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1 RPRQCEERINGS
2 MR. SHEWMON: The meeting will come to order.
3 This is a meeting of the Subcommittee on Class 9

4 Accidents.

5 I as Paul Shewwon, Acting Subcommittee Chairman.
8 The other ACRS mesabers present today are: Harold

7 Etherington, Dade Moeller, Dave Ward, and periocdically Chet
8Sless.

9 The purpose of the meeting is to reviewv the

10 research budget associated with the dacision unit on

11 accident evaluatiosn and mitigation.

12 The meeting is being conducted in accordance vith
12 the provisions of the Advisory Ccmmittee Act and the

14 Government Sunshine Act. Mr. Gary Quittschreiber is the

15 Designated Federal Employee for the meeting. Dr. Mark

«3 Griesmeyer of the ACRS staff is also in attendance right

17 next to me.

18 The rulas for participation at today's meeting

19 have been announced as part of the notice of this meeting
20pcaviously published in the Faderal Register on Monday, June
218, 7981,

22 A transcript is being kept and will be availadle
23 15 stated in the Federal Register notice. We request that
24 each speakeY identify himself or herself, and speak vith

26 stfficient clarity and volume so that he or she can be
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| readily heard.

2 We have received no written comments or requests

3 for time to make statements by members of the public.

Rl If the subcommittee has no comments or business to
5 take care of before we start, I will call on Dr. Xelber to

6 hegin.

7 MR. KELBER: I am Charles Kelber. I am Deputy

8 Director of the Division of Accident Evaluation in the

9 0ffice of Research.

10 The Accident Evaluation and Mitigation Decision

11 Unit is currently a major item in the budget, and it is an
12area vhofo growth is proposed in the next few years. The

13 focus of this decision unit is severe accidents, their

14 prevention and mitigation. !
15 Most of the vork of the decision unit is carried
16 on vithin the scope of the Division of accident Evaluation,
17 but there ire small but significant elements in other
18division, nost notably Risk Assessment.

9 The first sub-element, the behavior of damaged

20 fuel, vas formerly undecr the LOCA and other transient

21 decision units. But as the focus changed to the prevention
22and mitigation of severe accidents, the vork was shifted to
23 this vnit. Thus, some of the apparent growth in Fiscal Year
24 1982 is illusory, steaming from an accounting shift.

25 This sub-element is responsible for the major
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1 grovth in the dacision unit in Fiscal Year 19832, hovever,

2 wvhile the other sub-elements are projected to grow
3significantlr in Fiscal Year 1984.

Rl It should be noted that there are significant

s interfaces with other work. The work at LOFT and LOCA and
8 other transient is 4rawvn upon to set the initial conditions
7 for the calculatisns and experiments performed in this

8 decision unit. Problems are ordered, and priorities set in
9 aczordance with the findings of risk analysis as wvell as

10 licensing case vork.

1" The vork is utilized in licensing case wvork such
12as the Zion and Indian Point analysis, the Sequoyah and

13 BcGuire containment response to hydrogen burning, and

14 similar studies, and in rulemaking. The most current
1sapplication is to the siting rule with regard to.th;

16 definition of the source term. The vork is Arlontcd to the
17 perceived needs of establishing a technology base for the
18 1egraded core cooling 23 engineered safety features rule.
19 We do not believe that this is the proper forum
20 for a decision on prevention versus amitigation. It should
21 be noted that the technology base for prevantion is

22 9enerally considered to be in good shape as far as accident
23 ph2nomenolagy is -oncerned, vhile that for mitigation is

24 thought to be rather poor. Thus, there is a major emphasis

26 in our decision unit on aspects most directly related to
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1 mitigation, but ocur job is to £ill in gaps in knovledge.

2 Once those gaps are filled in, a collegial approach will

3 successfully address the mix of prevention with mitigation.
kY If you want to go into the budget figures on the

5 decision unit itself, I am under instruction to do that in a
8 closed session. So that is at your pleasure.

7 The various speakers today will be able to address
8 the programmatic areas and their budgets, but for the
9decision unit itself, because of the stage the matters are
10at, we are asked to do this in closed session.

1" ¥R. KERR¢ We are here to discuss numbers. So at

12 vhatever point in your presentation --

13 MR. KELBER: I think that this is the appropriate
14 point.

15 MR. SHEWNON: How long do ycu expect this to be?
16 MR. KELBER:s Five minutes.

17 MB. KERR: Let's use whatever procedure ve need to

18 go into closed session.

19 MR. SHEWNMON: The closed session wvill be for ten
20 minutes, so that the people here can come back in.

21 (Whereupon, the subcommittee wvent into closed

22 session.)

23

24

25
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1 MR, XERR: ¥r. Cunningham, I am told that you are
2next up.

3 MR. CUNNINGHAM: My name is ¥Yark Cunniagham. I am
4 with the Division of Risk Analysi:s in the Office of

§ Resear=h. I am here today to talk about those parts of this
6 program within our division which relate to the

7 phencmenology of severe accidents.

8 Basically, our work in this area comes as a result
9 of three sources: One, our own desires to have work in this
10 area of code development and application, so that ve can

11 perform risk assessments.

12 As you -an see, we have been the sponsors and the
13 developers of the MARCH code, the CORRAL code, and

14 applications of these cndes to risk related problems, cne

18 such program being the Reactor Safety Study and Applications
16 Programs, and then some uncertainty analyses that go along
17 vith the code development.

18 A second area of work, which is within the group,
19 has resulcad in vhat uced to be called the Improved Reactor
20 Safety Program.

21 MR. XERR: M¥r. Cunningham, some of these things

22 are so obvious to us, you do not have to talk about them. I
23 am interested, and I think the other members of the

24 Subcormittee are also, in the difference between hov one

26 gets from ‘82 to '83. Certainly the MARCH code and the
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1 CORRAL cod2 are nst something that wvas devaloped in '82.

2 As you talk about this, I would be interested in a
3 transition, wvhere you go, are you continuing to do the samne
4 thing, or are there changes in direction.

5 MR. CUNNINGHANM: I will try to get iato that as ve
6 get into the individual prograss.

7 MR. KERR: and howv these might be influenced by

8 human beings, if they are, and that sort 2f thing.

3 MR. CUNNINGHAM: I will try to address that.

10 The work that ve have on-going, which resulted

11 from the Iagroved Reactor Safety Program, are programs at
12 Sandia Labs on the filtered-vent containment systeas

13 program, the alternate to decay heat removal program, and a
14 smaller program, the molten core retentlion device progranm.
15 The third area, or the third reason that ve get
16 intc sever2 accidant program is onr work in support of the
17 degraded core cooling rulemaking., which is coming.

18 MR. SHEWMON: Is the molten core retention device
19 a newv program, Qr is that a nev name for concrete, or what?
20 MR. CUNNINGHAM: It is a program to make an

21 initial judgment on the risk reduction potential associated
22 vith core -atchers, different kinds of core catchers.

23 MR. SHEWNON: My question was whether it is a new
24 program?

25 MR. CUNNINGHAN:z It is about a year old. It is
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1 being used as one ianput into the work that we are starting,
2 which I will talk about in later fisca) years, in the

3 degraded core research program.

4 MR. KERR: ¥r. Cunningham, can you give me a rough
5 indication of what fraction of that part of the bud¢et you

6 refer to as severa2 accident mitigation you are talking

7 about? Maybe you don't talk about budget, and you just talk
8 about size.

9 MR. CUNNINGHAM: I am trying to talk about both.
10 MR. KEER: I have a line item that says, “"Severe
11 Accident Mitigation,"™ and you are talking about some part of
12 that, I think, am I right?

13 MR. CONNTNGHAM: Of the overall research program,
14 1t is a pretty small part of it, I wvould say.

185 MR. KERR: I am talking about a fourth section

16 1ine, the total of which adds up to around $50C million, one
17 of which is called "Severe Accident Mitigation.® I think

18 rou are talking about a piece of that, or are you talking

19 about all of it.

20 MR. CUNNINGHAM: I am talking about a piece of
21 it.
22 MR. XKERR: Ny guestion is, are you talking aboat

23 10 percent of it, 70 percent of it?
24 MR. CUNNINGHAM: In terms of dollars, 10 percent

25 of that part of the budget, 10 to 20 percent.
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1 MR. XEER: Thank ycu.

2 MR. CUNNINGHAN: I will not go into details on

3 this, brt basically we have been involved in the past in

4 developing MARCH and CORRAL, and doing risk studies based on
5 these, using thes2 codes.

8 This shovs effectively where the program is at

7 this time. As you are well awvare, ¥ARCH is in the public

8 domain, and wve have been involved in this fiscal year mostly
9 with follov-on work, after it is released.

10 MR. KERR: When you talk about follow-on efforts
11 for MARCH users, at; you talking about Fiscal '82 or Fiscal
12 '82?

13 MR. CUNNINGHAN: This is Fiscal '81, then in a

14 minute I vill get to where ve are boinq from here in Fiscal
156 *82 and '83.

18 ¥R. KERR: Fine.

17 MR. CUNNINGHAM: This is .ntended as a background
18 to shov vhat ve have been doing to date.

19 MR. SHEWEON: Is your MARCH code done at

20 Brookhaven?

21 MR. CUNNINGHAM: The development vas done at

22 Battelle-Columbus.

23 MR. SHEWMON: I am familiar with that. Do you

24 fund at BSat:ella-Columbus or Brookhaven?

25 MR. CUNNINGHAM: Battelle~Columbus. The work at
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10

1 Brookhaven has bean fundaed NRR.

2 #hat can be said about what we are doing in later
3 fiscal years, ‘82 and ‘83, about MARCH is rather limited
4right nove It is clear that there are a great number of

5 concerns with MARCH and ve intend to pursue them. The

8 mechanism by vhich we are going to do that is to go through
7 an RFP process that we started a month or two ago. We

8 expect this to be starting sometime in mid-Fiscal '82.

9 MR. KERR: Would it be accurate maybe to say that
10 You are going to vait to see how much you get, and on the
11 basis of that, and wvhat needs to be done in Fiscal '82, you

12will do something in Fiscal '837

13 MB. CUNNINGHAM: I am not sure I understand you,
14 sir.
15 MR. KERR: It sound to me as though you are not

16 Juite cartain as to what you will 40 in Fiscal '83 with the
17 MARCH code, which is not stranje necessarily, since in a

18 sense it is still a study. So you might say, ve are going

19 to try to prove it in '82, and subject to the amount ve get
20 for additional improvements, we will try to improve it even
21 more in 1983, I think that that is what I am hearing.

22 MR. CUNNINGHAN: Yes, sir, I think so. We are

23 trying to develop 2 tvo-year program of improvements.

24 MR. XERR: How will you kzouw when you will have it

25 improved enough?
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1 M. CUKNINGHAM: One part of what we intend to do

2is to go through some uncertainty analyses with the code as
3.t is going along. There h.ve been identified in the past

4 vith the MARCH users, by Brookhaven, and other pecple that

5 there are clearly a few areas that are of particular

8 weakness, and ve will atteapt to got those first, then

7 attempt to reevaluate hovw uncartain the code is after those
8 corrections are made. At that point, ve will just have to

9 sake a Jjudgment.

10 MR. KERR: But you will not have finished all the
11 needed improvements in Fiscal Year '827

12 MR. CUNNLNGHANM: e will not have made all the

13 corrections that wve would like in Fiscal '82. and it will go
14 on into Fiséal ‘83.

15 MR. KERR: Thank yoﬁ.

16 MR. CUNNINGHKAM: I would like to get into a little
17 bit of background of some of the other programs ve have had,
18 and vhere ve are aiming.

19 The first program is a filtered-vent containment
20 program at Sandia. To date, ve have been working on two

21 pacticular types >f plants. First, the program wvas igvolved
22 in and contributed to the Zion and Indian Point concerns

23 that aros2 in NBR. Since the completion of th:*, we have

24 been vorking on a EWR Mark I.

25 For the rest of this fiscal year and into Fiscal
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12

1'82, ve are continuing to wvork on an ice condenser plant, a
2 BWR Mark III design, and a large dry containment design. As
3 that vor: is completed in Fiscal '82, it will be merged into
4 the degraded core cooling rulemaking research support

5 program that I will talking about in a minute, vhere ve are
6 developing somevhat of an umbrella program, which will

7 encompass the work in this program and other prograams in

8 Fiscal '82 and Fiscal '83. I wvill get into that nov.

9 The secand program that we have had ongoing for

10 the last couple of years 1as been the alternate decay heat
11 removal systems program. To date ve have gotten to the

12 point wher2 ve have definad what the range of existing

13 systems is throughout the vogld, and developed some options
14 for study vhen one goes into the study of :isk reduction

15 achieved by such a system.

16 In *82 and '83, it is my understanding that ve

17 vill bde bdringing the this also under the degraded core

18 research proagram.

19 Mx. XERR: What goal does one 1ave in this
20 program?
21 MR. CUNNINGHAM: Really, an identification of what

22 the potential risk reduction is associated with the
23 pacticular kind of decay heat removal system and the costs
24 associated with it also. It is a value impact of sorts, an

25 adi1-on on 31 decay heat removal system for particular kiands
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13

1 32f plants.

2 iR. Ké!la You will have a spectum on results

3 which vwill say, System A it will reduce risk by this much,
4 and System D by this much, and it vwill cost this much.

5 MR. CUNNINGHAM: Basically, yes.

8 MR. XERR: I assume that this will vary somewhat
7 from plant to plant?

El MR. CUNNINGHAM: It can, very much so, yes. We
9 are guing to be looking at different kinds of basic designs
10 of plants, PWRs, BWRs, different containment types, and

11 vhatever.

12 MR. WARDs Are these backfitting concepts or new
13 concepts, 2r both?

14 MR. CUNNINGHAM:s They could be either.

15 MR. WARD: How does the program here fit in with

16 the task action plan on the A-48, or whatever, design, or

17 A-u57

18 MR. CUNNINGHAN: I am not sure vhat A-45 is.

19 MR. WARD: Improving decay heat removal systeas.
20 MR. CUNNINGHAM: I am not quite sure cf the link.

211 am sure that this wvork is being fit it, but I don't know
22 that it is specifically being -- It is not specifically part
2301 the A-45 wvork.

24 MR. XERR: How can ve get an ansver to ¥r. Ward's

25 question, and to whom should ve address the guestion?
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1 MR. CUNNINGHAN: Oze of the pecple in my division
2 wvho is responsible for this particular program, Matt

3 Taylor.

4 MR. XERR: Could yocu €£ind out for us what the

5§ relationship is between A-45S and this wvork?

8 MR. CUNNINGHAN: I will do that.

7 MR. KELBER: For this particular task, I wvould

8 agree that w2 can get the answver from Matt Taylor and report
g it to you later today.

10 In general, the various items such as A-45, A-44,
11 and so on, all have representatives from the various offices
12 that are doing wvork on the problin. This work is sometimes
13 tied directly to the task action plan, other times the

14 results are fit in as they arrive. There is no genera:x

15 rule.
16 MR. KERR:s I recognize that.
17 MR. KELBER: For example, I believe it was Station

18 Black A-44, as I recall correctly, and to SASSO work on

19 Stacrion Black wvas used as a basis for A-u4.

20 MR. CUNNINGHAM: This is tha last of the progra.s
21 that ve have, wvhich relate to the phenomenology of severe
22 accidents. Again, it is a program at Sandia to make an

23 initial evaluation of the potential risk reduction value,
24 and some initial costings on molten core retention devices

25 of different types.
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As it sits novw, we have completed the risk
2 reduction evaluation. The subsequent work is going tc be
3 serged into the deagraded core rulemaking support progranm,
4 vhich I will talk about just now.
5 Our program, vhich ve just started, on the
% iegraded core cooling rulemaking, the research support
7 program, is an attempt to bring these various programs
8 together, so that one can make a consistent set of analyses
9 of the risk reduction potential andi costs associated with a
10 fairly broad spectrum of prevention and mitigation devices.
1" These are the options that we intend to look at in
12 the program. As you can see, the vented containment fits
13 in, the decay heat removal systems £fit in, core :z2tchers
14 £it, and vhat-have-you.
15 We are interested in looking at these options both
16 individually and zertain combinations of them, soc that one
17 might have a combination of retention devices and a hydrogen
18 control system, or sometiiing like that.
19 MR. KERRs When you say that you are going to look
20at those, zan you give us some idea of what you conceive as
21 the scope »f that program in terms of dollars a year, and
22 the number of years, 2r is that coming later?
23 MR. CUNNINGHAM: That will come in just a second.
24 Again, this is wvhat ve intend to do to attempt to

25 define options, conceptual designs of some of the options,
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1 and analyze vhat risk reduction value could be associated
2with the various osptions.

3 Parallel, ve will be looking at the cost of such
4 options, and then combining them into a value impact

§ survey. Our intent here is to make it somewhat iterative,
8 so there will be a phase one that will do this on a fairly
7 semi-quantitative basis, to narrow the list somevhat to the
8 more promising options, and to allow us to feld in
9additional researzh results that will come into play over
10 the next year Or sSO.

1" This is a schedule for the program. It really it
12 has just begun over the last week or two. The initial work
13vill bde traveling. The first phase of the work wvwill be

14 going through in March 1982, and then the sacond iteration,
16§ ve expect, will go into the third quarter of Fiscal '83.

18 The funiiny levels, our assumptions for Fiscal '82
17 and Fiscal '83, are about §1 million a year.

18 MR. KERR: What sort of liaison exists between

19 this activity and that of the industry responsible for the
20 so~called "In Core Program®™?

21 MR. CUNNINGHAM: I knov management has been

22 talking to the In Core Program, to Dr. Buell and Dr.

23 Fontana. We intend to make them vell avare of what ve are
24 doing here. I bdelieve the understanding is that they are

25 pretty much deferring to us in this program. They are not
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1 going to be spending a great deal cof time and money looking
2at prevention and mitigation options because this program is
34in place.

4 MR. KERR: They are not going to be spending a lot
5of time looking at mitigation and prevention options; could
8 you elaborate on that and tell me a little more of what you
7 mean by that?

8 ¥R. CUNNINGHAN: I don't know whether you have

9 sean the sat of tisks that it has set forth.

10 MR, KERR: I have, and that is why I asked the

11 question.

12 MR. CUNNINGHAM: A lot of it is analytical work,
13 looking at particular pieces of the severe accident

14 sequence. They are spending some time looking at the

15 phenomena wvithin tgo vessel, trying to improve somewvhat on
16 the codes, or replace MARCH and CORRAL, for example, with

17 something of their own.

18 I don't think they intend to carry it to the point
19 that they are going to be using these in specific studies,
20 varticularly mitigation features, particular prevention

21 features. It is ay understanding, at least, that they vere
22 going to pretty much leave that to Research.

23 MR. KERR: Thank you.

24 MR. CUNNINGHAM: There is one thing that I forgot

26 to mention as ve vere going through, and the only other --
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1 MR. KERR¢ Is there some formal or informal

2 mechanism vhich peraits the peuple or assures that'curty on
3 this program knov wvhat In Core is doing?

- It would seem to me that there is an opportunity
§ that you learn from each other. You may not be doing

6 exactly tha same thing.

7 MR. CUMNINGHANM: Up to nowv, I believe, the

8 exchange of information has been fairly informal. We are

9 very interested in clarifying that, and making sure that the
10 groups talk to each other.

" MR. KERR: So the exchange of information has been
12effective, as contrasted to being formal or informal.

13 MR. CUNNINGHAM: I think that it has been fairly
14 effective so far. I think that ve might make it a little
1S more formal.

18 MR. XERR: 1I. it one of your responsibilitlies to
17 see that that exchange is effective, or is that somevhere
18 out there?

19 MR. CUNNINGHAM: If it fits within ay
20cesponsibilities, it has not been told 'to me. The

21 formalization of the discussions between In-Core in our
22d4ivision is just in its initial stages right now.

23 The one thing I didn't mention as I wvent through,
24 the only other piece of work that ve intend to go on to in

25 the next fav fiscal years in this area is the improvements
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1 to MARCH. I wculd expect that this will run at a level of
2 four to five hundred thousand dollars a year over the next
3 fev years.

4 MR, KERRs Who is responsible for deciding vhat it
5§ is that one wants MARCH to do? Clearly, MARCH vas not

8 originally intended to do what pecple are nowv trying to do
7with it. Ismproveaent, just improvements in the original

8 code intended to 4o its original task, but a change in an

9 existing code to 2nable it to do perhaps better what it

10 originally did, but also to enable it to do other things as
11 vell.

12 Who is it that decides what it is that one wants
13 NARCH to do, wvhat group?

14 MR. CUNNINGHAN: It has been fairly iuformal

1§ actually. I have been involved in the discussions. Jim

16 Meyer from NRR has been involved in the discussions. Sonme
17 of the people in Dr. Kelber's division have been involved in
18 the discussions.

19 MR. KERR: Where would we find written in some

20 fashion some idea of what people think MARCH should

21 ultimately be able in an improved MARCH code program?

22 MR. CUNNINGHAM: I don't think there is really
23anything written yet.

24 MR. XERR: When you go out for an RFP, you are

25 going to have to tell people what it is that you want the
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1 code to do.

2 MR. CUNNTNGHAM: Yes.

3 MR. XERR: These RFPs have not been written yet?
4 MR. CUSNINGHAM: They have not been formalized

5 yet.

8 MR. KERR: That is for Fiscal '82?

7 MHB. CUNNINGHAM: That is correct.

8 MR. XERR: Thank ycu.

9 MR. CUNNINGHAM: That is all I have, sir.

10 MR. KERR: Are there guestions?

1" (No response.)

12 MR. KERR: Thank you, sir.

13 My agenda shovs that Mr. Silberberg is next, and

14 then Mr.  Picklesimer.

18 Let me indicate at this point that I plan tc

16 recess this meeting at about 11:25 in order that ve nay

17 observe the swearing in of the nev Commissioner.

18 ¥R. SHEWMON: The swearing of the next Chairman.
19 MR. KEBR: Is it being swvorn in as the Chairman,
200r as a Commissiuner; I wvant to be complete accurate about
21 this. Anyvay, the svearing in of somebody for something.

224on't knov hov long that will take, but I would judge 20 to

I

23 25 minutes. We will reassemble immediately after the formal

24 ceremony has ended.

25 You are going to talk, according to the agenda,
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1 about the behavior of damaged fuel, vhich is some piece of a
2line item zalled damaged fuel, I presume, in the budget

3 process.

4 MR. SILBERBERG: Yes.

5 NR. XKERR: Can you give me some idea of wvhat piece
8it is you are going to talk about; is it 10 percent of that
7 item, or 50 percent of that item?

8 MR. SILBERBERG: All of it.

9 My name is Mel Silbergerg, and I am Chief of the
10 Fuel Behavior Branch in the Office >f Research, Division of
11 Accident Evaluation.

12 I believe Dr. Kelber this morning smsentioned to you
13 that our wark on behavior of iamaged fuel, as ve refer to

1« it, our sewere fuel damage program has undergone a rather

15 extensive review ilth a speclal task force to lcocok at the

16 entire proyram, iv component parts, wvhat its focus is, and
17 hov it relates to the needs within the NRC. That report
18vill be available, at least we will bo able to discuss the
19 essence of it at the meeting on July 7.h that we are going
20 to have Dr. Shewmon's committee., We would hope by that time
21 that ve vould even have a draft available for you fairly

22 close to being final.

23 Let me today just take you through the overall

24 objectives of the program, and an overviev of the related

25 information neaeds, informatin related to the program, and a
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! very brief outline of the major elements and components of

2 our severe fuel damage progranm.

3 Mr. Picklesimer will be arriving shortly, and he
4 vill then go on from there and give you more detail on the
5§ experinental phases of the experimental aspects of the

6 program, and the in-pile and out-of-pile relationship to

7 foreign pragranms,

8 As ve nov see the objective oxr the severe fuel

9 damage program is on the first vugraph. What ve are doing

10 is developing an int grated program that will provide a data

11 base and analytical methodology for understanding and

12 predicting core behavior under severe acciient sequence

13 conditions vithin the vessel.

14 ' In other wvords, the tocui of the program is to .

15 provide that information which wvill allowv one, votkin§ with

16 other phases of the research program, to do three things:

17 (1) The information needed to terminate the

18 accident in vessel;

19 (2 Information related to accident management;
20 and
21 (3) The bottom line, how does one integrate all

22 of this reseacch, although not that ve will do the
23 integrating, to allov one to prevent a global cere melt. In
24 other vords, to be able to terainate the accident within the

25 vessel.
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1 A key part of the informtion needed there must

2 come from the severe fuel damage progranm.

3 MR. WARD: Mel, you are saying that you are not

4 going to be looking at how fuel melting behaves with regard
§ to core catcher?

L} MR. SILBERBERG: Dr. Curtis, vho is handling that,
7 vill bde discussing that this afternoon.

8 I think that ve are interested in the condition of
9 the fuel as it leaves the vessel, if indeed one has given up
10 on the sequence at that point. But having then left the

11 vessel, ani the accidant manajement phase, if you will,

12 moves to the containment integrity, then the focus of the

13 research changes, and that is the difference that D:: Curtis
4vill be addressing.

15 Let's go to the next slide and look at wvhat ve

16 call related information needs. They, if you will, are a

17 subset of three products that are noted on the first slide.
18 We feel that the 1ata and the models that will be evolving
19 from this program are needed for degraded core cooling, and
20 sininus engineered safety feature aspects rulemaking,

2: particularly for rule implementation.

22 After rulemaking, if you will, is done, howv does
23 one implement these criteria, hov doces one confirm that,

24 indeed, the criteria are satisfactory.

25 The projram plays a role in relation to the
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1 accident management procedures, planning and operations,

2 including man-machine interfaces that relate to being able
3to terminate the accident.

4 The type of information that one needs:

5 ~= What are the core conditions needed to

6 terminate by simple reflood

7 -= What are the coolant flows that are needed for
8 termination, stable termiunation, that is that the

9 temperature is stable, location, and movement of the fuel
10 and its geometry are stable.

1" -= Are the conditions vhere refloods worsens the
12 aczident? This is one item that ve spent some time

13 discussing. paloly. there can be late in a severe accident
14 segquence, perhaps bringing cocolant in. If one is convinced
150f it, and one has evidence for it, that bringing it in too
16 late could aggravate the situation, getting into a stean

17 explosion, or vhat~have-you, that makes management more
8difficult in the later sequences of the accident.

19 Concomittant with tha accidant management

20 situation, and related again to the MESF will be the

21 question, is the current ECCS adequate, is the design

22 adequate for handling severely damaged core. The ansver is,
231t may be perfectly fine to do that to meet the criteria

24 Above in tarms >f coolant loads and things like that. But

25 Af it is not, then this vill require some improvement in
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1 design.

2 I mean to note here that there will be others

3 involved in this. "ot the information from this prograas

4 provides an important basis for making those assessments.

5 MR. SHEWNON: Mel, to go back to the last item in
8that condition whare reflood worsens accident, is it put in
7 thera to cover all possible contingencies, or do you really
g think that there are times vhen the core is still in the

9 vessel, vhen you would rather turn off pumps and not put

10 vater in?

11 NR. SILBERBERG: That wvwas the intent of amy

12 comment. What the details are at this point, I think

13 cectainly Dr. Kelber can comment on that.

14 !B; KELBER: I think at this stage the discussion
151s largely based on vhat might be termed informed

16 speculation. But the question is the rate at which one

17 introduces ccoling wvater in severely over-heatad core. One
18 may be better off, the speculation goes, introducing vater
19slovly int> the lowver portion of the core, using steanm
20cooling at first, then accelerating the rate of flooding.
21 MR. SHEWNON: Then you won't be inhibited by

22 Appendix X.

23 MR. KELBERs If ve are going to do that, ve don't
24 need to do it in research.

25 MR. SILBERBERG: That is a good point.
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1 MR, XERR: tel, help me a little. I heard wvhat

2 you said and what Mcr. Kelber has said. Much of this part is
2driven by 1 need for information associated with
4rulemaking. How 10 you tell what information is going to be
s needed other than, as Charlie said, informed speculation.

8 For example, have you taken the gquestions that

7 vere raised in the notice froam the rulemaking, or something
81like that, that said, ve need ansvers to these questions?

9 How do you get the spectrum of information that you are

10 looking for, from what source?

1" MR. SILBERBERG: At the first level, ve are

12 looking at the -~

13 MR. KELBER: Can I ansver pa. ¢ of that?

14 That vas the function of Degraded Core Cooling

15 Steering Group.

16 MR. XERR: Now that ve have that o .. of the wvay,
17 how do you tell wvhat information you need?

18 MR. XELBER: The steering group did reviev the

19 scope of the various rules and the various information

20 needs. Quite frankly, it did not coaplete the task that I
21 had personally hoped it would, which is to address the

22 relationship of the information needs to the research

23 program that ve had suggested.

24 That function has nowv been transferred back to the

25 Office of Research. Basically, the steering group
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1 associated vwith the rules had a very broad scope and

2 objectives, and I think almos*t any research can Le related
3to that scope and objectives so that ve have a very
44ifficult in-house problen.

5 It will get better in the coming years, as the

8 Sandia support work that Mark Cunningham referred to starts
7 to bear fruit, that will help us prioritize the wvork.

8 I must say that at the present time the
9relationship *s based largely on wvhat we call informed

10 speculation, It is addressed in somevhat more detail in

11 other areas and this pacrticular area, as Mel is about to

12 tell you, but I aust confess that there has been no really
13 intensive effort outside the office of reseacch, to review
14 the relationship of the research .program to the rules. In
16 fact, ther2 has been no really intensive discussion at any
16 high level of what the scope of the rules ought to be.

17 MR. SILBERBERG: Let me suggest that the very

18 question that you just raised, Dr. Kerr, did provide some
19 focus for our discussion on the task force, the so-called
20 Severe Fuel Damage Task force. We grappled with it at some
21 length, ani ve could jet some broad needs. But ve came to
22 the conclusion, and I think a very strong conclusion that
23 you will find in the report, that in effect says, in orcer
24 to allov one to have this program pay off and have it do the

25 kinds of things to be sure, I think there is an avfu' lot of
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! information that ve need.

2 I am not concerned about in terms of its immedliate
3 application today, but what one needs to se: is the entire

4 process of hov one goes from that point through the msiddle
§and later stages of the program, so that when you are done,
8 you co. s oat with the information that is useful, and i~ of
7utility ii rulemaking as vell as implementation »f the

8 rule.

9 We have recommended strongly that this focusing

10 and the interfacing of the elements with this program and

11 others that are needed, be done very early by management.

12 In other words, w2 are making a recommendation to the

13 management that in effect gets to your point.

14 MR. XERR: Thank you. !

15 HR. SILBERBERG: I see that pr. Picklosimer has

16 arrived, and I fe2l 3 lot better knowing that I will socn be
17 0ff.

18 You will be hearing a good portion of what I have
19 here listed as Scope. What you have in front oir you now 1s
20 the scope of the program. These are the principal elements,
21 but :aken together they represent an integrated program with
22 the principal components shown here.

23 These cowponents are as follovws: We have what wve
24 ¢call integral in-pile testis which are basically the PBF

25 test, and other tasts that are being planned by the European
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! community. This is, if you will, the major portion of the
2 Dtévral.

3 When I say, integral, I mean integral in terms of
4 integrating overall behavior and governing phenomena, not

5 just iooking at a1 specific effect, but vhere multiple

e ~henomena are being looked at, and then being usea to either
7 scope behavior or later on verify more advanced anal tical
8 understanding and modeling of the situation.

9 Part and parcel with that, and closely coupled,
10 are what w2 call the separate-effect phenomenological

11 experiments which interact with that, and also interact with
12 the model developuent where you can, at lover cost, look at
13 special effects in the in-pile, like the ACRR program being
14 planned, as vell as out-of-pile and laboratory experiments
15 vhere you can, in effect, cover a lot of things that you

16 would not be covering in the PBF.

17 Our major analytical effort centers on SCDAP,

18 which is severe core damage analysis package. We will hear
19 more about that on the 7th of July.

20 MR. KERR: Is there any relationship between that
21 and some part of MARCH?

22 MB. SILBERBERG: With severe accident SCDAP?, We
23 ultimately interface with BA, a portion of MARCH, or some
24 other larger assessament systems code. In other words, where

25 MARCH is now making certain assumptions that say, as I reach
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1 this tempecrature, everything goes through, if you will, and
2ve go to the next phase. This package would allow one to

3 handle it.

a Seorge Marino is here. Do you want to adu

5 something to that?

6 MR. MARINO: I can expand a little bit on it. I
7don't have a detailed presentation. It will be a hundle
8size that later on, ve think -- We are trying to keep the
9 first version of the code --

10 MR. XERR: I just wonderei if you had in mind this
11 as a replacement for some part of MAECH, or is this a

12 separate development which is aimed at bringing out tue

13 reactor before it starts melting.

14 MR. MARINO: It is really a repl.acement to give us
15 more accuracy. It could be used later on, and it wvould be
16 quite simple.

17 MR. SHEWMON: One other 3juestion on that. Is

16 there vater in the sub-assembly, or is it dry?

19 MR. MARINO: It will bde handle it with the use of
203 sub-code with a hydraulics package that will be able to
21 handle reflood and refill, boil down, all kinds of things.
22 MR. SHEWMON: Will it also handle the dry stean
23 assembly?

24 MR. MARINO: Yes.

25 MR. KERR: Gentlemen, I don't know what the
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! schedule for ths swearing is, but I assume that it is going
2 to start on time. [ think that we had better recess.

a MR. SHEWMON: All the good seats will be gone.

4 MR. SILBERBERG: I have a statement, and I would
5 like to come back and make that statement.

8 MR. XERR: That will be fine.

7 (Short recess was taken.)

10
1"
12
13
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1 MR. KERR: Let's get going again. ¥r. Silberbherg
2 had a set of concluding remarks he wished to make.

3 Y%. SILBERBERG: Thank you. The last item on this
4 last viewgraph on scope is something I vanted to say a few

5 vords about because I believe it is important. This has to
6 do with the analysis and characterization o»f the TNI-2 core
7 debris from the TNI-2 core examination. Aad all of our

8 reviews of the program and all of the wvork previously that

9 has been done by the people working in the Fuel Behavior

10 Branch prior to my coming cnboard has made it very clear.

11 The information one coulda get froe this

12 examination is of very high importance and potentially high
13 importance and potentially high impact on everything ve do
14 in this area. Because first of all., it represents, good or
16§ bad, the only whole core experience that wve have at this

16 point in severe fuel damage, and hopefully, maybe it will be
17 the only one. But that is all there is. And ve will be

18 recommending strongly to our management that somehovw ve get
19 this particular jodb off center, and somehow give it more

20 attention nationally.

21 <@ think it has got to be removed from the nominal
22 political concerns and what have you that surround it now,
22and look at it as an important piesce of technical

24 information needed in future regulatory research activities

25 and other activities in our pregram. So I am just
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1t highlighting the importance of it.

2 MR. SHEWNON: When you say getting it off dead

3 center, are you talking about getting on with the cleanup of
4 TMI-2 in general, or questions about what they would do if
5 the core -~ .

8 MR. SILBERBERG: Proceeding in such a way as to
7get it to the examination; whatever it takes to get it to

8 ths examination.

9 MR. SHE4MON: I am still confused. There's a

10 quastion o>f cleaning up TMI-2 so you can get at it. And

11 then there is the question of wvhat people have other plans,
120r in the rush of things, just vant to throw it in a big

13 container and ship it off somevhere.

14 What your co:corn'is precisely from your
1§ provincial -- .
18 MR. SILBERBERG: The concern is to the latter;

17 that vhen they do get to that it is done right, and ve have
18 the best technology.

19 MR. SHEWMON: DOE also has an interest, don't they?
20 MR. SILBERBERG: Yes. A mnember of our task force
21is from DOE and he served as a consultant in this area to

22 provide the latest plans; where they were heading, and a lot
23 0f this is summarized or will be summarized in a task force
24 Teport.

25 MR. SHEWMON: I believe many of us share your
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1 concern. Are there others who do not, or 40 ycu just vant
2to keep it in front of people?

3 MR. SILBERBERG: We want to keep it in froat of

4 people as loud as wve can.

5 MP. KERR: VWhat fraction of your severe core

8 damage budjet for 1983 is being allocated for this?

7 MR. SILBERBERG: A small fractiocn, on the order of
8 == Dr. Picklesimer?

9 MR, PICKLESIMER: We have scheduled for the T¥I-2
10 core exam about $300,000 dollars for 1983. This is to set

11 up the analytical techniques for analyzing specimens at

12 Argonne. [t is not for the removal of the core itself or

13 the in situ examination.

14 " MR. KERR: Does that conclude your remarks?

15 MR. SILBERBERG: I want to note again the item

16 about the relationship of the wvork to the rulemaking and the
17 need to integrate these things. We think that is

18 important. I also vant to leave with you the important

19 poirt that the program at this point is at ground zero.

20 There is littla or no information in this area.

21 There is a lot of vork ve need to do to get the

22 program up to speed to get into the analytical phases; the
23 experimental phases of just being able to get information as
24 ve start to focaus it later. So this phase is important;

25 independent, if you will, for the moment of the focus.
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2 move or somebody else's move?

3 MR. SILBERBERG: To 30 to the next phase?
4 MR. KERR: Yes.
5 MR. SILBERBERGs I believe it is a number of

6 people’'s soves. We will encourage the speedy arrival of
7th;t next phase, but I belleve, as Dr. Kelber pointed out,
8 that it vill be other pecple's moves to get to the next

9 phase. I 4on't know if he wvants to add anything to that.
10 MR. XKERR: Well, someone said this msorning that
11 Standards vas going to be responsible for rulemaking. Do
12 you want to add to that or retract the statement?

13 MR. KELBER: Let me just say that in my view, the
14:ulo;akinq activity should bde a collegial procedure, guided
15 by Commission dototlin;tions as to wvhat our ultimate goal
16 with these rules is. We have not had-a satisfactory

17 collegial procedure to date, nor have ve had any indication
18 of vhere the Commission, which has at least up to nov been
19 significantly divided on many important questions, wvould

20 like to se2 us going.

21 ‘ I believe that there is a chance t-:at in the next
22 several months w2 will get a clearar defini‘ion of our

23 objectives. I, for one, and a number of others I believe
24 led by Mr. Minogu2 wvwill be moving for a greater collegial

25 discussion of what the rules ought to be. But I must tell
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1 you that at the present time, I cannot offer any concrete

2 example of successful action in this area.

3 MR. KERR; Remind me where the idea that there

4 should be a degraded core rule originated.

5 MB. KELBER: It originated with the TMI-2 Lessons

6 Learned and the task action plan.

7 MR. KERR: Did it come from a coanmittee, a task
8 force?
Bl MR. XELBER: The task force that formulated the

10 task action plan. At the time, the concept of the rule vas
11 rather ill-defined. And it is only slowly becoming better
12defined. I have been ?raftinc my own concept of what the

13 rule should be and so have others, but there is, as I say,
14 no coherent body of thought within the Commission and its

15 principal staff as to wvhat this should be.

16 The interim rule discussed in the Federal Register

17 notice is clearly thought to be insufficient to define the

18 issue.

19 MR. KE’R: Th™ank you.

20 MR. SILBERBERG: Thank you.

21 MR. KERR:s Are there any gquestions of MNr.

22 Silberbderz?
23 MR. SHEWMON: I think with the next speaker wve
24 will get d1own to, indzed, what it is wve a 2 talking about in

25 2 more nuts and bolts fashion. Or, does that come -- .
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1 MBE. SILBERBERG: Most of the nuts and bolts are cn

2 the 7th, but we start to get down to vhere the wrench is

3 maybe.

4 (Laughter.)

5 MB. SHEWMON: We used to contract someplace.

8 MR. KERRs Mr. Picklesimer, you may work from the

7poiium or the table, as you find most comfortabdle.

8 MR. PICKLESINER: If it is more comfortable to
9you, I would take the viewgraph proceeding.

10 MR. KERR: 1Is FBB/DAE scomething like Order of the
11 Guarter or Royal Society or something?

12 MR. PICKLESI!ER: DAE is the Division of Accident

13 Eviluation. The division of Reactor Safety Research is no

14 more.
15 MR. SHEWNMON: And FBB is Fuel Bundle?
18 MR. PICKLESIMER: FBB is Fuel Behavior Branch. We

17 are no longer Fuel Behavior Research Branch; ve are Fuel

18 Behavior Branch. This morning, yes, it is still morning, I
19 will very briefly cover the generics of the experimental

20 program rather than the details. The details wvould require
21 a number of hours like four or five for any significant

22 presentation, and that is scheduled to be covered on July 7.
23 So what I would like to do is give you a

24 background overall view of the overall program. I will be
25 talking only 2bout the experimental program. The overall

severe fuel damage program consists of three major parts;
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! the experimental program, the analytical program, and I have
2 forgotten what ve concluded the other was. But I am talking
3only about the experiaental program.

E) Before I go into what our plans are, I would like
5to define some things for you. I am joing to be talking

6 about what we call liquefied fuel and severe fuel damage. I
7 would like to show you a couple of examples of that, so you
s will know wvhere I am coming from vhen I use thenm.

9 This photograph was repc ~%ed in 1977 by Siegfried
10 Hagen at Xarlsrue of the wvork he was doing vith experiments
11 involving the very high temperature interactions of fuel and
12clad. He had electrically heated rods, cight of them in

13 configuration. You are looking down on the top of the rods
14 here. It4uas an 2xtended three by three bundle, except this
15 bundle vas removed so he could site a pyrometer on the

16 center rod to sa2e what its behavior wvas.

17 The seven rods in the outer ring are electrically
i8heated. The center rod is not; it is heated only by

19 radiation from the surr-unding rods.

20 Now, he ran the set of experiments; these are

21 about one foot long. He ran a set of experiments with these
22 from different heating rates with different temperatures.

23 All of theam vere relatively slov-cooled in steam. In this
24 particular case, he vas heating at 2°C per second. The

25 cladding vas not completely oxidized by the time he got to
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1 the zirconium zirconium oxide eutectic temperature of
2900° Centigrade, so they formed a liquid eutectic betwveen

3 the sequendum and the sequendum oxide which vent on

4to the UC and started dissolving *he U0 , and these

5 fuel pollit: you can see right here nuvozuhat looks like a
8 ceramic glaze on them. It is vhat ve call the liquefied

7 fuel. Part of it ran on down to the subchannels in the

8 bundle, and in these regions you can see how the fracture of
9 pellets occurred, such that you can sa2e the tungsten rods
10 vhich vere his heat source.

1" This is one of the degrees of damage you can have
12 in severe fuel damage. I would like to show you a larger
13 magnification of one of his bundles. This vas heated at

14 one-half a degree C per second, and it formed liguefied fuel
150only in the center rod, not in the outer ones. This is a
16 blow=-up of the bottom region of this section here, and le
17 vas trying to disassemble the bundle. In the original

18 photographs and in the specimens I have seen in his

19 laboratory in Germany, this wall is very thin zirconium

20 0xide. These are pores through that oxide; they are not

21 Just black spcts, they are pores.

22 There is a fuel pellet on there which has been

23 partially dissolved and the material has run down on the

24 inside. It is down in here and frozen to the plate in the

26 subchannels, just like vax on a candle.

ALDERSON REPORTING COMPANY INC,
400 VIRGINIA AVE,, S W, WASHINGTON, D C. 20024 (202) 554-2345



40

1 ¥R. SHEWNON: Remind me, was there any wvater or

2 steam going through there?

3 MR. PICKLESIMER: Steam only.

4 MR. SHEWMON: And enough power to melt it?

5 MR. PICKLESIMER: Yes. You take it up either to
o

6 2000 , or 2050. I as not sure wvhich this experiment wvas.

7 That wvas his peak temperature in all of his experiments.

8 Late: on, ve expect and they 2xpect to have bundles like

9 this, only one meter long, which they will wvater guench, but
10 that is coming ap in the next year or two.

1" The point I want to make is this ligquefied fuel

12 has run down here and filled these subchannels. This

13 material can remelt and drip down further if sufficient heat
14 is ,not removed. And it will drip down to a freezing

1§ temperature someplace down below in the bundle. EBut this is
16 vhat I am referring to when I talk about liquefied fuel. It
17 - a mixture of zirconium, uranium and oxygen of a wide

18 variety of compositions. The lowest melting temperature of
19any of these liquids can be about 1700° Centigrade, and by
202300° Centigrade, the ligquid contains 70 mole percent

21 U0 , so most of the fuel is in the liquid by 3300
22C¢§tiq:nde.

23 Now, th2 philosophy of our experimental approach

24 for the vhsle experimental program on this is if ve are

25 trying to 40 a set of experiments looking at scenarios to
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1 get our experimental data, we vould have an infinite number
20f accident sequences to look at. And no experimental

3 program can even eramine a moderate number of these; it

4 costs too much and take too much time.

5 Furthermore, we think it is not necessary. So ve
6 have, in our examination of what the problem locks like,

7 =ome to th2 conzlusion that there are only a few termiual

8 conditions for that core. There are only so many things you
9can dc to a1 fuel bundle, and there are only so many states
10 that fuel bundle will exist in after you have done these

11 things. You can heat it fast or you can heat it slov. You
12 can heat it in st2am, you can heat it at high pressure or
13 lov pressure. You can take it up to the melting point of
14 the zi:contgn/gir:onlu- oxide eutectic with metal
1eunox1d1;od, in which case you will form liquid and the

16 liguefied fuel.

17 If you heat it slow enough, all of the zirconium
18vill have been oxidizod and you will form no ligquid fuel.

i9 You will form no liguid until you have reach2d about 2700 or

20600° Centigrade, much higher in temperature. If you

21 continue t> heat, you can melt to UX ; that's 283”0

22 Centigrade. :

23 You can cool it in different ways. Yoa can slow

24 cool it or “ st cool it. If you vater guench it, you will

25 have a debris bed formed typically by thermal shoc. unto a
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1 brittle cladding; the U0 pellets and ligquefied fuel that

2 has been frozen. We don%t know what thermal shock does to

3 that liquefied fuel after it has been frozen. That is part
4 of our experimental program. But you have only half a dozen
5 conditions that core can exist in in general. Whatever the
6 sequence that go you there. Yes, sir?

7 MR. WARD: You have concluded, then, that there is
8 no mechanisa for, let's say, once liguid flow is

9 re-established, is there any mechanism for debris in small
10 enough particles to be carried out of the core region?

1" MR. PICKLESIMER: I think certainly it depends on
12the fragment sizes of the particles you have produced. When
131 vas on the special inquiry group looking into the THI-2

14 acciden%, we had calculations done at Sandia which, as I

15 cemember now, I can't be held to the exact nuamber, they

16 concluded that if the UO particles were 100 microms or

17 smaller in diameter, thei vould stream out of the core.

18 They wvould not -- on natural circulation nowv.

19 They would not if they vere larger than that.

20 That is the only information I have. Whether wve could fora

21 particles 5f that size by thermal shock of the liquefied

22 2

fuel or the remaining UW pellets, I don't know. We will
23

have to find that out by experiment.
24

MR. WARD: Is that one of your six terminal states?

25
MR. PICKLESI4AER: When we have debris in the core,
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1 yes, vhich is a mix%ure of Zr, 0 and brictle zirconium,

2 fragment UW particles and liquogicd fuel, sure. I am not

3 saying vhntztho particle sizes are. People have to find

4 that out.

5 MR. SHEWMON: The last four and five on that list
6 or three and four have debris bed.

7 MR. WARD: But debris bed seems to be a debris bed
8at the bottom of the core region.

9 MR. PICKLESIMER: Not necessarily. At the bottom,
10 tha evidence we have from TNI-2 says ve have a debris bed

11 that starts at five feet from the bottom and goes up about
12 three feet thick., So it is suspended up in that core.

13 MR. SHEWMON: Think of the old down mattress vhere
14 the feathers came out. Some rose and some stayed.

15 MR. WARD: But are some out in the piping?

16 YR. FICKLESIMER: All I can say on this is that in
17 the TMI-2, they have never identified particulate UW 1in

18 any of the coolant samples they have taken, and theyzhave

19 looked for it. They have never found particulate UO .

20 MR. SHEWMON: Which is one of the bases foi saying
21 ve had over-estimated the temperature of the core?

22 MR. PICKLESIMER: No, sir. I think it is over-

23 ¢stimating the fragmentaticn of the core.

24 MR. SHEWION: Come back from retirement in a year

25 and ve will discuss it.
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1 MR. PICKLESIMER: As far as vwe can see, and not

2 only us within the bdranch, but other pecple looking at the

3 overall probleas, pecple from the different laboratories

4 1~~king into this, all of the scenarios wve can think of that
5 wind up in severe fuel damage will wind up in one of these

8 States.

7 If ve study these states, then, and the processes
8 that lead .. them we should have a viable experimental

9 program that will give us the data ve need. Now, here is

10 how we can get at predicting, estimating the type of damage
11 ve would expect for a given accident scenario.

12 Let the systems peoplie tell me which valves will
13 operate and vhen the pressure vill drop to this and vhen the
14 coolant is going to go. When they tell me wvhat the thermal
15 hydraulic conditions are in the system, I can come back here
16 ani1 go to 1 particular level on fuel rod or a bundle in

17 the core. They will tell me vhether I have high, medium or
18 lov heatiny rates, ‘because I know what my decay heat level
19is and my thermal hydraulic conditions are.

20 They will tell me how long it is until coolant

21 gets in to guench the core, so I can jo on my heating rates
22 for a long time to gquench or a short time to quench, and

23 then knowing what my maximum temperatures could have been

24 because they will have told me wvhat the level in the core

25 vas and wvhat my cooling condit_.ons are, I can estimate
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1 vhether my temperatures got above 1300 Centigrade or
2not. Then, I can estimate the kinds of damage that could
3 have been done to that, rased upon whether or not it vent
4 above 130033 ballooning and bursting, liquidizing and so
50n.
L} Any of the scenarios I can think of in a systeam
7 =an wind up takiny one of the paths and can be analyzed in
8 this form. This, then, tells us the kind of research ve
9 need to 40, and this is vhere we have based our prugrams.
10 MR. SHEWMON: Why did you pick 1300 C as a number?
1 ¥R. PICKLESINER: Because 1300° C is a
12 temperature at which the oxidization heat of the zirc alloy
13 and steam begins to be a very uignificant fraction of the
14 decay heat, at whatever level ydu have of decay heat beyond
15 15 minutes in the accident time. If it is as much as 10% of
16 the decay heat level, it can then take over and control the
17 accident rather than jecay heat controlling it.
18 Now, this is assuaming you don't get cooclant in
19 there to stop it on the way. But the oxidation heat then
20 becomes the controslling factor.
21 MR. WARD: Can you tell me, unless you are going
272 on with that point, can you tell me what you mean by che row
230f X's in ballooning and Lurst? In every case, yes?
24 MR. PICXLESIMER: Alvays take this line right

o
25 here. The tesperature is above 1300 , yes, I would expect
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11t to balloon and burst. And oxidation, yes, because at

2 1300° C, we are at a point where the cladding will

3 dissolve enough oxygen in just a few seconds at that

4 temperature that it is embrittled to thermal shock, and the
5 metal itself will shatter as soon as it is gquenched if it

8 has gotten above 1300° C. Whether wve have zirconiua plus

7 zirconium oxide uetectic or not will depend on the heating
g rate. We may have total oxidation or ve may have some metal
9 left.

10 I don't know the exact definition of this high

11 here. I just know if it is above “o C we will have metal,
12and if it is two and a half dsgrees C, I don't know. There
13 are too many things cnterinq.into it., We have to do some
14 experimental wvork.

15 So I raise the guestion. It may or may not. We
16 may or may not have liguefied fuel. We may or may not have
17 gotten to U0 melt. Tell me what the quench wvas, how far
18 ars we on thz dacay heat curve.

19 MR. WARD: You are going *o say in every case 1if
20 the rod uncovers, it is going to ballon and burst?

21 MR. PICKLESIMER: No, sir. If the temperature

22 doesn't get above 1100F, and the system pressure remains

23 above a few hundred psi there will be nc ballconing and

24 bursting.

25 MR. WARD: Okay.
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1 MR, PICKLESIMER: If the prassure gets up to 600
2 psi or 700 psi and the temperature is 1000 C, the chances
3are that the claiiing will have collapsed on the fuel, not
4 ballooned and burst. It will have collapsed on it.

5 All I am saying is ve can take this type of dama¢-
8 tree, Lf you wish, and analyze any of the accident systes

7 sequences you wvant to talk about.

8 To give you an idea, I won't go to into this in

9 any detail -- .

10 MR. ETHERINGTON: To be clear, could I ask, in

11 your top line you are saying if the maximum temperature

12 reaches 1300° C, then all cf those X's wvill happen?

13 ‘MB. PICKLESIMER: It should be qreat;t than.

14 MR. ETHERINGTON: Greater than, yes. But then all
15of those ~- ?

18 MR. PICKLESIMER: Yes, presuming this high is

17 something like 3 or uo C per second for the high heating
1grate.

19 Just to give you an idea of what we are calling
20 pacameter space for the experimental programs, I would just
21 1like to show you this. I will not go into detail, but some
22 0f the things we have to look at are the debris bed

23 p-oduction, the types of debris that are produced, the

24 kiietics of the dabris production, and this will depend upon

25 the maximum temperature reached, the heating range and the
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1 bundling. Debris bed perm=ability, coclability will depend
2 an flow rates. H2ai removal zapabilities, this will depend
3on the particle size and distribution, the types of

4 particles, the pressure deferential, the decay heat level.

5 We can go through the whole system this vay.

L} We also have here some of the types of testing or
7 the facilities whare we expect to do experiments. This is

8 just a vorking diagram ve are using at the present time to

9 try to decide what work has to be done first and vhere is it
10 going to be don .

1 Now here are the experimental programs ve have

12 1laid out. In PBF, our Phase I test, ve are depending on

13 five 32-rod bundles. We will have two heating rates, slow
14 and fast. These are at the present time chosen to be
15one-half a degree C per second, and 4 C per second. It

16 covld as w2ll be one-quarter and five degrees; it is not

17 that important at this time., We wvant one giving us complete
18 oxidization by the time ve reach 1900o C, that is our
19slow. We want on2 that will jive us some ligquid formation
20 vhen we get to 19000.

21 We will have a slow cocl and a water reflood; that
22is for one test. The last test we have not decided

23 parameters on. The one we ar2 thinking about now is a

24 simulation of TNI-2. The reason for this is in the slow and

25 fast heating we are trying to control the heating
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1 independent of the heat introduced by the zirconium

2 oxidation. Therefore, ve have to have high pover levels for
3 fission heat and ve have to have high steam flovs. We are
4trying to keep thase two heating rates linear to 1900°

5 Centigrade.

8 TMI-2 would be what we call free heating. We

7 would put in a constant power and turn the thing loose to go
8 apnd see what happened.

9 At our present scheduled funding wve would have one
10 test in FY82, one test in FY383 and three tests in FY84. 1In
11 the accelerated funding schedula ve are asking for we would
12 have tvo tests in FYB82 and three in FY83. Phase II tests ve
13are discussing at this time. They have not yet been planned
14 in detail. We do knov some of the things wve vant to

15 include. Some of that will be meltiny of UO , high burnup
16 rods and stagnant stean. Theso'are some of ihe conditions
17 ve knovw now we want to include in Phase II. ©We don't know
18 wvhether wve will be talking 5, 10 or 20 tests.

19 We have to learn on Phase I. We have ccde

20 devs lopment. You heard earlier about SCDAP Mod 0. The

21 first version is to be published in June 1981. ¥od 1 with
22 improved models wil) be due in late FY83. We will add

23 impioved mods each year to incorpo-ate whatever fuel damage

24 data ve can get as it is developed. George tells me it is

25 FY82 not FYa3.
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1 MR. MARINOs The first version in FY82,.

2 BR. PICKLESINER: I didn'( check these data; I

3 should have. This is 82 and this is 837

4 MR. MARINO: Yes.

5 MR. PICKLESIMER: Okay. We have a set of plans

8 for fuel relocation experiments. The separate effects

7 tests, they will be done single rod, and vhat is being

8 called fev pins; fewv being less than S pins.

3 MR. SHEWMON: What is ACRR?

10 MR. PICKLESIMER: The test reactor at Sandia that
11 has been used on the fast breeder program, and these are

12 separate effects experizents along the lines of those that
13 have been done for the fast progranm.

14 MR. SHEWMON: Do you run steam through that, or

1§ can you?

16 MR, PICKLESIMER: It will be wvater and steam both.
17 Those will come later. The initial ocnes will be dry steanm
18only.

19 MR. XERR: Which one of these experiments would

20 have to be done in reactors? I am not asking which ones are
21 being done in a reactor, but which ones would have to be

22 done in a reactor.

23 MR. PICKLESIMER: There are a number wvhich have to
24 be ione in a reactor because we cannot allow any mechanical

25 inerference with the production cof the debris beds or the
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1 liquefied fuel.

2 If you remember the first slide I showed you, the
3 Hagen experiments, that debris was held up by the tungsten
4rods. That was the heat source. We must have some done

s without this mechanical! support. The oniy place it can be

6 done is in test reactors wvith fission heat.

7 We are looking at the possibility of later on

8 doing some of it with decay heat.

9 MR. XERR: 1If you are convinced, having done a few
10 of these experimeuts, that the results are generalizable to
11 all sorts of cores an all sorts of radiations, == .

12 MR. PICKLESINER: I hope. Yes, we expect that.

13 Hq. SHEWMON: He does have a strong feeling,

14 though, that they are more,generalizable if you don't have a
15 tungsten rod up the middle of thea.

18 MR. KERR: I am not sure they are.

17 ¥R, PICKLESIMER: We will have out of pile tests
1@ with the tungsten rods, but ve must have checks to tell us

19 vhether our out of pile tests are valil or not.

20 MR. KERR: I guess it depends on how far you take
21 this.
22 MR. RYE: M¥r. Chairman, Bob Rye of the Fuel

23 Behavior Branch, and I have the SCDAP effects of the ACR
74 experiments. They break into two parts; one is the question

26 of the debris formation and relocation, and these are few
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! pin experiments with steam cooling and some, monitored, the
2 unprotected accident sequence debris formation, and some
3will be done with reflood quenching, which will be exanmined
4 later.

5 A separate series of experiments involve the

8 coolability of preformed debris, sisilar to the vork ve have
7 been doing in fast reactor safety. In fact, both of these

8 sets of experiments are carry forvards of technigues ve have
9 been developing in fast ceactor safety and they are

10 analogcus to the experiments we have done. BEut under LWR

11 specific positions -- .

12 MR. KERR: That is in response to my question of
13 vhich have to be done in reactors?

14 MR. RYE: That's right. flsof there are questions
1Sabout steam and water, alsb. It's a mix that covers the

18 vhole sequence of heatup under steam cooling, reflood

17 quenching, and separate experiments on coolability limits.
18 ¥R. PICKXL-SIMER: Oncr ve are assured ve knov what
19 the debris looks like in real fuel bundles in the reactor,
20 then ve can construct artificial debris beds for out of pile
21 studies and be more confident that our out of pile wvork can
22 ve applied.

23 BR. KERR: That assumes that if you run two or

24 three experiments you then know what debris alvays looks

25 Like.
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1 MR. PICKLESIMER: No, we know a range of it, and
2 vhat ve expect to do is cover a range. We are not going to
dtcy to hit avary point in it; we will get certain kinds,
4certain conditions and terminal states from inpile studies.
51f this spans the range of debris to be produced, ve should
6 have the data ve vant.

7 The next set of work is expile. We will be

8 looking at, for lack of a better name, ve are calling it

9 fuel cladding interaction studies. Really, what we are

101 0oking at is the thermodynamics and kinetics of the

11 reactions betveen zirconium, 2r, U0 and steam and the

12 physical properties of these produczs.

13 We need this for insertion into the codes to be
14 able to calculation what the progression of the damage is.
15 At this time, no one has any information on wvhat the

16 solution of zirconium is in liguefiad fuel or molten UO

17 and no one knows what the heat of oxidation of that '

18 dissolved zirconium is. We must have that information.

19 Arother out of pile study is what wve are calling
20 DECCA for deformed core coolability studies. It is an

21 offshoot of the MRBT program at Oak Ridge, where we will

22 look at the beh:zvior of 8 by 8 bundles, full length; that
23 being 12 or 14 feet, during l-ildown in high pressure, small

24 break conditions. Then, ve will remove the deformed bundle

25 from the test facility and instrument it for thermal
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! hydraulic fissions; reinsert it into the test facility and

2 conduct a series of thermodynamic tests looking at the

3 temperatures ~f the cladding and the heater rods and the

4 steam and steam velocities in the damaged region.

5 We need this information if we are to predict with
6 reasonable accuracy the amount and types of debris that

7 vould be formed by severe fuel damage occurring at a higher
8 temperatura. We are participating as one partner in a

9 program undervay at Isfra, Italy. It is being supported by
10 the European Economic Committee. It i= being conducted in
11 the Essor reactor. They are proposing there will be 10

12 tests on fuel damage in 32-rod bundles two meters long.

13 This two meters of length will give us a

14 considerable depth of debris bed ligquefied fuel formation

15 and candling, more than we could fit in PBF. We are not

16 sure ve can get in PBF under properly controlled conditions
17 beds deeper than six inches. If we are only talking about a
18 32-rod bundle, this is less than four inches in diaaseter,
19and a debris bed four inches in diameter and six inches long
20 does not 3ive us that much confidence. We can extrapolate
21 it to a full-rized bhundle. We need length and diameter

22 effects.

23 Then we have the TMI-2 core examination.

24 MR. KERR: Excuse me. Give me some idea, if you

25 vould, where one might be going. For exaaple, do you, in
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1 your planning for this sort of thing, foresee something like
2 an evaluation model for zore melt of the kind one now has

3 for ECCS so that one needs very detailed computer codes

4 vhizh describe tha bdehavior of a degraded core? Is that the
5 sor . of thing one expects to result from these kinds of

6 studies?

7 MR. PICKLESIMER: We expect to have a code that
gwill describe tha bahavior and the condition of the degraded
9 core, but ve don't expect it to be a detailed, long-running
10 code. Y~ will keep it as short as ve possibly can to make
11 it more nearly interactive wvith other codes. And vith

12 eventually, nopefully, operators. Yes, Seorge?

13 MR. MARINOs: I wouli like to expand on that a

14 bit. The plans for the code are to develop simultaneocusly
15 very cosplex models and simple correlations, to check the

16 correlations against the complex models, to determine how

17 much complexity is truly needed in the code. The objective,
18 of course, is to keep the code as simple as possible and to
19 put bounding limits on each of the models, so ve can go into
20 the code with an uncertainty pattern and get the output

21 produce wvith an uncertainty in the output, Dbecause ve will
22 never know t*ese things exactly and we knowv that going ine.
23 We will use correlations “rom complicated models
24 3n1 put uncertainties on those.

25 MR, KERR: Then these codes will ultimately be
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1 used for wvhat?

2 iRe MARINO: To analyze wvhat we should expect in a
3 degraded core cooling accident, given any kind of a

4 sequence. There are an infinite number of segquences; the

5 code should be able to cover the range.

8 MR. XERR: I am not asking a very good question.
7 This is a good academic exercise if one vants to fiad out

8 hov cores behave. But is one expecting that this vill be
9ussd io a licensing exerc'se, for example? And I recognize
10 you cannot predict this vith much greater accuracy than you
11 can predic’. the results of the code. But you have some

12 objective in mind for code development. Is it a licensing
13 tool, is it a research tool?

14 MR. MARINO: It is-all of those things. It will
15 be a licensing tool eventually. Initially, it will be a

16 cesearch tsol to help us with these experiments.

17 MR. XER®; But you loock at it ultimately as a

18 licensing tool, and one then aight have an evaluation model
19 for degraded core performance.

20 MR. MARINO: As ve have developed out other codes,
21 ve have intended to go into evaluation mcdels later, and ve
22 vill do that with this code but that is later on.

23 MR. KERR: How much ‘ater?

24 MR. MARINO: I would expect in 1984 ve would be

25 doing that sort of thing.
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1 MR. KERRs Thark you.

2 MR. PICKLESIMER: Let me add one thing to that.

2 It is my personal hope that this code can be made simple

4 enough that it can be a realtime interactive code with a

5§ safety shift supervisor, for example, on plant during an

8 accident, and he can use it to calculate vhat the results
7will be of some of his actions in trying to manage that

8 accident.

9 Nov, vhether we can ever get there or not is

10 anather praoblem. But that would be one of the ultimate

11 goals as far as I personally am concerned.

12 ¥R. KERR: I must say you have a lot more vision
13 than I do.

14 MR. PICKLESIMER: There was lots of time at TNI-2
16 for jest such calculations to be made. If they had known
16 enough about intecpreting the instrument readings they had
17at hand, they could have inserted these things in* At ve
18 expect SCDAP to b2.

19 ¥R. KERRs That is a fairly big if.

20 MR. PICKLESIMER: Yes, certainly, but ve have to
21 have some hope down the line if ve are going tc try to

22 sanage accidents vhile they are occarring, and that is one
23 of our strong goals.

24 MR. KERR: Well, as I say, it helps to have vision.

25 MR. SIESS: It helps to have hope, too.

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE, S W, WASHINGTON, D C. 20024 (202) 554-2345



58

1 MR, PICKLESIMER: The TMI-2 examination wve hope to
2 experiment in is a cooperative program between GPU, EPRI,

3 NRC and DOE for the examination of the core, the removal of
4 samples and the dispersal of those selected samples to

5 selected laboratories for analyses, examination and sc on.
61 hope to participate directly in that at some future time.
7 Our contribution to this is in the planning,

8 specifying the types of examinations we want, the types of
9 information ve want from it, and our funding is expected to
10 be sp nt oa condicting tie analyses of specific interest to
11 us and .'C, from the standpcint of safety, when these
12analyses are not of interest to the other partners in the
13 examination. That is why our budget level is actually low
14 in terms of total dollars.

15 »a expect most of the examination c-sts to be

16 carried by EPRI and DOE, and only to vork with certain

17 selected samples.

18 MR. SIESS: You would do those tests to determine
19 vhat the debris beds lock like before you examine the TMI-2
20 core?

21 MR. PICKLESINER: We expect to have at least two
22 tests in PBF before the TMI-2 has removed, and ve may vell
23 have five.

24 MR. SIESS: What do you think the chances are that

25 vhen you sa22 the TMNI-2 core you are going to wish you had
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t done something different?

2 MR. PICKLESINER: Quite high., We will hcpe to use
3 the TMI-2 examination to guide part of the tests. That is
4one of the reasons ve need that TYI-2 result as early as ve
5 can get it. It is a very important piece of information.

8 We will have a program on the coolability of the

7 debris produced ian light vater reactors, both inpile and

g8 expile determinations. They will be determinations of the
9dryout heat in tha bed as a function of debris types,

1c article sizes and so on, and of the depth of the debris.

11 Then ve will have a program on the formation and relocation
12 of debris.

13 This vork is primarily in the ACRR. It is a

14 sepaiite effects study more than the integral tests that

1§ vill be done in‘PBF and Essor..

16 Yow, for my last slide, last May I participated in
17 an informal meeting in Tokyo, Japan with a Japanese ACRS,

18 and the pesple from the Japanese Atomic Energy Research, and
1a people from Franc2 and Germany on the plans that each of us
20 have for severe fuel damage studies in the near future.

21 These are the majst :onclusions we reached at that meeting.
22 The Japanese have no plan to do any experimental
23 vork on severe fuel damage. They have several commit*ees

24 that are exanmining the need for the various types of

25 research work that they need in what they call accidents
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! beyond design basis accidents. They will not use the words
2 severe fuel damage.

3 The French plan no experimental vork on severe

4 fuel damage beyond participation in the super~SARA program.
5 They are examining the modification that vould be reguired

6 to the Phebus reactor to permit severe damage tests to be

7 done in it, but they do not plan to pa; for these tests;

8 they expect others to pay for the test trains and the test

9 analyses. They wvould furnish the reactor site and the

10 neutrons. They 2xpact to satisfy most of their data needs
11 by informaticn exchange with other nations.

12 The United Kingdom has at this time no active

13 severe tuo} da-;qo studies underwvay except for their

14 participation in the supor-SARi program. They are examining
15 their need for severe fuel dasmage data and are expressing an
16 interest in participating with the PBF study at this tinme.
17 Italy has no active severe fuel damage study
18undervay except for their super-SARA program. Karlsrue

19 plans no inpi‘e test except for super-SAKA and they are

20 re-instituti:i g research vork of Hagen that wvas stopped in

21 1979. They expect to do that in the coming year. They will
22 have modified the Hagen facility to take bundlies 7 by 7 in
23 size with rods one meter long, and will be able to quench

24 ¥ith wvater.

25 The discussions I had with them in May in Tokyo
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1 indicate they are planning a rather extensive, long-range,
2out of pils study that w2 need very baily. We need that

3 information. If they don't do it, ve will have to.

4 We are also continuing the phase diagram and

5§ kinetics work that Peter Hofmann nas done on the

8 zirconium/uranium oxygen system, and that alsc we need

7 badly. They want to exchange their out of pile severe fuel
8 4.mage datz with our PBF fuel damage data and SCDAP, and ve
9are interested in exchanging with them. The discussions

10 vill proceed sometime this fall. Thank you.

1" ¥R. XERRs¢ Thank you, sir. Are there guestions?
12

13

14

15

16

17

18

24

25
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1 MF, KERR: Mr. Silberberg, because of scheduling
2ve would like to make the presentations scheduled for later
3at this time, and if the designated federal employee has no
4 objection, ve will arrange that.

5 MR. SILBERBERG: Thank you, ¥r. Chairman.

8 This afternoon I wvas supposed to cover an item on
7 the a_:nda called coordination with foreign programs, and I
8 have here before you the one vu-graph that summarizes this

9 information. A 1ot of it I believe you have been exposed to
10 before. Some of it is somevhat nev.

" Our two principal countries in Eurcope with which
12 ve have a very active working relationship in Class 9

13 accident research are with the Federal Republic of Germany
14 and more recently in Sveden with th; Studsvik Enorqiteknik
1§ group. In the Federal Repuklic of Germany it pretty much

16 runs the 7amut of similar programs to ours, some of which

17 you will be hearing about from fission prodnct release

18 experiments in a Sascha facility, a small scale which is, if
19 you will, compared to our own work at Oak Ridge. The severe
20 fuel damage work which has just been described by ¥r.

21 Picklesimer. In the area of fuel melt-concrete

22 interactions, the German program is very active with codes
23 like Wechs2l, Xavern, and a2 large-scale melt interaction

24 facility that is nowv under coastruction which vill be

25 operating in late *82 or early '83, vhich will complement
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! sur own vork that is being done at Sandia.

2 ¥R. XKERR: Is the Beta facility?

3 MR. SILBERBERG: Yes, the Beta facility. There

4 are some details, some distinct differences betveen that

§ facility, the experiments in that facility, and our owr, but
8 they are quite complementary. And if one wvished to get into
7 the details of that, I am sure Dr. Powers could do that for
8 YOou.

9 In the irea of aerosol behavior in stean

10 atmospheres, ve have the NAUA code, which we have which ve
11 are setting up in this country to supplement some of our own
12 work, to use it if we can in part or vhole. In fact, ve

13 vere able to obtain some very valuable calculations with

14 XAUA from the Federal Republic of Germany for our recently
156 completed NUREG-0772 which vere guite interesting.

18 In the hyirogen area I am not as familiar vitg the
17 vork as I should be. I believe the principal area ve are

16 ~oordinating with is the RALOC code which has to do with how
19 hydrogen mixes in containment atmospheras.

20 There is, of course, the wvork comparable to MARCH,
21 the KESS code whizh I believe you have heard something

22 about. And in the steam explosion area they are relying
23heavily on our experimental program, and they are doing

24 mostly modeling work in the area of steam explosiocns, but

25 they have clearly indicated they are looking to us for the
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1 lead.

2 In Sveden, and I think you will hear a little bi%
3 more about some of this work from Dr. Meyers on the 30th, I
4 believe, on what is happening in Sweden relative to the

5§ filtered vented containment, the project which they call

8 FILTRA. The Swaias ace moving along very rapidly. What

7 they are doing is they are using the analytical techniques
8available for other countries, the Federal Republic of

9 Germany as vell as the U.S. -- the aerosol codes, the NARCH
10 code, things like that -- to use as a reference for design
11 and for assessment. But in the meanwhile they are

12 specifically vorking with starting to run tests on various
13 types of gravel bad and sand bed concapts in terms of

14 ~oading capabilities, efficiency and things like that.

15 I might say they are also getting assistance in
16 that area from the technology that is ongoing at HEDL having
17 to do with the filter gruvel bed-sand bed filter work goiny
18on up ther2 in relationship to the filtered vented

19 containment for FFTF.

20 Finally, they are running experiments to see vhat
21 type of fission product retention, in addition to solid

22 retentiou, particularly iodine and things like that, one

23 mizht expact in thase beds.

24 I vas impressed with the progress they are making

25 in general, In a very short time they are moving cut very
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1 nicely, and I would expect if we were to get, as ve get more
flnd more involved in filtered vented containment, that ve
3could get a lot of information from their progranm.

4 MR. ETHERINGTON: In the Beta facilities are they
5 planning larger scale experiments than those at Sandia?

8 MR. SILBERBERG: They are about the same scale, a
7 fev hundred kilograms differ~nt mat- Tial.

8 MR. XERRs Is there vork complementary to wvhat we
9 are doing, parallel to, duplicative of? How would ycu

10 characterize it?

1 MR. SILBERBERG: Where? The Beta facility?
12 MR. KERR: Yes.
13 ¥R. SILBERBERG: Complementary. Thgre may be some

14 overlap, but I woull classify it as largely complementary.
15 You might ask others how they feel about that, but that

16 would e my feeling.

17 ¥R. KERR: Apparently they are to some extent

18 doing complementary research there, wvhereas in “ne stean

19 explosion area they are not. They are going to depend upon
20 our vork.

21 HR. SILBERBERG: I think that is accurate.

22 MR. XERR: Does that indicate they don't think

23 steam explosion is very important, do you suppose, or that

24 they think we are better at doing steam explosion than =--

25 MR. SILB3ERBERG: A little of both. I think they
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1 may have, 3s the iata nov evolves to this point from various
2 vork, they may have less concern about stean explosions. I
3 say they may. And I think they are also satisfied with the

4 information they can get from us.

5 MR, KERR: Thank you.
6 Mr. Siess.
7 KR. SIESS: What mechanisams do you use to maintain

8 your contact with what foreign countries are doing in

9 coordinat‘on?

10 ME. SILBERBERG: In the Federal Republic of

11 Germany right now ve have a resident engliueer on site.

12 MR. SIESS: A staff member or a contractor?

13 MR. SILBERBERG: Contractors, Drs. Peck and

14 Corvin. And they focus on sevaral of these areas, ‘opviously
15not all., That i- cne mechanism. Obviously, the exchange of
18 reports, and wvhen we can arrange them properly, the, shall
7ve say, periodic visits of staff to staff.

18 I still think that that is still the best wvay. In
19 fzct, ve vould vant toc encourage that in the future.

20 MR. SIESS: Do you feel that even using the

21 contractor you 40 maintain research staff avareness of these
22 things in some depth?

23 MR. SILBERBERGs I think so, vyes. I think it is
24 important that =--

25 ¥R, SIESS: Does your contractor representative
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1 send you back detailed reports? Do they come back from

2 meetings vith your people, et cetera, et cetera?

3 MR. SILBERBERG: Yes, yes. Reports are required.
4 There is a requireme . t that they submit a report, hopefully
5a detailed report, in order for them to get paid.

8 MR. SIE3S: Is thera a corollary requirement that
7 someone read and understand it?

8 MR. SILBERBERG: Yes.

9 MR. ETHERINGTON: Mel, I continue to be concerned
10 about the conclusion that melt into concrete will proceed

11 vithout spoiling. The experiments today have really tended
12 to inhibit spoiling. You cannot pour a melt into a concrete
13 crucible with a band around it and expect that it has the

14 same chance to spoil as the flat slad woull have.

15 My only experience in the steel business is that
186 you do get spoiling vhere metal penetrates, heavy spoiling.
17 I wonder vhether you would find it worthwhile toc contact the
18st2el industry ani try %o get them to make a survey of the
19 occasional accidents "hat have happened in the steel

20 industry.

21 MR. SILBERBERG: I believe a lot of this has been
22 lone. Perhaps Dr. Curtis or Dr. Powers would care to

23 comment.

24 MR. CURTIS: The program manager for our core melt

25 program, Dana Povers, is here. He is scheduled to talk
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1 about his program for halt an hour this afternocon.
2 MR. ETHERINGTON: We can leave it until then then.
3 MR. SILBERBERGs I think that is a gocd

4 suggestion. Thank you.

5 MR. KERR: Other gquestions or comments?

8 (No response.)

7 YR. XERR: Thank you, Dr. Silberberg.

8 My agenda shows Mr. Curtis next. Is 15 minutes an

9accurate evaluation of your presentation?

10 BR. CURTIS: I hope it is no longer than that.

1" MR. KERR: Then ve will probably stop for lunch
12after you have finished.

13 YR. CURTIS: The decision unit wve are talking

14 about has four basic line items. The first vas fuel

15 behavior which Melvin talked about. The second is a fuel

16 selt behavior. The third, fission product release in

17 transport. And the fourth, severe accident mitigation.

18 Mel has already talked about the first one. It is
19ay understanding another subcommittee has examined fission
20 products release and transfer, Dr. Moeller's subcommittee,
21 to the point we will not discuss that during the balance of
22 Sur presentation.

23 MR. SHEWMCN: They studied fission product outside
24 the pressure vessel, I am sure; maybe in contalnment, and

25 1150 insii12 the primary circuit?
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1 MR. CUBTIS: It is .~ understanding that they have

2discussed that problem to the point ==

" MR. SHEWMON: Were you there?

4 MR. CURTIS: |Mel.

5 MR. SILBERBERG: I'm sorry.

] "R. KERRs Would you repeat the juestion, please,

7 8cr. Shawmon.

8 MR. SHEWMON: Well, the statemant was that the

9 subcommittee chaired by Dr. Moeller had gone over all there
10 vas to say about fission product transport, and my inquiry
11 vas vhether or not that covered outside the containment,
12inside the containuent, and possiply inside the primary

13 system.

14 'MR. SILBERBERG: Dr. Shewmon, it vas inside the
1§ primary system, inside the containment but not outside.

16 MR. SHEWMON: Okay, thank you.

17 MR. KEBR: Mr. Cunningham told me he wes talking
18 about ten percent of severe accident mitigation. Are you
1990ing %o talk about the other 50 percent, or do you subsume
20his vork as vell?

21 MR. CURTISs His vork is in fact a part of the

22 budget figure that you see, but I do not intend to repeat
23any of his discussion.

24 MR. KERRs You are going to talk about accident

25 evaluation and mitigation of program overviev. That's this
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1 line item, severe accident mitigation?

2 YR. CURTIS: It includes both the fuel melt

3 program and the severe accident mitigation.

4 MR. XERR: Okay. And you are going to talk about
§-- a fuel melt is different from what #4r. Picklesimer talked
6 about. He wvas only talking about while it was trying %o
7melt, is that right?

8 MR. CURTIS: The focus of the things you are going
3 to hear about from us are generally after the failure of the
10 pressure vessel.

1 MR. XERR: Failure of the pressure vessel?

12 MR. CURTIS: Failure of the primary pressure

13 vessel, yes.

14 ¥R. KERR: Oiay.

15 MR. CURTIS: The fuel melt behavior progras has

16 basically the following components in it. We have a progranm
17 0on hydrogen which will be discussed with you this afternoon
18 by Dr. John Larkins. I noticed his name is misspelled on

19 the agenda. A program on steam explosions, a program on

20 core melt technolosgy, some work on core debris, though nnt
21 the in pile portion of the core debris coolability wvork

22 vhich has been 1iscussed in the fuel behavior program, and a
23 series of three codes which ve intend to discuss.

24 The codes which are involved in this element are

25 the CORCON code, the CONTAIN code, and our plans for the
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1 MARCH code. We are expecting from Sandia within the month
2 the assessment of the MARCH code which we spent two days on
3 last month, so I would presume not to discuss that at any

4 great length.

5 ¥R. KERRs What does assessment of the code mean,
6 Hr. Curtis?

7 MR, CURTIS: Assessment of the code is an
gevaluation of the code and a detailed compilation of user

9 experiences to date to indicate areas of appliabilicy and
10 areas of deficiency, and to identify which of those which
11 ar2 labeled deficliencies appear to be amenable to

12 corrections. So I am expecting to get o?t of that the basis
13 for selecting those issues which ve will fix on a near-ternm
14 basis and those vhich wve will probably defer.

15 MR. XERRs In order to evaluate deficiencies, one
16 must have some idea of what the code is supposed to do.

17 Where does that description exist?

18 MR. CURTIS: Cne of the reasons for the assessment
19is to evaluate Lif there is a data base vhich would support
20 an improvement.

21 MR. KERR: But an improvement, does there exist
22 some description that says this is what ve would like for
23 the code to be able to do?

24 SR. CURTIS: Yes, certainly.

28 MR. XERR: Where is that?
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1 MR. CURTIS: The anticipated scope and the
2potential use of the cod2 is another chapta2r in the
Jassessnent docuament.

4 MR. XERRs: So this document will say vhat it is,
Swhat it would like to do.

8 MR. CURTIS: This is vhat it has been used for,
7and this is the wvay it has been pushed into further
8application; and ve believe that there are currently a

9 laundry list of deficiencies. Some of these deficiencies
10ar? relatively easy to fix. Some are very difficult to

11 fix. Some of these deficiencies can be fixed because there
12 does exist a reasonable data base to extrapolate. Some of
13 these deficiencies probably ve should not try to tackle.

14 MR. XERR: So there will be one chapter which

15 says, in effect, Ehis is vhat the code ought to be able to
16do.

17 MR. CURTIS: There will be a chapter vhich says at
18 least this is vhat the NRC is trying to do with the code.
19 MR. KERR: That is completely different, or it

20 seems to me it could be completely different, because the
21 NRC has just begun to look at the degraded core problem. Is
22 there someone vho is sayir, 'f ve had a ccde that would be
23useful to the d23raded ccce problem, this is what we would
24 like to have it do?

25 Are these the same thing?
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1 MR. CURIIS: I think they're the same thing, and
21if they're not, ve will have to bring them into a better -~
3 MR. XERR: I would anticigate, for example, much
40f the use of the code up to nov has been to design end

S point analysis.

8 ¥R. CURTIS: That is correct.

7 MB. KERR: I would anticipate the future degraded
8 core rule would go beyond that; hence, it's not obvious to
9 me that wvhat the NRC has been doing --

10 MR. CURTIS: It has not only been used in design
11 end point; it has been used in the analysis of Sequoyah,

12 McGuire, and a variety of other plants, Liae?ick.

13 Dr. Kelber.

14 MR. KELBER: I would like to just remind you that
15insofar as MAPCH and CORRAL are concerned, there is a formal
16 code document that is distributed along with the code.

17 MR. KERR:s This is the user's handbook?

18 MR. KELBER: This is the user's handbook. The use
19of the code was in the characterization of core melt

20 segquences, and I forget the exact worling of the acronya.

21 MR. KERR: I guess I'm not asking the guestion
22vell, Charlie. I mean the co?e was originally put together
23 for a purpose.

24 MR. XELBER: Yes.

25 MR. XERR: My impression is it is nov being used
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1 beyond that original goal.

2 ¥R. XELBER:; That is a correct impression.

3 YR. KER3: And indeed,  one had one's druthers,
4o5n2 pight like to have an is oved code that would do

5 something or other.

8 MR. KELBERs That's correct.

14 2. XERR: 1It's that something or other that it

8 seems to me one na2eds to have in order to assess the code's
9deficiencies.

10 MR. KELBER: I think there is a danger here of

11 putting the cart before the horse.

12 MR. XERRs [ agree. It seems to me that is vhat
13 is being done if one starts improvine the code vithout

14 knovwing what the goal is

15 MR. XELBER: Let me give yon my ovn views, and Beb
16 Curtis, who has mv<h more intimate knowledge of the details,
17 can take up. But my own view is the following: that the

18 need has been amply demonstrated for a code which wvill at

19 least allov us to, as George Marino pointed out, bound with
»)some confiience the order and magnitude of events that occur
21 in core melt accidents from the peoint where the cooling

22 point is legraded to the point we have significant loads on
23 the containment vith perhaps molten core on the floor of the
24 containment.

25 There are three portions to the code. These are
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! ceproduced in MARCH, but basically they are the portion

2 represented by SCDAP, pronounced SCDAP. As yet unnamed and
3only in the planning stage, the whole core wvhich would

4 incorporate SCDAP. It might be an enlarged version of

5 SCDAP. It might be a merger of FRAP and SCDAP. But

6 vhatever, that whole core meltdown code and the CONTAIN

7 ccde, that is our ultimate need. We need it if only because
8 ve have to ansver questions such as the questions being

9 asked at Zion and Indian Point.

10 But you are right, ve will be going h»eyond that.
11 I think ve don't have those codes, but wve knowv what ve vant
12 thea to do.

13 - MR. CURTIS: We have already put MARCH into

14 application in such A variety of vays that I believe ve have
15a first round of improvements vhich could be focused on

16 improving the quality of the prediction in the places where
17 the code is already in application.

18 SR. XKERR: Bob, it seems to me there is one

19 possible approach to iaproving the code, and that is to use
201t for something, and you discover it doesn't do what you

21 vant to do for that applicez cion, and you say vhat could I do
22 to make it better. I don't see anything wrong with this.

23 In fact, I think it is quite the vay to proceec.

24 The problem is that that fixup is not very useful

25 unless you are going to use the code for the same thing
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1 again. Maybo the answer is no, you don't have it; but I

2 Just vondered if someone had made an effort to say ve think
3this is the set of general uses to vhich a code like this

4 ought tc be applicable, these are the needs wve have. And

5 maybe indeed MARCH canaot ever be fixed up to do that, and

8 you would have to start over completely.

4 MR. CURTIS: I helieve that is the ansver.

8 MR. KERR¢ But if it isn't the ansv2r, it seems to
9me there ought to be some sort of limited go2l if you're

10 going to invest very much money in improvements. Othervise,
11 I don't see how ysu knov vhen you've got to where you wvant
12 to get.

13 MR. CURTIS: I expect the assessment is going to
14 tell me there are a limited number of short-term

15 improvements which can be |ad;.t; the existing structure,

16 vhich ought to be made to‘thc existing structvre; and that
17 the long-term goal should be to rethink the problem and put
18 together a fresh approach.

19 MB. XERR: I wvould juess any organization in the
20 business of developing codes would come up with that result.
21 (Laughtear.) i

22 On the other hand, they do need, and I guess they
23 are getting some input from NRC which wlll ultimately be the
24 USEC .

25 ¥R. CURTIS: Oh, yes.
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1 MR. XKERR: Continue.
2 HR. CURTIS: I believe I have ~--
3 MR, XERR: Excuse me. You mentioned this document

4 that is coming out. I didn't write it down. Does someone

5§ have it identified?
6 MR. CURTIS: A MARCH code assessmant being

7 produced by Sandia.

3 MR. KERRs It will be available?

2 MR. CURTIS: In draft form within the month.
10 MR. XERR: Thank you.

1 MR. CURTIS: In this area there are two other

12 codes. I discussed these with your committee at the time of
13 the March meeting. I have the same presentations here

14 again. T would choose to distribute the vu-graphs and not
15§ to go through that discussion again.

16 MR, KERRs Would it be a better presentation the

17 second time around?

18 (Laughter.)

19 About the same?

20 MR. CURTIS: No. Better.

21 ME. KERR: Then wve'll just take the vu-graph.
22 MR. SIESS: Could we ask better juestions?

23 (Laughter.)

24 MR. CURTIS: Perhaps there would be better

25 quastions.
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1 But for tyo record, since these are a part of the
2 decision unit, I will provide you with this data support.

3 MR. KERR: Ti. nk you.

4 MR. CURTIS: Our program >n severe accident
smitigation is rather closely coupled with the other

6 decisions, and it is rather closely coupled in the followving
7 fashion. It is closely coupled because the phenomenclogy

g associated vith severe accident mitigation features is very
9 closely connected with the basic phencmena of the core melt.
10 Let me =»a%= tne 90in* in our core melt program ve
11 are investigating the phenomena associated with molten cores
12 on concret2., We use the same experimenters. We use in many
13cases the same devices but substitute for the concrete

14 proposed core-catcher materials, mitigation features.

15 One day it aight be a thuria oxide gravel.

16 Another time ve will line it with magnesia bricks. Somebody
17 vill come up with a castable ceramic. We will try it out in
18 the same facility using the same experimenters. We have

19 identified for budgetary purposes two separate 189-., One is
20 in severe accident mitigation; one is in core melt

21 behav .or. But tha2y are in fact very closely coupled, and as
22 they say, *he same research facilities and the same

23 principal investigators are attacking both parts of the

24 problem.

28 MR. XERR: I'a sorry. You lost me.
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1 MR, CURIIS: I am saying for budgetary purposes ve
2 have a separate Fin. number to support wock on core-catcher
3 materials from the one that is locking at the core steel

4 nelt-concrete interaction.

5 MR. KERR: The same people are doing the vork?

6 MB. CURTIS: The same people ar: doing the work in
7 the same facilities, and I will propose vana Powers will

8 tell you about both pieces of it, realizing, hovever, that

9 from a funding point of view there is money associated with
10 these in both line itenms.

1" The same is true in terms of hydrogen. We have a
12 basic research in hydrogen program. Associated with that

13 pragram and as an add-on to it, we are looking at the

14 survivability of equipment under hydrogen burn conditions
15and what zan be done to develop suitable standards for the
16 survivabi ity of equipmenc under hydrogen burn conditions.
17 MR. XERR: Is that under severe accident
18aitigation?

19 MR. CURTIS: The equipment survivability tests,

20 vhich again are separately f -ded, are under severe accident
21 mitigation. The basic hydrogen program is under core melt.
22 As a pact of the fission product release of

23 transport ve intend to do tests -i filters in an aerosol

24 environment. These filter tests will be part of severe

25 accident aitigation and an integral part of tne
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1 zonsideration of fuel ded containment. And again, these

2 tests will be separately funded as a part of severe accident
3mitigation.

4 MR. KERR: I got the npinion somewvhere that the

5§ licensing people aren't that sanguine about fuel bed

6 containment.

7 HR. CURTIS: Right. I suspect if ve wvere not

8 doing the aerosol release and transport experiments and

9 could not put that facility to use ve might not be so ready
10to do some filter tests. But right now vwe are planning to

11do filter tests if this thing gets turned off.

12 MR. XERR: You have a filter facility, sc --

13 MR. CURTIS: No. We have an aerosol facility.

14 MR. KERR: And you need something to filter it.
15 MR. CURTIS: That's correct. So we amight just as

16 vell, if filters of a certain concept are proposed, ve wovld
17 prefer the test. We have a study at INEL on mitigation

18 features in which ve are concentrating con the engineering

19 feasibility of mitigation features across the board with a
20 particular emphasis on vhat are the problems of backfitting
21 severe accident mitigation featur s to existing plants.

22 We have work on containment coolant. In

23 particular, v~ have recently gotten a user request to put

24 out an RFP to investigate passive containment, which will be

25 a part of this. The RFP -~
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1 MR. KERR: Who requested that?
2 MR. CURTIS: We have an ondotscl;nt from NRR. And
3finally, the analytical part of our severe accident
4mitigation featurs is the SASA program, which is an
5 integrated program being conducted at four laboratories; and
81 have a half an hour this afternoon to tell you about the
7 SASA program, and I would be happy to do that.

8 So anyvay, those are the basic components of the
9 program. [ have Dana Povers to tell you about the fuel nmelt
10 experizeants, thea zoncrete intaractions, the core-catcher

11 sork. John larkins will be telling you about the hydrogen

12 control pragram, the equipment survivability under

13 hydrogen. Rick Sherry will be telling you about the stean

14 explosion ptoqt;l. And I will talk about the SASH program,
15 and then ysu will have an opporturity to question me 1hout

16 anything ve may have left out at the end of the day.

17 HR. KERR: Thazk you.

18 Are there questions?

19 (%o respunse.)

20 MR. KERR: I declare a recess until 2:00 p.m.

21 (Whereupon, at 1300 p.a., the meeting vas recessed

22 for lunch, to be reccnvened at 2:00 p.m., the same day.)
23
24

25
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1 AFTERNOON SESSION
2 (2400 D-lo)
3 BR. XKERR: _ur next speaker, which involves a

4slight rearrangement of the printed agenda, will be Rich
§ Sherry, vho is going to talk about steam explosions.
8 MB. SHEWMON: Mr. Chairman, ve have Povers and

7 Larkins yet to come, is that right?

] MR. KERR: "hat is rcight.
3 MR. SHEWMON: Okay.
10 MR. SHERRY: My name is Richard Sherry, the

11 program manager for the steam explosion program. The stean
12 explosion prog:ia vas initiated in 1976. The purpose of

13 this program vas to investigate the phenomena assoclated

14 with the explosive interactions of molten core materials

15 vith reactor cosling and to determine the probability that a
16 steam explosior can fill the reactor containment building.
17 The elements of the currert program include

1@ s*all-scal? single 4roplet tests involving droplets on the
19 order of 1 centimeter to try tc determine the basic

20 seckanisas of fragmentation; intermediate skill texts

21 involving 5 to 25 kilograms of corium and coriums simulants
22 in the fully instcrumented test facility.

23 Several tests are tests to Investigate the

24 phenomena, nonexplosive phenomena of melt-wvater

25 interactions, primarily to determine mixing phenomena,
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! breakup and steam generation rates.

2 The analytic part of the program includes

3 development cf models for the fragmentation, propagation and
4 bubble expansion during steam explosion events, analysis of
5 response of reactor vessel to the expanding steam explosion
6 bubble, and the response of the containment to shock vaves
7and missilas generated by the steam explosion.

8 And the ultimate objective of this program is to
9provide upiata. astimates on the failure probability of

10 containment due to steam explosion. The accomplishments

11 during the past year in this program include ve have

12 conducted a sa2ries of small-scale experiments to determine
13 the effect of elevated system pressucres on the explosivity
14 of noltanantiticls.

15 The first test series in the intermediate scale

16 test included five tests. Tvec steam spike experiments vere
17 completed. In these experiments where wver2 initiated as a
18result of the finé¢ings of the Zion-Indian Point study wvhich
19indicated there vas a potential for rapid steam generation
20 follovwing the reactor vessel melt-through leading to a stean
21 spike vhich might have the potential to challerge the

22 integrity of the containment.

23 MR. KERR; WRhen you say that was a finding, it vas
242 calculation of the NARCH code, vas :t not?

25 NR. SHERRY: That is true.
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1 MR. WARD: A gualified findinge.

2 MR. SHERRY: A gualified finding, very qualified.
3 During the past year a one-dimensional -ransient propagation
4 model and a tvo-dimensional empirical expansion model have

5 been developed and used to analyze several tests. These

g models are alsc capable of extrapolating the test results to
7 actual full-scale reactor conditions and have been used to
gevaluate the loadings on the reactor vessel for sev-ral
9actual reactor iesigns.

10 A statistical c*~am explosion containment failure
11 model has been developed and incorporates distributions for
12 such things as the amount of melt and the amount of wvater

13 vhich may interact; the energy conversion ratios that may

14 occur during a steam explosion vent; the rasponse of the

16 reactor vessel, et cetera.

18 Using th s statistical model nev estimates have

17 been developed for the containment failure probability for a
18 lacg~ high pressure PWR desi¢n.

19 I am geoing to skip the next seven slides. They
20are devoted to some of the test results and some of the

21 results from the program. And the next slide I am going to
22 be talking on --

23 HR. KERR: Rizh, just a minute.

24 ER. SHEWMON: Yes. Before you get into that, I

25 read som2 place recently that the steam explosions and vhat
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t you refer to as fragmentation here to get good heat transfer
2 occurs only when the droplets are liquid so that they can

3 break up easily.

ks Did I understand that correctly?

5 MR. SHERRY: That's the current helief, res, that
8 the fine fragmentation would only occur ==

7 MR. SHEWMON: In my parlance only solids fragment,
gor in your parlance or when you do these calculations, it's
9only liquid droplets that fragment.

10 MR. SHERRY: We have only seen the fine

11 fragmentation dcwn to the 1 to 200 micron range with the
121iguid dropletc. Sol.d droplets woull fragment through

13 various mechanisms, but not down to the very small sizes.

14 K%, SHEWMON: Thank you.

15 MR. SHERRY: This slide shows a comparison of the
16 WASH-1400.

17 MR. SHEWMON: Let me stay with that for a aminute.
18If you get down sowe place fine enough then, they solidify
19 instead of breaking up. Iis that actually what would limit
20things Lf you stuiied the steam explosion as a function of
21 degree of superheating or temperature difference betveen the
22 temperature of the bath and the temperature at which it’'s

23 solidified.

24 MR. SHERRY: Yes, that's true. There is

25 essentially, ve believe, two stages to this. There is, of
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2size and then a fine -~

3 MR. SHEW4ON: ‘nd that would happen with a solid
4droplet?

5 MR. SHEBRRY: No. I am saying if this is a liquid.
6 MR. SHEWMON: Okay.

7 MR. SHERRY: And if it breaks up to about 1

g centimeter sizes. If an event does not occur vhich leads to
9a fine fragmentation down to the size of perhaps several
10 hundred mizrons, it is possible that these droplets will be
11 solidified and become nonexplosive, or these droplets could
12 fall. If they iropped into water, there could be the coarse
13 fragmentation, .nd then these particles could settle by
‘14 gravity to, let us say, the bhottom of the rejctor vessel.
15 MR. SHEWMON: But once they have solidified, they
16 wvill gquit.
17 NR. SHERRY: They won't participate in the --
18 MR. SHEWMON: My point is if this stuff candles
jgout or it won't be much above the liguid solid temperature
20 for the oxide vhen it comes out of the core. What 1 am
21 asking is have you ever looked in or whether your
22 contractors have looked into whether or not they can argue
23 they would not have enough superheat, that is, tempaerature
24 difference betw en the liquid temperature and the

25 solidification temperature to keep breaking it up.
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1 lhe relaxation time for losing 100 degrees has to
2 get smaller and smaller as you go down in size.

3 MR. SHERRY: Yes, w2 are looking at this. 1In

4 fact, in the past test ve used iron aluminum thermites which
5 have a lover melting point than the corium mixtures which ve
6are just beginning to test now. It appears the coriua

7 mixtures are much less explosive than the iron aluminua

g8 thermites, even when they drop at the same temperature.

9 MR. KERR: What is the sigrificance of using the

10 term "explosive?"

1 MBR. SHERRY: What's the significance in this case?
12 MR. XERR: Yes.
13 ME. SHERRY: It indicates that the interaction

14 vhen coriuams are dropped into the vater are much less
15violent, more characteristic of just rapid boiling than a
16 shock pressurization.

17 ¥R. ETHERINGTON: Are the old theories of

18 encapsulization invalid?

19 MR. SHERRYs: The theories of homogeneous

20 nucleation?

21 ¥R. ETHERINGTON: Of a capsule of metal being
22 formed with moisture inside and then exploding. It's an old
23 theory. Perhaps it's not valid at all., If you haven't
24 heard of it, perhaps ~-

25 MR. SHERRY: No. I have heard of it. The
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1 fragmentation mechanism which we believe actually drives the
2 process is one of vapor film collapse and then local
3prassurizations 4ue to rapid bdoiling around the surface of

4 the droplet rather than jetting the water inside of the melt
54roplet and breaking up in that manner.

8 MR. ETHERINGTON: By implication you are
7discrediting the 2ncapsulization theory then.

8 MR. SHERRY: I wouldn't say that. It may possibly
9be a mechanism, bat I don'% think it is tha one preferred

10 now, the one we believe.

1 MR. KERRs You would say it is a bit old-fashioned?
12 MR. SHERRY: You can say that, I guess.
13 MR. SHEWMON: But he would be too d1iplomatic to

14 say that to the most elderly member on the coamittee, I

15 suspect.

16 MR. ETHERINGTON: But I was really leading in that
17 4irection. I wanted to know --

18 MR. SHEWMON: Let me come back to my gquestion.

19 MR. KERR: Excuse me. Could I ask for a line on
20 this encapsulization?

21 MR. RYE: Bob Rye. I am an old hand in this

22 business of about 20 years ago. The encapsulization model,
23 there is ns real avidence nowv that supports it, and the

24 current mechanisms, as Rick has said, that are looked upon

25 vith favor are this multi-stage pre-breakup and then
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1 esseatially a thermal detonation that propagates as a shock
2 through the premixture.

3 The actual aechanisa of fragmentation that is

4 dominant in the interaction to produce more surface area for
5 the increased heat transfer to sustain the shock is still a
6 subject. It's still essentially unknown. It is a subject

7 of controvarsy. And that proces: requires, in answer to Dr.
8 Shewmon's earlier gquestion, that process requires the

9 material to be in liquid form, not solid, to get the very

10 fine breakup, and there is some correlation and a vast range
11 of data betveen the intensity of the interaction or

12 explosion arnd the fineness of fragmentation. A more intense
13 interaction teads to be finer fragments.

4 MR. ETHERINGTON: It sounds as if it's getting

1§ simpler.

16 MR. RYEs No, I dom't think it is getting simpler.
17 ¥R, SHEWMON: I agree. GEveryone agrees, I think,
18 that you have to fragment it to get good haat transfer and
19 to get a violent explosion. My concern and interest though
20is vhether in mod2ling this and your contractor's enthusiasm
21 to find something to measure you are missing the conditions
22 which are likely to exist in an accident, and that is that
23 you will have relatively little temperature above the

24 melting point of the solid oxide when it falls into the

25 water. And thus, once it breaks into centimeters,
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1 millimeters or something, it will quench out, solidify, and
2by your mechanisa then stop.

3 MR, RYE: My earlier shock work 20 years ago vhen
4ve didn't juite understand, it showed that essentially the

5 peak pressure is buried with the superheater above the

6 melting point, and that the energy that is available below
7melting really did not seem to contribute. Certainly we

8 think nov that you stop further fragmentation at this point.
N MR. ETHERINGTON: The thing behind my question was
10 are ve looking for a different behavior between a brittle

11 material and a metal like iron? Do you expect them to

12 behave the same wvay?

13 MR. SHERBY: A brittle metal?
14 MR. ETHERINGTON: UO versus steel.
2
15 MR. SHERRY: I guess I don't know who to ansver

16 that question.

17 MR, SHEWMON: Apparently the breakup is only when
1i8it's a liquii.

19 MR. ETHFERINGTON: But if you pour a metal like
_0zinc into a1 model, it granulates and can be contorted to

21 shell-like pieces.

22 MR. RYE: We think that correlates to this

23 premixing and not the thermal process. That would not be
24 explosure.

25 wn, ETHERINGTON: Then you co'.ld not get an
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1t explosion?

2 MR, RYE: In that particular experiment. But on
3 the other hand, the limits under which this could happen,

4 particularly when you furnish a good trigger, is unexposed
5 territory. We don't have the mechanistic model.

8 MR. SHEWMON: But you do have to keep it ligquid

7 apparently.

8 MR. RYE: All indications are you do not get

g further fragmentation in the solid state which contributes
10 to the energy discharge.

1 MR. SHERRY: One further ccmment on Dr. Shewmon's
12 question. Those considerations have been included in these
13 nev estimates for containment failure probability. The

14 observations that the corium mixtures are less-explosive

15 than the simulant materials which have been used in the

16 past, and we believe that is due to differences in melting
17 tamperaturs.

18 MR. SHEWMON: Is there any particular

19 correspondance begueen the corium temperature you use and
20 the corium temperature you would have good reason to believe
21 vould come out of a core or out of a vessel when it fails?
22 MR. SHERRY: The temperatures of the coriunm

23 mixtures are fairly difficult to determine, but ve believe
24 *hey :re in the tamperature range of 3,000 degrees K.

25 HR. SHEWMON; Steel melts at about 1,800 degrees
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1K, and it is a little bit difficult £or me to see how you

2 vould have tre majority of your corium at 3,000 degrees X
3when the st:el prassure vessel melted out at 1,800 degrees X.
4 MR. SHERRY: Well, ve are basing the temperature
50f the material may be at a higher temperature than the

g melting point of steel at the time the reactor vessel fails.
7 MR. SHEWMON: But 1,500 degrees K, have you ever

8 done any heat transfer to say that you could have a pool of
9that ‘emperature in contact with steel and still hold it

10 there?

11 MR. SHERRY: I haven't done that, but that is only
12 one part of the problem. The most important aspect of the
13 staam explosion problem is the time when the molten core

14 material falls from the core region into the lower reactor
15 vessel heai. An assumption is made that there is a pool of
16 material in the core region itself.

17 MR. SHEWMON: In the core region itself it will

18 not be above its melting point, that you can be sure of,

19 because as soon as it gets to the melting point it starts

20 trickling down, and once it gets to the bottom it pools

21 further. And I guess I will only state this once more and
22 then let it go until next time we Jet together. But my main
23 point is that if you require superheat to get steam

24 explosions, then I think you osought to look very hard at

25 vhether it is physically possible to get superheat; and I
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1 vould be inclinei to 1oubt it. And I don't see any evidence
2 that you are taking advantage of that or the staff is in

3 their consideration of the question.

4 Thank you.

5 MR. SHERRY: Your point is well taken. There is a
8 lacge degree of uncertainty as to the mechanisms of the

7 meltdown behavior in the vessel itself, whether a pool forms
8in the region of a core or the material suddenly trickles

9 into the lover reactor vessel plenum is not known.

10 This slide shows the current estimates for the

11 steam explosion containment failure probability and the

12 estimates which vere develcped in the reactor safety study.

13 MR. KERR: What significance do those havo.in your
14 view?
15 MR. SHERRY: The significance of these I think we

16 2an show on the n2xt slide, if you will.

17 MR. KERR: Okay.

18 MBR. SHERRY: This slide shows the relative

19 contribution to risk, if you will, of the various
20containment failure sa2quences identified in the reactor

21 safety study. This would be the relative contribution of
22 st2am explosions to risk usinjg the estimates of steanm

23 explosion failure probability in the reactor safety study.
24 MR. ETHERINGTON: Steam explosicn. Are you

25 considering just the static pressure?
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1 MR. SHERRY: The mechanisam by which the stean
2oxploslon vas predicted or thought to fail in the
3containment in the reactor safety study was through an

4 in-vessel steam explosion leading to reactor vessel failure
5 and generation of a missile with sufficient energy to

6 penetrate containment.

7 MR. ETHERINGTON: Is it static pressure that

8 generates the missile?

9 MR. SHERRY: No., It is an acceleration of a slug
10 of material inside the reactor vessel which impacts or the
11 upper reactor vessel and generates a missile.

12 4AR. XERR: Presumaply the work up to nowv has

13 reduced the contribution by what, a couple ~f orders, three
14 orders of laqniéuio?

15 MR. SHERRY: Twvo orders'of magnitude fqr the best
16 estimate.

17 MR. KERR: Do ycu feel pretty confident that has
18 occurred?

19 MR. SHERRY: I feel pretty confident that has

20 occurred for a PWR with a large high pressure containment
21 design. I am not certain that the same results apply to

22 BWRs with vastly 1ifferent internal containment designs. We
23 are currently doing a similar analysis vith BWEs.

24 MR. KE3R: At what point would you stop worrying

25 about the steam explosion, at what point on that chart?
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1 MR. SHERRY: With the probability of 10
2 leading to the contribution of risk on this. I think it
3 would say steanm explosions are not really even minor
4 contributors to risk at this point. Other sequences totally
5§ dominate.
8 MR. KERR:¢ So ve are continuing to explore thls
7 because we haven't looked at all kinds of coatainments or
8 because vwe are trying to establish further confidence in the
9 result or what?
10 MR. SHERRY: I will address trat in the next slide.
11 MR. XERR: All right., I will continue to be your
12 straight man. I
43 MR. WARD: Could I ask a gquestion on that? A few
14 months ago experts in tha Sweiish technical nucléar
15 community came to the conclusion chat was publicized that
16 st2am explosions vere so improbable that they should not be

17 considered.

18 Is that the same conclusion yocu are coming to here?
19 MR. SHERRY: No. I think their conclusion vas --
20 MR. WARD: Could you give me a couple cof minutes

21 0on that in layman's teras?

22 MR. SHERRY: Their conclusions vere steanm

23 explosions are impossible. What ve are saying is steanm
24 explosions are significantly improbable that they are not

25 really contributing to risk.
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1 MR. WARD: I am glad Okrent isn't here.
2 MR. SHERRY: I think there's a distinction there.
3 MR. WARD: Do you vnderstand their reasoning and

4differ with it or --

5 ¥R. 5. %RRY: Yes, I do.
8 MR. WARD: To both questions?
7 MR. SHERRY: The experts who were invelved in the

g development of the Swved.sh study met with almost all of the
9 steam explosion researchers w2 have in the United States as
10 vell as in Germany and a number of other places, and

11 basically they tanded to use information which =-- perhaps I
12 siiouldn*t say wvhat I was going to say, but in any eveant, ve
13basically differ with some of their conclusions in the

14 report.

15 Some of the effects which they indicate contribute
16 to the very low probability or impossibility of stean

17 explosions ve had technical disagreements with.

18 MR. RYE: May I add a slight comment? This has

19 been a very controversial subject for many years, and

20 vithout using any names, I think the homogenous nucleation
21 hypothesis, that whole area vas kind of carried off in this
22 evaluation; and there are many who do not accept this. They
23 had a group of experts which vere a one~-sided picture.

24 MR. KERR: To put it so that I can understand, you

725 disagree with the Swedes.
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1 MR. RYE: Yes.

2 ¥R. ETHERINGTON: Does the word "explosion®
3involve an ultrasonic pressura vave?

4 MR. SHEERY: Yes. There is shock pressurization.
3 Beginning next fiscal year the title of the

8 program will be chunged to molten core-coolant

7 interactions. The reason for this change is to emphasize
8 that wa vill be investigating nonexplosive core-cooclant

9 interactions as well as steam explosion events. This is a
10 redirection of the program. Consequently, there are going
11 to be two tasks in this program, task one being a followon
12or a continuation of the ste:nm explosion rasearch. The

13 experimental programs will be completed in 1962,

14 The p:oq:alé ve plan to do next year, the

15 experimental programs are to conduct sirgle droplet tests
16 with the metallic and oxidic components of the corium

17 separately to determine which of the components contribute
13 to the explosion. This deals with the question Dr. Shewmon
19 vas raising. Sincze these two components will have widely
20different melting points, the one with the higher melting
21 point will not be contributing toc the explosion.

22 de plan to conduct a number of the intermediate
23 scale tests in the fully instrumented test series using

24 cocium aixtures, and if funding allovs ve hope to conduct

25 one or more larger scale tests with greater than 100
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1 kilograms melt to assess the energy conversion ratiocs and
2a3ixing phenomena at a larger scale, and to aid us to

3 extrapolate into full-scale conditions.

4 MR. KERR: What is an enargy conversion ratio?

5 MR. SHERRY: The fractional conversion of the

6 thermal energy in the melt to mechanical energy by the

7 expansion process. You can viev it as the conversion of

8 thermal energy into melt through the acceleration of the

9 materails surrounding the melt.

10 YR. KERR: It seems to me that would be enclosure

11 dependent at least in large aeasure.

12 MR. SHERRY: It is.

13 MR. RYE: It is extremely dependent.

14 MR. WARD: What are typical numbers there?

15 MB. SHERRY: Typical numbers would be on the order

160f 1 to 2 percent., The maximum theoretical limit is on the
17 order of, I guess, around 30 percent. The analytical

18 programs in the task one steam explosion part of the molten
19 core cooling interaction program will emphasize the
20application of the 1-D and 2-D models, the continued use and
21 development of the statistical steam explosion containment
22 failure methodolosgy with the emphasis on BWR containment

23 designs.

24 The second task in this program --

25 MR. KERR: Let me see. I wvant to make a
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t transition. If we talk about the ‘33 budget, which ve are

2 constraina2i to 40, no 2xperiments in '83.

3 MR. SHERRY: No steam explosion experiments.

4 MR. KERR: I thought that last slide said the

5 experiments would be or that you said the experiments would
6 be ended in '82.

7 MR. SHERRY: [ indicated the program level had two
8 tasks, a steam explosion task and a task involving the

9 investigation of the interactions between materials where

10 explosions are¢ not predicted.

1" In task ".uo ve will be intervested in such events
12as steam generatiu, rates that break up under debris, debris
1?£otlation. hydrogen generation, coolant contact. And in

14 task tvo we plan to continue experiments.

15 YR. KERR: OJkay. So i; ‘83 there will be

16 experiments, but by then steam will no longer be exploding;
174t will just be forming.

18 MR. SHEBRRY: We wvon't be doing experiments

19 intending to investigate steam explosion phenomena.

20 MBR. KERR: You will not be?

21 MR. SHERRY: We will not b)e.

22 MR. KERR: Okay.

23 MR. SHEPRY: At least we don't plan to at the

24 present time.

25 As I indicated, in task two --
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1 MR. KERBs The part that you are talking about

2 £its into this, into the part called fuel melt.

3 MR. SHERRY: Yes.

4 MR. KERR: And it represents wvhat fracticn of that

5 roughly -- 1 percent, 10 percent?

8 MR. SHERRY: I think it‘'s on che order of 4 or S
7 peccent.

8 HR. KERR: Four or five percent, okay. Continue.
9 MR. SHERRY: Maybe someone could guess since I

10don't recall what the total number is there.

1" MR. KERR: The total number is about --
12 MR. CURTIS: Dr. Kerr.
13 MR. XERR: Yes, sir.

14 MR. CURTIS:s At this time it is more than that.

151t comes out to about 10 percent.

16 MR. XERR: About 10 percent of the FY 83 budget?
17 MR. CURTIS: No.

18 (Pause.)

19 In 1981 it represents --

20 MR. KERR: No. I'm interested in '83.

21 QB. CURTIS: His number then 1is probably about

22 coLrect.

23 MR. KERRs All right. Thank you.
24 MR. SHERRY: That concludes my presentation.
25 MR. KERR: Are there guestions?
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1 (No response.)
2 MR. XERR: Thank you, sir.
3 Harold, I vant to correc* your earlier statement

4 vhich I assume as a bit of an irony. I don't think things
5 have gotten simpler. I think our misunderstanding is now
6 more complicated than it vas.

7 (Laughter.)

8 MR. KERR: I show Mr. Powers, who has been

9 patient, t> talk about fuel melt experiments.

0 MR. PONERS: I will talk to the committee about
11 the two programs dealing with materials interactions that
12 can take place sutside the reactor prassure2 vessel that Dr.
13Curtis mentioned before the lunch break.

14 The two programs to be discussed are the molten
15 core containment program, which is a study of material

16 interactions with core debris and candidate retention

17 materials and concrete, and how these nay threaten the

18 containment integrity. The second is the core retention

19 concept assessment in which the engineering of a core

20 retention device that might either terminate or mitigate the
21 ex-vessel interactions that threaten containment could be
22used as a aitigation device.

23 MR. KERR: Mr. Povers, could you also give me some
24 indication of what fraction this 83 line item?

25 MR. POWERS: No, sir, I coulin’t. I simply don't
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1knove

2 MR. KERR: Can someone give me some estimate of
3what fraction that ¥r. Povers is discussing? I don't have

4 to have it right necwv, but if you could just give it to me.

5 Please continue, Nr. Powers.

8 MR. POWERS: In the course of the presentation I
7will try t> indicate why this work is beirg done, what I

8 think ve kaow about the ex-vessel interacticns.

9 MR. CURTIS: Fifteen to 20 percent.

10 MR. POWERS: And finally, where I think this work
11 is going over the course of fiscal year 82 and 83.

12 To illustrate the threat being considered in the
13 ax-vessal interacztion, I have here a rather idealized sketch
14 of a reactor containment. In the course of WASH-1400 it wvas
15 recognized that once core melt occurred it could progress

16 sufficiently far that the melt could come out of the reactor
17 pressure vessel and fall into the concrete sump.

18 In WASH-1400 there was a gr=2at dsal of concern

19 that the concrete would be attacked by the melt, and

20 eventually you would get erosion of the concrete and a loss
21 0of containment integrity.

22 in the course of looking at this wvork we also

4 recognized there were other mechanisms involved in the

24 ex-7essel material interactions that threatened

25 containment. As cthe high temperature melt attacks concrete,
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11t liberates gquite a lot of gas, gquite a lot of anrosols.

2 It rroduces hydrogen and a lot of heat comes up which can

3 contribute to either overpressurization in the containment
40or in the case of hydrogen, detonatiocn due to the failure of
5 the containment. And it is ia fact tiese factors of

8 ex-vessel interactions that contribute to an above-grovnd

7 level failure of containment that seems more of a concern

8 than a simple erosion of the basemat.

9 So we are studying. We began to look at ex-vessel
10 interactions first because they are the driving force of the
11 reactor accident once the material has left the vessel. In
12 other words, the phenomena associated vith these ex-vessel
13 interactions are what drives the accident forward.

14 Our biggest concern are those phenomena which

15 contribute to an above-ground containment failure. That is
16 either pressurization of the reactor containment or

17 contributing to hydrogen and to a possibility of detonation
‘g that would fail containment. To a lesser extent one is

19 concernad about containment failure due to the basement

20 being eroded. Howvever, this would result in a groundwvater
21 release of radioactivity which wvould probably take place on
22a much longer tim2 scale than above-ground failure and vould
23 be more susceptible to intervention.

24 There is another factor to be concerned with in

25 the ex-vessel interaction, and that is they do interfere
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1 with other mitization devices. For instance, the

2 interactions produce guite a lot of aecosols, quite lot of
3 noncondensable gases. These might interfere with

4 containment filterings, the venting systems cr containaent
§ coolers.

6 Finally, the interactions 4o generate guite a lot
7 of radiocactive material in the form of aerosols and to

g8 contribute to the rslease of radiocactive inventory into the
9 containment.

10 MR. XERR: Mr. Powers, tell me what it is, what is
11 the ultimate objective of these studies? What are you going
12 to do with the information you get?

13 MR. POWERS: The information we jet is used in at
14 least tvo distinct ways. Ohe is for just asSsessing what
15kind of problem you face in the event of a severe accident
16 wvhere you overpressurize containment. Do you have so much
17 hyirogen it wvouli detonate?

18 The second use is to decide whether you need a
igmitigation device of some type. And if you do decide you
20need it, how yocu might go about designing it. It would be
21 concerned about the lcad. Such a mitigation device might
22 have to handle, for instance, a fil.erad vent system would
23 have to handle filter aerosols that are radiocactive. This
24 interaction produces huge guantities of these aerosols. By

25 understanding it you knowv howv to size that filtering
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1 system. For hyirogen igniting systems you need to know what
2 kind of inventory of hydrogen you have to handle.

3 HR. KERR:¢ Are you attempting to establish a

4 spectrum, an upper bound, what?

5 MR. POWERS: The experimental work concerns itsell
6 with just establishiny the kinds of phenomena taking place
71in sufficiant detail that 1 modeling effort can be expected
8 to yield reasonable results for particular accidents. In

9 other words, clearly in an experimental program we can't do
10a melti_wvn as big as the wvhole plant, but we can do enough
11 expl.ration of the phenomena to give qualitative models that
12 can be used to extrapolate onto real accident situations,
13and there they would do a spectrum of accident situations

14 vith the modeling.

15 MR. KERR: Again, this is part of my ;ue;tion. Is
153an effort¢ being made to find out what is th; highest

17 pressure that could be generated by ex-vessel interactionms
18or vhat is the largest amount of hydrogen, or is it an
i9effort to find out wvhether hydirogen will be generated?

20 MR. POWERS: 1It's the latter category of things

21 that are done in these programs. One of the first findings
22 of the experimental work wvas guite right, hydrogen wvas

23 Jeneratad, as opposed to WASH-1400.

24 MR. KERR: Was that a surprise that hydrogen would

26 be generata2d?
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1 MR. POWERS: It vas not considered in WASH-: 400.

2 MR. XKERR: That's not the juestion I was asking.

3 My qgquestion is do you have to do a nev experiment to

4 deteraine that hydrogen is generated when yon drop hot metal
5 on concrete?

8 MR. POWERS: I think wiat you do, you experiment

7 for us to find out how much hydrogen is generated, not only
8 the qualitative b " the guantitative features, different

9 temperature exchanges with different types of material

10 interacting, d1iffarent types of concrete.

1 MR. XKERR: And you can pretty well establish by a
12 fev experinents something typical so you can model and get a
13 good idea?

14 MR. POWERS: You try in your analysis to be able
15 to first of all recreate the experiment, to predict the

16 experiment, and know that experiment well 2nough that you

17 have some confidence tha*t your extrapolation up to several

18 hundred tons of material interacting is in fact reasonably

19 done.
20 Does that answver the guestion?
21 MR. XERR: I'm not sure, but that is because I'm

22 not sure wvhat the ansver is.
23 MR. WARD: Dana, the last item there, yYou aren't
24 really make any more curies of anything, but new chemical

2 and physical foras?
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1 MR. POKERS: No. I will show you in a fev minutes
2 some pictures and you'll see the gases flowing through this
3 melt to the concrete. It will give you much more

4 opportunity to releasa this raactivity, first of all by

5 sparking it out of the core melt and alse by changing the

6 chemical form to a more vaporous situation.

7 The questions of ex-vessel material interactions
8 come up regardless of whether you provide .ome protection to
9 your plant through mitigation devices or not. Here I have
10 1isted the issues for a plant as it exists now with no

11 aitigation systems, jas generation associated with the

12 ex~-vessel interactions, the production of flammable species
13 being transferred up into containment, raising the

14 containment atmosphere temperature and consequently its

16 pressure, the generation of aercsols and basement erosion.
16 A subset of thase become important if you put a
17 filtered vent system on the reactor. You still vorry about
18 how much gas generation has to be contended with, the

19 production of flaamable gases, and the production of

20 aerosols. Were you to protect it with a core catcher, you
21 would still be worried about upvari heat deflacts from the
22 melt aeroscl generation and the erosion of that.

23 MR. SHEWMON: Your core-catchers at still dry, is
24 that right?

25 MR. POWERS: Core-catchers might or might nct be
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1 dry.

2 MR. SHEWMON; Here they are dry presumably, but
Jupvard heat trunsfer is by steam or radiation.

4 MR. POWERS: It could be either one.

) MB. SHEWMON: You probably wouldn't generate much
6H CO of CO though if it wvas by steam, is that right?

7 ’ :!. POWERS: I£f it was by steam you could have
8quite a little H because cf the reaction of vater vith
9the core aelt l!:ltisls that produce hydrogen.

10 MR. SHEWMON: And you think all of that wvould be
11 so cold you vouldn't burn any oxygen, or it would be
12completely depleted in oxygen by then?

13 MR. POWERS: If the melt cover was by stea~= there
14 vould be no oxygen in the interaction zone. There might be
1§ o0xygen in the containment atmosphere, but your steam

16 pressure would be so high you probably would not be wvithin
17 the flammability limits, so it would just probably burn.

18 Steam suppresses burning of hydrogen-oxygen mixtures fairly
19 effectively.

20 To give you some idea of what our understanding in
21 the area of concrete interactions are to date, I have

22 plotted here temperatures of a hypothetical core melt versus
23 the time it might interact with the concrete. This time

24 scale is very nonlinear. The temperature scale is

25 approximately lin2ar and is marked by two temperatures,
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1 critical temperatures.

2 One is vhere the core melt material wcould be

3 expected to solidify. The other horizontal line is where
4 the concrete would no longer be eroded by a core melt.

5 For a particular accident scenario ve can

6 hypothesize the a2lt traveling through five distinct

7 teaperature phases. When it first begins to interact with
g the concrate it could be at what ve call the ultra-high

9 temperature phase wvhere it lias a substantial amount of

10 superheat, and its interaction with the concrete is so

11 vigorous it is difficult to define a distinct --

12 MR. SHEWMON: Do you ever get into how it got sc
13 superheated?

14 ¥R. POWERS: We have consideretd how ve vould get
15 into this particular situation. It is still an area of

16 great uncertainty how melts coming down onto the reactor
17 pressure vessel will ultimately fail that pressure vescsel;
18 but certainly, on2 of the considerations is that a melt

19 catastrophically fails ontoc the pressure vessel and forms a
20 crust. You have a1 substantial --

21 MR. SHE?NON: How hot was it when it failed down
220uto it?

23 ¥R. POWERS: It could be anywhere between 1,700
24 degrees Centigrade, which is the lowest eutectics

25 temper.ture Dr. PL_aiesimer mentioned this morning, and
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! somevhare betveen 2,400 and 2.600. There's not a goed

2 estimate on what the highest temperature you can get in the
3 core is prior to failure, since we don't know the mechanisas
4very well.

5 MR. SHEWMON: It would stay solid until 24 and

6 then all of it would collapse at once at 2,400 degrees C.
7and go straight down to the bottom? Is that the model?

8 MR. POWERS: Certainly that model has been

9 presumed. It ‘s not staying solid. #What happens is a crust
10 forms around the parameter of the melt. It crucislizes.

11 There is enough structural material in there --

12 MR. SHEWMON: Is that the center part where the

13 heat is gonarated, or do ve, for convenience, including the
14 vhole core? :

15 Mii. POWERS: Most meltdovwn 3mechanisms have

18 included pretty much all of the core siamply out of

17 ignorance. They didn't xnow any better.

18 MR. SHEWMUN: Well, out »f ignorance of elementary
19 heat transfer, too, because you know the thing will be

20 raiiating to the ocutside to a core which is pretty colad.

21 MR. POWERS: That's how the crust gets generated.
22 MR. SHEWMON: So now you have only the center part
23 wvhich is coming out.

24 MR. POWERSs: That's a substantial portion of the

25 CoTe@.
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1 MR. SHEWMON: That hits the bottcm of the pressure
2 containment and cools.

3 MR. POWERS: Mechanistically, people -- and again,
41 think I would class this into wvhat Dr. Kelber called

5§ informed speculation =-- where they hypothesize that this

6 amount of molten material collecting within this crust

‘*og some critical limit vhere the crust can no longer

IS .6 it in place and then fails catastrophically.

9 MR. SHEWMON: And that drops into the puddle of
iovater.
1" MR. POWERS: In the lower plenua where there nay

12 0r may not be wvater as a liquid pool down there. We have
13 done some experimeats on melt streaming onto steel

14 structuces of that type and have found that that streaming
15 operation is extremely aggressive, and in fact, ve have

16 observed penetration rates such as the pressure vessel valls
17 would be zenetrated in something less than 30 seconds. But
18if one presumes it's not, a crust would form simply because
19the interface temperature is guites low.

20 MR. SHEWMON: It would dribble out. I guess vhat
210ffend me some is I vonder really to what 2xtent you are

22 ignoring the rudiments of heat transfer to get where you
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