene thing

(]) 24 and not fully solicified either. The fuel pattern is

25 shown over here. A lot of the core molten. Vapor

O

ALDERSON REPORTING COMPANY, INC.

M0 FIRST ST., N.W., WASHINGTON, D.C. 20001 (2C2) 628-9300



156

Q 1 oressure you see hers. Again, remember, in those

2 channels shore you have four and five bar and 12-bar,

3 all of those channels are ready to give you also steelO
4 vapor pressures because there is e lot of steel around.

5 So that is again the concept of co-disruption.

6 On the other extreme of another case in which
7 we made reactivity worth as lotu as we coulo, to a very

8 low sodium worth, 100 percent axial expansion, increased

9 the doppler and all of those things, we have a prolonged

10 transient maybe by about four seconds compared to the

11 previous case.

12 So what you see here again, you don't see a

13 monatonic low power. I think it is a very essential

14 character of this system. It goes up and down. It goes

15 up and down. I want you also to remember that the time

16 scale of these things is of the order of .5 seconds.

17 That is typically the time it takes for the fuel to come

( 18 up and come down. Again, reaching a condition of burst

19 here, because again some fuel is coming back down again,

20 and here is the clad pattern, here is the fuel pattern,

21 here are the fuel pressures. We give a 40 bar on this

22 channel 6, and because we prolong it a little longer, we

23 have more cladding moving upward, and maybe a little

O 24 mere etecke2e. e=* saie. **e cer- is 1 esetv =aet=ckee.
25 and again, remember that with this 50 centimeters a

I O
1
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I second we do, we everemphasize the clad motion upwards. '

2 Also, I think I want to say in all of those

3 cases sa took into account this M modification, the
O.

4 effect of M, the cause of the plenum gas coming out.

5 So, to summarize on this case C, we expect

6 extensive co-disruption. We expect extensive axial

7 relief paths, and we expect neutronic activity. That is

8 fundamentl in the initial disrupting steges of the core,

9 and pressures to b e pr es or.t.

10

11

12

13

14

15

16

17
l

18

19

20

21

22

23

O 24

25

O
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[]} 1 This is the conclusion of section B, and we

2 will be making use of those fundamental behaviors as we

3 believe represent a broad range of calculations. And itO
4 is not caly those two I am shoeing here, but we have

5 dene many more calculations. We will be using those

6 then as we go to examine the potential for

7 recriticalities and dispersal.|

8 Are there any questions on this Unit C7

9 (No response.)

10 MR. THE0FANQUS: Okay. Now we can take a look

11 at recriticality. We have defined recriticality as --

12 MR. OREKNT: Excuse me. Would you say it is

13 vital to your argument that you don't block a large part

14 of the upper blanket region?

15 MR. THEDFAN005: I don't think it is vital in

16 the sense of that I don't believe if you went there and

17 you arbitrarily blocked out the upper and lower core, I

18 wouldn't particularly worry about getting energetics

19 more than $100 a second. But I think it would lead you
|
| 20 in the wrong direction from what is to be considered as

| 21 a best estimate of behavior.

22 MR. OKRENT: But you don't consider it vital

23 frora the point of view of threatening the --

() 24 MR. THEOPANDUS: The primary system.

25 MR. OKRENT: The early release.

O
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1 MR. THE0FANGUS: Right. Dave, I think that

2 mill become a little more clear after we go through

3 recriticality. You will see what is really the
)

4 emergence from the recriticality treatment. If you will

5 go through this and feel pretty comfortable that even

6 with the whole material there we can do different things

7 and not really violate the primary system, I think

8 really the concept of blocked-up core really leads you

9 to recriticality.

10 So if recriticality can be bounded in a

11 reasonable way, and it's not all that critically

12 dependent upon having 80 percent of the core or 90

13 percent of the core inventory in the core, then I think

14 you look at this cuestion differently.

15 If, on the other har.d, I came up here and

16 said, it is very vital that we lose 20 percent of the

17 core in the initiating phase and lose it only because wa

18 not able to plug, and if we had 90 percent we would have

19 a real big problem from recriticality, then it would

20 have been vital. So I don't think it is vital.

21 MR. CKRENT3 Okay.

22 MR. THEOFANDUS: The definition is then -- and

23 we will characterize here only those fuel motions that

() 24 se get from a disrupted fuel. And where we are in our

25 general picture here is shown here. We are concerned

O
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1 with al of these red paths. Looking at the successively[}
2 higher core-disruption stages and looking at how se

3 could end up with an energetic event from those and how

(:) ,4 large such an energetic event could be. The requirement '

5 to have such an energetic event is that we have not

6 removed more than 40 percent of the core inventory. And

7 I think as I said before, this number should be more

8 like 30 percent, especially for the early parts of the

9 disruption.

10 Now, compaction can happen two ways. One is

11 through pressure, and the other is through gravity, or

12 any combination thereof. We will take a look at each

13 one of those items.

() 14 Pressure-driven recriticality involves open

15 channels. If the core was already plugged up, we could

16 not have the ability to interact fuel with sodium and

17 produce pressures and therefore compaction.

18 Therefore, it has to happen at the subassembly

19 pool stage if such an interaction were to take place,

20 because if you are in the annular peol stage, by
i

21 definition you are already plugged up. The annular pool

22 stage wouldn't be there if the exits of the core weren't

23 plugged up. So you couldn't stay there. There's a few

() 24 seconds it takes between the end of the initial core

25 disruption and going into the annular pools. It takes a

O
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1 few seconds. You have to melt all of the subassembly

2 cam walls.

3 Through this time then, if there were anyO
4 openings, the fuel in the cladding inside those

5 subassemblies would like to get out. Therefore, that is

6 fundamental. Because of this then se expect any such

7 direction, should they occur, to be highly incoherent.

8 They just happen independently in subassemblies. And I

I 9 remember a number once, some calculations requiring

10 something like a 24-meter-per-second in 24

11 subassemblies, I think, to give a number of the order of

12 $100 per second. Is that right, Charlie?

13 MR. SELL: 12 subassemblies.

14 MR. THECFAN005: 12 subassemblies, 24 meters

15 per second. That's a lot of velocity. And from that

16 you can get an idea of how much pressure you must have

17 to produce the kinds of reactivity ramp rates that are

18 of interest here.

19 And finally, last but not least, no pressure

20 events were noted in a lot of experiments that were made

21 for the purpose of addressing this problem. Therefore,

22 oecause of all of these reasons, se decided we would

23 like to ignore that, to ignore these mechanisms.

O 24 *a oxae"T: exc== - s <=r v = == a". i=

.

25 tnere complete agreement among the various participants
|

O
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1 concorring the pressure-driven recriticality cuestion?

2 MR. THE0FANDUS: Yes. I,

3 MR. OKRENT: Are there any of the participants

O
4 who hold it as something that needs more attention?

5 MR. THECFANOUS: Yes. There is complets

6 agreement. It's unfortunate we didn't go through the

7 other part, because following cur plan, following the

8 definition of all of the tests -- and none of them is

9 addressing these pressure-driven recriticality -- se

10 asked all of the consultants and all of the participants

11 for comments And we have not seen any curlms about not

I 12 considering this pressure-driven recriticality any more

13 than what we have already.

( 14 On the other hand, gravity-driven

15 recriticality is not only possible but is even likely,

16 we believe. First of all, se always have the

17 gravitational acceleration. There will be substantial

18 heat sinks which promote condensation. And vapor

19 pressures, of course, are the pressures that promote

20 dispersion. If you lose the vapor, you lose the

21 dispersal potential and, therefore, you go into

22 recriticality.

23 And furthermore, there are two processes here

() 24 that se have suspected for some time. And finally, we

25 are coming close to being able to quantify. And those

O
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1

i 1 are the processes of triggering and tuning. And again[
2 they --

3 MR. CARSON: What are those processes again?

O 4 MR. THEOFANCUS3 Triggering and tuning. I

5 will go into that. Therefore, because of those reasons,

6 se decided that recriticality, ggravity-driven

7 recriticalities, need to be considered.

8 First of all, an illustration of the

9 triggering. It has to do with the high neutronic

| 10 activity se excoct in the initial stages of disruction.

11 There is a lot of steel around. There are cam walls,

12 basically, everything one needs to fight fuel

13 dispersal. As a result of that, you see it here going

O i4 up ano do n.

15 Therefore, because of the very highly

16 nonlinear fuel position versus reactivity of the core

17 state and power state of the core high nonlinearity, you

18 don 't expect that all of the motions will be just about

19 right, just to keep you always at the optimum level.

20 There is enough condensation, there is enough gravity

21 going on, we believe there will be overshoots and power

22 bursts very much like shat you see here, maybe as much

23 as a fes hundred nominal.

(])
'

24 That would not qualify for an energetic event,

25 but it is a poser burst that is felt throughout the

O
i

l
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(} 1 ccre. And that is what is fundamental. The core is

2 highly incoherent to start with because of the flux

3 shape, and it is highly incoherent also because of the
O

4 flos differences across the core.

5 But it has a coherence imposed by the

6 neutronic activity. In other words, if there is a

7 reactivity surge someplace, the whole core feels that
(

8 because the power goes up in all of the core. If there

9 is an activity reduction someplace, the whole core feels
|

10 that again because the power goes down through the whole'

| 11 core.

|
12 Therefore, this neutronic coupling across the

13 core is that leads to this comment of tuning. When you

() 14 enter the early disruption stages, you get subassemblies

15 fully dispersed and others that haven't even dispersed

16 yet or even disrupted. Now, then, the pressures most *

I
17 likely in the ones discorsed will be high pressures.

18 The pressures here will be low pressures. This is

19 pressure against subassembly number.

20 And here is a pictorial of the kind of

21 different states in which the core finds itself from one

22 place to the other. However, as this fuel is dispersed

23 here, if it can't stay monotonically in this state, if

() 24 it comes down, it will introduce a reactivity, and it's

25 possible se might see power a few hundred times nominal.

,
}

|

|
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(]) 1 If that is to happen, this subassembly here

2 will feel that. Whatever pressures it was undergoing,

3 it is going to see that power pulse and it's going toO
4 accelerate it for more molting, more vapor disruption

5 and more dispersal maybe.

6 So even if this were coming down at this

7 moment, if this had already come down, that power pulse

8 will produce vapor pressures that might even reverse the

9 motion for this one. So you see there are mechanisms

10 then for the subassemblies gradually coming in tune.

11 And that is what we are referring to as " tuning."

12 And that is shown over here, that after a few

13 cycles of those, we expect to have much less variation

(} 14 across the core of pressures, and we expect there will

15 be more closely related motions and material

16 configurations in the individual subassemblies within

17 the core.

18 MR. KASTENBERG: Theo, what are the internal

19 blanket elements doing during this tuning?

20 MR. THEOFANGUS: That depends on the

21 sequence. In most of those cases, already they are well

22 on their way to voiding, already voiding.

23 MR. KASTENBERG: And towards the end of life,

() 24 their power profile is pretty good because you have bredi

25 in fissionable material?

O
|
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{} 1 MR. THECFANGUS: That's right.

2 Now, this obviously leads us to the question

3 of how incoherent can we get, and what if we achieve

O
4 complete incoherence. And I think from the point of

5 view of feeling the fuel motions coming back down from

6 the point of view of an energetic event, coherence means

7 a fem milliseconds around that prompt burst period.

8 If there were some material motion that was

9 much higher just before that, it doesn 't count. If it

10 is only material meant to be accelerated downwards at a

11 later time, it doesn 't count.

12 Within that narrow window of a recriticality

13 event, that is what covers all of the material motion

14 distributions and all their contributions to

15 reactivity. That is what counts in getting it through

16 the prompt burst, and that is that counts in yielcing

17 energy. So that is very important.

| 18 It could be, for example, two subassembles are

19 pretty close but still not totally coherent. One has to

20 be careful not to overinterpret that coherence.

21 So with this in mind, we need to talk about

22 the time scales. We need to worry about the relevant

t

23 time scales. We expect activity, typically a time

() 24 constant of about half a second.

25 You might argue with me, .7 seconds or 1
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(]) 1 second or maybe .3 seconds, but it is typically of a few

2 1/100ths of a second. That is the period between the

3 pulses. It takes on the order of 1 to 2 seconds to melt

4 the driver walls. That is roughly how long it takes,

5 and you won't find very big variations of opinion on

6 that.

7 Therefore, with this kind of a pulsing period

8 here, you can see that you only have time enough for

9 something on the ceder of 2 to 4 pulces before you lose

10 all of the subassembly wall structure.

! 11 Now, it is possible that these pulses become

12 amplified. It's possible they become more coherent

13 because of more coherency motion. However, se believe

and that is a qualitative argument -- it is rather14 --

15 unlikely that we have a highly incoherent core to start

16 with setting to this. And now within only 2 or 3 pulses

17 to ask a perfect coherence before se lose the

18 subassembly walls. And that is, I think, also important

19 to remember.

20 Those qualitative considerations then lead us
|

21 to the identification of certain trends. We call those

22 the principal trends. The initial motions are highly
1

23 incoherent. Oscillatory motions are gradually tuned and

() 24 amplifying due to highly nonlinear compaction states

25 versus power relationship. Heet sinks influence, but do

O
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1 not control, the dynamics of fallback.

2 With this introduction, we are ready to

i 3 discuss the extent of recriticalities and the ramp rates
: O

4 associated with that. And before we do that, I would'

5 like to say a few words about the reactivity

6 configuration. The reactivity state of different

7 configurations of the core.

8 As se look at the core, we can identify the

9 inner ring, the inner two rings, and then the outer

i 10 annular region that we separate into two rings. And to

11 get a perspective against which to judge fuel motions

12 and the reactivity camp rates associated with those
;

13 motions, we have looked at different configurations of

14 compaction of those different rings, different

15 combinations of them.

16 And here I will go only to show, because of

17 time limitations, only one part of that. And that is

18 the case in which the two inner rings are compacted
,

19 chile the two outer rings remain in full height. What

20 we are showing here is if you are to compact those two

21 inner rings, you must remove some fuel, you must reduce

22 the whole core inventory because otherwise you will be

23 supercritical.

O 24 ^=d 8 r- i= *a tr a c*arv- r at - <ar

25 a given compaction state of these two inner rings, you

O
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1 find out.how much core inventory rernoval you-must have '

2 before that condition is possible. What this!islls you
'

3 is that even with a relatively minuto_ quantity of core
O

4 inventory being removed, you can accommodate pr;etty
5 large amounts of puddlings on the order of 20 or 30

\
6 centimeters, almost a full puddling of the two inner

7 rings.
.

8 And this is important for ts'o reasons, and one

9 of those reasons is something more on the matter of
\

10 curiosity, but I think it'is very interesting, and we
.I

11 decided to discuss it here. 'And thid came up as, I

12 guess, a resu.lt of us looking into the details of the

13 disassembly ph'en om en olo gy that I mentioned under A.

14 Especially here is an interplay between the
i

15 rapid response you obtain from single phase fuel when it

16 is hosted because of a high pulse against the sic,e

responsehou get from a two-phase medium as it is heated17

18 through a high pulse.

19 If you were to do that, as.you saw under A, if

20 you were to'do that over the whole core when the fuel

21 core was melten.and compacted, you cculd put,probably
,

22 $1000 a secono'and you wouldn't have'1elt mything

23 because it disassembles very quickly.

24 But if you were,to do this gith a small amount

25 of puccling at the'< bottom and all,'of,tje rest of the

O
'

'

1

I
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1 core being dispersed, the same effect could come in to

2 give you a positive reactivity feedback during

3 disassembly. We till call it an extra kick. In otherO
4 wcrds, it tries to go through this assembly; it can 't

5 make it because the single-phase puddle expands into the

6 high-sorth region and that gives it another, it

7 hesitates a little bit and gives it another big pulse in

8 activity and comes down.

9 This is one of the new things, for example, we

| 10 found in this whole process, and I think it is ouite

11 interesting. First of all, let us take a look again at

12 the configuration. I mentioned before the two inner

13 rings puddle at different levels while the two outee

| 14 rings stay up. And let's look at the flux profile

15 against the puddle height. So the puddle is to the left

16 of this here.

17 So this point is we start out with a fully

18 dispersed two phase region in these two inner rings.

19 The next one over here, we let it puddle by something

20 like 10 centimeters at the bottom. The whole thing is

21 ccming dosn and puddles by 10 centimeters. What you

22 notice is that the height of the puddle is below the

23 peak of the flux and the magnitude of the flux, of

O 24 c=r- it t< c <1 =*= *a eta =< *a * ri t -
,

25 And now if you artificially -- and I say I

l

O
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1 artificially because we are not really sure about that

2 but if you postulate that this puddle cannot expand--

3 dcwnwards. And to really assess that -- we haven't done|0
4 tFat -- to really aseess, you need to have a coupled

5 structural hydrodyna.iic neutronic quality where you do a

6 whole structural response to that to see if you can push

7 anything downwards.

8 But if you assume you can fix the bottom of

9 this puddle and you only let it disassemble upwards in

10 one dimension as it goes through the heating in the

11 early part of the disassembly, what you are observing is

12 this puddle is going to be moving very rapidly, much

13 more rapidly than the two-phase fluid out here is going

14 to be moving out. It will be moving into high void

15 regions, giving high reactivity rates.

16 Then what happens is, as the degree of

17 puddling decreases, and that is shown successively from

18 here to here to here to here to here, this distance

19 between the maximum and the puddle height decreases and

20 at some level of puddling, in fact, coincide and from

21 then on the maximum is inside the puddle.
,

22 In this level here, of course, the puddling

23 effect is beneficial because it expands quickly, it sets

O 24 **= t+ ==* a=icktv- ta 1ai= c aa aver 8 r- ** i=

25 detrimental. So se have plotted then this difference.

O
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{} 1 And when it is positive, it is detrimental; when it is

2 negative, it is beneficial.

3 We have plotted that against the degree of()
; 4 puddling. And what you see is the point of breaking

5 oven here is 20 centimeters of puddling. If the puddle

6 is greater than that the effect is beneficial.

7 Throughout this range then, if we have a disassembly, we

8 expect we will get again, if the bottom is what expects

, 9 some rotation.
|

10 From that point of view then, it is very

l 11 interesting to know how much of puddling is possible in

12 these two inner states. And I want to put out thei

i

13 previous plot to show you that in order to get a

() 14 20-centimeter puddle, you must remove just 1.5 percent
1

15 of the whole core. And we think there is no doubt at

16 all we will be able to do that.

17 If you remove any more than that, you need

18 puddling higher than 20 centimeters, and therefore, wa

19 feel from the point of view of the CRBR assessment, the

20 present assessment, that this point becomes moot.

21 Again, in more detail, to obtain this

22 yardstick, I was saying before, we have here plotted the
i

23 reactivity of the core as a function of the puddle depth

() 24 in those two inner rings. And then taking the

25 derivative of this, we are showing the differential
i

|

O
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1 sorth per centimeter of fuel.

2 What this number shows is, and reading it over

3 here by how many cents will the reactivity increase per

O
4 each centimeter of fuel compaction that we have, what's

5 interesting to see is there is a maximum right around

6 the 25-centimeters and as the degree of puddling

7 increases, this differential worth is going doen.

8 Again, relating this back to the amounts to be

9 removed end the high degree of puddling expected here to

10 get recriticality, you see that the rates will be low.

11 So now having this number, and we have, and me are

12 producing even more plots of this type for different

13 configurations of rings, having these numbers, one can

14 relate a velocity of puddling or a velocity of settling

15 to a ramp rate. You just basically multiply.

16 What you are seeing here is 30 cents per

17 centimeter. There are other cases we have seen of 40

18 cents, other cases of 80 cents. We think, however, wo

19 can bound everything we have seen, all of these

20 different combinations, very crudely but cuite

21 adecuately by $1 per centimeter of reactivity worth,

22 differential worth.

23 Now, then, looking into going back into the

O 24 ="e eti e ta="1=a * 28- citt *=rv e 8 vier <

25 the subassemblies, we can postulate a power pulse of the

O
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1 type se saa in triggering or tuning that will proouco a
[}

2 high-pressure region someplace in the center of the

3 mass, leaving half of the mass on one side and the other

O 4 half on the other side, and therefore, this

5 high-pressure region causing an explusion of this mass

6 upwards.

7 Now, the dimensions here are such that the

8 distance traveled by the slug divided by the slug

9 thickness is 2. And the aspect ratio of the slug is

10 also 2. And se have some experimental analytical

11 information that indicates that under these conditions

12 the slug will in fact break up on its way up.

13 Basically, the bubble will vent through. It can't just

() 14 push up the slug in a one-dimensional configuration,

15 make it go up and let it come back down. In fact there

16 will be a venting, a vent through.

17 So it will be a pressure equilibration. And

18 if this is about half as it is in the reactor and if

19 it's one-half of the half, or 25 percent, and this is

20 another two of those, you see that if you took that

21 liould and disperso it over this volume, you sill

22 produce a void fraction, a typical void fraction or an'

23 average void fraction, of 66 percent.

(]) 24 Now, if you took all of that fuel material and

25 let it calm cosn under gravity, you have lost the

|

|

!
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1 maximum velocity of 3 meters per second. If you
[)

! 2 multiply that times the liquid fraction up here, that

3 would be something like 0.34 percent, and that gives you

O 4 a puddling rate or an accumulation of the liquid in the

5 puddle of 1 meter per second.

I 6 So you have to multiply this now times the $1

7 per centimeter for the whole core, arbitrarily assuming

8 that all of the subassemblies are doing this together,

9 exactly together, and then you get $100 per secono.

10 So that is the way that se have bounded this

11 kind of recriticality from a subassembly pool stage. We

12 think this is an extremely pessimistic number because we

i 13 believe that the coherence of this going up and down is

() 14 extremely, extremely -- this coherent behavior is

15 extremely unlikely.

16 I also sant to mention just for completeness

17 here, other breakup mechanisms. There is a breakup

18 mechanism because there will be steel interdispersed in

19 that fuel. When the power pulso comes, the fuel hits it

20 very quickly, and the steel becomes very hard, and that

21 acts like local nucleation centers that throw out the

22 rest of the liquid. So it's a kind of randomness of the

23 breakup process introduced because of this process here.

() 24 In addition, we have stabilities near the

25 top. When that slug, whatever little was left of it as

O
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1 it tries to go in the top, compresses whatever vapors

2 are there, you will experience a deceleration and

3 therefore another breakup.
O

4 Furthermore -- and we have seen this in
5 calculations also -- initially, because of the very,

6 very thin power beating there is a tremendous
!

7 temperature gradient over this whole liquid slug. So

8 the first material to flush produces vapor, pushes the

9 bubble around, and then more and more cold material, as

10 shown over here, becomes exposed to that vapor.

11 So you have a lot of condensation going over

12 nere, a very high vapor flow which maybe even might
'

13 produce some instabilities here. But in addition,

14 because of the condensation, you are left with the other

15 material down here that itself now is providing vapor

18 and flushing. So that it is almost like an erosion

17 process going on.

18 So this highly coherent behavior then is

19 characteristic more of the annular rather than the

20 subassembly pool. So that is what is shown over bere.

21 And this is a SIMMER calculation that shows
22 that the breakup of those puddles and slugs is not only

23 a result of detailed instability behavior but also the

O 24 aca== "ver e a ic=- - r <t c* e av st""sa. =^= ve" -v

25 similar venting.

O
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|

1 And again we have seen that in some
[}

2 experiments, specifically some of the MARK-III

3 experiments, which are quite relevant here. You have an
O 4 annular pool there also. I can go over that in a couple

5 of minutes.

6 This is an annular pool. This is the
|

| 7 cross-section of the annular pool. We assume it's all

8 compacted and put a power pulse here, something on the

9 order of 300 nominal. The flux peaking is such that the

10 peak occurs to the inner edges of the pool and somewhere

11 around the lower parts. So it's somewhere there

12 (indicating).

13 This is at 20-meter segments beginning to

() 14 nucleate. Those contours indicate liquid fraction

15 contours. 40 milliseconds later you see a bubble

16 developing and pushing upwards, and that induces motion

17 also into that licuid upwards.

18 At 60 milliseconds later you see the bubble

19 making it all the way up to the top, and you see the

i
20 bubble hitting the top and wanting to rain back in. And

21 at 140 milliseconds, in fact, you see the whole process

22 like a circular thing coming in.

( 23 At some point along this process, this

() 24 upward-moving film loses its momentum and reverses

25 motion and starts slumping back dcwn. And this one is

O
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(} 1 coming back in. This is only pictorial to illustrate

2 the gross fluid mechanics. We believe there are a lot

3 of other instabilities present that will tend to destroy

4 to some extent this general well-behaved pattern.

5 However, from the point of view of

6 accumulation at the bottom here, this is the mass

7 inventory. This is kilograms versus time. It is going

8 dcen cuickly during this process, and then it starts

9 accumulating back in again and is shown back like that.

10 We take the slope of this and that is 13 kilograms per

11 second. That's how much mass accumulates at the bottom
12 of this pool.

13 Multiply that times a factor to convert the

14 kilograms per second into a velocity of puddling based

15 upon the cross-section of the pool, and you end up with

16 34 centimeters per second times $100 per centimeter.,

17 That's $35 a second. So it is fairly qualifying for an

18 energetic event.

19 MR. KASTENBERG: Theo, again what are the

20 blanket elements doing at this point, the ones inside?

21 Have they all melted also?

22 MR. THE0FANOUS: No. This is addressing the

23 annular pool phase. So that is before the inner blanket

() 24 assemblies have melted. If they were molten, then se

25 would have a full core cool, a whole core pool. We are

O
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(} 1 going to address this whole core pool directly when we

2 come to the conclusions.

3 We have not done very detailed specific for
O

4 the CRSR calculations. Well, there were some done

5 earlier, but we believe that the likelihood of the whole

6 core pool as you will see is extremely small.

7 On the other hand, if such a core pool mere to

8 take place, I think at this point we are all someshat

9 undecided as far as the energetic behavior. We think

10 tnere is a possibility of having higher energetics there

11 because it's more coherent and because it allows for

12 this oscillation and sloshing that SIMMER predicts.

13 So from that point of view, we are going to

14 take a penalty there in our probabilities. When se look

15 at the whole core pool and look at the chances for that

16 getting us into trouble, failing the system basically,

17 we will assign a much greater number to that versus

18 assigning a number for failure of the vessel for this

19 kind of configuration.

20 MR. KASTENBERG: Is this camp rate you have a

21 maximum ramp rate?

22 MR. THECFANGUS: Yes. As you see, it's the

23 maximum ramp rate for this process here. And that is

(]) 24 typical of the kinds of things we see- I thick there

25 are ways by which you can make that somewhat higher, but

O
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1 se have never seen anything more because of this
[}

2 reassembly, so to speak. We have never seen anything

3 more than the kinds of numbers I showed in the previous

O
4 one, which was abaut $100. And in fact, not even

5 approaching that.

6 MR. KASTENBERG: Let me ask one more

I
7 question. That ramp rate is based u'pon a flux

8 distribution that was calculated statically; right?

9 MR. THEOFANGUS: Right.

10 MR. KASTENBERG: This is not a coupled
,

11 neutronics?

12 MR. THEOPANGUS: No. That 's right.

13 MR. KASTEN3 ERG; So you just imposed this

( 14 motion on those curves you shosed us before?

l 15 MR. THEOFANQUS: That's right; except for
!
'

16 those curves I showed you before were obtainee for a

17 configuration in which the two inner rings were slumping

18 and we have all kinds of sets of graphs to do that

19 because it is much easier and simpler to do this kind of

20 calculation, and it's not meaningful to spend a lot of

21 money doing the coupled.

22 MR. OKRENT: The concern that Los Alamos and

23 Sandia may have expressed about the potential for high

() 24 ramp rates during a transition phase, does this arise

25 from this phenomena in a fully molten core?

O
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1 MR. THECFANOUS: Yes.

2 MR. OKRENT: That is the only concern?

3 MR. THECFAN005: Yes. And by the way, this()i

4 concern is interesting to me. I think it is a valid

5 concern. I don't think we have scrutinized it enough

6 yet to know for sure how much of a real concern it is or

7 should be. But having not done that, I think we should

8 view it now as a real concern.

9 But it's not definite that if you have a whole

10 core pool, in my opinion, you will have a very, very

11 energetic situation. I don't think anyone has

12 demonstrated that yet.

13 In summary then of this recriticality

( 14 business, we feel that the gravity-driven

15 recriticalities are important. High neutronic

18 activities and pressures dominate the subassembly wall

17 disruption period, and subassembly and annular pool

18 recriticalities are bounded by $100 per seconal in fact,

19 bounded by well below $100 per second.

20 And I have one more section to go, and that is

21 on the dispersal. We are scheduled to go to lunch at

22 1:00 o 'clo ck . Mr. Carbon, what is your pleasure?

23 MR. CARBON: I am being lobbied to eat at this

() 24 time. Would anyone prefer to continue?

25 MR. OKRENT: I prefer to eat.

I

O
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1 MR. CARBON: 1.et's break until about 5 after.

2 (Whereupon, at 1:05 p.m., the subcommittee
|

3 recessed, to reconvene at 2305 p.m., this same day.)

4

5
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1

[} AFTERNCON SESSION

2 (2:15 p.m.)

3 MR. THEOFANGUS: Well, se just completed
O 4 looking into these paths, and the last unit of

5 presentation will be looking at these green paths.

6 Dispersal. When one is concerned about
| 7 dispersal, one needs to assess freezing mechanisms, one

8 needs to know shat areas are available for fuel to get

9 out nonenergetically, and also, one needs to know what

10 pressures are behind the fuel pushing it into all of the

11 spaces that lead out. And we will try to look into

12 these matters.

13 It appears that I have lost one vu-graph, and

( 14 I don't see it here. I have an empty one with me. I am

( 15 afraid I three away the good one and kept this one. I

16 will refer you to the Figure 3.E.2. That should be in

17 the handouts that were given out today. This is one of

18 the vu-graphs we made yesterday.

19 And shat you see there is a process through
t

20 which we have gone in order to benchmark SIMMER for the

21 purpose of predicting fuel removal through rod bundle

22 geometries and through gap geometries.

23 In the rod bundle geometries we have tests

(]) 24 that have been developed or run at Argonne National

25 Leboratory over a period of years, and those are called

O
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() 1 injection tests. A thermite anywhere from .5 to 2

2 kilograms was injected into a bundle geometry, and the

3 penetration and plugging was measured. And these were

4 done over a range of 273 to 1173 Kelvin clad temperature

5 crnge eith driving pressures anywhere from 25 bar to 26

6 bar. They, in general, gave penetrations of the crder

| 7 of one foot to one and a half feet.

8 What was shown on this slide was these five
9 Argonne tests at different pressure levels, the SIMMER

10 predictions on the data. And you can't see any real

11 trends with pressure. I think the general idea from

12 this is indeed if you inject under this kind of pressure

13 thermite materials, and by inference, material that has

} 14 been core disruptive in the actual reactor, it would

15 tend to penetrate the bundle upwards of one foot.

16 The other thing to point out here is because

17 the cladding material is entering the blanket area, the

18 cladding of course melts, so that the actual space

19 occupied by this 30 centimeters, say, of fuel material

20 is more than what would have been occupied if this came

21 out of the core.

22 And the main purpose of doing this

23 benchmarking is because we wanted to use this data as a

() 24 mry, together with SIMMER, as a way of scoping out whtt

25 kinds of penetration we would expect at lower

O
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1 pressures. So me are using the code as a tool, first
[}

2 benchmarking against that with some reasonable physics

3 of the molting and freezing processes. We now take the

O 4 same thing applied to los pressures.

5 MR. OKRENT: Is that a prediction by SIMMER

6 without the benefit of adjustment to the data?

7 MR. THECFANQUS: No, I wouldn't go as far as

8 that. That is why instead of calling it prediction I

9 call it benchmarking. 'Wa really look at that as a

10 benchmarking procedure to allow us to go from this 25

11 bar. For example, you might ask if the driving pressure

12 was only 10 bar would it be a significantly lower

13 penetration. It's like a way of doing an extrapolation

() 14 of the data. And similarly, for the purpose of

15 following the fuel injection in between the subassembly

16 wall gaps. Here when we compare the crust thickness

17 versus time, this is tne theory, this is what SIMMER

18 would give, again as a way of benchmarking, to know that

19 the code more or less gives us the right growth of the

20 crust.

21 MR. CARBON: Do you have confidence the

22 thermite data would resemble the actual core cuite

23 closely?

() 24 MR. THEOFANOUS: I think it is reasonably

i 25 representative. I think how you do these thermite
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1 experiments really has an effect on how well it

2 represents the fuel material. For example, in some

3 recent tests they've done over there shore there sas a

O 4 desire to let this melt come into the gap geometry, a

5 melt that resulted from the thermite, there was a desire

6 to let this come not under pressure but almost under

! 7 gravity or los pressure.

8 In order to do that you must allow thermite

9 for some time to let the gases that develop from the

10 reaction to get out. As tiey did that, they found out

11 there was also a stratification between the molybdenum

12 and the EOC 3 present in thermite, and that tends to

13 give an erroneous result.

() 14 On the other hand, the tests that represent

15 injections of thermite material into rod bundles, they

16 were under pressure. The pressures were provided by

17 those gases. They were not left for any length of

18 time. I think they stratified. And as a result of

19 that, I would expect them to be quite reasonable.

20 Then we have not really completed this

21 evaluation. This is probably the part of the story that

22 is under active evaluation, and I would like to give you

23 here what we have up to this point.

() 24 This use of SIMMER to really go back and

25 extrapolate to los pressures has not been completed

O
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{} 1 yet. As of last night I think we had only one point.

2 And as you know also, this figure was .tissing from your

3 vu-graph.

O
4 Here we tried to indicate to you that even if

5 we took this 40 centimeters that we normally expect for

6 penetration at high pressures and this 50 bar, for

7 example, and if we took this and put on the top of it a

8 conduction limitoo theory, obviously this is someehat of

9 a mismatch here because if this bundle was to freeze
10 according to conduction limitation at 50 bar, you would

11 have gotten much greater penetrations. 3ut if you did

12 that just for the purpose of exercise, and you backed

13 out in terms of pressure -- in other words, if you

14 rationed the tronc according to the pressure to be that

15 which is obtained from the conduction theory, you get

16 this kind of behavior. And what you see here is even at

17 something like 5 bar you have significant penetration in

18 the roc levels.

19 MR. MARK: Theo, what is it that SIMMER

20 actually calculates? Does it assume some pressure at

21 the bottom of the fuel assembly, some fuel straight into

22 the assembly, and then calculate the rate at which it

23 moves upwards, or what does it calculate?

() 24 MR. THECFANQUS: It calculates the motion as

25 well as the freezing and plugging dynamics of the gap.

O
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1 MR. MARK: Yes, but what are the starting/}
2 assumptions?

3 MR. THEOFANQUS: The starting assumption is a()
4 configuration of the subassembly. That could be again

5 for the freezing part of the calculations hers. In

6 order to fill up, for example, the points hors with
I

7 SIMMER, we start cut from a certain mixture that would
'

8 be representative of the core disruption. We expect a

9 certain percent of fuel, a certain cercent of fuel mixed

10 up in the subassembly under a certain vertical pressure.

11 We will let this thing go through in this case

12 the upper rod bundle here on the top of the blanket

13 area, and we will move in, this material will move, and

() 14 as it moves in it will interact with the cladding that

, 15 surrounds the blankets. As it interacts with this
|

16 cladding, initially there will be a tendency for the

! 17 cladding to start growing a fuel crust, but because the

18 blanket provides an insulator behind the cladding and

19 because of the limited heat capacity of the cladding, so

20 to sperk, very quickly the cladding reaches meltirg

21 point and will be melted and probably re-entrained.

22 So similar to these processes of cladding,

23 heating, molting, re-entrainment and the temperatures of

() 24 the steam -- that is, a multi-phase steamn -- as it goes

25 down the path in this bundle until eventually -- and by

O

ALDERSON REPORTING COMPANY, INC.
l
j 440 FIRST ST., N.W., WASHINGTON, D.C. 20001 (202) 628-9300

- - _ . - - _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ - - _ - _ . . - . - - _ . --- . - . --



|

|

189

1 the way, se also follow reasonably well, I think, the i

2 frictional characteristics of that, so that if there is

3 a tendency for the slurry to want to slow down, it will

O
4 slow down. SIMMER will allow those momentum

5 characterizations to let it slow down, and if it wants

6 to plus, it will stop it there. Otherwise, it mill flow.

7 What you will see in the next slide will be a

8 case like this where it goes, then it slows down because

9 of the slurry formation, and it takes some time until

10 the slurry in this case was pushed out, and then you see

11 the flow really bouncing back up again.

12 MR. MARK: But it must, as a starting

13 assumption, have something like a piston action at the

O M bottom of the subassembly. And aH of the confusion you

15 were just describing to us are the state of affairs

16 somewhere along these channels; that is, it has a 5 psi

17 overpressure or a 50 psi overoressure or something at

18 the bottom.

19 MR. THEOFANQUS: Right. It has some pressure.

20 MR. MARK: And then it discusses what happens

21 along the channel while this cladding is evaporating.

22 MR. THECFANOUS: Or molting.

23 MR. MARK: And moving itself along eith the

24 fuel also.

25 MR. THECFANDUS: Right.

O
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1 MR. MARK: And what sort of a sweeping action

2 occurs.

3 MR. THEOPAN005: Right, right. And from that()'

| 4 in fact, applying this to this kind of a concent,--

5 this SPENSIS test from Argonne for this kind of

6 conditions, it turned out by the time it reached 45

7 centimeters into the blanket, it was stopped, the flow

8 was frozen and the process was stopped.

9 In some cases, however, it doesn't do that.

10 It doesn't quite freeze forever. And that will be

11 shown, I guess, in the slide beyond that.

12 First I want to talk about those pressures

13 pushing this fuel and cladding. That is needed to give

() 14 an idea of what is the general pressure state of this

15 disrupted fuel-steel mixture.

16 There are numbers of ways of thinking of

17 that. One of the ways is we will go from a SAS

18 calculation that has gone through this cora disruption,

19 and you can look at the end of those power bursts I

20 showed you before. And you say okay, I have 10 bar fuel

21 pressure; this may be a result of such and such steel

22 pressure. You can see the 10 bar, if you allow enough

23 steel to mix, it might be quite a bit higher pressure.

(]) 24 Depending upon what you do with that mixture,

25 depending on the substanco you use at that point, this

'

C) )
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| [}
1 pressure will decay faster or slower depending upon the

2 heat transfer mechanisms. And, again, one would like

3 here to scope out the range of possible phenomenology, I
,

(
4 the range of what can possibly be expected there.

,

1
5 If it was only fuel vapor, if the steel was '

6 not allowed to be heated by the fuel and there was some

7 nominal heat loss only to the walls of the can, you

8 would find a relatively small decay of pressure. That

9 means for a period of 1 to 2 seconds the pressure

10 remains above 5 bar levels.

11 If, on the other hand, you put in the cladding
|

12 that was likely to be around and you allow the heat

13 transfer or the thermal contact with the fuel, and if

( 14 you did that in a best estimate kind of way, what you

15 considered to be a nominal wall entrainment -- that

16 means the wall begins to melt slowly -- and if that

17 comes in in a nominal way, the pressures decay but not

18 very rapidly.
i

| 19 On the other hand, if you consider some
|

i 20 axtreme ranges -- for example, as soon as any fracture

21 of the wall of the subassembly is melted and came in

22 instantaneously, as soon as it melted came into the

23 subassembly and ocuilibrated thermally instantaneously

(]) 24 whatever was inside, obviously this would be en extreme

25 of extreme heat loss and would be characterized by more

O
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I

1 rapid pressure decay.(}
2 Sut even in this case you see that the

!

3 pressures are high, and they decay over a time of a |

O
4 second in order to give you an idea of the time scale of

5 the pressure of the drop, again, cropping in time.

6 Using this perspective of pressures we are

7 showing the rate at which fuel is escaping the core in

8 between the gaps, in between the gaps that exist, in

9 between the subassembly can walls. And because a criver

10 assembly is expected as it heats and is trying to

11 disrupt that it will balance, we do not allow any fuel

12 escape paths from one driver to the next or from cne

13 driver even to the next blanket, because we feel that

14 maybe the wall of the driver pushes up against the

15 blanket and tharefore allows no gaps. We allow for fuel

16 escape in gaps between blanket and blanket, internal
i

17 blankets.

18 So the course here is that this is a driver.

19 Right in association with that the driver has the fuel

20 boiling up and steel interacting and producing

21 temperatures and pressures and gradually melt attacking

22 the wall.

23 At some point then this corner will become

() 24 molten or will crack open. At this ooint then this gap

25 will become available for whatever is inside here to

O
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(]} 1 come out and come down, all of the way down to t h's lower'

2 axial blanket. This process then of the 11cw through

3 this gap, which is typically 5 millimeters in gap here,

4 was simulated on the SIMMER with a back-driving pressure

5 of 3.5 bar and with a wall temperature of 360 degrees K.

6 And here is the mass into this lower portion;

7 versus time. It makes a very big difference if the fuel

8 that enters, if the mixture that enters is just at the

9 melting point or has some higher oogree of superheat.

10 In fact, we expect because of the neutronic activity

11 that it will not be just at the molting point but will

12 have some superheat with it.

13 What you see, however, here is the flow is

14 starting out at about 13 kilograms per second per gap

15 and stays like that for some time, almost like a second,

16 and then it is slowing down. The reason for this

17 slowing down is because there is some slurry formation

18 in this flow, and therefore t h e r e 's a slowing down. It

19 takes almost three seconds for the slurry to be pushed

20 out again. At that point you are left with basically a

21 liquid flow in a gap that is now wider because you

22 melted some, so the flow shoots back up again at very
(

23 high rates.,

| () 24 However, if the fuel was to enter this gap at

25 the melting temperature, you will see that it scales
|

'

i

ALDERSoN REPORTING COMPANY. INC.

MO FIRST ST., N.W., WASHINGTON, D.C. 20001 (202) 828-9300

- _ _ _ _ _ _ _ _ _ _ _ . - _ - _ -- -__ - _ _ _ _ - _ _ _ _ _



\

194

1 down to zero cuite a bit faster than in this case. So{}
2 if we use this value then of 13 kilograms per second per

3 gap times 90 gaps that are available between blanket to

O
4 blanket combinations like this, we can remove 1200

5 kilograms of fuel-steel mixtures in one second, and that

6 involves about 20 percent of the core. And there's just

7 about enough time of this down in the lower part of the

8 blanket to accommodate this kind of number.

9 On the other hand, if the material rould also

10 spread out readily, of course now we have much more

11 space to accommodate much larger quantities.

12 MR. KASTENBERG: Thee, do these gaps close

13 with radiation?

( 14 MR. THECFAN005: There will be some closure,

15 that is true, and we are also evaluating that. I think,

16 however, closure will be a small fraction of that. If

17 ycu want more specific numbers, maybe I can ask.

18 Does anyone know by how much those gaps might

19 be closed with a fully radiated core?

20 Charlie, do you want to?

21 MR. BELL: I believe that near the widplano

22 the swelling is highest and then tapers off toward

23 either end. So near the midplane, if I remember right,

() 24 they are approximately half closed, and then as you go

25 :wielly up and down, particularly down, they open up to

O
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(]) 1 something very much closer to their nominal size. So

2 they might be constricted near the midplano, but since

3 you can open into those gaps anywhere along the axial

4 height of the core, that doesn't necessarily represent a

5 complete constriction.

6 MR. THECFANDUS: I think from that I want to

7 leave you with the impression that there are crossures,

8 and typically there are pressures higher than 3.5 bars.

9 This was a modest volume of pressure. There are paths

10 both axially as well as radially into the gaps, and

11 there are removals of these order on a matter of one or

12 two seconds. And, therefore, we conclude -- and again,

13 I emphasize me are in the middle of these evaluations --

14 that both area and pressures are available and that we

15 expect that a fuel mass in excess of 40 percent of the

16 fuel inventory will be removed in the time frame of the

17 first four seconds.

18 And we believe that this is important, and

19 that is what allows us to consider that, number one, any

20 recriticality situation most likely would involve less

21 than full core inventory and certainly less than this

22 one or two percent removal required to avoid the extra

23 kicker I was saying before point number one and point

() 24 number two. That determination would occur earlier

25 rather than later in the disruption phase, therefore

O
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Qi 1 again with a lower likelihood of getting into a whole

2 core pool.

3 This is an area in plotting and freezing

4 mechanics. It is an area shore we could stand more

5 understanding, a little more improvement in our

6 understanding. And there are some important tests

7 currently in progress. Argonne National Laboratory is

8 running some gap tests, injection of thermite into gaps,

9 and also some tests are run at Sandia with annular

10 geometries. And se expect both of those tests will even

11 further help us justify this conclusion.

12 Are there any questions on this Unit E?

13 MR. CARBON: Yes. I think there has been

14 ' concern at times in the past that you could get some

15 kind of molten pool below the core somewhere with a

16 crust around it, and this might go through a series of

17 oscillations given perhaps some recriticality.
,

18 Is that covered here? Is that still a

19 Question?

20 MR. THECFANDUS: Selos the core or within the

21 original core configuration?

,

22 MR. CARBON: I thought below the core but

23 maybe not.

O 24 aR- TasceAnous: 1 ute v ** 1 tre

25 probability of getting into a significant inventory --

O
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{} 1 and from the coint of view of recriticality again, '

t

2 that's 60 percent of your core -- all of this molten and

3 eating its way through the lower big structures, I would
O

4 consider that to be extremely limited. I think that

5 energetically you wouldn't be able to do that.

6 I believe that if you had 60 percent of the

7 core in this configuration, it would either have to

8 termir. ate one way or the other, but it couldn't last

9 very long. And that very long, I would like to put a

10 time frame to that, maybe something like 10 to 20

11 seconds. It couldn't last any longer than that. And I

12 think this time frame is short compared to what it would

13 take to melt significantly below and move to the lower

( 14 area. So that is the reason we confine our attention of

15 termination one way or nnother within the original core

16 confine, because se believe that determination will go

17 from there.

1e Any other questions?

19 (No response.)

20 All right. Now we come to the punchline; that

21 is, our conclusions, one slide of conclusions.
,

22 Basically the seme figure I showed before with numbers

23 showing on each one of these branches.

() 24 Again, I would like to reiterate that this has

25 to be taken together with our definition of

O

ALDERSON REPORTING COMPANY,INC.

440 FIRST ST., N.W., WASHINGTON. D.C. 20001 (202) 8284300

-- . _. ,__ _ _ - _ _ - .- -_ - -



_. _ _ __ _

198

'{]) 1 probabilities as given in Figure 3.3. And also, I would

2 like to reiterate that what we consider to be incredible
3 and thus a probability of 1 in 1000 was done for the

O
4 purposes of dealing with numbers with such small

5 magnitude considering their involvement here, as sell as

6 the desire to stay internally consistent.
t

7 So if we base 1 in 10, 1 in 100, we wanted

; 8 this product to give us the 1 in 1000 which we will

9 classify qualitatively as an incredible situation. That

10 is the reason we call this whole thing a qualitative

11 probabilistic result. We con't even pretend this to be

12 a full-blown PRA. We think that in fact it may be

13 somewhat premature at this point to come in and have a

14 whole distribution of those parts or even more detailed

15 p rts than that.

'- 16 On the other hand, we also feel quite strongly
/

17 that it is important that we make an effort, make an

18 attempt to quantify our thinking, our qualitative

19 thirking that resulted from all of the previous five

20 sections in terms of numbers. So we can see in order to

21 come up here, taking into account the likelihood of

22 getting like this as well as the likalin30: .f going

23 from here to here. That is the purpose here. That is

O 24 1he iateat.

25 I would like to work through with you if you

O
|
l
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(} 1 like and explain to you how we assign the different

2 numbers and why. First of all -- and again, this is

3 focusing on the loss of flow accident -- first of all,
O

4 looking at the initial disruption of the corc, we

5 believe that there is a significant potential for direct

6 disassembly.

7 In order to obtain this potential in a way

8 t h at 's truly a disassembly -- that is, giving more than

9 $30 to $40 per second -- we feel we must make some

10 end-of-spectrum assumptions. It doesn't come, in other

11 words, every time one would do a loss of flow

12 calculation one will end up with disassembly. In order

13 to reflect that then, we have put this 1 in 10, which

14 represents end-of-spectrum assumptions, but within the

15 range of expected behavior.

16 Cn the other hand, we feel that we have

17 bounded the energetics that may result from tFat

18 reasonably well. We have tried to do almost as much as

19 we could to augment and obtain a perspective on the

20 upper boundaries. Because we have done that and because

21 we see this to be something on the order of $30 to $50

22 per second instead of $100 to $150 per second, we feel

23 we would like to put this probability of failing the

() 24 vessel from this event as 1 in 100, 1 in 100 meaning we

25 would require out-of-spectrum conditions to achieve that. I

O

ALDERSON REPORTING COMPANY,INC.

MO FIRST ST., N.W., WASHINGTON, D.C. 2000i (202) 628-e300



__

200

{) 1 Now, you see, I am pointing out 1 in 100. I

2 am pointing to 3 in 100. The reason for that 3 is not

3 such fine-tuning or that ue're cutting it short, but to
O

4 show you or remind me to tell you we have still a

5 question for that -- that is, the potential of

6 LOF-driven TOP. I mentioned that to you before.

7 Becauso we find there's about 25 percent of the core

8 that has still sodium, and because that part of the core

9 has molten fuel, se sould like to analyze that more

10 carefully before se can say it is truly out-of-spectrum

11 to fail the vessel through this path. And to do that we

12 have to take into account the recent interpretations,

13 W-2, as well as other sensitivity studies, to be able to

() 14 say that also ue have adecuately bound this LCF-driven

15 TCP.

16 However, I do want to point out that the

17 LCF-driven TOP behavior itself being a rather uncertrin

18 phenomenon, and this aggravated fuel compaction

19 situation we are doing over here being itself somewhat

20 out of spectrum is almost like compounding the level of

21 pessimism, if you wish, so we have to look at that.

22 It's not only targinal, but it is also pushing th6

23 limits of realism. Nevertheless, we are really going to

() 24 take a good look Et that, and for this purpose 7e allow
25 this not to be quite out of spectrum but somewhat a

O

| ALDERSON REPORTING COMPANY,INC.

440 FIRST ST., N.W WASHINGTON, D.C. 20001 (202) 628-e300

.__



. __ -- .-

|

231

[]} 1 little less than that.

2 Now, this is 1 in 10. We also believe it is

3 rather unlikely that we obtain final dispersal and
O

4 complete elimination from the initial disruption phase

5 by going basically the only place available at this

i 6 point would be through the upper and lower blankets.

7 And again, the reason for this is because se have

8 experiments that show that these blankets will block

9 sooner or later, and at most we have penetrations of

10 about a foot.

11 So because of this we don't feel we can remove

12 40 percent of the core in this initial stage like that.

13 Therefore, again me put an out-of-ordinary,

14 and-of-spectrum kind of condition.- So the difference

15 between these two and one will lead us to -- and that

16 will be the majority of cases leading us to a

17 subassembly-scale pool.

18 Now, at this point we need to remember the

19 high neutronic activity. We need to remember core

20 disruption. Although we have removed some the fuel out

21 here -- we are quite sure about that -- this stage here

22 is highly incoherent. It has a lot of pressures up and

|

| 23 down. Maybe it shows a little tuning, but there's a

() 24 limited amount of timing available for those motions to

j 25 becomo coherent.
|

| ()
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|

!() 1 We feel there is a potential for

2 recriticality. We have discussed that before. We think

3 again it is not quite out of spectrum, but also it is
O

4 not really something that is to be expected out of the

5 time. And again, we give it the nunbar of 1 in 10

6 here. Hosever, at this point we are seeing additionel

7 removal, basically the same process that is moving you

8 from here to here (Indicating). That same process is

9 the one that opens the gaps and moves you from here to

10 here. So the same process that generates the annular

11 pool, that very same process also opens up the paths and

12 allows for fuel removal.

13 Now, if you like to roughly estimate that
l (:)
| 14 looking at the previous numbers the loss may be even 5

15 or 10 percent up here, all you need to lose is another

16 20 percent to come up with this 30 percent value that I

17 said is more appropriate for the initial stages, and you

18 have a termination to this point, to this point,

19 although we've not completed our evaluation of this

20 because we still have to do the los pressure SIMMER
.

21 calculations.

22 We feel we want to show a more realistic path

23 going out this way with a more heavy bias rather than

() 24 either of those two ways. So that's the reason there

25 for one-tenth, one-tenth and eight-tenths.

i
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(]) 1 Furthermore, because we feel we have bounded

2 reasonably the recriticalities by doing these

3 arbitrarily coherent fallbacks of all of the
O

l 4 subassemblies at maximum speed under gravity and still
'

5 being well within the design margin, we assigned to this

6 branch over here a probability that is out of spectrum,

7 not quite incredible but out of spectrum, 1 in 100.

8 Now, wa move into the annular pool. This

9 would be another here. And from the annular pool, again
|

10 end-of-spectrum conditions, but not quite out to get us

| 11 into disassembly. Again, at this point that is another

12 tuo, three or four seconds, whatever it takes to really

13 begin to attack and disrupt the internal blankets --
I

v 14 again, more time for fuel removal.

15 So another way of looking at that is if you

16 lost 10 percent here, 10 percent here and 10 percent

17 here, and if based upon the numbers I said before it

18 takes one second to lose 30 percent, you see, you

19 already have ?ome numbers from margin there. You can

20 come out at this point and have lost essentially 30

21 percent. So because of this again we put more bias to

22 the dispersal rather than the disassembly or going into

23 the final stage which is the whole pool.

() 24

25

O
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(]) 1 This again is one in ten. Again we feel we

2 have bounded, from this annular pool configuration we

3 have reasonably bounded the expected criticalities, and

4 therefore, based upon what we are seeing today, we

5 cannot exclude anc we cannot say that the vessel failure

6 would be incredible, postulating a disassembly from the

7 annular pool.

8 But based upon our understanding of the

9
|

structural capability, as well as the trends we see with
'

10 the recriticalition, we do not expect anything within

11 the spectrum of conditions that are realistic.

12 Therefore, it is out of spectrum, again one in 100.

13 And finally, if me did not obtain termination

14 at this stage, we would end up with a whole core pool.

15 There are a lot of things that one can say here and I

18 don't think it is probably worth it to take the time.

17 It takes time to get the blankets in and mixed up. The -

18 blankets dilute. There are a lot of factors, and

19 throughout this process still you would be losing fuel.

20 So before the whole core pool became coherent

21 and became fluid enough to obtain the kind of sloshing '

,

22 behavior that is pretty coherent, the kind of thing you

23 see with SIMMER, still you will be losing fuel, and;

() 24 already we have lost cuite a bit. I think one should

25 weigh that very heavily in judging this whole structure

|

C)
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'
1 here.

2 Sut in any case, having postulated it, until

3 se get there, and recognizing some of the uncertainty0-

4 because this pool is a very big pool with very strange

5 materials and we really don't have a lot of direct

6 information about those things, based again or some of

7 the recent SIMMER calculations, we feel that is the only

8 place so would like to take an even chance of going from

9 here to going over there, which is almost like an

10 scuivalent to joining this thing straight like this and

11 straight like that.

12 And furthermore, again because of the highly

13 coherent state of this whole core pool as compared to

14 the annular or previous stages, we also give it a little

15 higher weight here. We don't think it takes such an

16 incredible set of assumptions to postulate to and uo

17 with the vessel failure from this stage over here. That

18 is wny from this one over here we put one in ten. That

19 is in the spectrue, but not cuite out of spectrum.

20 Based upon these kinds of logic, then, and

21 these numbers, what we have to do at this point is

22 somehow going through all of those paths. The bottom

| 23 line is the vessel failure probabilit/ from a loss of

O 24 <ta ccid a* i= + ia 2 ooo- '8- ==atrie#tiaa a< 28-

25 different paths to that is primarily from this. This is

O
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1 the one that Gives us 3 in 1,000 and all of the rest of

2 them together give is one in 1,000.

3 I think when we cualify it better, this

4 LOF-driven TCP, this will become one in 100 as it should

5 be and the whole thing might be more lik e 20 in 1,000.

6 The general idea is that somewhere now at this moment in

7 our thinking we are somewhere between incredible as far
|

8 as considering this stage and out of spectrum.

9 And with that I think I will close this part

to of the discussion. I would like to make a couple of

11 remarks concerning this vugraph. This as well as the

12 document that accompanied the vugraphs we sac in this

13 meeting were put together really kind of running against

14 the clock for the past two weeks. He lost the

15 difference between day and night and evening and

16 morning. And therefore, because of this hectic schedule

and we only completed it just the other day, as you17 --

18 know -- at the time you received it in the mail we did

19 not have the opportunity yet to have all of the

20 consultants review and all the members of the team to

21 review each number in great detail.

22 What I think it is fair to say is, Charlie

23 Bell, with whom we integrated all of this information

() 24 provided from all the different tasks -- se put these

25 numbers together, the two of us, end I think it is also

O
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(]) 1 fair to say that the group at Los Alamos, the ahoir

2 group at Los Alamos, had an opportunity to lock rt those
|

3 numbers somewhat peripherally, because they meae runningO
4 after completing some of their tasks. But I think they

i 5 had a look at those numbers, more, let's say, than some

1 6 of our consultants at Sandia or Erookhaven or some of

7 the universities.

8 But what me intend at this point to do here is

9 to commur.icate all of this info ~rmation to the whole

10 consulting team, and we are going to ask them for their

11 inputs, their criticisms, suggestions, or what have you,

12 again as an input to our beginnings of putting together

13 the report.

() 14 Also, I want to say that this is, as I

15 mentioned already, not completely resolved, not

16 completely finished. We are still maybe in the trailing

17 edges of this evaluation, but still we are tightening

18 loose ends, especially in the areas of LCF-driven TOP

19 and in the area of getting this kind of dispersal. We

20 have to do some more things with plugging, freezing, and

21 the timing of those processes.

22 So this represents the best way we could put

23 together our best judgment of how we see things

() 24 together, and we fully expect this will be the case.

25 Also, a few months later when you have the report and
|

O
|

|
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1 you have everything to be fully documented, I think if

2 you ask me, if anything, you will see this number going

3 back and these numbers over here going up.,

V
4 In fact, it is interesting because about three

5 or four weeks ago we put together a similar chart for

6 the NRC Staff because they had to us some other

7 questions and they wanted to have from us our thinking

8 at that time. And at that time these numbers were here,

9 almost an order of magnitude bigger, and those numbers

10 were an order of magnitude lower. So you see, the

11 tendency is for these things to become smaller and those

12 things to become bigger as the time goes on.

13 With that I would like to ask you if ycu have

( 14 any questions on this, first.

15 MR. CKRENT: I assume everything you've

16 presented is up for discussion now, or is there still

17 another presentation?

18 MR. THECFANGUS: I think what I would like to

19 suggest is, first of all see if we have any questions

20 with respect to that. Secondly, I would like to open

21 the discussion with respect to everything I have said up

22 to now. And following that I would like to go back to

23 your request to go back to the other members of the team

({) 24 and having them stand up and give some of their

25 feelings.

O
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(]) 1 So at this point I'm asking you, are there any

2 questions on this slide.
{

3 MR. CAR 20N: I'm not clear yet on where you

4 got the 4,000.

5 MR. THECFANOUS: The 4,000 comes from

6 multiplying all the arrows, this times that, plus this

7 times this times this, plus this times this times this

8 times this, plus this, this, this, this, this, all of

9 these summed up. And the major contributor is over here

10 (Indicating).

11 MR. LIPINSKI: The one arrow leaving

12 disassembly into in-vessel containment is not labeled,

i 13 but I assume that's 85 and 1007

14 MR. THEOFANQUS: That's right. That would be

15 the difference.

16 MR. KASTENBERG I want to make a comment on
<

17 that vugraph. Something you said this morning bothers

18 me a little bit.

19 MR. THE0FANCUS: All right.

20 MR. KASTENBERG: I guess first let me preface

21 that by the following comment. If I truly wanted that

22 to be qualitative, if I were doing it, I guess I mould

23 have put category A for what you have one in ten,

() 24 category 3, category C, category D, and I would have

25 left it at that. And the reason is because of this

O
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() 1 concern with something you said this morning. You said

2 at some time in the future when someone does a PRA you

3 would be calculating some of the probabilities and
O-I

4 frecuencies for component failures and so on and so

5 forth, and then he could combine it with some numbers

6 and come out with some risks. And to me --

7 MR. THE0FANQUS: That would be wrong.

8 MR. KASTENBERG: That would be wrong. You

9 would be mixing apples and oranges.

10 MR. THE0FANCUS: Right, right. And that is

11 exactly why we highlight this here, and that is why I

12 gave this extensive qualification *:lis morning about the

13 importance of not mixing thingt Jp like that. But 8111,

14 if you were to do that then you would have to tell me

15 hos you were going to multiple category 1 times category

16 2 and what would be your result.

17 MR. KASTENBERG: That's the point. I

18 sculdn't.

19 MR. THEOFANOUS: You couldn't do it. No, no,

20 I'm talking about, you put here a category 1, here a

21 category 2i now what is the bottom line here? Is it

22 category 1 times category 27 What does it mean?

23 We feel very much like you do, but as had to

() 24 come to grips with giving you a bottom line here. If we

25 gave l's, 2's and 3's here all along, that is the

O
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(]) 1 ocuivalent to only making qualitative verbal

2 statements. But you can't multiply words.

3 We thought then so would like to take that as
O

4 a first step in this process of quantifying it, trying

5 to be very cautious and putting all of the red flags in

6 that se could. At the same time, we needed something we

7 could multiply, and that is the reason for defining very

8 carefully the levels of probabilities and then trying to

9 make them at least internally consistent, so one in 10

10 , times one in 100 is one in 1,000. And what this

11 represents is an outside of spectrum situation times a

12 situation obtained at the end of spectrum, and that is

13 our definition of very highly unlikely or incredible.

14 And if you don't do that you really cannot come down

15 with a bottom line here.

16 MR. KASTENBERG: Theo, I'm not convinced that

17 an end of spectrum times an end of spectrum gives me

18 something incredible.

19 MR. THEOFANGUS: I didn't say end of spectrum

20 times and of spectrum. I said end of spectrum times

21 outside of spectrum. One in 100 is outside of spectrum,

22 something you can't see how you can get, and one in 10

23 is an end of spectrum.

() 24 Now, the two together, if they have to happen

25 one after the other, it seems to me it should be

O
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(} 1 something more than end of spectrum. And still you have

2 to have a way of conveying that information. Now, as I

3 talked with you, I 'm sure so wouldn't have any problem
(
! 4 oven to go through and say, category A times category 2

5 mill give us a category 2 prime or whatever.

6 But when you try to convey this information to

7 some other people who are not really living with those

8 things as much as se have, you have a problem unless you

9 can actually come up with a bottom line, and that is an

10 effort in that direction. It is not really an easy

11 problem, 3111. It is really very difficult to do.

12 MR. LIPINSKI: What is the probability per

13 year for your LOFA, the top event?

() 14 MR. THEOPANOUS: For that I think you will

15 have to ask somebody else, like Mr. Morris back thers.

16 MR. LIPINSKI: I assume the initiator --

17 MR. THEOFANCUS: It's a very low possibility.

18 MR. LIPINSKI: I assume it's an ATWS.

19 MR. THECFANOUS: It's a very los probability,

20 right.

21 MR. LIPINSKI: So given what was a numerical

22 design for*a goal for the shutdown systems, you then

23 have that as an opportunity to say it's an applicable

() 24 number, plus the challenging events.

25 MR. THECFANQUS: That's right, sure. In fact,

O
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(]) 1 it turns out, I don't even know if it's wise to say that

2 now, but if you took these numbers times those numbers

3 here maybe you are not very far off.
O

4 MR. LIPINSKI: You are moving the decimai over

5 two more places, three more places.

6 MR. THECFANGUS: If it was easy to do we would

7 have done it.

8 MR. LIPINSKI: The question is, can you get

9 someone to believe you.

10 MR. GKRENT: Since you have put numbers on, I

11 have to ask you what the uncertainties are in the

12 numbers in your opinion. You came up with three or four,

i

13 in 1,000 or whatever it is.

( 14 MR. THE0FANOUS: I tried to say that this

15 morning, and only to convey, to truly convey cur

16 feelings concernin; the uncertainties, se should have

17 given you in each one of those, instead of being just

18 frecuencies, we should give you whole distributions. We

19 feel, however, that we are not able to do that now. We

20 don 't know enough to do that now in any reasonable way.

21 And however, also se feel that should not be an

22 impediment for us trying to give you an end of spectrum

23 kind of situation.

() 24 The way we look at these numbers is high

25 confidence, high confidence level numbers for those

| (
|

|
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1 occurrences. I can't very sell give you an uncertainty

2 around this already, end of spectrum. The way to

3 interpret these numbers is, our best judgment is an

O
4 upper limit of those cases that can give us that. What

5 that is is, again our best judgment, the upper limit of

6 those cases that can give us that (Indicating).

7 MR. OKRENT: Are you saying 4 in 1,000 is a 99

8 percent confidence level?

9 MR. THECFANGUS: Something like that, yes, a

10 very high level of confidence. Now, whether it's 99 or

11 95, Dave, I don 't know.
I

12 MR. OKRENT: I 'm just taking your words. You

13 said it's a very high level of confidence.

( 14 MR. THEOFANDUS: I think the important point

15 and I think it's an important question you are asking--

is those are not best estimates. We do not estimate16 --

17 these that 50 percent of the time that will be coming

.

18 this may (Indicating). We intend it to be an upper
|

19 limit of the frequency.
/

20 MR. OKRENT: You didn't say 50 percent 3 you

21 said 10 percent.

22 MR. THE0FANQUS: I say that is ' shy it is

| 23 ore-tenth. If I wanted to give you a best estimate --

(]) 24 MR. OKRENT: No. My question is, is the

25 one-tenth intended to be a best estimate or an upper

O
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(]) 1 limit in your opinion? From what you have just said

2 now, I really don't know.

3 MR. TH50FANCUS: I was trying to explain a

4 concept, but I don't think I got through. Let me try it

5 again.

6 In order to really give you my feeling of

7 uncertainty on this number, instead of giving you a

8 number I should be giving you a probability

9 distribution. Now, I am not doing that because I don't

10 think I know enough how to do that. If I were going to

11 give you a best estimate for taking this path, I would

12 try to hit that probability distribution under the

13 maximum, and that would give you that frecuency. I

14 don't want to do that also, because then you will ask me

15 what is the breadth.

16 Rather, what I would like to do is take the,

17 end limit of the cistribution and give you this number,

18 this frequency, as representing the end of spectrum of

19 the probability distribution. So that is a high

20 confidence level number for the frequency of those

21 events. Is that clear?

22 MR. CKRENT: No.

23 MR. LIPINSKI: 95 percent confidence.

() 24 MR. THECFANOUS: Is the limit of the

25 probability distribution. If this was going to be a

O
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(]) 1 best estimate number, it should be at the 50 percent

2 level. I am putting it out to a very high level so that

3 I can make it an and of s p e c t r uin , as I want to. If I

4 had given you a best estimate, you see --

5 MR. OKRENT: I 'm sorry. My understanding is,

6 because it is and of spectrum you assign it one-tenth.

7 Am I correct?

8 MR. THE0FANQUS: That is right.

9 MR. OKRENT: Then it is best estimate end of

10 spectrust is that what you are saying?

11 MR. THE0FANOUS: Eight, right.

12 NR. OKRENT: It's not -- all right, let me
i

i 13 leave it at that.

14 MR. THEOFANDUS: If that is what you think

15 best estimate end of spectrum --

16 MR. OKC*NT: Okay. So the one-tenth is your

17 best estimate of the value?

18 MR. THEOFANQUS: Of the end of spectrum. That
i

19 is important.

20 MR. OKRENT: But you said it's end of

21 spectrum.

22 MR. THEOFANOUS: Yes.
|

23 MR. GKRENT: Okay. A small point. If you

() 24 have dispersal, but a limited amount, I thought you said

25 it is possible you can get blockage. Is that right?

O
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(} 1 MR. THEOPANOUS: Yes.

2 MR. OKRENT: But you don't expect to have

3 blockage over the whole flow region from shich more !O
4 dispersal could occur, is that it?

5 MR. THEOPANOUS: No. It is pegsible to have

6 that, and in fact that is why this number is so small.

' 7 If we felt we could have dispersal that is monotonic and

8 going out both exits of the core, this number would be a

9 very big number.

10 It is small because se expect some fuel will

11 get into the upper and lower blanket regions. However,

12 it is going to plus there. It is going to occupy

13 somewhere maybe between 10 and 30 centimeters. That

() 14 means a significant fraction of the core is being

15 removed. But it is not now -- the core is not

16 unolocked. It is blocked at this point. So from then

17 on we have to look at other paths for getting fuel out.

18 I don't think I want to discount the

19 possibility that because of the co-disruption for those

20 blockages to be in fact reheatable, because they contain

21 fuel and as you go through these power pulses you might

22 get a remelting of those blockages. However, we feel

23 that this is again in the periphery of uncertainty and

() 24 se don't really want to count on that very heavily. And

25 that is why from here on we take into account only intra

O
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1 -- inter, blanket to blanket depths.

2 Sut in fact, it's very likely we will have a

3 regelting and a reopening of those spots and additional

O
4 fuel coming out from there. The interesting part is

5 also, if those blockages were to become remolten blanket

6 material would be coming into the core with them and

7 would provide further dilution and would make the

8 criticality even more difficult to achieve, and that is

9 also important.

10 MR. OKRENT: That seems to me to be a sort of

11 slow thing. But I don't want to get into it.

12 MR. THE0FANDUS: A slow what?

13 MR. OKRENT: The rate at which the plug

14 material leads to molting of the blanket material.

15 Based upon all of the time periods you have been talking

16 about, that strikes me as being something slow.

. 17 MR. THE0FANOUS: It's relatively slow. That's

18 why you're not counting for it. But slow in this case

19 deoends on what sis the power level. If you're going to

20 have a high power pulse, it will accelerate. If you let
1

21 it at decay heat levels, it may take 30 seconds, for all

22 I know 40.

23 MR. OKRENT: Ia.7 going to have to cut out

| O 24 ba=* zo *= 4:oo ad === *i 6 *=r- ** - i< *" r r-

|
'

25 comments that other participants who are here wish to

O

ALDERSON REPORTING COMPANY, INC.

440 FIRST ST., N.W., WASHINGTON. D.C. 20001 (202) 62&9300

._ _ _ _ _ - _ _ _ - _ _ - - - _ _ - - - - - -



. .-. - - . _ .

I

219

1 make, I would like to hear them in that time period. Is[}
2 that --

3 MR. THEOFANQUS: I was planning to do that.
O

4 Are there more questions on this one before I take it

5 off?

6 (No response.)

7 All right. If there are no more cuestions on

8 tFat, I would like to call for any cuestions of a more

9 general nature over the whole presentation today first.

10 MR. OKRENT: I have cuestions that relate to

11 the accident you didn't cover. Now, is that a part of

12 today or is that not part of today?

13 MR. THECFANDUS: I think accidents se did not

() 14 cover, we will be happy to hear the questions because we

15 are covering them nom. And maybe if you want

16 substantial answers for those, you might have to wait

17 until se meet again, shore se finish that part.

18 MR. OKRENT: On a general question, which, if

19 any, do you think may be significant?

20 MR. THE0FANGUS: From those other ones?

21 MR. OKRENT: (Nods affirmatively.)

22 MR. THEOFANQUS: I like those leading

23 questions.

() 24 My personal bias -- and here I guess our

25 personal biasas do come into the picture -- my personal

| )
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I bias says that the loss of flow accident really should

2 be possible to envelope energetically everything. On

3 the other hand, I think we are looking very carefully at
O

4 the earthquake, beyond safe shutdown earthquake. But

5 what core variations can that introduce?

6 And we are also looking carefully at the

7 post-accident her t removal structural failures, because

8 of the high temperature creep, again because you don't

9 know what kind of situations we can get into, because

10 these cases have not been looked at in any great detail

11 up to now.

12 Therefore, if you ask me, those are the main

13 areas I am looking for, if anything, for some unexpected

() 14 behavior. But I doubt I will find one, but that is

15 where I am looking.

16 Cn the transient overpower, at this point the

17 state of development is that the project has promised as

18 one of the action items to give us the end of cycle free

19 core neutronic data and as of today we have not received

20 it yet. We had a telephone call from Fauske C

21 Associates three weeks ago when I was out at Los Alamos

22 trying to erestle with all of those things, and we have

23 heard that the data is in the mail and we have not

(]) 24 received it.

25 The reason we are interested in this data is

O
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| (} 1 because we want to validate from the point of view of

2 TCP, we want to evaluate as coherent a core as possible,

3 and that USE-3 data and USE-3 behavior would be the most
)

4 coherent of the cores. We have done, however,
I

5 evaluations in between by taking other neutroric data

6 and putting in coherencies that we expect for the

7 USE-3. But we should have the data to address that.

8 So from that point of view, that is one item

9 we are expecting to obtain for transient overpower. And

10 when se have that, as soon as we receive it, so will be

11 ready to get on and do the analysis.

12 And in addition to that, the other element

13 that is needed is the initiating driving ramp, and for

() 14 that one we have a special task and we have people

15 talking to the instrumentation people of Westinghouse to

16 get us with a good bound on what can be expected. The

17 project position is 10 cents per second is the maximum,

18 and if you believe that it doesn't appear there's a big

19 problem there. But we would like to confirm this.

20 So those are some of the ongoing activities.

21 MR. MARK 3 Could I ask and I am afraid you--

'

22 will be hideously scornful of my cuestion -- is it then

23 correct for me to be assuming that you have studied and

(]) 24 concluded that the time scales for sodium to get away

25 from the reactor and realize the sodium void

O
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1 coefficient, for other things such as that to happen,

2 fer fuel to accumulate, those time scales are at.certain

3 ranges which you have attempted to explicate. But ths,

)
4 ramp rates that may result from whatever might go on are

5 limitedl that the energy which is available for high

6 number work is consequently limited 3'and that a total

7 disruption of the core so far as the in-vessel features

8 are concerned is not threatening, and the HECOA may be

9 viewed somewhat complacently because of those linas of

10 argument, which you have worked through and tried to pin

11 down.

12 Is that at all a summary of the position you

13 have been bringing us?

( 14 MR. THE0FANGUS: This is a very excellent

'5 summary of my whole presentation.

18 MR. MARK. This does not discuss, then, what

17 might happen if the fuel is at high temperature and

18 begins to burn through the bottom of the pot.

19 MR. THEOPANOUS: Right.

20 MR. MARK 3 That is separate. But it does say

21 that anything resembling an explosive reaction,

22 something that will lift the lid sort of to the roof, is

23 not really sensibly to be considered?

() 24 MR. THEOFANOUS: This is a very good way to

25 put it.

O
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1 MR. MARK: Thank you.

2 MR. OKRENT: Could I ask, has anyone made a

3 list of the circumstances which, if they could occur

O
4 physically, would be sufficient to lead to an early

5 failure of the inner containment?

6 MR. THECFAN0033 Of the containment, now, or

7 of the vessel?

8 MR. OKRENT4 I said the inner.

9 MR. THE0 FAN 0053 The primary?

10 MR. OKRENT Yes.

11 MR. THECFAN005: That is what we have

12 attempted to do here.

13 MR. OKRENT: No, I'm sorry. That's somewhat

() 14 different. What you have done here is taken a certain

15 initiating event and tried to analyze it through with

16 some branch points. The cuestion I was asking was

17 whether someone has tried to say what the, I sill sty,

18 physically possible situations are that could in fact
1
'

19 Jeopardize this containment if they could occur?

20 MR. THE0FANDUSJ Oh, I think you can find a

21 whole list of that over the literature ever the years.

' 22 We have nothing, yes, but one more hypothetical

23 situation that someone postulates.

(} 24 The important point, Dave, is do you want to

25 disjoin yourself from all physical reality and say, I

O
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{]) I have all of this fuel now, what can I imagine this fuel

2 doing to give me a large energetic? Or do you want to

3 start from someplace that physicelly makes sense and

O
4 take it all the way through, not one path but all

5 possible paths that you see at every point of your way,

6 and you see what kind of a physical reality you are

? confronted with?

8 I think sha': we have done here is exactly

9 that, and we believe it is reasonably complete for the

10 loss of flow accident, that is, given an initiator or

i 11 failure to scram with loss of pumping power. And wo

12 intend to do the same thing for TCP, not to the same

13 level of detail, but TCP, seismic, loss of heat sink,

() 14 and all those other things.

15 MR. OKRENT4 Well, your answer or your current

16 tentative conclusion may be in the end generally

17 accepted or even valid.

18 (Laughter.)

19 MR. THECFANOUS: I like that.

| 20 MR. OKRENT: However, I am trying to ascertain-

21 something different. A moment ago you mentioned, maybe

22 in the loss of heat sink postulatec accident you might

23 lead to a condition where the vessel itself begins

() 24 straining too mu:P, as I recall. What is your concern

25 in that sequence?

O
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(]) 1 MR. ThEOPANDUS3 My concern is not only

2 necessarily from the point of view of the vessel, direct
'

3 vessel failure, but I'm also interested in what happansO
4 to the coolant in the core during that time. And again,

5 tne're has been time in the past, again, that people have

6 looked.at loss of heat sink accidents and they said we

7 could obtain recriticalities and they were looking at
/

8 these recriticalities in e. framework postulating

9 e v e r ythin g; int a c t .

10 'I am concerned that perhaps the whole

11 framework in which this analysis was done is erong. I

12 think'we have to f ollow - - it 's very important to follow

13 it from someplace, and you follow it reasonably

14 realistically to sat what is the real situation we are

15 confronted with. I think it 's very dangerous if you ad

16 hcc a lot and take out, and not necessarily

17 conservative. You pull out a case and say, I will
.

|#
18 examine the energetic potential of this case. / <

19 MR. OKRENT: Well, again let me pursue the j
20 matter a little bit. Are you able to rule out that ane.

21 energetic disassembly could threaten the early failure

22 of the inner containment if there is no sodiun above the

23 core at all?

() 24 MR. THECFANQUS: I answered you that
i

25 g question. If there's no sod 16m to focus the energy, I

>

'

',.
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1 expect for a given ramp rate to have less of a}
2 . consequence than se had.

3 MR. OKRENT: Less I understand.
O

4 MR. THEOFANDUS: Less than 100 dollars per

5 second. And again, I am saying what is the potentiality

6 for actually this event happening that you are

| 7 postulating? It sill depend upon what is following a
!

8' loss of heat sink accident. If that whole vessel was

9 going to start flowing under grtvity, it would be one

10 thing. If the vessel will be setting there and the

11 sodium boiling off, that will be another thing.

12 The proper way to look at it is to see what

13 the different structural components are going to do as

() iO they are slowly heating. That again was not the topic

15 of my discussion today. We have another task that is

16 this specifically, and an emphasis looking at this

17 phenomenon.

18 MR. OKRENT: Well, let me say why I askee the

19 q6Jstion, and I was not suggesting that you look at all

20 possible physical phenomena. Those were your words, not

21 mine. Sometimes if you can envisage a situation which

22 is troublesome and you don't know how initially it might

23 arise, when you set your mind to it you see ways in

() 24 which it might arise.

25 Let me give you an example from the light

i

O
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|

| {) I water reactor area. If people ten years ago had said to

2 themselves, if I got into a situation where I had an

3 irradiated vessel and if I subjected it to a sharp
O

4 transient in which it was rapidly cooled and if I then

5 repressurized it, I could possibly lead to rupture of

6 the vessel --

7 MR. THECFANQUS: Right.

8 MR. OKRENT: At the time they would have had

9 no obvious candidates for this event. Maybe if they sat

10 and thought about it for a while -- I am talking about

11 ten years ago.
,

12 MR. THE0FANOUS: I don't think -- they would

13 have no candidates for that. They are designed for

() 14 that, not necessarily all of the transients we ure

15 looking at now, but it's my understanding all the

16 vessels are designed to take a certain thermal shock

17 transient.

18 MR. CKRENT: They had some design basis

19 transients that were in the FSAR, indeed.

20 MR. THSCFANCUS: Sure.

21 MR. CKRENT: Which in fact did not produce,

i

22 severe conditions. And my point is, if one then had

23 said, given a sufficiently severe transient with a

() 24 repressurization, this might lead to failure, one might

25 in fact have said, gea, I don't have any candidates

O
i
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1 then, but it might have triggered somebody's thinking(}
2 and he might have arrived earlier than let'? say the

3 community did to the general feeling that there were

O 4 some transients that at least could reach that category

5 possibly.

6 What I am getting at is, it can be helpful to

7 understand situations that would give you trouble 11

8 they could occur, even if at the moment you don't see

9 the transient yourself that gets you there. Now, that

10 is different than saying, I am going to postulate, as

11 people did back in the Enrico Fermi reactor days, I will

12 assume the core is somehow being moved together so you

13 get 100 dollars per second or even 1,000 dollars per

14 second or whatever. That is not the same thing.

15 MR. THECFAN005: I understand.

16 MR. GKRENT3 Okay?

17 MR. THEOFANQUS: Yes, I understand the thrust

18 of your question, Dave, and let me respond in the

19 following fashion. I believe -- and I think again

20 within our team we have had extensive discussions, and I

21 think we are pretty much in tune here -- that one should

22 be mindful of variation of behavior. I think if there

23 is one group of behavior very mindful of all kinds of

() 24 strange possibilities happening, this is the group of

25 people you are looking at.

|
' ()
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1 Not only ourselves, but a lot of people in

2 this business have looked at that over a long period of

3 t i rs e . So we don't want to set with one path, we don't

4 want to pursue from the point of view of sorrying only

5 about one eventuality. However, I want to point out a

6 number of things.

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

; 22

23
,

O 24

25

O
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(]) 1 First of all, the situation as far as the

2 LMFBR core-disruptive accidents is, I think, from the

3 point of view of assessing the general spectrum of
'

;

4
| conditions that can get you into that, I think is much

5 ersier to handle from the point of view of actual

6 analysis and looking at that than water reactors simply

l 7 on the basis of the kinds of transients that have the

8 potential of getting you into the core-disruption in

9 LMFBR versus the very wide variety of things, some of

10 them which can be going on for hours having to do with

'

11 ECC coming one coming off, pumps coming on and off and

12 the pump sitting there and the operator responding to

13 that.

( 14 So if you would like to think of it in terms
|

15 of a set of conditions, the way I see it it is almost

16 like a very big set of conoitions in water reactors that

|
| 17 may involve a number of different things that can get

18 you in a bad situatior as opposed to the LMFBR. You

19 really have to have & gross power to cooling mismatch.

20 MR. OKRENT; I will stop you there. You can

21 postulate a loss-of-coolant accident, but you have to

22 rupture two vessels.

23 MR. THE0FANOUS: That's right. So within

() 24 limit, within reason, as you said before, you cidn't

25 mant to take the Fermi reactor jumping up and down. I

|

)
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(} 1 don't think you want to take rupturing three vessel

2 walls one after the other as well as the cavity.

3 MR. CKRENT: You were talking about an
O

4 earthquake more severe than design basis a moment ago

5 that right be a candidate, I don 't know.

6 MR. THEOFANCUS: We have to look at that, and

7 we also have to look et some reasonable probability

8. limits for this.

9 MR. OKRENT3 The kind of question I am curious

| 10 about, and the answer may be very straightforward, if

11 you got into a situation I will call a slow heatup --

12 MR. THECFANCUS: Yes.

13 MR. GKRENT3 -- for example.

( 14 MR. THECFANQUS$ For example.

15 MR. GKRENT: For example, you lose the coolant

16 above the nozzles and then you slowly -- you are shut

17 down but you boil off.
I

18 MR. THECFANQUS: So it's a loss of heat sink

19 situation.-

20 MR. GKRENT: A loss of heat sink accompanied

21 by a slow loss of sodium so that the upper part is

22 heated.

23 MR. THECFANOUS: Yes.

() 24 MR. CKRENT: Then you were to get some kind of

25 reactivity excursion with no sodium or no significant

O
|
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(]) 1 sodium above. Maybe some little bit of sodium around.

2 Could things above be weakened significantly so that

3 this lasser force, because you don't have a sodium slug,

4 still be enough to threaten integrity? I have no reason

5 to think it would be, but I don't know if anyone has

6 looked at it.

7 MR. THECFANGUS: Again, I am coming back

8 saying, we are looking at that as a part of our I.4

9 task. We are looking exactly at this set of phenomena.

10 Loss of heat sink, uncontrolled and unprotected. It

11 carries on. We will see how the core might be

12 responding. It could very well be that as part of the

| 13 general spectrum of conditions we will consider

14 reasonable for that will be one like this where you boil

15 off the sodium and then at the time you have to worry

16 about it there 's no sodium there.

17 If that's within reason, if we can claim that

18 situation to be within reason, we will do the

19 calculation and tell you. If you like, we can even do
.

20 the calculation nevertheless and tell you next time what

21 would happen. It's a simple thing to do. It is a

22 simple calculation.

23 MR. MARK: I wonder if I could come back to

() 24 the thing I was really fishing for before. You have

25 first satisfied yourself that the most violent kind of

O
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() 1 disturbance would be a TCP.

2 MR. THEOPANQUS: Excuse me, I didn 't follow

3 that.-

4 MR. MARK: Perhaps you didn't say that, but

5 the most violent disturbance you were prepared to

6 discuss or even suppose could occur was something of

7 that sort. And in that context, you have given thought

8 to the rates at which various things could proceed.

9 MR. THECFANDUS: Right.

10 MR. MARK: And that has brought you to

11 conclude that they sould not lead to an explosive or

12 vessel-disruptive result. And that applies, and in

13 detail applies, to the present heterogeneous pattern of

14 the CRSR.

15 MP. THE0FANGUS: Right.

16 MR. MARK: It does not necessarily apply to

17 the CDS or the previous CRBR homoegenous fuel design.

18 So it does not apply to LMFBR generally but just to this

19 particular arrangement.

20 MR. THEOFANDUS: Correct.

21 MR. MARK: Thank you.

22 MR. THE0FANDUS: And that is why, by the way,

23 another question came up as part of my discussion with

() 24 some of the subcommittee members as far as that kinds of

25 things se should be covering. I think someone asked me

O
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() 1 -at if the core was to change a few years later, and I

2 ,9ey emphatically stated we are reviewing this core and

O cny other core will have to be reviewed separately.
O

4 'ase retetors are very much core-dependent, those ,

|

5 accidents are very much core-dependent in these reactors. |

1

6 MR. CARBCN: Something was said on this this

7 morning, and I am not sure exactly what, but Charlie

8 Kolber's latter of July 7 talked about deep concern of

9 Los Alamos and Sandia over the ability to resolve the

10 question of containment failures in C.1SR and so on. Are

11 you aware of that letter?

12 MR. THECFANDUS: I am aware of the latter.

! 13 The letter was mentioned before. I thought Dr. Ckrent

14 was talking about another letter because Dr. Kolber

15 likes to write a lot of letters, and there was another
,

18 letter that said a similar disassembly calculation may ;

i
17 be overly pessimistic because there were some early |

|
18 calculations done by somebody that gave a very early |

t

I 19 disassembly.

20 MR. CARBON: I believe that was the same

21 letter.
i

; 22 MR. THECFANOUS: Is that the one you're

23 referring to? That's another letter I think than this
,

() 24 one.

25 MR. CARBON: It said maybe face some

}

|
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1 uncalatable truths with regard to the heterogeneous core

2 and so on. Are ycu aware of what he is talking about?
,

| 3 MR. THECFANQUS: We are aware of the letter.
| O
l 4 We have seen it.

5 MR. CAR 20N: Do you feel there is substance to

6 it, or is it something that --

7 MR. THECFANOUS: I think that is maybe a very

8 timely question because I was just ready to ask some of
r

| 9 the Los Alamos and Sandia people to respond to Dr.

10 Okrent. And if they do have a problem, now would be the

11 time to say it.

12 As far as I am concerned, we have kept in very

13 close contact all along. We read together, in fact, the

14 letter with Charlie Bell. And as far as we can tell, wo

15 could not really identify what gave rise to this

16 verbiage that you see in the letter. As best as I can

17 say, speaking for the team here, se are of one mind as

18 far as which way se are going and how we are approaching

19 the problem. There is not the slighest question about

20 that.

21 I think that maybe ecch one, depending upon

22 his own backgrounc and individual temperament might be

23 more or less willing to assign numbers to a given

O 24 au 111 tiv < tims- a=1 1 181=w 11 - < ir *- v-

25 all have a similar cualitative feeling. And also, as I

O
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() 1 said before, not all the participants had an opportunity

2 to look hos Bell and I have transcribed our qualitative

3 feelings to numbers. And it still could be seen whether

4 all of them would agree, although really I have no

5 reason to believe there would be any big difference more
i

l

6 than an order of magnitude there.

7 And with that, in fact, I want to go one step
,

l

8 further in sayin g we even share, as I mentioned here,

9 the feeling as far as what areas need additional

10 attention, and we see them exactly eye to eye. And I

11 mentioned already some of them. Let me just enumerate.

12 The LOF-driven TOP marginal situation, we will look at

13 it. The fuel dispersal in going through the paths, the

14 freezing, plugging, and getting out, the timing involved

15 there. Again, we need to do more on that.

16 And with that, I would like to ask nos the

I
17 individual members of the team to stand up and address '

18 Dr. Okrent's question. In particular, I will ask them

19 te highlight their feelings about any potential problems
i

20 that they see that we have not covered here as such.

21 MR. MARK: Could I ask, Max, do you know

22 whsther Bob Avery agrees with the qualitative

23 conclusions that have been conveyed to us?

() 24 MR. THEDFANQUS: No, Dr. Mark. I don't think
l

| '

25 Dr. Avery even knows of that. The er.ly people who have

CE)
'
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(]) 1 seen this summary we sent you with the numbers, of

2 course, yourselves, if you had the Federal Express

3 package sort to you Tuesday morning, hopefully. Also, I
(

4 sent one package to Dr. Fauske, and he tells me he made '

5 copies and gave to the other members of the project. )
;

6 And I talked briefly on the telephone with Dr. Fauske

7 yestercay, and as far as I can tell, they seem to have

8 no big problems with the numbers we have here.

9 MR. MARK: I say Avery because I suspect among

10 all of us here he has spent as much time as anyone on

11 questions of this sort and has as deep a comprehension

12 as one could ask anyone to have. And if he is in

13 concurrence with the rather encouraging report you have

14 on the CRBR design, it would be helpful to know that

15 indeed he has that feeling.

16 MR. THEOFANOUS: Right. In fact, what we are

17 planning to do and what we would like to do now that we

18 have a little bit more time after this meeting, I will,

|
'

19 send to all of the members of the team this final copy

20 you have in your hands. I will send also a copy to Dr.

21 Avery and ask for his comments as well as many other

22 people we think can take the time to be.J us as we
l

23 embark upon documenting the final report for this. It

| () 24 would be very helpful to have this information.

25 MR. MARK: Are you going to call on some of

O
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1 your people?

2 MR. THECFANDUS: Yes. Maybe you can start

3 from Charlie Bell.O
i 4 MR. B E 8.L : I think Theo has enumerated some of

j 5 the areas that still concern many of us. It's

6 interesting in this group of people the different levels

7 of skepticism that exist. I think to perhaps put Dr.
I
! 8 Okrent somewhat at rest, if we can get ourselves all

9 eaually convinced, I will feel pretty comfortable. I

10 think se have skeptics that will match the best. And

11 that's good.

12 I think purposefully people were selected

13 because there were a number of points of view

14 represented. Theo and I certainly don't share all of

15 the same perspectives and points of view, but I think we

16 have found in the working relationship it's a very,

17 healthy thing to have to convince each other of

18 different points of view, and out of that comes a

19 stronger understanding of the overall problem.

20 I think in our last meeting we endeavored to

21 show you a status at that time in which we had reviawed

22 the applicant's situation and then some preliminary

23 s c o p in g analysis of our own in an attempt to highlight

j () 24 problems and also an attempt to develop where the

25 thresholds to severe difficulty might be, under what

O
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(]} 1 assumptions one might have to put together in a series

2 to get certain thresholds of whether it be autocatalytic

3 behavior or ehatever.

4 And what we find is except for the situation

5 of the LCS-driven TCP being brought on us by this

6 free-slip axial compaction of the columns, that appears

7 to be the only candidate left that has this potential

8 for this kind of behavior and difficulty in trying to

9 resolve it.

10 So I think that is why we are putting a lot of

11 emphasis on that right now. As Theo says, it doesn't

12 exist with the preponderance of likelihoods as it has in

13 the previous core design, and it does tend to be out

14 there on the end of spectrum because of the number of

15 assumptions we have to make.

10 Nevertheless, because of its potential to

17 provide a difficult situation, we have to look at it in

18 detail. There are a lot of cleanup items se have to do

19 yet. Like, you mentioned the end of cycle core, that is

20 a case in point where we have tried not to bias

21 ourselves into a particular way of thinking. Cne has to

22 trade off a number of things in looking at these various

23 accidents.

() 24 The very ideas of cores manifesting more or

25 less coherence, more or less sodium void, more or less

.

C:)

1
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() 1 fission gas pressure abovel those various things will

2 act in different ways, and or.4 should not presume he

3 knows how coherence will always manifest itself, and

4 that is why we want to be sure we look at a number of

5 points along the fuel cycle so that we know and can

6 identify some major trends and behaviors, and that's the

7 thing we are looking for. We are looking for trends in

8 behavior that are relatively immune to a lot of datail.

9 he discussed that in our previous meeting. If

10 everything we do is extremely dependent on every detail

11 and there is not a fundamental identifiable degree of

12 forgiveness in this accident response, we have trouble.

13 We have been fortunate in the last few months to see the

14 system portray a lot of forgiveness to details.

15 I don't think anybody necessarily can take
i

| 16 credit for that. That's the way it is, and wFat se are

17 doing is trying to sort it out and find a response of

18 the system. So now if I might just comment on Dr.

19 Kolber's letter, I am not exactly sure of the route of

20 his interpretation either.

21 I suspect, however, since a number of us wore

22 away, I think at this last ACRS meeting the last time

23 when he happened to bs visiting out there, I suspect

() 24 that the icea that he came away with was that if we did

25 not achieve a significant amount of fuel removal in

O
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(]} 1 these early stages that Theo was talking about and we

2 progress as a major accident trend to the whole-core

3 pool eith a high inventory, that se sould have a serious

4 situation. And I am not sure I am unprepared to back

5 away from that sort of interpretation of the situation

6 at this point in time.

7 We have seen some trends, however, where

8 because of the flux-shaped changes and disassemblies

9 taking place in puddled systems, that one does have a

10 fair amount of that fuel removal, not even up to the 30

11 percent necessarily, these systems may in fact not

12 manifest as much energetics as we might have otherwise

13 suspected.

14 But that whole-core pool, because of its 2

15 degrees freedom and its ability to move material from

18 the outside toward the center is a very different

17 situation. I think that's all I need to say at this

18 point.

19 MR. MARK: I am afraid, Max, I have to leave

20 before se get to Fauske's, et al., presentatier.. Has

( 21 the Staff had time, Mr. Morris, to go through the kinds

22 of things you have been hearing today ard be able to

23 give their considered opinion?

() 24 MR. MORRIS: Bill Morris, NRC Staff. We have

25 been exposed to this information only within the last

,

!
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(]) 1 seek or so, and we anticipate that the extra work to be

2 done mill help us evaluate this analysis and come to a

3 conclusion. We have not reached that conclusion.
O

4 MR. MARK: Right. But supposing you should

5 come to the position that what we have been hearing is

| 6 indeed creditable and acceptable as a proper ciscussion

i 7 of the state of affairs. Then am I right that you would

8 be able to lay the HCDA aside as a sptcific concern?

9 MR. HDRRIS: Given that this specific part of

10 the analysis and the other part of the activities that

I 11 are going on follow this same trend, I believe that

12 would be the same case with regard to energetics.

13 MR. MARK: The molt-through is still the

14 simpler item.

15 MR. MORRIS: If this kind of trend holds up,

16 and subject to further analysis, if we believe this is a

17 significant step in understanding the accident, we are

|

| 18 looking forward to seeing that continue.

19 Theo, I would like to call on Bill Bohl, also
|

l 20 from Los Alamos.

21 MR. 30HL: I am Bill Bohl, Los Alamos. I am

22 not really prepared for a formal listing of all of the

j 23 technical issues shore I have reservations or where weak

()'
24 spots exist or whether the range of postulated secuences

25 is sufficiently comprehensive to cover the range of

O
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i

O ' a =ibititi -i

2 I was not at Los Alamos during Charlie

3 Kolber's visit, which seems to have led to the letter in

4 question. However, since apparently I must make a

5 statement, let me offer the following. The possibility

6 of a ramp rate exceeding $100 a second must be quite

7 low. However, I cannot with my present knowledge make a

8 personal judgment to assign a specific numerical

9 probability to this issue, particularly one made with
|
| 10 high confidence.

l 11 My basic concern on these issues is that there

12 may be developing too much of a reliance on engineering

13 judgment where the facts and the experimental data base
,

14 are incomplete.

15 Some possible dangers here seem to be, first,

16 that an engineering judgment principle can be proven

17 wrong and credibility can be lost. Second, even when

|
18 the proof is unclear, a preacher of engineering judgment

|

19 can accuire a reputation for nonobjectivity.

' 20 Third, a confusion of judgments with reality
|

21 can arise, for example, what interpretation should be

22 given to code calculatisns or numerical results based on

23 engineering judgmant or how does one maintain sufficient

O'

24 eeaec11 itv 4- fairiv censioer 11 f the eviesace after

25 widely publicizing an engineering judgment on a given

O:

|
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() 1 topic?

2 Fourth, confusing engineering judgment with

3 facts can lead to a falso sense of security.

4 Unfortunately, I see no real solution to these problems

5 in the short term, and you the members of the ACRS must

6 make a judgment on the incomplete data base such as

7 exists.

8 That's all I really have to say.

9 MR. OKRENT: Well, by the way, if after he

10 gets back to Los Alamos or if he has nothing to do on

11 the plano, if Mr. Bohl has any specific points that he

12 thinks the ACRS should hear more about, we would

13 appreciate his telling us.;

( 14 MR. THEOPANDUS: So sould we.

l
15 MR. CKRENT: And I would have to give myt

16 regrets also to the chsirman and Mr. Fauske, et al.

17 MR. FAUSKE: That's all right, Dave.

18 (Laughter.)

l
19 MR. GKRENT: It's either you or my family.'

20 MR. LIPINSKI: Mr. Chairman, one of my

21 observations after these comments is, had some other

22 members of the team given the presentation, I don't
i

23 think it would have come out the same way.

() 24 MR. THECFANOUS: I think I would like to

25 temper this observation by looking at the whole spectrum

O
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|

[ () 1 of comments you received as well as by the specificity

2 of the comments. I think it's easy enough for somebody
i

3 to sit around and say, I don't know this, I don't know'

4 that, and there's a lot of handwaving.

5 But I think in this business at some point we

6 have to learn to be specific and say, there is a concern
:

|
7 because of this, this, and this, and our approach, we

,

8 took the approach here that if we are going to have a

9 problem with some behavior in the CRBR, we ought to be

10 able to pinpoint exactly what is our source of concern.

I 11 Bill has been invited all along, and he has

12 been a member of the team. Ana I think what you hear

| 13 there is not so much of a difference, really drastic
|
'

14 difference of opinion, as much as a different
i

15 temperament or willingness to put numbers, although we
1

16 have defined the numbers very clearly here in this

17 general feeling of energetics.

Is So I don't think you are seeing here as big a

19 discrepancy as I think I hear your comment to say. And

20 that is coming from one member of the team which

21 probably really is on the extreme of skepticism.

| 22 MR. LIPINSKI. I think where the numbers are

23 known I don't think you're arguing it's where judgment

() 24 is required there is a difference of opinion, you are

25 more optimistic with your judgments.

)
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I

() 1 MR. THECFANGUS: I don't think so. I think if

2 you take that into total perspective, when you say thati

3 I don't know to the flaal detail, is it 1 gram of

4 cladding going up or 2 grams, for some people it causes
i

5 a big mental block. For me it doesn't. That doesn't
I

6 mean I am optimistic about it nor that Mr. Bohl is

7 pessimistic. It 's a matter of perspective. You have

8 got to know what you are looking for. I started cut;

l
'

9 here by telling you --
|

10 MR. CARBON: Let me stop you, if I say. I

l 11 think you have each made your point, and considering the

12 time, let's go on.

13 MR. THE0FANDUS: Let's have Pete Maste from

() 14 Sandia.
I
'

15 MR. MASTE: Pete Maste from Sandia. I will

16 make a quick statement because I can't talk. I won 't

17 make any general comments about the approach or

18 anything. I guess my feeling is I have little

19 difficulty with the conclusions that have been drawn in

20 general, especially with regard to obtaining larger ramp

21 rates than $100 a second from anything other than the

22 large-scale pool phase.

23 I think the key of the analysis is the

() 24 avoidance of that whole-core boiling pool phase.

25 Consecuently, I think one of the key things is the fuel

O
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|

|

() 1 disp ersal aspect of the problem. And as Theo has

2 pointed out, this is an area of ongoing research eith
|

3 us. We have done a number of pejliminary calculations.
O

4 We are continuing to do more in that area. We have

5 gotten some positive preliminary results recently which

6 lead us to the conclusions that have been made.

7 Certainly, further calculations are needed to verify

8 those results.

9 Further, I might add just from a personal

10 standpoint, our background at Sandia is experiments. So

11 one of the things we would like to see more of is

12 additional experimental confirmation of the types of

13 behavior we are calculating. And hopefully, se sill get

() 14 some of that within the next year between the Argonne

15 gap experiences and some of the ongoing work at Sandia.

16 I thought I would highlight that as what I

17 consider to be the key area in the presentation.

18 MR. THE0FANGUS: Okay. And that, I think,

19 covers all of tne present consultants. We have three

20 more memebers of the team in universities, and we have

21 another maybe five or six members of the team in

22 national laboratories who are not present.

23 But we are intending to send to all of them

() 24 the document, and we are going to ask, as we have done

25 in the past, comments in writing to the group and then

(
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(]) 1 se factor all of these comments into our going on. And

2 if those comments necessitate us getting together and

3 discussing this, so will do that.

4 And by the way, we have done that at every

5 step of the way up till now, and we have received 99

8 percent good response in terms of timely response from

7 all of the consultants sending us all their concerns.

8 MR. CARBON 3 I have one more general question

9 of you before we shift to the second part. Thors has

10 been a lot of experimental work going on now, some at

11 Argonne, the experiments just mentioned, some out at

12 Icabo at TREAT and so on. Will this have any bearing on

13 your results here?

14 MR. THEOFANOUS: I think we are particularly'

15 anxious to obtain experiemental information on the kinds

16 of freezing and plugging and fuel dispersal mechanisms

17 that Pete Maste mentioned a minute ago. We are

18 particularly interested in that. We feel that is the

19 aret probably very sensitive, very important, and maybe

20 not really substantially supported by experiemental data

21 as we would like to see it.

22 This is one set of experiments going on at

23 Argonne as well as Sandia that we are enxiously waiting

() 24 to see the results. If you ask me personally if there
1

25 is any other area that I would like to see experimental

O
i

|
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' () 1 information that I would think would have a bearing on

2 all of this business, not necessarily on this particular

! 3 quarter because it doesn't exhibit this potential so

4 much.
|

5 But I think at some point in the development

j 6 of the LMFSR we have to come to grips with the
l

( 7 LOF-driven TOP, and from that point of view we have to
l

8 have some experimental information with good diagnostics
|

9 to know what's going on. If you have cladding with full

10 sodium going by and if you suddenly melt the fuel under

11 high-power conditions, that is generically one area wo

12 know little about and we need to know. But it's not

13 really directly relevant, although it has a little bit,

14 as you saw, relevance here. But it is not directly

15 relevant to the present report.
!

16 MR. CARBON: Do you have any other cuestions?

17 (No response.)

18 MR. CARBON: Does that end your presentation?

19 MR. THEOFANDUS: Yes, that ends my

20 presentation. Thank you.
1
'

21 MR. CARBON: Any other comments to make?

| 22 (No response.)
l

23 MR. CARBON: Our committee here has dwindled, j

() 24 but I would like very much to have your material on the

25 record. So I could propose that we take a very short

O
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Q 1 break and than continue right on.

2 (Brief recess.)

3 MR. CARBON: Mr. Dixon, I guess we are calling

4 on you.

5 MR. DIXON: It's actually Fauske who is
[

6 supposed to give the introduction. But if he doesn't

7 get here I am going to do it.s
i

8 MR. FAUSKE: My name is Hans Fauske. It seems

' 9 in order to take the opportunity to thank Max Carbon,

10 Walt Lipinski, and the rest of the NRC Staff for staying

11 to listen to the project.

12 MR. CARSOf1 Should I say anything about how

13 lucky you are that you recognized Dr. Gkrent has left7

14 (Laughter.)
1

15 MR. CARBON: Let me mention to everyone that

16 we are definitely going to aim to conclude this portion

17 by 5:30 at the latest. Go ahead.

, 18 MR. FAUSKE: I think before I get into
|

|
19 introducing the speakers, I would like to make a few

1

20 general comments. The last time I had an opportunity to

21 address this committee was back in late 1976 and early

22 '77. At that time the applicant asked for licensing for
,

1

23 a homogeneous core design. I think it is important to

O 24 r*t. - it - eaa av ti - av or- T8 =< a===.

25 that this time we are asking for a licensing of a

O
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l .

() I heterogeneous core.
,

2 The change in this core design has a number of
|

,

( 3 important implications from an energetics point of )
! ( I

4 view. Number one, the LCF-driven TOP se faal from a '

5 project point of view has significantly decreased as

6 being a potential for energetics. We heard the same j

7 thing from the NRC side this morning and this afternoon.

8 Secondly, we believe that the compaction

9 problem by fission gas, again to some extent because of

10 the core design, has 49 creased in its potential for

11 causing autocatalytic effects.

12 Perhaps more importantly, the potential for

13 getting into a large-scale pool phase -- namely, where

( 14 the concerns of potential escalating recriticality may '

l

15 indeed occur -- has indeed essentially been esmoved by |

16 this core design.

I
i 17 I would like to emphasize this point because

18 the difference in the two core designs leads to an |

1

19 increased time of vendor for fuel removal and hence

1

20 being able to escape the large-scale pool phase. Of !

21 course, with the change in the hetereogenous core
i

22 design, one of the important neutronics parameters, of

23 course, is the sodium void worth and its uncertainties. j
l

| () '

24 This was a cuestion brought up by the NRC

25 Staff, and it's been a question that has been addressed
s

O
-
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(]) 1 in response to the eight questions. This afternoon Herb

| 2 Henryson from Argonne National Laboratory will be
1

( 3 addressing that question specifically asked by Max

4 Carbon in his letter to Dr. Theofanous.

5 This is an important parameter to establish.

8 1 think it is important that we all agree to this

J, parameter because, as Dr. Theofanous has illustrated
_

8 through his presentation, it can have a profound effect
'

9 in s et t'in g the stage, particularly for fuel motion andm

10 its behavior.

11 We also had planned to give you a more

12 de'teiled rundown of the project calculation as it

13 relt the LCF initiating phase. And again, I sould

14 like to point out that the NRC Staff and its consultants

15 in their eight questions pointed out the need for

16 looking at the fuel compaction problem by fission gas.,

l

| 17 This sas not a thing or a problem se have
|

18 looked at in reporting our project decision. We have

19 since that time explored this problem in some detail.

20 The folks at Argonne, Dr. A v ery 's people, have been

21 involved in this process. And Dave Weber is here this

22 afternoon to report on that project status.

23 Urfortunately, because of time, I have asked Dave to
.

(), 24 limit his presentation, but all of the vuegraphs we had

25 planned to pcasent to you will be sent to you as a part

O
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f} 1 of this docket.
,

2 Next, se I sentionad to you earlier, the

3 potential for getting into a large-scale pool phase has
) '

4 been significantly decreased because of the
,

5 heterogeneous core design. We would like to take the

6 soportunity this'aftarnoon to tell you about some of the

7 detailed considerations we have made in consicering the

5 various potential fuel escape paths that exist for early

9 fuel removal, hence mitigating the potential for getting

10 to a large-scale pool phase.

I 11 Mike Epstein will be giving this presentation,

12 and we would like to give you some reasonable amount of

13 detail in this area because it is also an area of great

( 14 interest to the NRC Staff and its consultants.j

15
'

Finally, we would like to make some concluding

16 remarks as to the project decision to cate by Danny

17 Switick.

18 So with these few introductory remarks, I

19 sould like to introduce Herb Henryson to give the

20 presentation on sodium void worth.

21 MR. HENRYSON: Thank you. As Hans said, my

22 name is Herb Henryson. I am with the applied physics

23 division at Argonne National Laboratory. And I have

() 24 been asked to make a brief presentation with something

25 of a change of pace here in the sense that we will be

|
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Q 1 taking a short diversion into the world of physics and

; 2 away a bit from engineering-type considerations.

| 3 The question I have been asked to address isO,

4 how well do se know the sodium void worth in the CRBR
5 reactor, how well can we calculate it, and what are the

6 uncertainties on it.

l 7 There are two ways of addressing this

8 problem. One is to use state-of-the-art methods and

9 cross-section date and come out with the best possible

10 calculation one can come out with. If we do this, wo

11 have something of a problem in that your judgment of

12 what the uncertainty on that is might be different from;

13 mine and me would end up in almost an infinite argument,

l

14 We have chosen not to take that path.

15 Instead, se have chosen to use a rather substantial

16 integral data base to derive a " experimental" value of

i 17 the CRBR sodium void worth. From this work,

18 uncertainties will fall out of the analyses, and most of
,

'

19 the talk will be codicated to what do I mean by

20 " experimental" value in this respect.

21 The experimental value is based upon

22 experiments which have been done on the ZPPR, the

23 Z-P-P-R, assembly out at Idaho Falls at Argonne National

O 24 'aboratorv. IraR is a 1+-foot-eao re m irix critic 1

25 assembly. It is a moving table device whereby one loads
| <

O
:
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(]} 1 fuel in horizontal direction in each of the halves and

2 than the halves are driven together to come up to

3 criticality.

O
4 These little tubes here, one -- we call them

5 drawers -- and one loads fuel into those drasers, and

6 one is limited primarily by inventories and in what you

7 can put into this machine. To provide an example of the

8 type of analysis se have been doing, I have here in this

l

9 insert a picture, a schematic of a ZPPR-11 assembly

to which was the so-called CRBR engineering market critical

11 assembly.

12 If you try to keep that picture in your mind

13 to compare it against what the true CRSR assembly looks

14 like with its internal blankets, adial blanket and the

| 15 red driver zones or core 2ones, if you could keep that

16 picture in mind, you would see that we mock up the
l

i 17 assembly design extremely well. Not only do se get the

18 design extremely well, se also get volume fractions and

| 19 mcck up the materials within the reactor extremely well.
|

| 20 The way we can ao that is through these 2-inch

21 drawers which go into the halves of the reactor, and we

22 have slab fuel and we simply use our inventory to get

23 tcgether the mixed oxide or the iron or a good

() 24 representation of the control rods.

25 So the point is se have an extremely good

'

(2)

ALDERSON REPORTING COMPANY, INC.

M0 FIRST ST., N.W., WASHINGTON. D.C. 20001 (202) 628-9300

_______ _ ______ _ _. . - . . _ . __ -, ___.



256

(]) 1 experimental arrangement to mock up the specific

2 reactor. Not only do we have that, we also have done,

3 of course, many experiments for other asseinblies. So I

4 am referring specifically to the CRBR engineering

5 mockups that we have at least a 10- or 15-year dcta base

6 on sodium void experiments.

7 What do se do with these data as we get them?

8 Clearly, one thing we do is try to calculate the

9 experiment. From our calculation of the experiment,

10 using 9.he experimental values, we can derive bias

11 factors effectively statistically analyzing these data

12 to the point where using these bias factors we can come

13 up with instead of calculated values of the sodium

14 sorth, we come up with what I call predicted value of

15 the sodium worth. That is biased values based upon our

j 16 calculation and our experiment.

17 What we tend to do is mathematically determine

18 bias factors for both the nonleakage and the leakage

19 terms. Because of time, I won't go into the chysics of

20 these differences. But effectively, what we are trying

21 tc do is come up eith our best fit to the bias factors

22 and some measure of the uncertainty on those fits.

23 The methodology we use -- and the reason I put
t

() 24 this uo -- is not to illustrate necessarily how well we

25 can do our computations but to try to indicate to you
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(

1 that it's important that when se are calculating CRSR we

2 want to use the same methodology as has been used in the

3 critical twperiment analysis because by doing that we

4 are now tying the two together. And this is one of the

5 integral parts of making sure that we are talking about

6 an experimental value.

7 I must use the same methodology as mas being

8 used in the critical analysis and then the bias factors

| 9 apply. And then I can do my power reactor calculation

10 and make use of it. I won't go into detail through this

11 work. I do want to mention that me are working in

12 diffusion theory. This is in contradiction to that

13 first way of doing it, in which case I might use exotici

14 transport methods or whatever.

15 I also point out that we do correct for

18 streaming using the so-called Senoit directional

17 diffusion coefficients. The reason I mention that is in

18 the IPPR drawers you saw, there are several streaming

19 oaths that exist shore neutrons can go down, vacuums,

f 20 essentially, and the fact is in the power reactor where

|
! 21 se have pin geometry, that geometry is auite different.

22 Sc one has to sorry a bit about hcw do you extrapolate

23 from the slab lattices to those pin designs. And I will

O'

24 caa ie r *8 t-

25 But the use of the Benoit direction diffusion |
l

O
|
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(]) 1 coefficients, introducing that into our methodology

2 makes it a lot easier to make that extrapolation. It is
|

3 just a minor point.
O ,

,

4 MR. LIPINSKI: Sodium is not in your dra$ses. |

5 MR. HENRYSON: Excuse me?

6 MR. LIPINSKI: Sodium is not in your drawers.

7 You are using the substitute meterial and making|

8 corrections.

9 MR. HENRYSON: No, no. We have sodium drawers.'

l

10 MR. LIPINSKI: There are sodium in those

11 drawers?

j 12 MR. HENRYSON: Yes. We have sodium cans.
|

| 13 MR. LIPINSKI: I am sorry, I didn't understand

14 tFat. Thank you.

15 MR. HENRYSON: We have sodium cans, and we

16 also have sodium right within the drawers.,

l

I 17 MR. LIPINSKI: Okay. I stand corrected.

18 MR. CARBON: Around each pin, so to speak?

19 MR, HENRYSON: We get the proper volume
1

20 fraction rf the materials, and that includes the

1 21 structure, the heavy metal and the coolant, the types,

| 22 Here is an example of the types.

23 MR. CARBON: Excuse me. One thing is

() 24 different then is you have air gaps.
|

25 MR. HENRYSON: That's correct. There are

1
i
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[}
1 other things which are different as well, and I will,

2 address them. The geometry, as you mentionedl

3 temperature is different. Curs are done at room

O
4 temperatures. The power reactor is 1500 degrees K. We

5 don't have fission products, for example. And I guess

6 that is pretty much it. But I will mention thamn.
1

7 In this vuegraph I have indicated a number of

8
|

the types of experiments we have do and something which

9 physicists or people who just came from the ANS meeting

10 get a little bit sick of seeing C over E. That is our

! If shorthand for saying: calculation to experiment. How

12 sell do se calculate these experiments.

13 The first two ross are the most important ones

( 14 for the analysis se have just completed. Clearly, if wo

15 have an experiment which mocks up the power reactor

16 extremely well, we ca make great use of our ability to

17 bias those results and feel a great deal of confidence

18 in them when we go to the power reactor. That is the

19 situation in these first two rows.

20 ZPPR 11 F was a mockup of the beginning of

21 cycle 1 core. ZPPR 11 E was a mockup of the end of

22 cycle 4 core. We did extensive voiding in those

23 assemblies. Let me show you auickly a picture of our

() 24 voiding patterns.

I 25 What we did was we voided in 13 radial steps.

()l

ALDERSON REPORTING COMPANY,INc.

440 FIRST ST., N.W., WASHINGTON, D.C. 20001 (202) 628-0300

. _. _ -._



1
i

260
|

(]) 1 We voided all of the core in which the sodium voio

2 coefficient was inherently positivel that is, all of

3 these clear zones. We started with sodium in them, andO
4 se gradually took out sodium, made a measurement, took

5 ou t more sodium, and so on.

8 But you can see we voided a major part of the

7 coro. That gives you an example of how extensive these

8 measurements are. That is what is represented in these

9 first two rows. And as you see, before biasing, using

10 the methodology which I outlined on a previous vuegraph

11 for the beginning of cycle 1 core, me calculated almost

12 exactly. We calculate slightly low, a calculation to

13 experiment is .98. For the end of cycle core 4, wo

O 14 calculate sodium void rather high, a C over E of 1.23.

15 This is the sort of thing that tends to

18 disturb physicists. One doesn't care so much what the

17 number is, but one likes it to be the same number to

18 indicate se understand shet's going on. Well, in point

19 of fact, if I had used the best possible methods to 'o

20 the 80C 1 analysis -- that is, if I had made use of

21 transport theory -- I would have ended up with a number

22 considerably closer to the EOC 4 calculation.

23 But that is not the point of this analysis.

() 24 The p'oint of this analysis is to do our analysis of thej

25 experiment the same as we do the analysis of the power

O

ALDERsON REPORTING COMPANY,INC.

MO FIRST ST., N.W., WASHINGTON, D.C. 20001 (202) 626-9300
,

|

_ _ _ _. _ __



r

261

Q 1 reactor. So we have these different, if you will, bias

2 factors between the SOC 1 and the EOC 4.

3 Yes?

4 MR. CARSON: How do you get the E for the EOC

5 47

6 MR. HENRYSON: We have measured -- oh, this is

7 not - this is the CRSR engineering mockup critical

8 experiment for EOC 4. This was the so-called ZPPR 11 E

9 experiment. But se actually voided and we made void

10 measuurements.
,

i

11 MR. CARBON: But does it represent the end of

12 cycle core?

13 MR. HENRYSON: It represents it from the sense

14 of plutonium buildup in the blankets.

15 MR. CARBON: But no fission?

16 MR. HENRYSON: No fission ptJducts.

17 MR. CARBON: So it's not really --

18 MR. HENRYSON: We are missing within this --

19 and my next vuegraph will address that -- but let me say
|

| 20 that what that does, the place where the things which--

21 are not censidered within th6 IPPR facility we claim do

22 not affect the bias factor. It Offects the uncertainty

23 on our calculation because our calculation does account,

|

O 24 <=r ta <i iaa ar euct- 8 a == **-

| 25 So that what we are saying then is, how sell

O
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(]) 1 are we accounting for it? So the bits factor we sill

2 end up using is the bias factor from the experiment, the

3 experimental uncertainty and then we will have to add

4 additional uncertainties to account for those things

5 which are not included in teh critical experiment.

' 6 I mentioned the EMC. The other four ross

7 represent effectively our last 10 years of doing sodium
!

8 void experiments, 101 mixed zones, axial slankets with

9 and without control rods.
|

10 The reason I mention this is these, the axial

11 blankets, for example, tend to have very los

12 uncertainties. When we did our analysis, becausse wo

13 had not vcided the zones in our engineering mockup
1

14 critical, we significantly increased the uncertainty as

15 far as they were concerned. We didn't take these

16 (indicating) as gespel when we extrapolated to the new
!

17 reactor.

18 MR. LIPINSKI: Another question. When you put

19 in the sodium voids, effectively you added about $5

20 worth of reactivityl correct?

21 MR. HENRYSON: All we did was void the -- all

22 we did was void the driver assemblies. So that's less;

23 that's $1.20 or thereabouts.

() 24 MR. LIPINSKI: Then you control that by

25 control rod positions?

O
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({} 1 MR. HENRYSON: Outside, yes. Shim rods,

2 effectively.

3 MR. LIPINSKI: I wanted to make sure you

4 didn't readjust the core someplace else.

5 MR. HENRYSON: No. No, no, no, no, no. We

6 have done that in some of the larger experiments and

7 that is troubling. What it does is increase your

8 experimental uncertainty. What we ended up doing for

9 this CRBR power reactor analysis was using these bias

10 factors and the final bias factors we used, based upon

11 that previous vuegraph. We didn't bias anything except

12 the positive voiding zone of the end of cycle 4 core.

13 What I am saying effectively is, if we forget

14 the part of the core where if you take out the sodium

15 you get a positive worth signal, forgetting that, we are

; 16 using the calculation as it comes off the computer as

17 our nominal value of sodium void for all of 80C 1 and

18 indeed for those zones such as the zone near the radial

19 blanket interface.

20 We are using those without any bias. The

21 reason we have done that is the biases that one obtains,

22 looking from those earlier experiments, tend to be

23 within the uncertainties, and it tends that if we so

() 24 this way, we are a bit conservative.

| 25 So we have chosen the route of being somewhat
|
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() 1 conservative. Here are the uncertainties which one

2 gets, again, from this experimental analysis. It is

3 important to note that this first row, the central core,
,

1

4 or the positive zoning part, is the important part.

5 This is the part that enters into your analysis. The

6 other parts tend to be negative and tend not to get

7 involved in any kind of an LOF-driven TOP, for example.

8 I have already alluded to my next slide, which

9 is the additional uncertainties which result because of

10 the fact that we are basing this on a ZPPR critical

11 facility and not a power reactor. The power reactor has

12 fuel pins. ZPPR has plates.

13 Within the IPPR 11 program we did extensive

14 vciding of the pin zones. We even have pin colandria,

15 ard we look at how well do me calculate them relative to '

16 how well do we calculate things with our plate

17 lattices. And we found there was effectively no

18 difference between the two.

19 So what that tells us is that we do not have

20 to add any additional uncertainty because of the change

21 of geometry. The only reasons that is true is because

22 we took account of the streaming within the plate

23 lattices, as I mentioned earlier. Had we not done so,

() 24 there sould have been an additional uncertainty here.

25 Similarly, the secuence of voiding. When we

O
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() 1 do our ZPDR experiment, we void a zone. I mortioned we

2 did 13 different zoning sxperiments, and we criculate

3 each and every one of those experiments. Wher we ao the

4 CRSR analysis, we simply void all of the sodium flowing

5 from the core and calculate it. We then use that right

6 through the transient where part of the core is vcided

7 and another part is not.

8 The uncertainty which we feel is introduced

9 because of not taking explicit account of the voiding

10 sequence within the power reactor calculation, we feel

11 is less than 3.5 percent. Similarly, we do our

12 experiments at room temperature,and we do our power

13 reactor calculations at 1500 degrees X.

I 14 The additional uncertainty which is introduced

15 we can relate to our uncertainty in the doppler

16 coefficient. Effectively, we are looking at the change

17 of the U238 capture cross-section with temperature, and

18 we have looked at that analytically, and we feel a 2.5

19 percent number is quite good. It is also very

20 consistent with what the British, for example, come up

21 with.

22 Cur end of cycle 4 assembly did not have any

23 fission products in it. What additional uncertainty is

() 24 introduced because of fission products, euhat se have

25 done is looked at how well do we know our fission

|

|
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() 1 product cross-sections. And we have compared that

2 primarily against the French, who have usod the Phoenix

3 experience to adjust their fission product

4 cross-sections.

C And what we found is a 3 percent uncertainty

6 is extremely conservative. If one goes by the French

7 data or, indeed, by most international data, one finds

8 that se have a rather high fission product capture

9 cross-section. A high capture cross-section leads to a

10 higher sodium void coefficient. So putting a plus or

11 minus 3 percent on our nominal calculation tends to be

12 extremely conservative in view of what we know about

13 fission product cross-sections.,

l

14 The bottom line, once we have performed nur

15 calculations, applied this bias factor to the

i 16 calculation for our end of cycle 4 power reactor core,

17 and what we nos call our best estimate, our nominal

| 18 values are $1.44, about $1.50. If we look at just tha

19 driver assemblies in that 36-inch core zone, about

20 $1.44. Anc the number in parentheses is, if you will,

21 tb2 old number. This is the number which is reported in

22 the GFER document Dr. Theofanous alluded to.

23 On the other hand, this number has an

() 24 uncertainty which, if you add up the experimentali

25 unceratinty and the fission product and the rest I have

(:)1
1
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() 1 just alluded to, this number has about a 10 percent

2 uncertainty on it. I think it's 8 percent actually.

3 This number had a 60 percent uncertainty attached to

4 it. So you can see we have, in fct, made a great deal

5 of progress.

6 We also must see that our nominal numbers

7 indeed are nominal plus two sigma numbers are, I

8 believe, within the error band of your own numbers. So

9 things are not bad. The analysis that has been done,

10 one would argue, is one can rely on to some degree,

11 particularly if you account for the uncertainties. And

12 the other numbers are given, and I won't dwell on them.

13 Let me say that the analysis which has been

14 done within the reactor analysis and safety division,

15 using our latest void coefficient data, we use our

16 nominal value as ouoted and then took the most

17 conservative two sigma vartiation on that.

18 So that was a 10 percent, 8 percent I guess,

19 variation on the positive part of the driver, something

20 like a 20 percent on the axial blanket and so on. So

21 our analysis has tended to use extremely conservative

22 assumptions and not these nominal values.

23 That is my story, and I will be glad to answer

() 24 any questions.
,

25 MR. CARSON: Has this been culminating, what

O
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() 1 brings oJt the change at this particular time?

2 MR. HENRYSON3 Let me answer that quickly, and

3 then I would like to mention Paul. But let me say these

4 experiments were completed just last year, the ZPPR

5 experiments on which we base most of our biasing

; 6 procedure. But I would prefer to have Paul Dixon answer

7 that question, since he is more familiar with what

8 happened.

9 MR. DIXON3 Max, as I indicated last time, we

i 10 don't view it as a change. We had before a number of

| 11 $1.10 and a 60-cent uncertainty on top of that. And the

12 reason we had such a large uncertrinty was ZPPR 11

13 w a s n 't done. So se had an unceratinty in our
:

14 calculations. When we use the $1.10 plus the

15 uncertainty, we are actually using a number that is a

18 little less than what you would use today using the

17 $1.44 plus uncertainty.

18 Now that ZPPR 11 is done, and it was always

19 planned to get our sodium void accurately done in IPPR

|
20 11, we knew our uncertainty would come down, and we

21 didn't know in which direction our nominal value would

22 go. But the two numbers are really consistent if you

23 consider the fact that we knew we had a fairly large

() 24 untertainty then ano applied it.

25 MR. CARSON: The numbers that Theo was talking

O
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() 1 about this morning, this maximum void worth, masn't it

2 over $2 or something?

3 MR. THF.dFANOUS: No, Max, just for

4 illustration I said something less than $2. It was only

5 just to give you a rough idea of the order of magnitude

6 of void needed to get your energetic events. In our

7 calculations, we used, for example, in our plenum

8 fission gas compaction calculation, we used the sodium

9 worth of 4.7, and that is the nominal plus 20 percent.

10 We wanted to be a little bit on the high side and so

11 on. So me are not having any big problems with this.

12 MR. HENRYSON: I may be a bit too much of a

13 purist on this, but when I speak about maximum positive,

O 14 I tried effectively to count every piece of the core

15 which is positive.

16 What we used when we looked at the maximum

17 positive for the LCP-driven TOP analysis was in fact

18 $2.19 was our maximum positive based on this analysis,

19 which looks as if it would be mort like a, well, here it

20 is, here is a maximum positive of $1.97, but that is a

21 nominal.

22 MR. CARBON: The IPPF 11 results came out 1

23 year ago?

() 24 MR. HENRYSON: How long has it been, Paul? It

25 ceratinly was last year se did the experiments.

O
i
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1

(]) 1 MR. DIXCN: The experiments were supposed to

2 erap up at the end of fiscal year '81, which would have

3 been September of a year ago. They actually were a

4 little late, so it was about a year ago the experiments

5 were concluded. And the nominal data reduction and

6 report time is on the order of 1 year or a little longer.

7 In this particular case, last summer I asked

8 Argonne if they couldn't accelerate their work in this

,
9 area to have this work done in time for these

10 discussions, and they did. In facts in time for the

11 September meeting, and they did. And they~actually

12 accelerated their work. They had the nominals. They

13 didn 't have all of the uncertainties. Normally, they

f)1

I v 14 would be wrapping it up about now.

I 15 MR. CARBON: Fine.

{
16 MR. HENRYSON: Thank you.

17 MR. LIPINSKI: Onomore. Could you go back and

i

18 state how you got this $1.97 max positive given you had
1

19 $1.447

20 MR. HENRYSON: The $1.44 includes parts of the

21 driver zone near the radial blanket and near the axial

22 blanket, which actually have a larger leakage component,

23 the leakage being negative. So that the not worth,

() 24 although still in the driver zone, is negative. We get

25 the $1.97 by summing only those positive parts of the

O
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O ' drivr =-

2 MR. LIPINSKI: Okay. That doesn't show up on
)

3 this tabulation.

4 MR. HENRYSON: What do you mean? Which

5 tabulation?

6 MR. LIPINSKI: The ECC 4. If I look at all of

7 your others where they've got maximum positive, they are

8 the sum of the positive components in those columns

9 only. The one below. You take the $1.50 plus the lower

10 axial extension, and you come out with max positive of

11 $1.52. But I can't do that in the column above.

12 MR. HENRYSON: That's right, because within

13 this core zone --

14 MR. LIPINSKI: There's a negative component.

15 MR. HENRYSON: There's a negative component.

16 Not so in the internal blanket assemblies. Ycu are

17 quite right. .

18 MR. FAUSKE: Max, in view of the desailed

19 presentation by Dr. Theofanous and the initiating p h r. s e ,

20 we have also asked Dave to provide a summary at this

21 point of the Argonne calculations.

22 MR. WEBER: I am Dave Weber from Argonne

23 National Laboratory. I am one of Bob Avery's gang. I

O 24 >>oete liwe to emm rize - <ew tains e #1 w8 t 8-

25 recently gone on in terms of loss-of-flow analysis.

O
1
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0 1 There are several vuegraphs contained in the package

2 which highlight many of the technical activities which

3 have been going on over the last several months at

4 Argonne and for the project.

5 For the purpose of this meeting, I sould like

6 to only cover two of those vuegraphs. In fact, I would

7 summarize rather speci,fic activities. If you would, the

8 first vuegraph then in the package refers to the CRBR

9 best estimate of the ECC 4 loss-of-flow assessment.

10 You may recall the last time we gave a

11 presentation to this committee, we were examining the

12 experimental data that was relevant for fuel dispersal

13 under loss-of-flow conditions and indicated at that time

14 that we would be incorporating that assessment into the

15 analysis of their effect on the CRBR heterogenous core.

16 That assessment of the experimental

17 information as well as the whole-core implications in

18 fact was concludec in response to the set of NRC

19 questions Dr. Theofanous mentioned. The specific

20 elements containeo in that analysis are indicated in
,

1

|
21 here and briefly mentioned at our last meeting. But let

l
22 me point out a couple of things.

23 First of all, the motivation for this was, in

| O 24 part, hased upea a consideration of autocata1viic fuel
i

25 behavior due to the plenum fission gas. Our technical

|

|
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(]) 1 approach, though, in this assessment was to utilize the

2 neutronics assessment originally contained in GEFR

3 5.23. But as we mentioned in our last meeting, we went

4 to in-pile experiment, principally TREAT experiments, to

5 determine the appropriate modeling of fuel disruption

6 under these particular conditions and then incorporate

7 them in the whole-core analysis code, SASS-30 and the

8 fuel motion model referred to as SLUMPY.

9 The second important aspect of that is se

10 looked at the problem of fission gas availability and

11 looked at additional experimental information,

12 principally the Hanford fission gas release test and the

13 analytical modeling we have within the code referred to

14 as FRAS at Argonne to give an assessment of both fission

15 gas aveilability and its potential for dispersing fuel.

16 These aspects were put into the whole-core

17 analysis code, and the significant conclusions that were

18 reported in response to the NRC are contained on this

19 vuegraph.

20 First of all, the time scale for the accident

21 sequence was in fact increased. This had an important

22 factor in allowing more time for fission gas flowdown

23 within the sequence. We also noticed we had a much

()I 24 milder excursion. In fact, our lead channel, our

25 maximum power was only approximately 5 times nominal.

O

ALDERSON REPORTING COMPANY,INC.

440 FIRST ST., N.W., WASHINGTON, D.C. 20001 (202) 628-9300



_ ._ _ _ __. _ _

274

(]) 1 And our final conclusion was there should be a mild

2 entry to the molt-out phase. .

3 Now, there have been several things happen
O

4 since then. The most important one was the one

5 discussed by Dr. Henryson just previouslyl that is, a

6 new assessment of the sodium void worth was conducted,

7 and that information became available late in the time

8 frame for analysis for answering the initial set of NRC

2 questions.

10 Consequently, at the meeting held between the

11 Clinch River project and the NRC Staff, I believe, on

12 September 21 of this yeer, a specific action item was'

(
' 13 requested that we incorporate the new void worths into

( 14 our analysis and assess the potential for energetics

15 within this area.

16 The next several vuegraphs in your package
i

17 talk somewhat about what our approach was in this

18 particular area. When we first became involved, we had

19 taken a technical approach and the philosophy that we

20 sould tie our analysis and the modeling we have within

21 the whole-core codes as closely as we could to actual

22 experimental information. The first illustration of

23 that was our modeling of the TREAT loss-of-flow

O 24 av ra a ri at -

25 There have been several other areas since then

O
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Q 1 se have also looked at. The principal ones are ones Dr..

2 Theofanots also mentioned, and that is, an assessment of

3 cladding, molten cladding relocation under loss-of-flow
O

4 conditions and the secondary aspect as to what was the

5 potential for the actual clad failure during one of

6 these loss-of-flos excursions.

7 e have come to some conclusions in that area,

8 and rather than go through some of the details, although

9 I would be willing to talk about and answer any

10 questions you may have, I will go simply to the last

11 vuegraph that highlights our current assessment, and I

12 mill make a comment as to where we actually stand in

13 this assessment.

14 The first point I have illustrated also in

15 previous vuegraphs, I would like to again point out, is

16 the potential for autocatalysis. This particular

17 scenario is, to some extent, a hypothetical event. We

18 do believe there are incoherency mechanisms eithin the

19 subassembly and inter-subassembly incoherences that

20 would in fact mitigate some of our concern.

21 Nevertheless, the whole-core analysis did not

22 include those particular effects. As I mentioned, our

23 initial assessment did show tirn e for a complete blowdown

O 24 ia the e etv emalie . 8 1 e die h ve thi= acteati 1

25 for compaction in the later assemblies; that is, when we

O
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(]) 1 were still using fuel dispersal arguments that Argonne 1
,

2 felt were extremely conservative.

3 And that is really the key to this third-

4 point. And I have excanded this point from our recent

5 discussion with the NRC. The assessment of this

6 autocatalytic compaction problem is certainly affected

7 by conservative modeling of many phenomena. The fiert

8 we were to point out was the modeling of early fuel

9 motion, but it has become obvious that the additional

10 phenomenological aspects involving clad motion and

11 plenum gas effects on vapor dynamics are also important.

12 So the approach we have taken are contained in

13 the next several elements. In order to, we think,

14 experimentally consistently model fuel motion, we have

15 based our analysis on TREAT overpower loss-of-flow tests

16 L6 and L7, r,1though there are other loss-of-flow tests

17 we believa consistent with this modeling.

18 MR. LIPINSKI Were those seven-pin tests or

19 higher?

20 MR. WEBER: Three-pin tests.

21 MR. LIPINSKI! Three-pin.

22 MR. WEBER: Cur fission gas availability was

23 determined by relating enalytical considerations to

() 24 experimental observations in the Hanford fission gas

25 release tests through the Argonne code FRAS 3. Beyond

()i
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Q 1 these two points, which were contained in our original

2 assessment, we have extended consideration for looking

3 at cladding motion and the way it is describee in the

4 context of the SASS 30 code.

5 We are in the current process of examining

6 what we consider the most relevant experiments in this

7 areal that is, the TREAT exceriments, including -- and

8 this vuegraph does not contain the R4 tests -- but we

9 are also looking at the R4 test, which is contained in

10 the earlier vuegraphs.

11 But we are looking at the TREAT fresh fuel

12 tests R4 .and R5 as well as TREAT test R8, which was one

13 Dr. Theofanous referred to, as an experiment that had in

14 fact pressurized plenum and SLSF experiments.

15 I mentioned specifically P3A. At the present

16 time, se are considering P3A and not P3, because se in

17 fact had SASS analysis of P3A as well to give us a
|

18 better appreciation of how well or poorly cladding
,

l

19 relocation was being modeled by the code. That

20 experimental information was reflected in our SASS 30

21 clad motion model.

22 Dur initial assessment at this point, a point

23 mentioned in one of the earlier vuegraphs, we thought |

O 24 there was A 11m11ed . 1.ntia1 for any c1ad c.1ocation

25 very early in the scenario, and that meant about the

O
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(]) I time of the first fuel pin disruption.

2 Later on in the scenario there does appear to

3 be some time for cladding motion, and we are going

4 through the process of looking at the experiments to, in

5 effect, calibrate the clad motion model to be consistent

6 with those experiments.

7 The specific calculations, the whole-core

8 calculations we have performed to date, do not take

9 specific account of that phenomena and, in fact, hold

10 the clad in place during these early stages of

11 disruption. And as a result, we do not get any positive

12 reactivity f rom clad motiori, but we also do not get any

13 negative reactivity from clad motion.

14 As se conclude this assessment, we mill in

15 fact have consistent clad motion models that is

16 consistent with experimental models that will be

17 utilized in'the whole-core analysis.

18 A secondary point then also mentioned in

19 previous vuegraphs was se have also taken a closer look

20 at the failure of irradiated cladding to establish a

i 21 clad failure criteria. We do believe the original

22 assumptions on clad failure were, in fact, conservative

23 in this area as well.

() 24 With all of these assumptions put back

25 tcgether using the SASS Code, whole-core analyses were

O
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2 there, is literally the bottom line. Our best estimate |
|

3 whole-core analyses using experimentally consistent
O,

4 modeling show a mild entry into the melt-out phase and

5 the problem of autocatalytic fuel compaction driven by

6 plenum fission gas compaction seems unlikely.

7 I have indicated the word "unlikely," and not

8 that it is not predicted, because we nave not concluded

9 the analysis, but we believe the analysis, based upon

10 our cladding relocation assessment, will in fact show its

11 will not be predicted.

12 M P. . LIPINSKI: Is TREAT R5 and R8 the
,

13 irradiated? -

,

14 MR. WEBER: No. Those are fresh fuel.

15 MR. LIPINSKI: How many pins did they have?

16 MR. WEBER: Seven pins.

17 MR. LIPINSKI3 And the SLF 30A was

18 pre-irradiated? How many pins?

'

19 MR. WESER: 37 pins pre-irradiated to .6

20 percent atom.

21 MR. LIPINSKI: So that is getting closer to

22 being protypical for a partial loading of an assembly as

23 opposed to seven pins?

O 24 MR. WEBER: Yes, that's correct. One thing we

25 are interested in specifically is for these tests and in

O
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Q 1 fact the reason that tests such as R5, R8 and P3A, in

2 particular, were one was to assess voiding dynamics and

3 clad relocation, and that was the experiment purpose and,

,

4- that is the information we are using in our assessments.

~

5 As far as fuel disruption is concerned for
%.

6 irradiated fuel, se are using other more relevant

'7 expe;imental information.

8 MR. CARBON: What kind of time schedule are

9 you on in you analysis?

10 MR. WEBER: It is a short time schedule

11 consistent with the NRC Schedule. We expect to conclude

12 this activity within a matter of seeks.

13 MR. CARBON: Thank you.

14 MR. FAUSKE: Next we would like to give you a

15 reasonably detailed presentation on evaluation related

16 to fuel removal. That presentaticn will be presented by

17 Or. Epstein from Fauske & Associates.

18 MR. EPSTEIN: Actually, in the handout you,

!
19 will find some information there not only on fuel

20 dispersal by extended fuel motion but also on

21 recriticalities. In view of the time, we are just going

22 to present the most recent results obtained by the

23 project and its consultants on fuel removal by extended

O 24 <= 1 ti a-

25 I might add that all of the information on

O

ALDERSON REPORTING COMPANY,INC.

440 FIRST ST., N.W., WASHINGTON, D.C. 20001 (202) 828-9300

_ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . , . _ . . - _ .._



_

281

(]) 1 recriticalities and instability was presented, at least

2 most of the information, at the last ACRS meeting and

3 discussed at that time.

4 To set the stage for my conversation on fuel

5 removal, let me talk to a core map. This wasn't pointed

6 out, but there is already a large difference in the

7 approach of the project and the NRC in that we are

8 dealing with red driver fuel assemblies, and if I

9 recall, the NRC was dealing with blue ones.

10 (Laughter.)

11 MR. EPSTEIN: I would like to talk about first

12 and concentrate on the red regions you see here on the

13 ' core map, which are the driver fuel assemblies and also

14 the inner blanket assemblies, indicated by these shadedj
|

|
15 assemblies.

16 Following the initiation phase, core

17 disruption, of course, is beginning. Fuel is mixing

18 with clad steel, and regions of boiled-up fuel are

19 beginning to develop in some or maybe all of the driver

20 fuel assemblies. These regions are quite hot, 3000

21 degrees C perhaps plus. And, of course, they begin to

22 attack their subassembly can calls so that they can

23 penetrate the subassembly can sell and one driver fuel

() 24 assembly can turn into two and perhaps two can turn into

25 three. In other words, very early after the disruption

O
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Q 1 or the initiation phase, I should say, the driver fuel

2 assemblies are beginning to merge.

3 Now, the driver fuel just as well as merging

4 can easily move into the blanket assemblies, too. There

5 is no reason in the world why the driver fuel cannot

6 work its way through the subassemblies protecting the

7 blanket fuel and move into the blanket fuel assemblies.

8 When the driver fuel moves into the blanket

9 fuel assemblies, however, it sees a very tightly packed

10 region of blanket pins. These pins are at 2000 degrees

11 or below; they are very cold. And that is also a

12 tightly packed region as well. There are only about 20

13 percent free volume for driver fuel to flow into those

. 14 assmblies.

15 So driver fuel sees a tight cold region, and

18 according to our estimates, the driver fuel will move

17 into the blanket fuel upon penetrating the subassembly

18 can walls of the blanket assemblies and freeze, forming

19 a composite, if you will, a temporary composite of

20 frozen driver fuel and blanket fuel, a composite

21 cylinder of these two materials.

22 Of course, the cylinder will not stick around

23 forever. It is subject to internal heat generation and

O 24 t== to e81e11== ev <uet 18- out iae- >=1 aur

25 estimates are such that these blanket fuel conposites

:

O
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({} 1 will remain around for a period of at least 10 seconds

2 in the midplane or perhaps as long as 30 or 40 seconds,
,

!

3 for periods at least of the order of 30 or 40 seconds,

4 in regions away from the midplane, say, below the

5 midplane. And we call the period at which the blanket

6 assemblies are live and still standing the molt-out

7 phase.

8 The importance or the isolication, I should

9 say, of the blanket assemblies surviving is that the

10 fuel motion in the plane of the core mat becomes

11 difficult because of these islands of assemblies that

12 present barriers to radial fuel motion within the core

13 and during that period of time, during the molt-out

14 pFase when the blanket assemblies are surviving and

15 still standing, may promote simply one-dimensional

16 motion in and out of the plans of the core rather than

17 in the plane of the core.

18 This one-dimensional motion, as I mentioned at

19 the last ACRS meeting, is subject to Taylor

20 instabilities; that is, following a possible collection

21 of molten fuel in a specific region of the core leading

22 to a mild burst and fuel acceleration, this liquid slug

23 mill quickly be brought to an end by these fluid

() 24 mechanicals inspatial instability, That is the

|
25 instability known as the Taylor instability.

O
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(]) 1 The Taylor instability will break the slug up

2 and render it neutronically harmless. So during the

3 course of the molt-out phase, while the blanket

4 assemblies are still intact, we anticipate if a mild

5 recriticality does occur, it cannot escalate into a

6 major one simply because the fuel slugs accelerated by

7 the mild recriticality will not survive long. They will
,

'

!
8 be broken apart before they can act or recompact actin

9 and cause a major recriticality. i

)
10 As far as large compaction rates due to FCIs, !

11 se simppy rule them out -- not simply rule them out, but
j

12 rule them out based on some of the physical principles

13 discussed this morning as well as additional physical

14 principles we feel are also active to prevent core

15 compactions by FCIs.
1
'

16 So just to summarize again, the neutronics of

17 the molt-out phase are such that mild recriticalities

18 are possible due to slow gravitation settling and

19 collection of fuel. These mild recriticalities cannot

20 amplify into major ones.

21 Gkay. In addition to merging driver fuel

22 during the molt-out phase, in addition to driver fuel

23 entering into the blanket assemblies and cementing them

() 24 together, the driver fuel can also melt its way out into

25 the radial assemblies. And in fact, once the driver

O
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(]) 1 fuel anywhere in the core melts its way out of its

2 subassembly, it sees the inter-assembly gaps that were

3 discussed this morning.

4 For example, if a driver fuel located at this

5 point Cindicating) were to escape or melt through a
l

6 subassembly boundary, it would see the gap which is

7 represented by a line in this diagram. That would

8 remind you that the lines you see here separating

9 assemblies really consist of three things: two adjacent

10 disassembly walls as well as the 4- or 5-millimeter
|

11 disinter gap between those assemblies.

12 So molten fuel can, in addition to cetting

13 into the blanket regions, and in addition to the driver

14 fuel merging with other driver fuel assemblies, it can

15 move out radially through these gap paths. It can also,

18 as mentioned by Dr. Theofanous this morning, work its

17 way between inner blanket assemblies and move axially

18 downward out of the core.

19 Later on in time, the driver fuel can also

20 penetrate through the hex can walls that surround the

21 control rod assemblies, and it turns out a lot of fuel

| 22 can be moved very rapidly, very quickly into these

23 control rod assemblies.

() 24 In addition to an initial quick removal of

25 such fuel, continuous flow of molten fuels into those

O
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1 control rods can be demonstrated, and I will talk a

2 little more about this in a few minutes.

3 Not easily depicted in this core mac is the

O
4 fact that in some cases, depending upon whether we are

|
5 dealing with an EOC or BOC core, driver fuel can we also

6 believe move up into the axial blankets. So there are

7 several avenues for fuel escape. And I will now so into

8 a little more detail about tt escape paths.

9

10 |

11 l

12

13

O 14

IS

16

17

18

19

20

| 21

22

23

O 24

25

'

O
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1 MR. EPSTEIN: Let me put up this vu-graph.

2 We have also covered point one, fuel removal

3 paths are available.

O 4 Point two says fuel removal is sufficient to

5 ensure permanent suberiticality even when assessec with

6 conservative models.

7 Let me just go back for one minute, less than

8 one minute, before I discuss what I mean by

9 " conservative models."

10 I mentioned that me deal with the moltout

11 phase, and the moltout phase is simply defined as the

12 lifetime of the blankets. The moltout phase lasts as

13 long as the blankets last. Once the blankets are melted

O u away, we nave entered the wh 1e core p 1 phase. wo

15 don't consider thet phase in our analyses because we 're

16 pretty much convinced that during the moltout phase,

17 while the blanket assemblies are still intact, enough,

18 more than enough fuel will be removed from the core from
,

19 through these flow paths to render this core

20 suberitical. And more than that 40 percent figure

21 mentioned this morning will be removed from tte core

22 during the time the blankets are still intact, and that

23 is true regardless of which freezing model we resort to.

24 There are two models, as you well know, I

25 think. One is the conduction limited freezing model,

O
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(]} 1 and that says that the fuel penetration rate into any

2 specific channel or between gaps into the control rods

3 or what have you is controlled by the growth of a frozen

4 fuel layer on the walls of that channel. And when that

5 fuel layer ccmpletely fills the channel up the flow will

6 stop.

7 With that model you can predict fairly long

8 fuel penetrat~ ion rates. The model was developed about

9 100 years ago, and over the past ten decades there has

10 been enough papers that substantiate that model to fill

11 this room.

12 On the other hand, we have a model that people

13 also like to use in the fast reactor business known as

(} 14 the bulk freezing model; and this model has never been

15 verified, to my knowledge, and it's based upon turbulent

16 heat losses through the walls of the channel that the

17 fuel is flowing through that channel. Specifically, it

18 says freezing is controlled at a rate given simply by

19 the turoulent heat transport from the flowing fuel to

20 the channel wall.

i 21 As you might anticioste, this is a rather
1

22 rapid freezing mechanism, and I guess that's why the

23 model is popular, because it gives a lower bound to the

(:) 24 <reezing rate.

25 And what we have done is to assess fuel
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i

(]) 1 removal with both of these models, and regardless of

2 which model we use we come to the same conclusion: the

3 core will be rendered suberitical during the course of

4 the moltout phase while the blanket composites are still

5 intact.

6 Let me go ahead and demonstrate what I have

7 just said. Let me just say that se also looked at the

8 requirements for permanent suberiticality. One does

9 this by looking at various core configurations. I will

10 not go through the details of these things, but

11 essentially one comes to the same conclusion no matter

12 which configuration you look at. If you can remove

13 about 40 percent of the driver fuel from the core, the

14 core will be suberitical.

i 15 In order to be able to convince ourselves that

16 we can remove enough fuel from the core to render it

17 suberitical during the moltout phase, we have to get

18 some handle on the time scale for the moltout phase, and

19 to do this we picked a specific example. We think it is

20 a realistic example because we think that the core is

1

21 going to, in the loss of flow accident, seek the
'

22 conditions assumed a moderate power burst of 6 to 10--

23 full seconds at the end of the initiating phase and then

() 24 a power level of 50 percent following that. The power

25 level of 50 percent is based upon what we know about |

()
,
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(]) 1 heat losses on a subassembly scale from the molten fuel

2 disrupted regions to tho hexcan boundaries. It tells us
|

3 that 50 percent is just enough power to keep the core
|

4 suberitical; so we picked a power level of about 50

5 percent.

6 We also have the following conditions: that
I
'

7 the inner blankets have an average fuel temperature of

8 2100 degrees C. -- I should say clad temperature, I

9 thirk, that is, of 2100 degrees C. -- and the lower clad

10 segments at 1600 degrees C. Those are the conditions

11 the driver fuel sees when it enters the inner blarket

12 conditions.

13 Based upon this power level (Indicating) and

14 what we think are reasonable ablation rates acting on

15 the outside of this frozen driver fuel blanket

16 composite, we find we will probably melt away the middle

17 section of the composites in 12 to 16 seconds, but a

18 1cwor stalagtite deposit will still be left sticking up I,

l

19 from the bottom of the active core region into the

20 core. That will last for a period of 35 to 40 seconds.

21 Cne might say well, suppose I double the power
|

22 level. That will knock these values down by perhaps
,

23 close to a factor of two. One would reduce the lifetime

I () that is, the lifetime of the24 of the moltout phase --

|
25 blankets -- if one were to decide to take a higher power

i
.

O
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({) 1 level. But you have to remember with a higher power

2 level the pressure in the core is larger. It probably

3 goes up something exponentially with power level, the

4 relationship between pressure and temperature, and that

5 increases the driving force for fuel removal.

6 So while you are reducing the time scale for

7 the moltout phase, you are also at the same time

8 reducing the time scale for fuel removal. And that's

9 the purpose of this footnote here which is not really

10 very sensitive to the choice of the power level. We

11 picked this as an example, but we think it's a realistic

12 example as far as the numbers we've picked are concerned.

13 Let's look in more detail at the fuel removal

14 paths we are dealing with, and let's talk first about

15 the gaps. Before I showed you a cut through the

16 cross-section of the core. This is an actual cut

17 through the core. This is the core region.

18 If fuel is going to move into the gaps, it

| 19 will move out and displace the sodium in the radial

l
20 blanket region and the radial shield region. It can

21 also pass through the blanket / blanket gaps of the inner

22 blankets and move downward as well below the core in

23 escaping.

() 24 I might mention that when the fuel moves out

25 of the core it has to push away the surrounding liquid

i
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({} 1 sodium as well, and it turns out that the liquid sodium

2 has to pass through the upper core load pad, and this

3 load pad has sufficiently small holes to present aO 1

4 sizable impedance to the flow of sodium. That was also |

5 taken into account in our analysis of fuel removal from

6 the core into the gaps.

7 And I think the results of that analysis on

8 the effect of sodium impedance is shown in this

9 vu-graph. We find that the penetration length is

10 reduced by at most 40 percent. This 40 percent figure

11 comes from assuming that all of the driver fuel is

12 suddenly molten at a specific time, anc it all escapes

13 from the core at the same time. This produces the

14 greatest sodium displacement rate, the greatest

15 pressure, right, in the above-core load pad, and that's

16 how we get the 40 percent figure.

17 While 40 percent may seem large, the

18 conduction model predicts such large penetration

19 distances to begin with that this reduction is

20 relatively trivial and does not affect any of our

21 conclusions. As far as the bulk freezing model is

22 concernec, there's no effect on penetration length, and

23 that is a result of the fact that in the bulk freezing

()i 24 the penetration longth is independent of the pressure
|

25 drop, and therefore, sodium impedance does not affect

O
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() 1 bulk freezing length predictions.

2 Ckay. Let 's take a closer look now at the

,

3 control assemblies versus secondary control assembly.
1

4 The molten fuel will be at the exterior of the control

5 assembly and will probably melt through the control

6 assembly in this region, and it has to melt through the

7 hexcan first. Then once it does that it finds a large

! 8 space, this 56 centimeter space, below the active core

9 region. That space fills up very quickly and can remove

10 actually about 5 percent of the core inventory in a time

11 scale much less than 1 second.

12 That's not all, though. The fuel will

13 continue to drain through this vent that you see and

14 move out or move below to regions well below the active

15 core zone.

16 We will summarize soon the time scale for the

17 fuel removal processes and how much fuel can actually be

18 removed as a percentage of all the driver fuel in the

19 core.

20 A similar story here for the primary control

| 21 assembly. In this case the molten fuel, driver fuel,

22 only has to penstrate a single subassembly wall. It

23 works its way down to a rather large volume below the

() 24 active core region. This large volume in a time scale

25 of less than one second can remove four to five percent

O
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(]) 1 of the inventory of driver fuel.

2 Selow this large volume is an array of orifice

3 plates which present some resistance to the fuel flow

4 over a period of time of a few seconds. But

5 calculations show it won't be long before the orifice

6 plates are melted away by the draining fuel, and that

7 speeds up the removal process through the primary

8 control assembly.

9 MR. CARBON: Where are those orifice plates

10 with respect to the bottom of the pool?

11 MR. EPSTEIN: The dimensions are not on there,

12 but I imagine they are something like 40 or 50

13 centimeters below the active cece region. s

14 MR. THEOFAN005: We thirk it is about a meter.

15 MR. FAUSKE: It is close to a meter.

16 MR. CARBON: You wouldn't have very much heat

17 generation in the fuel at that point, would you? I

18 guess I'm surprised it works its may through so rapidly.

19 MR. FAUSKE: Basically decayed heat.

20 MR. CARSON: Still, it works through rapidly?

21 MR. EPSTEIN: Are you talking about the

22 molting away of the orifice plates? This is done by

23 convective heat transport. The orifice plates are

() 24 staggered such that once the fuel goes through one hole

25 it sees a solid plate below it, and it has to move to

O
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Q 1 the side.

2 But you have a geometry very similar to a jet

3 impinging or a plate with a very high heat transfer

4 coefficient associated with that. It rapidly melts its

5 way through those plates by this jetting mechanism. The

6 actual path of the plate is down, hits another plate,

7 moves some distance, goes through another hole and does

8 that kind of thing (Indicating) until the plates are

9 melted away, and then it just drains straight down.

10 Okay. Let's summarize exactly hos much fuel

11 we can move through each one of these flow paths, and

12 let's get back to the interassembly gaps.

13 Let'' discuss the thermal ' conduction limited

14 model. Let's assume first you believe in conducted

15 limited freezing. After all, there's a hundred years of

16 research behind it. I think it's a reasonable

17 assumption to make. And, in fact, we think this is our

18 best estimate case as far as fuel removal through the

19 core is concernedl that fuel removal in through the gaps

20 will be conduction-controlled.

21 There are so many gaps, and a cross-sectional

22 area of the gaps is so large that within the time scale

23 of one second if all of the driver fuel were rsiten, al'

O 24 =f the eriver fuel oute he removee from the core

25 through those gaps alone that I mentioned, the radial )

O
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1 gaps and the gaps that carry the fuel downward between

2 blanket gaps.

3 We are only considering here, by the way, as

4 Or. Theofanous mentioned this morning in his talk, the

5 gaps between blanket / blanket assemblies.

6 MR. CARBON: What kind of pressure drop is

7 there to push that out there?

8 MR. EPSTEIN Gravity alone would just about

9 do the job.

10 MR. CARBCN3 Gravity alone.

11 MR. EPSTEIN: I think this points to what a

12 leaky situation you have. Once the fuel melts it's not

13 a matter of being limited by freezing. In this

O!

v 14 circumstance the gaps are just waiting for the fuel to

15 molt. As soon as the fuel melts it gives a little burp

16 and moves right out of the core, according to the

17 conduction limited model. That 's why se say fuel melt

18 is limited here. We just have to wait around for the
!

19 driver fuel assemblies to melt, and that controls their

20 motion.

21 And as I mentioned, this mechanism of flow

22 into the gaps, thermal conduction, limited flow into the

23 gaps, is sufficient to move all of the fuel. If you

O 24 a 11 o ia ** r i ==ao c21 a. va# etea'* " - *- 9e

25 further; the problem is over. If the core is

O
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(]} 1 suberitical, we don't even have to consider any of the

2 other flow paths. But being a reactor safety a'nalyst,

3 we would like to put a little conservatism inte the

O
4 analysis.

l

5 Take a look at what happens if we make a

6 conservative assumption. We pick out the bulk freezing

7 model, and the bulk freezing model has very short

8 penetration lengths associated with it. The time scale

9 for the process to occur is about the same as the

10 conduction limited process. The fuel will move into the

11 gaps and freeze in a time scale of about one second, but

12 because the penetration lengths are so short, it would

13 just remove 10 to 15 percent of the core inventory of

( 14 the driver fuel depending upon what kind of core you are

15 dealing with, a ECC core or an ECC core. So if you

16 postulate bulk freezing in the gaps, one has to look at

17 other gaps as well.

18 The other paths I might mention are not open

19 as soon as the gaps are open. The gaps are open as soon

20 as the driver fuel works its way through the subassembly

21 wall. In the case of the control rod assemblies

22 specifically, the primary control -- no, the secondary

23 control assembly, there is a six-second meltthrough time

() 24 because the fuel has to go through two barriers. Cne is

25 the subassembly wall, and then there is the guide, too.

O
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1 But here are some of the time scales associated with

2 t.Fis control rod asse1ibly.

3 It takes four seconds for the fuel to enter
O

4 the primary control assembly. As I mentioned before,

5 that large volume just below the core will suck up about

6 six percent of the core inventory, and the tire scale is
.

7 less than one second, and fuel will continue to flow at

8 the rate of about one percent a second for four

9 seconos. This four-second period is the time in which

to the orifice plates are still intact. The orifice plates

11 melt away. That flow rate increases to two to three

12 percent of the core inventory per second.

13 The secondary control assembly has a

14 six-second meltthrough time. The longer time here is

15 a+Jsociated with going through the guide tube as well as

16 the hexcan wall.

17 The volume just below the core in the

18 secondary control assemblies will accept about four

19 percent of the fuel in short order, and than the fu el

20 will continue to be removed at a rate of five percent

21 per second.

|
22 Remember, noo, we are dealing with a time

23 scale on the order of at least 12 seconds for the

|O 24 tife11me of t8e mettdo n os se or tae lifetime of tae

25 blankets -- most likely much longer, but that is one of

O
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(]) 1 the lower bounds.

2 Fuel can also move into the upper axial

3 blanket, we feel, in the case of the ECC core, because
J

4 in this situation, as a result of initiating phase

5 analysis, there are limited clad blockages. We don 't

6 take credit for fuel removal into the upper axial

7 blanket for the BCC core. We assume that the clad plugs

8 prevent that from occurring.

9 There are also radial blankets. In addition

10 to fuel penetrating the inner blankets, it will

11 penetrate into the radial blankets as well, and that can

12 comove 20 percent of the core fuel.

13 So when one sums up, let me go back and say

14 again, let me repeat, if we base our analysis on

15 conduction limitec freezing in the gaps, one does not

18 have to go beyond item number one here. The problem is

17 over. That process will occur within one second of the

18 driver fuel coming out of its assembly cans.

19 If you sant to base fuel removal from the gaps

20 on bulk freezing, then we have to consider these other

21 paths, and this is how we sum up as far as the

22 contributions during a ten-second period after fuel

23 penetration into the inner blankets.

() 24 And you can see there are more than sufficientj

25 paths to remove more than all of the fuel we have in the

O
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1 core, indicating that during the lifetime of the treitout

2 phase while the blankets are still intact and
.

3 recriticality is not a problem, the core will be

O
4 rendered suberitical.

i

5 I guess that about summarizes our new results

6 on fuel removal. I might say that most of the nos

7 results have to do with taking a very careful look on

8 flow into the secondary control assemblies. Prior to a

9 month or two ago so were not taking credit for thrt, andi

i 10 after looking at the reactor plans, we founa that
l

j 11 consicerable fuel can flow into those secondary control

12 assemblies, so that is really the new feature of the

13 fuel removal analysis since the last time se presented

14 results at the ACRS meeting.

15 MR. CARBON: In terms of the fuel flowing out

16 past the cold surface or relatively cold, what

17 predominates the continued heat generation so the fuel

18 stays hot or the fact there has been an excursion to

19 raise the temperature quite high, and it has a long way

20 before it freezes?

21 MR. EPSTEIN: It is reasonable to assume the

22 fuel is slighly superheated, at least 50 or 100 degrees

23 C. above its melting point. That helps s orn e wh a t . But

O 24 1 * ca 8 cw o ia ad e a t. < r ta o a= *a e- r-

25 two possible freezing mechanisms you can postulate. One

|

O :
1
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h 1 is the conduction limited freezing mechanism, and using

2 that mechanism it's not too important what the superheat
l

3 is or what the neutronic state of the core is. If you

4 are decling with molten driver fuel and you believe

5 ccnduction freezing, that molten driver fuel till go a

6 long may into those gaps because it is limited only by

7 the relatively slow process of growth of fuel inward

8 from the gap walls.

9 MR. CARBON: But even so, in the extreme case

10 of one degree above molting it wouldn't take long.

11 MR. EPSTEIN: No. We still go quite a long

12 distance even with one degree obove molting -- several

13 hundred centimeters. It's like lava coming out of a

i 14 volcano. Of course, you are dealing with a much sider

15 flow tube in that situation, but those things go for

16 miles.

17 MR. CARBON: They are not being cooled off

18 very rapidly.

19 MR. EPSTEIN: Well, they can cool pretty

20 rapidly by radiation.

21 MR. CARBCN: That is debatable.

22 MR. EPSTEIN: In fact, radiation cooling could

23 be almost as effective at these temperature as heat

O 24 trea=+er to e =otie steet =*ruci# -

25 I should mention in the control rod

O |
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.

() 1 assemblies, I should ooint out the differences between

2 the gaps and the control rod assemblies as far as

3 hydraulic diameter is concorned. In the control rod

4 assemblies we have much less cross-sectional area for

5 flow, and that is why it takes much longer than one

6 second to get the driver fuel from the control rod

7 assemblies, because we are dealing with relatively small

8 cross-sectional areas compared to the gaps.

9 Cn the other hand, you 're dealing with very

10 large hydraulic diameters so you're not influenced by

11 any model you pick. The hydraulic diameters are so

12 large you can assess fuel escape by bulk freezing or

13 conduction freezing.

14 MR. FAUSKE: Mike, you may want to mention the

15 key thing here is the los thermal conductivity of the

16 fuel. Hence, it takes a long time to form a fuel crust

17 of sufficient thickness.
|

18 MR. EPSTEIN: Yes. They have a relatively los

19 conductivity, and it takes quite a chile for a crust to

20 form, although it doesn't seem like it. It takes one

21 second for the crust to close the gap, but in one second

22 the fuel will flow a long distance through those gaps.

23 Sut it doesn't take a tenth of a second or a hundredth

() 24 of a second. Cne second is a fairly long time in terms

25 of removing fuel even under gravitational driving forces.

}
,

!

|
l
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Q 1 MR. CARSON: I would believe your numbers, but

2 just intuitively it doesn't seem it would flow that

3 rapidly. I'm not arguing, but it just doesn't.

4 MR. EPSTEIN: I guess you have to sit down and

5 make the calculation for yourself. It's not a difficult
!

6 calculation. It can be done in a few minutes.

7 MR. LIPINSKI: I have a question. Cn the

8 secondary control assemblies you said there 's a

9 six-second maltthrough and the removal was five percent

10 a second. Yet, if I go to your summary table based on

11 ten seconds, you have a total of 44 percent for the

12 secondary control assemblies.
~

13 Is that consistent if I have five percent per

14 second?

15 MR. EPSTEIN: I think you have to take into

| 16 account or recognize we are talking about ten seconds
!

17 after fuel penetration into the inner blanket assemblies.

18 MR. LIPINSKI: All right. Where is that

19 biased six-second meltthrough time on a secondary

1 20 control assembly?

21 MR. EPSTEIN: It's actually 14 seconds because

| 22 while we are waiting around for the fuel to penetrate

23 the inner blankets, at the same time the driver fuel is

O 24 t=a arwias it- v aa ta coatrat == a11 = <ar *8 1

25 period of time.

O
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(]) 1 MR. LIPINSKI; All right. So time zero we

2 start, and in six seconds we melt through the secondary

3 control assembly.

4 MR. EPSTEIN: Then you have about eight

5 seconds after that I think to fill up the control

6 assembly, eight seconds of flow time. The ten seconds

7 really refers to the lifetime of the inner blankets

8 after the driver fuel penetrates into the inner

9 blankets. While the driver fuel is acting on the inner

10 blankets, it's also acting on the control rod assemblies.

11 MR. LIPINSKI: I guess the question is shat is

12 the time when it penetrates the inner blankets after

13 time zero.

14 MR. FAUSKE: Four seconds.

15 MR. EPSTEIN: Four seconds.

16 MR. LIPINSKI; Four seconds. Okay.

17 MR. CARBON: Are you finished?

18 MR. FAUSKE: If there are no further questions

19 for Dr. Epstein, so would like to bring on Donnis

20 Smitiek to provide some summary remarks.

21 MR. SWITICK: I am Dennis Switiek with the

22 General Electric Company in Sunnyvale, California, and I

23 just utnted to take a few minutes after such a long day

() 24 to try to summarize a few comments and some conclusions

25 as to where the project is relative to HCDA energetics.

1 ()
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I () 1 and in particular where me have come since we talked to|

2 you, since we had the opportunity to talk to you last

* "'''O
I 4 First of all, at that time we presented the

5 evaluation we had performed, as documented in GEFR-523,

6 covering all phases of the accident. And basically, we

7 have tried to leave you with three conclusions.

8 The first conclusion was that the progression

9 of an uncontaminated event in the CRSR core led to,

l
to non-energetic termintion, either partial or whole coret

11 involvement.

12 The second conclusion we made was that it took

13 significant deviation from our best estimate
I

14 understanding of phenomenology to generate an

15 energetic-type termination to the accident.

16 And that thirdly we concluded that the change

17 in the design to a heterogeneous core v (neficial in
,

| 18 that that core design was less sensitive and less likely
i
'

19 to get into an energetics scenario than the homogeneous

20 core was.

21 That is basically the three main conclusions

22 we had last May. Since that time we have done a

23 considerable amount of work both on our own initiative

() 24 and in responding to the areas identified by the NRC

25 staff anc their consultants. You have heard some of

(:)t
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(]} 1 that in a rather brief form by the last couple of

2 speakers abbreviating their discussions, of course, to
!

3 try to save time.

O
4 What I would like to do with one simple

5 vu-graph is try to summarize some of the points of where

6 we are today based upon where we were in May relative to

7 those conclusions.

8 The first ona simply is that we did complete a

9 package of work and submit it to the NRC staff, I think

10 in probably early September, responding to the various

11 issues that they had identified relative to energetics,

12 many of which were discussed today by the NRC and

13 ourselves.

'

14 One of the things that has occurred, in our

15 opinion, since last May and has been confirmed both by

16 the vtaff and in our own thinking is that the TOP

17 initiator in and of itself is not really an energetic

18 type event that we need to be concerned with. In

19 particular, we would say that the focus on the loss of

20 flow accident is the appropriate one.

j 21 Secondly, we have gone and are still camping

22 up at this point through a detailed re-evaluation of the

23 loss of flow event, including a re-evaluation of the

() 24 sodium void, as Dr. Henryson discussed with you, a

25 re-evaluation of fuel motion and the effect of plenum

O
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1

() 1 and fuel fission gases and cladding relocation.

2 And putting all of the phenomenology together

3 and taking another hard look at it with the help of

4 Argonne laboratories, as Dr. Weber presented to you, we

5 still conclude that the best estimate progression of an

6 unterminated event in this core would be a benign event

7 energetically.

8 Going on from there into the moltout and

9 annular pool phases where we have done some additional

10 work that Dr. Epstein was just referring to, se think wo

11 are in a lot better shape than we were last May. That's

12 because taking a detailed look at the life of the
|

13 internal blankets relative to the time frame for fuel
l n

U 14 removal for permanent suberiticality, we think we are a

15 lot less sensitive to the exact timing and details of

16 these fuel removal processes.

17 We have also identified for ourselves and feel

18 comfortable with additional fuel removal paths that se

19 had not taken credit for that last time, those being

i20 specifically the continued t.oe of materials out the

21 secondary control assemblies, as well as fuel entracco

| 22 into the first row of radial blankets which can
|

| 23 significantly hold something like 20 percent of the core

() 24 materials. Those two flow paths would be available on

25 the same time frame that the internal blankets still
1

i
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({} 1 exist, and this is in the conservative aspect o! cur

2 understanding where we are going to assume that we did

3 not get sufficient fuel out through the gaps early on.

4 So even in that conservative scenario we've

5 identified several major new fuel loss paths active

6 during that time interval before you get to a coreside

7 pool situation.

8 There was one point asked explicitly by the

9 consultants that has not been discussed in any real

10 detail today, and that is this next to the last

11 conclusion. It had to do with a cuestion relative to if

12 you had an open bciling pool system where stainless

13 steel was leaving that system as a vapor, could you get

14 an effective event where the rapid condensation of that

15 steel up in the sodium pool above it could generate a

16 reverse pressure gradient and suck liquid sodium down

17 into the pool. That was one of the response areas in

18 the list of NRC issues that we completed in early

19 September.

20 Now, our basic conclusion on basic physical

21 principles was that you could rule out any such re-entry

22 of liquid sodium into the pool. I don't know if

23 anything is in the eackage.

() 24 MR. FAUSKE: Yes.

25 MR. SWITICK: There was something in the

O

ALDERSON REPORTING CCMPANY,INC.

440 FIRST ST., N.W., WASHINGTCN D.C. 20001 (232) 628-9300

__ _ . . - . - _ . - - . - --- - -



309 1

(}
1 package Dr. Epstein presented that he did not discuss,

2 but the details were in there and the physical
j

3 principles. It 's basically due to the volatility of the
O

4 sodium itself. And if you're going to condense the

5 steel, you've got to be vaporizing sodium in such a

6 manner that it cannot come back into that pool.

7 Putting all of these things together as to

8 where we were and what we have been looking at over the

9 last half r. year, we still feel the basic conclusion

10 that the 661 type megajoule expansion designed te judge

11 the margin in the structural evaluation for the plant is

12 quite adequate in terms of evaluating its 2nergetics.

13 MR. CARBON: I'm not sure what that last

14 sentence says. Are you saying there is a capability of

15 it to eithstand 661 megajoules? It's a question of what

16 you mean.

17 MR. SWITICK: This statement doesn 't directly

18 sit this. This statement directly says that the level

19 of energetics one should consicer in terms of judging

20 the structural evaluation was chosen originally some

21 long time ago at a number like 661 megajoule expansion

22 at one atmosphere. That energetic type event, if you

23 will, or that level of loads on the system is what I am

() 24 saying is totally adequate for judging HCDA energetics.

25 The project is, of course, going to --

() '
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| Q 1 MR. CARBON: Excuse me. I'm still not with

2 you on what those words say. The 661 megajoule

3 expansion provides margin, adecuate margin. Would you

4 go over it once more?

5 MR. SWITICK: Okay. What we are basically

6 saying is we don't see any way you can generate an

7 energetic event in the CRBR core that would accroach

8 that type of level of expansion.

9 MR. CARBON: Okay. That I understand. The

10 weeds I guess I don't.

11 MR. LIPINSK!: But the 661 is dictating the

12 design of the containment, is it not?

13 MR. FAUSKE: Not the containment. The primary

14 system.

15 MR. SWITICK: Not the containment. The

16 primary heat transport system is being designed relative

17 to the loads that would be calculated for such an

| 18 expansion on the primary system.

13 MR. LIPINSKI: This is head lift.

20 MR. SWITICK: The head, the vessels, the

| 21 piping, the whole system.

22 MR. LIPINSK1: How many megajoules are

23 involved in the containment? Is that 1200? I have

O 24 <oraattea 18e a==eer-

25 MR. SWITICK: In the containment building?

O
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(]) 1 MR. LIPINSKI: Yes. There was another number,

2 where NRC had given you the specification.

3 MR. SWITICK: Sometime ago the NRC had judged

4 a 1200 megajoule expansion would be appropriate. That

5 is generically the same number that would be used to

6 evaluate the primary heat transport system response, so
|

| 7 that is comparable.

8 MR. CARBON: I have one other general Question

9 I have asked you before, and you have answered me

| 10 before. The French, Germans and UK people tend to think

11 that they don't gain anything from a heterogenous core.

12 When I was in Lyons in July I again asked the question

13 of people there, and I keep getting the answer they have

14 looked at a heterogeneous core, and they finally and up

15 saying so what, why bother.

16 Do you have any new thoughts to shed on that?

17 MR. FAUSKE: Maybe I could address that, Max.

18 I am not sure whether you refer to the safety of the

19 reactor or the operational aspects.

20 MR. CARBON: The safety of the reactor.

21 MR. FAUSKE: I think you heard today very well

22 from Dr. Theofanous' cresentation as well as our can

23 presentation that we think there is certain mitigating

() 24 aspects brought out by the heterogeneous core design.

25 Certainly the fact that the effect of the sodium void

()|
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(]) 1 sorth is reduced is a positive thing from the reactor

2 safety point of vies.

3 I don't think we should debate that. I think

4 that clearly moves us away from the typical area of the

5 LCF-driven TCP, particularly from the area where the

6 phenomenology is not that validly established based on

7 experimental facts. So that is a very gratifying thing,

8 I think, in terms of the reactor design.

| 9 Furthermore -- and I think this is something
{
l 10 you wouldn't expect in the European community, because I

l 11 think me are quite a bit ahead of them in terms of

12 recriticality analysis -- and that is that the

13 heterogeneous design basically provides increased time,

14 as indicated by Dr. Theofanous as well as Dr. Epstein's

15 presentation -- leads to more time to remove fuel during

16 the stage in the accident progression whereby we can

17 confidently rule out escalating recriticality events.

18 This to us is a very significant aspect of the

19 accident analysis in the sense that we can comfortably

20 reduce the possibility of getting into a large-scale,

21 full core pool phase where a large-scale motion becomes

22 more difficult to rule out.

23 I would like to say in this case from my own

() 24 personal point of view I am not that ready yet to accept

25 oven in a whole core large-scale pool phase that se

O
!
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Q 1 would have extreme difficulties, but I do appreciate

2 some of the concerns the folks have.

3 But again, to summarize, I think there is a

4 definite aspect to the heterogeneous core design that

5 points to a more benign accident progression dealing

6 with a hypothetical core disruptive accident.

7 MR. CARBON: I know that you do, anc I guess

8 you are saying basically that you think we are ahead of

9 them in the analysis.

10 MR. FAUSKE: No question about it.

11 MR. CARBCN: Do you have more?

12 MR. LIPINSKI: No.

13 MR. CARBCN Does anyone have anything else to

14 add before we adjourn?

15 (No response.)

16 MR. CARBON: Let me thank Mr. Switick and let

17 me thank everyone for coming today. I think it has been

18 very good, and we can adjourn now.

19 (Whereupon, at 5:32 p.m., the meeting was

20 adjourned.)

21

22

23

0 24

25

O l
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SP-1 PLENUM F.G. COMPACTION

O -

Objectives

Show that autocatalytic behavior is extremely unlikely. Establish a

range of realistic LOFA initiating phase power history outcomes.

Scope

Consider in detail fission gas inventories, blowdown constraints and
accident tir.ing margins. . Consider incoherent core behavior. Consider
the effect of fuel motion history (early). Take into account Na worth
uncertainties. Consider R8 experimental information.

Output

Provide initiating phase power hirtories and enthalphy distributions
for a range of conditions. *Jocument one or two cases in detail
adequate to visualize the scenario and sequence of processes.
High1ight remaining k:eas of uncertainty.

O sewaa 1e

Preliminary assessment August 30. Final report September 15.

Resources

SAS3D, LEVITATE (SAS4A)

Inputs

{ LOF-2, LOF-5, SP-2, LOF-6
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CRBRP PROJECT PRESENTATION AGENDA _

O
-

:

!
I. INTRODUCTION H. K. FAUSKE (FAI)

| 11. CRBRP SODIUM VOID WORTH AND H. H. HENRYSON (ANL)
:

UNCERTAINTIES

Ill. LOF REFERENCE INITIATING PHASE D. WEBER (ANL)
.

BEHAVIOR

|O IV. RECRITICALITY BY EXTENDED FuEt M. EPSTEIN (FAI)
,

MOTIONi

i

.

V. DISPERSAL BY EXTENDED FUEL M. EPSTEIN (FAI)

MOTION

VI. CONCLUSION D. SWITICK (G.E.)

,

i

I O

*
. _ . . - _ . _ . . . . _ _ . _ _ . . - _ _ - _ _ _ . . - , _ . . - . . . . _ _ . , ~ . _ __ ,_ . _ - . . _ . . - _ . _ . . . - . _ _ . _ _ _.-
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O CRBRP SODIUM VOID WORTH.

I AND UNCERTAINTIES

HERB HENRYSON

1
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S0DIUM V0ID WORTH .

j q
I b

;

dLTERNATIVEMETHODOLOGIES

0 USE STATE-OF-THE-ART METHODS AND CROSS SECTION DATA FOR CALCULA-

TIONS. DETERMINE UNCERTAINTIES FROM " KNOWLEDGE" 0F UNCERTAINTIES

IN METHODS / DATA.

t USE INTEGRAL DAT A BASE TO DERIVE AN " EXPERIMENTAL" VALUE. UNCER-

TAlflTIES FALL OUT OF ANALYSIS ,-

!
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BIAS FACTOR METHOD'

.

.

e SINGLE BIAS FACTOR

P=aC

e Two FACTORS (LEAKAGE AND NDN-LEA?' AGE)

O
| P= N + il
,

i

EP - ,

MIN {( I)'I
# I

I

|
,

|O
|

|
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COMPUTATIONAL MODELi -

,

!

!
;

i e ENDF/B-IV DATA

2

.e MC -2/SDX PROCESSING TO 20 ENERGY GROUPS

i . '

e THREE-DIMENSIONAL DIFFUSION THEORY

;

i a

,

i Oa coanec1 roR s1REsninG uSING BEN 0IST DIRECTIONAL DIFFUSION
COEFFICIENTS

e EXACT PERTURBATION THEORY

,

O

.
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Ratios of Calculated to Measured Reactivities for Sodium Voiding

;

C/E Before % Standard Devia--

Cases Biasing tion After Biasinga-

CRBR-EMCb B00-1, positive part of core 0.98 101

CRBR-EMC E0C-4, positive part of core 1.23 6

! 101 mixed zones 1.08 12

Axial blankets without control rods 0.91 1

Axial blankets with control rods 1.23 2

Core zones with negative reactivity signals 1.02 9

aSeparate bias factors applied to positive and negative components of
reactivity. For any subset, the average C/E is 1.0 aftrr biasing.

'
b() Engineering mockup critical experiments for sodium-void reactivity in
CRBR; reactor geometry and compositica closely matched. ;
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Bias Factors and Uncertainties'

for Sodium-void Reactivity in CRBR'
,

Calculational
Bias Factora Uncertainty,b%

Zone BOC-1 EOC-4 BOC-1 EOC-4

i

Central core 1.0 0.82 10 6

External core 1.0 1.0 10 10

Axial blankets 1.0 1.0 20 20

Internal blankets 1.0 1.0 20 20

to be multiplied times the calculated value.a

bto be added in quadrature with uncertainties from
O other sources.

;
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Additional Uncertainties
in CRBR Sodium-void Reactivity

aUncertainty ,
Source % of Total Reactivity

80C-1 E0C-4
,

Fuel pins instead of plates 0 0
*

,

| Sequence of voiding 3.5 3.5

Temperature distribution 2.5 2.5 t

' '

j Fission products 0 3.0

aTo be added in quadrature with the values of
" experimental" uncertainty. .

'
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BEST ESTIMATE SODIUM VOID" REACTIVITY WORTHS ($)

_

() BOC-1 EOC-4

DRIVER ASSEMBLIES

CORE 0.25 (-0.35) 1.44 (1.10)

LOWER AXIAL BLANKET -0.22 -0.15

UPPER AXIAL BLANKET -0.18 -0.17

TOTAL -0.15 1.12

MAXIMUM POSITIVE 1.97 (1.67)

INTERNAL BLANKET ASSEMBLIES

CORE 1.37 (0.95) 1.50 (1.11)
LOWER AXIAL EXTENSION 0.01 0.02

UPPER AXIAL EXTENSION -0.01 -0.01

0
TOTAL 1.37 1.51'

|
|

MAXIMUM POSITIVE 1.52 (1.12),

i
i

" VOID FLOWING SODIUM (81.8% DRIVER, 72.6% BLANKET)

8 = .0034
i

!

|
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LOF REFERENCE INITIATING'

PHASE BEHAVIOR

|
DAVE WEBER,

| (ANL)

O
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($) CRBRP BEST ESTIMATE E0C-4 LOF ASSESSMENT

-

,

* ' MOTIVATION

* REASSESSMENT MOTIVATED BY CONSIDERATION OF POTENTIAL FOR
AUT0 CATALYTIC" FUEL BEllAVIOR DUE TO PRESSURIZED PLENUM
FISSION GAS COMPACTION OF DISRUPTING FUEL PINS.

* TECHNICAL APPROACH

* CORE CONDITIONS (POWERS, FLOWS, MATERIAL WORTHS, ETC.)
BASED ON CRBRP-GEFR-523 EOC-4 CONDITIONS.

FUEL MOTION AT PIN DISRUPTION BASED ON ANL TREAT LOF*
TESTS UNDER OVERPOWER CONDITIONS (PRINCIPALLY, TESTS L6
AND L7) WITHIN CONTEXT OF SAS3D/SLUMPY CODE.

* FISSION GAS AVAILABILITY FOR DISPERSAL BASED ON llEDL
FISSION GAS RELEASE (FGR) TESTS AllD ANALYTICAL MODELING

(]) IN ANL/ RAS DEVELOPED FRAS CODE.

* SICNIFICANT CONCLUSIONS
' * IIME SCALE OF ACCIDENT SEQUENCE INCREASED COMPARED TO

GEFR-523
.

* EARLY FUEL DISPERSAL IN LEAD CHANNEL LED TO li!La (SPo)
OVERPOWER CONDITION.

* MILD ENTRY TO MELTOUT PHASE IS PREDICTED.

O

.
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POTENTIAL FOR AUT0 CATALYSIS BY PLENUM flSSION
GAS DRIVEN PIN COMPACTION

* PHENOMENOLOGICAL CONCEPT

() * AT FUEL PIN DISRUPTION, PLENUM FISSION GAS PRESSURES MAY
BE TENS OF ATMOSPHERES, POTENTIALLY PROVIDING A
MECHANISM FOR FORCED FUEL SLUMP!NG AND AUGMENTED;

POSITIVE REACTIVITY INSERTION (NUREG-0122,NUREG/CR-0224)-

MITIGATING FACTORS*

* EARLY PIN DEPRESSURIZATION BY CLAD FAILURE.

FRICTION AND MECilANICAL INTERFERENCE BETWEEN FUEL AND*
'

CLADDING.

* UPWARD CLADDING STUB RELOCATION.

INTRA / INTER SUBASSEMBLY INCOHERENCE.*

IECilNICAL APPROACH* ,

NEllT R CH I C S HASED ON GEFR-523*

FUEL COMP ACT 10ft DRIVEN BY PRESSURE DIFFERENTI AL ANDps
.*

GRAVITY.'

CLAD FAILURE AT STEEL MELTING P0lNT, DESPITE IRRADIATED*

CLADDING.

FAILURE LOCATION AT CORE-UPPER AXIAL BLANKET INTERFACE.*

* IYPICAL SAS3D/CLAZAS MOLTEN CLADDING REL OC AT I Off
DYNAMICS.

* CONCLilSIONS j

* SIGNIFICAllT MITIGATING FACTORS EXIST TilAT WOULD PREVENT
COHERENT PLENIIM GAS DRIVEN COMPACTION. 1

1
1

ANALYSES Will Cil DO NOT I N C LilD E FACTORS CAUSING*

I NC ollE R EllCY Sil0W :

* SUFFICIENT TIME FOR PLENUM FISS10fl GAS BLOWDOWN;

PRIOR TO PIN DISRUPTION WAS OBSERVED.

O PLENUM FISSION GAS fl0T SEEft TO AFFECT FUEL MOTION.+

|

|
|

|
. _ - _ _ - - ._. -_ _ _ _ _ . . - - . _ , .. _. .. . - - . _ , _ - _ . - _ _ - -
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UPDATED MATERIAL WORTH AND UNCERTAINTY EVALUATION

-,

MATERIAL WORTH ASSESSMENTS*

.

DRIVER ASSEMBLY VOID WORTH INCREASE FROM $2 10 TO $1 43*

(30%).

* DRIVER ASSEMBLY STEEL WORTHS (CLAD & WIRE WRAP) INCREASE
FROM $4 31 TO $5 16 (20%).

INCREASED MATERIAL WORTH IMPLICATIONS*

* SHORTENED TIME SCALE FOR POWER RISE AND INITIATION OF
FUEL DISRUPTION.'

LIMITED TIME AVAILABLE FOR PLENUM FISSION GAS BLOWDOWN*

TO ELIMINATE POTENTIAL FOR AUT0 CATALYTIC FUEL
COMPACTION.

() III GitER POTENTIAL FOR RETAINING IN-PIN FISSION GA5 TO*

DRIVE FUE'_ DISPERSAL.

* INCREASED SENSITIVITY TO PHENOMEN0 LOGICAL MODELING
(E.G., PIN FAILURE, CLAD MOTION).

NOTIVATION FOR AND ELEMENTS OF REFINED ANALYSIS.*

* ANALYSIS PHILOSOPHY OF BASING RESULTS ON MODELING THAT
IS CONSISTENT WITH OBSERVED EXPERIMENTAL BEHAVIOR.

EXPAND ANALYSIS TO DETAILS OF FISSION GAS BLOWDOWN AND*

CLAD RELOCATION.

O
.

_ _ _ _ _ _ _ _
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(h) DIRECT COMPARISONS OF MATERIAL WORTH i l
' '

IMPLICATIONS WITH CONSERVATIVE MODELING ASSUMPTIONS*

j.
,

CASE STUDIES*

* CASE 1 - CRBRP-GEFR-523 MATERI AL WORTHS. -

i

.,.

* CASE 2 - ANL/AP MATERI AL WORTHS.
,

KEY MODELING AS SUl1PT I ON.

* FUEL MOTION AT PIN DISRUPTIDH BASED ON TREAT L6-
L7/SAS3D-SLUMPY/FRAS-3

* CLAD MOTION BASED ON SAS30/CLAZAS MODELING WITH STRONG
VAPOR COUPLING TD (FLOODED) MOLTEN CLAD FILM.

* PIN FAILURE / PLENUM DEPRESSURIZATION TIMINC AT CCRE/UAB
INTERFACE AT 1400 C (LOCAL CLAD MELTING) NOTED, BUT NOT

() USED IN COOLANT DYNAMICS OR CLAD FUEL MOTION.

* NOTABLE RESULTS (CASE 2 RELATIVE TO CASE 1)

TIME TO REACH INITI AL BOILING REDUCED BY l SEC-*-

* TIME TO INITIATE PIN DISRUPTION REDUCED BY 2 SEC.

MAXIMUM REACTIVITY INCREASED BY 26 CENTS.o
,

|

| * MAXIMUM POWER INCREASED BY FACTOR OF 4.

* ACCIDENT TIME SCALE P. EDUCED BY 2-3 SECONDS.

* OBSERVATIONS|

* POTENTIAL FOR PLENUM GAS COMPACTION INCREASED.

* SIGNIFICANT CLAD RELOCATION (POSITIVE REACTIVITY)
CALCULATED.

,

.

e
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OBSERVATIONS ON CLAD RELOCATION |

EXPERIMENTAL EVIDENCE AND SAS3D/CLAZAS PREDICTIONS

CRBR E0C-4 CALCULATED RESULTS.[} *

* POSITIVE REACTIVITY EFFECT (50& TO $1 00) RAISES POWER
'

k AND COMPRESSES TIME SCALE, IMPLYING GREATER SENSITIVITY
TO SUBSEQUENT MOTIONS.

MOLTEN CLAD VELOCITIES AS HIGH AS 200 CM/SEC, WITH*.

ASSUMED CLADDING FLOODING.

NET UPWARD RELOCATION DESPITE PLENUM GAS EJECTION AND*

CHANNEL PRESSURIZATION.

EXPERIMENTAL OBSERVATIONS*

TREAT R4/R5 7-PIN FRESH FUEL LOSS-OF-FLOW TEST TO STUDY*

VOIDING DYNAMICS AND CLADDING RELOCATION.

* IHERM0 COUPLE RESPONSE SUGGEST CLAD VELOCITIES OF
50-70 CM/SEC.

THIN (0 3 CM) UPPER BLOCKAGE OBSERVED.*

.O SAS3D/CLAZAS PREDICTIONS:*

* UPWARD CLADDING VELOCITIES OF 200 CM/SEC.

* THICK (5 CM) BLOCKAGE PREDICTED.

* CALCULATED RESULTS SOMEWHAT INDEPENDENT OF
VAPOR FRICTIONAL COUPLING.

SLSF P3A LOW BuRNUP FUEL 37-PIN LOSS OF-FLOW TEST.*

* THERMOCOUPLE RESPONSE SUGGEST CLAD VELOCITIES OF 20
CM/SEC.

'

THIN (2 CM) BLOCKAGE OBSERVED.*

* SAS3D/CLAZAS PREDICTIONS.

* UPWARD CLADDING VELOCITIES OF ~ 180 CM/SEC.

($) * THICK (8 CM) BLOCKAGE PREDICTED.

1
-

|
|
|

| -

1
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TRE4T R8 7-PIN PRESSURIZED (3 PINS) FRESH FUEL LOSS-OF-
~

*

FLOW TEST TO STUDY PLENUM FISSION GAS EFFECT ON VOIDING |
DYNAMICS AND CLADDING RELOCATION.

* CLADDING FAILURE OBSERVED BELOW TOP OF ACTIVE FUEL,
WITH A CLADDING STUB EJECTED UPWARDS. -

([) * CHANNEL PRESSURIZATION AND COOLANT SLUG EJECTION
OBSERVED.

,

e NO PLANAR CLADDING BLOCKAGE FORMED AT TOP OF FUEL.
'

* SAS3D/CLAZAS PREDICTIONS.

* FISSION GAS PLENUM DEPRESSURIZATION TIMING
WELL REPRESENTED.

IYPICAL ' FLOODED" PRESSURE DROP PREDICTS*

UPWARD CLADDING RELOGATION.

* SMOOTH TUBE FRICTION RESULTS IN CLAD DRAINING
AND NO UPPER CLADDING BLOCKAGE.

* CONCLUSIONS

*- SAS3D/CLAZAS SIGNIFICANTLY OVERPREDICTS UPWARD CLADDING
RELOCATION.

O CLAZAS MODELING, BASED ON R5 RESULTS (SMOOTH . TUBE*

FRICTION) IS A CONSERVATIVE ESTIMATE OF THE POSITIVE
REACTIVITY EFFECT.

PLENUM GAS EJECTION WITH SMOOTH TUBE FRICTION RESULTS IN*

HET DOWNWARD MOTION AND NEGATIVE REACTIVITY EFFECT.

a A REALISTIC CLAD MOTION ASSUMPTION, THOUGH STILL
CONSERVATIVE IN THE IMPORTANT EARLY TIMES, IS NO NET
RELOCATION IN THE PRESENCE OF PLENUM FISSION GAS
BLOWDOWN.

.

O
.
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ASSESSMENT OF CLADDING FAILURE AT THE FusL BLANKET INTERFACE
UNDER PLENUM PRESSURE LOADING CONDITIONS.

* PREVIOUS PLENUM BLOWDOWN CALCULATIONS ASSUllED CLADDING,

l FAILURE AT MELTING -1400C.
,

* REVIEW OF SAS3D ANALYSES OF E0C4 LOF BEHAVIOR SHOWS THAT:

FLUENCES ~ 3 5 - 7 5 x10 2 N/CM2.2- -

.

PLENUM PRESSURE ~ 20 - 45 ATM.-

HEATING RATES NEAR MELTING ~ 100 - 500 C*/s-

RELEVANT DATA WAS REVIEWED.*

HEDL FCTT TESTS.-

({} HEDL FCTT/TUCOP TESTS.-

* CALCULATIONS OF CLADDING FAILURE WERE PERFORMED USING

DATA CORRELATIONS.-

.

THEORETICAL MODELS.-

THE ASSESSf1ENT OF THE DATA AND THE CALCULATIONS HAS LED TO Aa
' BEST ESTIMATE OF 1300 C FOR THE CLADDING FAILURE CRITERION

IN THE SAS3D PLENUM BLOWDOWN CALCULATIONS.

O
.

1
'

.
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BEST ESTIMATE E0C-4 LOF SCENARIO WITH UPDATED WORTHS

(]) KEY ASSUMPTIONS
.

FUEL MOTION AT PIN DISRUPTION MODELED CONSISTENTLY WITHe;

TREAT LOF OVERPOWER EXPERIMENTS L6 AND L7.'

CLADDING RELOCATION MODELED CONSISTENTLY WITH TREAT LOFe

EXPERIMENTS R4/R5 AND R8 AND SLSF EXPERIMENT P3A.

CLADDING FAILURE PREDICTIONS MODELED LONSISTENTLY WITHe
,

HEDL BURST DATA AND APPROPRIATE THEORY.

RESULTS

e PEAK POWER OF SP AND PEAK REACTIVITY OF 65C.g

TIME SCALE TO REACH COOLANT BOILING AND INITIATE FUELe

MOTION SIMILAR TO PREVIOUS (CASE 2) ASSESSMENT AND
SHORTER THAN LOWER VOID WORTH CASE (CASE 1).

O Pl.ENUM FISSION GAS DEPRESSURIZATION IS EXPECTED IN ALLe

CHANNELS PRIOR TO PIN DISRUPTION.

CONCLUSION

MILD ENTRY TO MELT 00T PHASE IS PREDICTED.e

AUTOCATALYTIC BEHAVIOR IS NOT PREDICTED.e

|

|

!
Fr'- ,----. __
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BEST ESTIMATE E0C-4 LOF SCENARIO WITH UPDATED WORTHS

SUMMARY

O
e THE POTENTIAL FOR AUT0 CATALYSIS BASED ON AN IDEAL CONCEPT OF

PLENUM FISSION GAS DRIVEN FUEL COMPACTION HAS BEEN

EXAMINED. MITIGATING FACTORS THAT WOULD PREVENT COHERENT

COMPACTION HAVE NOT BEEN INCLUDED.

9 INITIAL ASSESSMENT (BASED ON GEFR-523 EOC-4 LOF BASE CASE

1A) SHOWED COMPLETE BLOWDOWN IN EARLY ASSEMBLIES BUT

POTENTIAL FOR COMPACTION IN LATER ASSEMBLIES.

e ASSESSMENT OF AUT0 CATALYTIC COMPACTION POTENTIAL IS AFFECTED
BY CONSERVATIVE MODELING OF EARLY FUEL MOTION, CLAD MOTION,

AND PLENUM GAS EFFECTS ON VAPOR DYNAMICS.

e TREAT LOF TESTS, ESPECIALLY L6 AND L7, WERE IDENTIFIED AS

THE MOST RELEVANT DATABASE FOR FUEL MOTION AND EXTENSIVE

(]) SAS3D/SLUMPY ANALYSES WERE PERFORMED.

e FISSION GAS AVAILABILITY AND DISTRIBUTION WERE DETERMINED

WITH FRAS3 CODE.

e CLADDING MOTION UNDER LOF CONDITIONS WITH AND WITHOUT THE

EFFECT OF PLENUM FISSION GAS EJECTION WAS ASSESSED USING

TREAT (R5 AND R8) AND SLSF(P3A) DATA AND WAS REFLECTED IN
THE SAS3D CLAD MOTION MODEL CLAZAS.

e FAILURE OF IRRADIATED CLADDING WAS REVIEWED TO ESTABLISH A

CLAD FAILURE CRITERION.

e WHOLE CORE ANALYSES WERE PERFORMED WITH EXPERIMENTALLY

CONSISTENT MODELING.
CONCLUSION

s e BEST ESTIMATE WHOLE CORE ANALYSES, USING EXPERIMENTALLY

CONSISTENT MODELING, SHOW A MILD ENTRY TO THE MELTOUT PHASE IS

PREDICTED AND AUT0 CATALYTIC FUEL COMPACTION DRIVEN BY PLENUM

FISSION GAS IS UNLIKELY.

1
_. _ __ __ . _.
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RECRITICALITY BY EXTENDED FUEL f10 TION;.

.

IIICHAEL EPSTEIN

|
(FAD

'

O

O
.

I
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([) GENERIC ISSUES COVERED
~

.

.

.

1. DEFINITION OF MELT-0UT PHASE.

2. DURATION OF MELT-0VT PHASE AND SENSITIVITY TO INITIAL

CONDITIONS (POWER LEVEL).

3. RECRITICALITY AND RELATED PHENOMENA.

(S) 4. FUEL FREEZING MECHANISMS AND REMOVAL PATHS.

5. FUEL REMOVAL REQUIREMENTS FOR PERMANENT SUBCRITICALITY.

6. SODIUM RE-ENTRY VIA STEEL VAPOR CONDENSATION.

O
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O eoot neriniTions
~

-,

,

1. MELT-ouT/ ANNULAR POOL PHASE - MERGING OF MOLTEN DRIVER

FUEL ASSEMBLIES WHILE THE INNER BLANKET FUEL ASSEMBLIES

REMAIN INTACT.

;

1

O.

2. LARGE SCALE POOL CONFIGURATION AFTER THE MELTING OF THE-

INNER BLANKET ASSEMBLIES.
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|

O
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|
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BASIS FOR CONSIDERATION OF RECRITICALITY BY

EXTENDEDFUELMOTIONINMELT-0UTANNULARP0OLPhASE
Oc.

e PRESSURE DRIVEN FUEL COMPACTION FROM FUEL COOLANT INTERAC-

TIONS CAN BE RULED OUT.

e RAPID MIXING OF COLD STEEL PRECLUDED BY FUEL CRUST
FORMATION,

o CONSIDERATION OF GEOMETRY AND POWER LEVEL IN EARLY MELT-0UT

PHASE INDICATE THAT MILD RECRITICALITY EVENTS MAY BE

POSSIBLE.

e THE MAGNITUDE OF SUCH EVENTS CAN BE BOUNDED AND THEIR

RECURRENCE LIMITED BY PHYSICAL LAWS.

O

|

1

O

|
!

|

|
t
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CRBRP HETEROGENEOUS

CORE DESIGN
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'' 4 CYCLES

ODD EVEN

h FUEL 156 162

O BLANKET 208 202

O RADIAL SHIELD 312

O PRIMARY CONTROL 9.

$ SECONDARY CONTROL 6
~

@ ALTERNATE FUEL / BLANKET 6

.
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; Q FLOW REGIME AND RECRITICALITY CONSIDERATIONS

DURING THE MELT-0UT/ ANNULAR P0OL PHASE,

!

i
4

4

i

9 EXPERIMENT;;

1

!
-

0 ANALYTICAL CONSIDERATIONS
1

O!

i
i

!

l

!

,

O
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O NEUTRONIC EVENTS DURING THE

MELT-00T/ ANNULAR P0OL PHASE-

;

1. IF RECRITICALITIES SHOULD OCCUR THEY ARE MILD AND DO NOT

AMPLIFY.

'

O
2. ASSEMBLY WALL / FUEL MIXING IS MINIMAL DUE TO FUEL CRUSTING

AND MELT LAYER STABILITY.j
!

3. FCI RULED OUT AS SOURCE OF RECRITICALITY EVENTS.

O

.
- _ - - _ __
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O DISPERSAL BY EXTENDED FUEL MOTION

.

e

MICHAEL EPSTEIN

(FAI)

O
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TERMINATION OF MELT-0VT/ ANNULAR POOL PHASE-
'

! t

*

c

|
'

|

,

!

1. FUEL REMOVAL PATHS ARE AVAILABLE. i

:

i

|

1

! 2. FUEL REMOVAL IS SUFFICIENT TO ASSURE PERMANENT SUB- I

CRITICALITY EVEN WHEN ASSESSED WITH CONSERVATIVE MODELS.

O4

1

|

|

l

l

O
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REQUIREMENTS FOR PERMANENT SUBCRITICALITY
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REACTIVITY LEVELS FOR VARIOUS DISRUPTED
~

CORE CONFIGURATIONS AT B0C-1
,

Case Description of Core Configuration Reactivity ($)

1 43% of total fuel inventory removed from the -1.4

core. The remaining fuel in the annular re-

gions is homogenized in the core and full

compacted with IB and CR assemblies intact.

i

2 Same as Case 1 except that only 33% of total +10. 2

fuel inventory is removed.

3 Same as 2 except fuel boils up with a linear / -6/-37

uniform void fraction.

.

4 41% of total inventory removed from core. The -10.5

remaining fuel, the IB and CR (except B C)4

assemblies are homogenized .and fully compact.

|
|

CONCLUSION:

Removal of = 40% of driver fuel inventory is sufficient to assure
:

C permanent subcriticality.

|
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LIFETIME OF INNER BLANKET ASSEMBLIES
:

.

O
ASSUMPTION: MODERATE POWER BURST OF 6 TO 10 FULL POWER SECONDS

AT END OF E0C-4 INITIATING PHASE. SUBSEQUENT POWER

LEVEL BOUNDED BY 50% OF NOMINAL TO PRECLUDE RE-

CRITICALITY ON AN ASSEMBLY SCALE.*

CONDITIONS: IB - LIMITED CLAD MELTING.

- AVERAGE FUEL TEMPERATURE FOR, UNCLAD SEGMENT

2100 C, LOWER CLAD SEGMENTS 1600 C.

RB - BOILING INITIATED.()

LIFETIME OF IB BARRIER FOR E0C-4 CORE AFTER FUEL PENETRATION **
'

MIDDLE SECTION - 12 TO 17 SEC

LOWER SECTION - 30 TO 45 SEC

__

,

CHOICE OF THE POWER LEVEL IS NOT IMPORTANT SO LONG AS LARGE

RAMP RATE RECRITICALITIES CAN BE PRECLUDED.

IIME SCALE IS APPROXIMATELY A FACTOR OF 2 TO 3 LONGER FOR BOC-1

CONDITIONS.

- _ - - -. .
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EUEL REMOVAL PATHS

O

!
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INTERASSEMBLY GAPS
_

.
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Sketch Shouing the Interstitial Gaps Outside
and Below the Core Region.

.

.



. . - - . _ . .-

i

b e,

t *

.

.

EFFECT OF SODIUM IMPEDANCE ON FUEL ?

O,

,

- PENETRATION INTO GAPS

1. CONDUCTION MODEL: PENETRATION LENGTH IS REDUCED BY AT

MOST L10%. THIS REDUCTION DOES NOT

ALTER THE FUEL REMOVAL INVENTORY.

O

2. BULK FREEZING MODEL: NO EFFECT ON PENETRATION LENGTH.

'

O

.- - . - -- . _ _
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SECONDARY CONTROL ASSEf1BLY' '

\'

'

N
.

*

Normal Sodium Outlet
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- Absorber Bundle at'
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Operational Level' #-
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-
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Q 777 777_. _; -
--Lower Seal Ring''

\ f
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Core Midplanc:- -- :

f
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.
Guide Tube81 cm ..-

; {Bottom of LAB L- - - -

I L.-

56'cm. '

:.
'8
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.. Low Pressure Vent

'
-
/ <p

{
'

.k .' Nosepiece Orifice
k ','

,s'; - -
- - Normal Inlet Flow-

-

UA
-

Nent Outlet to Core Barrel Cooling

Schematic of SCA _Flou Paths. for Fuel.
Removal (not to scale).
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PRIMARY CONTROL ASSEMBLY
,

,

ifYDRAULIC
N* n[clON NO. DESIGNATIONS |

Ik I'|g3 .
*

. *

"&g
i .

~
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PCA OUTLET,
, ,
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,
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-
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CONT ROL ROD
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*
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Echematic of Prbnary Control Assembly.
4 Indicates Fuct Melt Path.
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SUMMARY OF MELT-0UT

PHASE FUEL REMOVAL PATHS

:
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1, INTERASSEMBLY GAPS (IG)' _

O
-

,

.

i MODEL 8ME CAPACITY

!

THERMAL CONDUCTION LIMITED FUEL MELT > 40% OF FUEL'

LIMITED

BULK FREEZING MODEL FUEL MELT = 15% BASED ON
,

LIMITED B0C GAPS

O
,

= 10% BASED ON

E0C GAPS

---
- _

|
.

|

|

O
:
I

l
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2. CONTROL RCD ASSEMBLIES J
.

(2)
~

'

0 PRIMARY CONTROL ASSEMBLY (PCA):

- 4 SEC MELT-THROUGH TIME.

1

6% INVENTORY TO FILL PCA VOLUME BELOW CORE / LOWER AXIALi

BLANKET INTERFACE.

FUEL REMOVAL AT 1%/SEC FOR 4 SEC THEN' INCREASE TO 2.3%/() .

SEC. '

i

.

8 SECONDARY CONTROL ASSEMBLY (SCA)

I
!

6 SEC MELT-THROUGH TIME.

'

4% INVENTORY TO FILL SCA VOLUM6 BELOW CORE / LOWER AXIAL

! BLANKET INTERFACE.
.

FUEL REMOVAL AT 5%/SEC,

- - - .- __ . _ _ . - . _ _ _ - -. . . _ ._ _ _ __ _
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3. UPPER AXIAL BLANKET (UAB) |
_

0
- :

,

B0C CORE =0 CONSERVATIVE ASSESS-

MENT

E0C CORE > 25% BASED ON LIMITED

CLAD BLOCKAGE

O

|

!O
;
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1

!
.

#
%
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: O 4. RAMAL BMNKETS (RB)
-

.
.,

!
1

|
J

!

1

i FIRST R0w RADIAL BLANKETS: - 20% OF CORE FUEL

:

(ON SAME TIME SCALE'AS THE INNER BLANKET LIFETIME)
i

k

i
i

!

I

i O
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POSSIBLE FUEL REMOVAL SCENARIOS

.

O
~

I. EARLY FUEL REMOVAL THROUGH INTERASSEMBLY GAPS

> 40% FUEL REMOVAL PRIOR TO MELT-0VT OF IB

11. LIMITED FUEL REMOVAL IHROUGH INTERASSEMBLY GAPS

% OF DRIVER FUEL INVENTORY REMOVAL WITHIN

10.SEC AFTER FUEL PENETRATION INTO IB

ASSEMBLIES (POTENTIAL)

; PAIH BOL E0f

|

IG 15% 10%

PCA 24% 24%

SCA 44% 44%

UAB 0 25%

RB 20% 20%

O 101a ,100% ,100%
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|
| CONSIDERATION OF P0OL S0DIUM E'NTRY VIA

I RAPID CONDENSATION OF STEEL VAPOR PRESSURE

I
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PMal- -

P -

SS .

.

1

-
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.

t

SS (v) Na (v) Na(9-)

.

l

'

'P
Na

.
.

.

m
Counter Diffusion of Sodium and Steel Vapors that Must Exist Adjacent .

.to the 1.iquid Sodium Surface and Prevents Sodium Re-Entry (Via Rapid Steel Condensa' tion)

.
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ACCIDENT TERMINATION SUMMARY

-

(
~

.
'

ONCE MOLTEN FUEL BECOMES AVAILABLE ON AN ASSEMBLY BASIS,l.

MILD RECRITICALITY EVENTS MAY BE POSSIBLE BUT THEY ARE

LIMITED IN AMPLITUDE AND DO NOT AMPLIFY.

2. MULTIPLE PATHS FOR FUEL REMOVAL ARE AVAILABLE ON A SHORT

TIME SCALE, RELATIVE TO THE MELT-0UT OF INTERNAL BLANKET

ASSEMBLIES. CORRESPONDINGLY, FUEL REMOVAL IS NOT OVERLY

SENSITIVE TO FUEL PENETRATION MODEL ASSUMPTIONS AND FUEL

ESCAPE IMPEDANCES.
,

.

3. THERE IS ALWAYS TIME FOR SUFFICIENT FUEL REMOVAL, I.E.,

ABOUT 40% OF THE DRIVER FUEL, TO ACHIEVE PERMANENT SUB-

CRITICALITY PRIOR TO LOSS OF THE ANNULAR INNER BLANKET

BARRIER.

4. THE ACCIDENT SEQUENCE WILL TERMINATE BENIGNLY WITHOUT THE

DEVELOPMENT OF A HOMOGENEOUS LARGE SCALE CONFINED POOL PHASE

AS DEFINED IN GEFR 00523.

(') 5. SODIUM RE-ENTRY VIA STEEL VAPOR CONDENSATION CAN BE RULED
*

OUT ON THE BASIS OF EXCESSIVE SODIUM VAPORIZATION WHEN

LIQUID SODIUM COMES INTO CONTACT WITH STEEL VAPOR.

-- -. . - _ _ . - _ _ - _ _ _ _ . - .. . _ _ _ _ - _ , - _ . . _ _ _ . _
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SUMMARY AND CONCLUSIONS ON HCDA ENERGETICS

D. M. SWITICK

(GE)

|

:

!

l

|

.

O,

- _ .- - _ . . .- .



, . , .

.o

SUMMARY & CONCLUSIONS ON HCDA ENERGETICS
-

([) e RESPONSES TO SPECIFIC NRC QUESTIONS (760.178) ON HCDA

ENERGETICS HAVE BEEN SUBMITTED.
.,

o TOP EVENT IS NOT AN ENERGETICS CONTRIBUTOR OF

SIGNIFICANCE EVEN UNDER CONSERVATIVE ASSUMPTIONS.

e THE LOF EVENT HAS BEEN REEVALUATED IN A CONSISTENT,

INTEGRATED MANNER RELATIVE TO THE EFFECTS OF S0DIUM
VOID WORTH, PLENUM AND FUEL FISSION GAS EFFECTS, AND

STEEL RELOCATION.
- BEST-ESTIMATE RESULT IS A MILD POWER BURST WITH

NONENERGETIC ENTRANCE TO MELTOUT PHASE

e ADDITIONAL ASSESSMENT OF THE MELTOUT/ ANNULAR POOL PHASE

SUPPORTS THE CONCLUSION THAT A NONENERGETIC TERMINATION

(} IS EXPECTED EVEN FOR LESS PROBABLE SCENARIOS,

2 e THE ABOVE CONCLUSION IS LESS SENS!TIVE TO TIMING AND

DETAILS OF FUEL LOSS THAN ORIGINALLY PERCEIVED.

e SODIUM RE-ENTRY INTO A FUEL POOL VIA STEEL VAPOR

CONDENSATION CAN BE RULED OUT.

| e THE 661MJ EXPANSION PROVIDES ADEQUATE MARGIN FOR HCDA

ENERGETICS.

O

,
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