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1 E E Q C E E D I N. E E

2 MR. SHEWMONs The meeting vill come to order.

r ~ 3 This is a meeting of the Subcommittee on Class 9

4 Accidents.

5 I as Paul Shewson, Acting Subcommittee Chairman.

6 The other ACHS seabers present today are Harold

7 Etherington, Dade Moeller, Dava Ward, and periodically Chet

851ess.

9 The purpose of the meeting is to review the

10research budget associated with the decision unit on

11 accident evaluation and mitigation.

12 The meeting is being conducted in accordance with

13 the provisions of the Advisory.Ccmaittee Act and the
(

14 Government Sunshine Act. Mr. Gary Quittschreiber is the-

15 Designa ted Federal Employee for the meeting. Dr. Mark

?.8Griesmeyer of the ACRS staff is also in attendance right

17 next to me.

18 The rules for participation at today's meeting

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

20 previously published in the Federal Register on Monday, June

21 8 , 1981.

22 A transcript is being kept and will be available

23 as stated in the Federal Register notice. We request that

( 24 each speaket identif y himself or herself, and speak with

25 suf ficient clarity and volume so that he or she can be

i
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Ireadily heard.

2 We have received no written comments or requests

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

4 If the subcommittee has no comments or business to

5 take care of before we start, I will call on Dr. Kelber to

6 hegin.

7 NR. 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

12 area where 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 work of the decision unit is carried

16 on within the scope of the Division of Accident Evaluation,

17 but there are sasil but significant elements in other

18 division, sost notably Risk Assessment.

!g The first sub-element, the behavior of damaged

20 fuel, was former1r under the LOCA sad other transient

21 decision units. But as the focus changed to the prevention

22 and mitigation of severe accidents, the work was shifted to

23 this unit. Thus, some of the apparent grow th in Fiscal Year

( 24 1982 is illusory, stemming from an accounting shift.

25 This sub-element is responsible for the major

(
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# 1 growth in the dacision unit in Fiscal Year 1983, however,

2 while the other sub-elements see projected to grov'

( 3 significanti:! in Fiscal Year 1984.

4 It should be noted that there are significant

5 interf aces with other work. The work at LOFT and LOCA and

6 other transient is drawn upon to set the initial conditions

7 for the calculations and experiments performed in this

8 decision unit. Problems are ordered, and priorities set in

9 sceordance with the findings of risk analysis as well as

to licensing case work.

11 The work is utilized in licensing case work such

12 as the Zion and Indian Point analysis, the Sequoyah and

13 NcGuiro containment response to hydrogen burning, and

(
14 similar studies, and in rulemsking. The most current

. .

15 application is to the siting rule with regard to the
,

16 definition of the source term. The work is oriented to the

17 perceived needs of establishing a technology base for the

18 degraded core cooling and engineered safety features rule.

19 We do not believe that this is the proper forum

20 for a decision on prevention versus mitigation. It should

21 be noted that the technology base for prevention is

22 generally considered to be in good shape as far as accident

23 phanonenology is concerned, while that for mitigation is

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

25 in our decision unit on aspects most directly rela ted to

\
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1 mitigation, but out job is to fill in caps in knowledge.

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

.( 3 successfully address the six of prevention with mitigation.

4 If you want to go into the budget figures on the

5 decision unit itself, I an under instruction to do that in a

6 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

9 decision unit itself, because of the stage the matters are

10 a t , we are asked to do this in closed session.

11 ER. KERR4 We are here to discuss numbers. So at

12 whatever point in your presentation --

13 ER. KELBERa I think that this is the appropriate

(
14 point.,

15 HR. SHEWHON: How long do you expect this to be?

16 HR. KELBER: Five minutes.

17 HR. KERR: Let's use whatever procedure we need to

18 go into closed session.

19 HR. SHEWHON: The closed session will be for ten

20 minutes, so th at the people here can come back in.

21 (Whereupon, the subcommittee vent into closed

22 session. )

23
i
k 24

25

%.
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1 MR. KERR* Hr. Cunningham, I as told that you are

2 next up.

( ~ 3 HR. CUNNINGHAM4 My name is Mark Cunningham. I am

4 with the Division of Risk Analysis in the Office of

5 Researrh . I as here today to talk about those parts of this

6 program within our division which relate to the

7 phenomenology 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 we can

11 perform risk assessments.

12 As you can see, we have been the sponsors and the

13 developers of the M ARCH code, the CORR AL code, and
<

14 applications of these endes to risk related prob 3 ems, one'

, ,

15 such program being 'the Reactor Saf ety Study and Applications-

16 Programs, and then some uncertainty analyses that go along

17 with the code development.

18 A second area of work, which is within the group,

19 has resulted in what used to be called the Improved Reactor

20 Safety Program.

21 MR. KERR: Mr. Cunningham, some of these things

|

|
22 are so obvious to us, you do not have to talk about them. I

|

23 as interested, and I think the other members of the

( 24 subcommittee are also, in the difference between how one

I 25 gets from '82 to '83. Certainly the MARCH code and the

l
,

s-
,

ALDERSoN REPORTING COMPANY,INO,

400 VIRGINIA AVE, S.W., WASHINGTON. D.C. 20024 (202) 554 2345

___



I

7
.

.

' 1 CORBAL coda are not something that was developed in '82.

2 As you talk about this, I would be interested in a

r 3 transition, where you go, are you continuing to do the same

4 thing, or are there changes in direction.

5 HR. CUNNINGHAM: I will try to get into that as we

6 get into the individual programs.

7 MR. KERRa and how these might be influenced by

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

9 MR. CUNNINGHAMs I will try to address that.

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

11 f rom the Improved Reactor Safety Program, are programs at

12 Sandia Labs on the filtered-vent containment systems

13 pro g ra m , the alternate to decay heat removal program, and a

(
14 smaller program, the molten core retention device program.

15 The third area; or the third reason that we get

16 inte severa accident program is or:r work in support of the

17 degraded core cooling rulemaking, which is coming.

18 MR. SHEWMON: Is the molten core retention device

19 a new program, or is that a new name f or concrete, or what?

20 MR. CUNNINGHAHa It is a program to make an

21 initial judgment on the risk reduction potential associated

22 with core :a tchers, dif ferent kinds of core catchers.

23 MR. SHEWHON: My question was whether it is a new

24 program?'

25 MR. CUNNINGHAM: It is about a year old. It is

(
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1being used as one input into the work tha t we are starting,-

2 which I will talk about in later fiscal years, in the

f 3 degra'ded core research program..

4 NR. KERRs Mr. Cunningham, can you give me a rough

5 indication of what fraction of that part of the budget you

6 refer to as severe accident aitigation you are talking

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

8 about size.

9 ER. CUNNINGHANs I am trying to talk about both.

10 MR. KERRs I have a line ites that says, " Severe

11 Accident Hitigation," and you are talking about some part of

12 that, I think, an I right?

13 NR. CUNNINGHAMs Of the overall research program,

i *

14 it is a pretty small part of it, I would say.

15 HR. KERE: I as talking about a fourth section

1611n e , the total of which adds up to around $50 million, one

17 of which is eslied " Severe Accident Mitigation." I think

18 rou are talking about a piece of t. hat, or are you talking

19 about all of it.

20 HR. CUNNINGHAM: I am talking about a piece of

21 i t .

22 NR. KERRs My question is, see you talking about

23 10 percent of it, 70 percent of it?

'k 24 MR. CUNNINGHAN: In terms of do11ses, 10 percent

25 of that part of the budget, 10 to 20 percent.
.

\_
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1 ER. KERRs Thank you.

2 ER. CUNNINGHANs I will not go into details on

r 3 this, br.t basically we have been involved in the past in

4 developing HARCH and CORRAL, and doing risk studies based on
,

5 thase, using thesa codes.

8 This shows effectively where the program is at

7 this time. As you are well aware, H ARCH is in the public

8 domain, and we have been involved in this fiscal year mostly

9 with follow-on work, after it is released.

to HR. KERR When you talk about follow-on efforts
'

11 for MARCH users, are you talking about Fiscal ' 82 or Fiscal

12 '837

13 ER. CUNNINGHA3s This is Fiscal ' 81, then in a
.

-

( 14 minute I will get to where we are " going from here in Fiscal*'

15 ' 82 and '83.

16 ER. KERRs Fine.

17 HR. CUNNINGHAMs This is intended as a background

18 to show what we hsve been doing to date.

19 HR. SHEWHONs Is your HARCH code done at

20 Brookha ven?

21 ER. CUNNINGHAM: The development was done at

22 Battelle-Columbus.

23 HR. SHEWHON: I am familiar with that. Do you

( 24 fund at Bat cella-Columbus or Brookhaven't

25 HR. CUNNINGHAMs Battelle-Columbus. The work at

ALDERSoN REPORTING COMPANY,INC,
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1Brookhaven has been funded NRR.

2 What can be said about what we are doing in later

r' 3 fiscal years, '82 and '83, about NARCH is rather limited
,

|
4 right now. It is clear that there are a great number of

5 concerns with M ARCH and we intend to pursue them. The

6 mechanism by which 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 ER. KERR Would it be accurate maybe to say that

10 you are going to wait to see how much you get, and on the

11 basis of that, and what needs to be done in Fiscal '82, you

12 will do something in Fiscal '83?

13 MR. CUNNINGHANs I am not sure I understand you,
'

(
*'

14 sir..

,

15 NH. KERR It sound to me as though you are not

16 quite cartsin as to what you will do in Fiscal '8 3 with the

i 17 H ARCH code, which is not strange necessarily, since in a

18 sense it is still a study. So you migh t say, we are going

19 to try to prove it in '82, and subject to the amount we get

20 *or additional improvements, we will try to improve it even

21 more in 1983. I think that that is what I am hearing.

22 ER. CUNNINGHAM: Yes, sir, I think so. We are

23 trying to develop a two-year program of improvements.

24 MR. KERRs How will you know when you will have it

25 improved enough?

9

w$
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F 1 MF.. CUNNINGHANs One part of what we intend to do

2 is t'o go through some uncertainty analyses with the code as

( 3 it is going along. There hire been identified in the past

4 with the MARCH users, by Brookhaven, and other people that

5 there are clearly a few areas that are of particular

8 weakness, and we will attempt to get those first, then

7 attempt to reevaluate how uncertain.the code is after those

8 corrections are made. At that point, we will just have to

9 make a judgment.

to MR. KERR But you will not have finished all the

11 needed improvements in Fiscal Year '827
.

12 HR. CUNN1NGHAM: We will not have made all the

13 corrections that we would like in Fiscal '82, and it will go

14 on into Fiscal '83. -

.. . . ,

15 MR. KERBS Thank you.
.

16 HR. CUNNINGHAM: I would like to get into a little

17 bit of background of some of the other programs we have had,

18 and where we are aiming.

19 Ihe first program is a filtered-vent containment

20 program at Sandia. To date, we have been working on two

G
21 particular types of plants. First, the program was involved

22 in and contributed to the Zion and Indian Point concerns

23 that arose in NRR. Since the completion of th e. t , we have

'' 24 been working on a BWR Mark I.

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

1

(s
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1 ' 82, we are continuing to work on an ice condenser plant, a

_
2 BWR Hark III design, and a large dry containment design. As

(~
3 that vorh 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, where we are

6 developing somewhat of an umbrella program, which will

7 encompass the work in this program and other programs in

8 Fiscal '82 and Fiscal '83. I will get into that now.

9 The second program that we have had ongoing for.

10 the last couple of years las been the alternate decay heat

11 removal systems program. To date we have gotten to the

12 point where we have defined what the range of existing
.

13 systems is throughout the world, and developed some options
.

14 f or study when one goes into the study of risk reduction

15 achieved by such a system.

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

17 will be bringing the this also under the degraded core

18 research program.

19 Mh. KERRs What goal does one itave in this

20 program?

21 MR. CUNNINGHAH: Really, an identification of what

22 the potential risk reduction is associated with the

23 particular kind of decay heat removal system and the costs

24 associated with it also. It is a value impact of sorts, an

25 add-on on a decay heat removal system for particular kinds
o
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1 of plants.

3R.KbRR You will have a spectum on results2

(' 3 which will say, System A it will reduce risk by this much,

4 and System D by this much, and it will cost this much.

5 HR. CUNNINGHAN: Basically, yes.

6 NR. KERRa I assume that this will vary somewhat

7 from plant to plant?

8 MR. CUNNINGHAMa It can, very much so, yes. We

9 are going to be looking at different kinds of basic designs

to of plants, PWRs, BWRs, diff erent containment types, and

11 whatever.

12 HR. WARD: Are these backfitting concepts or new

13 concepts, or both?
(
'

14 NR. CUNNINGHAM: They could be either.

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

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

17 A-4 57

18 ER. CUNNINGHAM I am not sure what A-45 is.

19 MR. WARD: Improving decsy heat removal systems.

20 MR. CUNNINGHAM4 I am not quite sure of the link.

21 I am sure that this work is being fit it, but I don 't knov

22 tha t it is specifically being -- It is not specifically part

23 ol' the A-45 work.

24 MR. KERR How can we get an answer to Mr. Ward's

25 question, and to whom should we address the question?

(. -
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! 1 NR. CUNNIMGHAM: One of the people in my division
,

2 who is responsible for this particular program, Matt

(~-
3 Taylor.

4 NR. KERE: Could you find out for us what the

5 relationship is between A-45 and this work ?

6 NR. CUNNINGHANs I will do that.

7 HR. KELBER For this perticular task, I would

8 agree that we can get the answer from M&tt Taylor and report

9 it to you later today.

10 In general, the various items su':h as A-45, A-44,

11 and so on, all have representatives from the various offices

12 that are doing vork on the problem. 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 ~t
,

15 rule.
*

16 NR. KERRa I recognize that.

17 NR. KELBER: For example, I believe it was Station

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

19 Station Black was used as a basis for A-44

20 NR. CUNNINGHAN: This is the last of the prograts

21 that we have, which relate to the phenomenology of severe
.

22 ac:iden ts. 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 dif feren t types.

('

i

I
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t As it sits now, we have completed the risk
~

2 reduction evaluation. The subsequent work is going to be

(' 3 serged into the degraded core rulemaking support program,

4 which I will talk about just now.

5 Our program, which we just started, on the

o degraded core cooling rulemaking, the resea rch 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 and costs associated with a

10 f airly broad spectrum of prevention and mitigation devices.

11 These are the options that we intend to look at in

12 the progras. As you can see, the vented containment fits

13 in, the decay heat removal systems fit in, core Jatchers
!

14 fit , and what-have-you.

15 We are interested in looking at these options both

16 individually and rettain combinations of them, so that one

17 might have a combination of retention devices and a hydrogen

18 control system, or something like that.

19 ER. KERRs When you say that you are going to look

20 a t those, ran you give us some idea of wha t you conceive as

21 the scope of that program in terms of dollars a year, and

22 the number of years, or is that coming later?
.

23 ER. CUNNINGHANs That will come in just a second.*

( 24 Again, this is what we intend to do to attempt to

25 define options, conceptual designs of some of the options,

s
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1 and analyze what risk reduction value could be associated
.

2 with the vsrious options.

< 3 Parallel, we will be looking at the cost of such

4 options, and then combining them into a value impact

5 survey. Our intent here is to make it somewhat iterative,

6 so there will be a phase one that will do this on a f airly

7 semi-quantitative basis, to narrow the list somewhat to the

8 more promising options, and to allow us to fold in

9 additional researrh results that will come into play over

to the next year or so.

11 This is a schedule for the program. It really it

12 has just begun over the last week or two. The initial work

13 will be traveling. The first phase of the work will be
.

14 going thqough in March 1982, and then the sacond iteration,.

15 we expect, will go into the third quarter of Fiscal '83.

16 The funding levels, our sssumptions for Fiscal '82

17 and Fiscal '83, are about $1 million a year.

18 MR. KERRs What sort of liaison exists between

19 this activity and that of the industry responsible for the

20 so-called "In Core Program"?

21 NR. CUNNINGHAM: I know management has been

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

23 Fon tana . We intend to make them well aware of what we are

( 24 doing here. I believe the understanding is that they are

25 pretty much deferring to us in this prograa. They are not

.

-
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1 going to be spending a great deal of time and. money looking

2 at prevention and mitigation. options because this program is

./ 3 in place.

4 MR. KERBS They are not going to be spending a lot

5 of time looking at mitigation and prevention options; could

6 you elaborate on that and tell me a little more of what you

7 sean by th a t ?

8 ER. CUNNINGHANs I don't know whether you have

9 seen the sat of tssks that it has set forth.

10 NR. KERR I have, and that is why I asked the

11 question.

12 MR. CUNNINGHANs A lot of it is analytical work,

131ooking at particular pieces o* the severe accident
i

14 sequence. They are spending some time looking at the
. .

15 phenomena within the vessel, trying to improve somewhat on
.

16 the codes, or replace MARCH and CORR AL, for example, with

17 something of their own.

18 I don't think ther intend to carry it to the point

19 tha t they are going to be using these in specific studies,

20 particula rly mitigation f ea tures, particular prevention

21 f ea tures,. It is my understanding, at least, that they were

22 going to pretty much leave tha t to Research.
|

23 MR. KERRs Thank you.

K 24 MR. CUNNINGHANs There is one thing that I forgot

25 to mention as we were going through, and the only other --

N.
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1 5R. KERR4 Is there some formal or informal
,

2 mechanism which permits the people or assures that carry on

3 this program know what In Core is doing?
f

4 It would seem to me that there is an opportunity

5 that you learn from each other. You say not be doing

6 exactly the same thing.

7 HR. CUMNINGHA3 Up to now, I believe, the

8 exchange of information has been fairly informal. We are

9 very interested in clarif ying that, and making sure that the

10 groups talk to each other.

?1 HR. KERBS So the exchange of information has been

12 ef f ective , ss contrasted to being formal or informal.

13 HR. CUMNINGHAM: I think that it has been fairly

14 ef f ective so f ar. I think that we might make it a little -

15 more formal.

18 HR. KERBS I. it one of your responsibilities to

17 see tha t tha t exchange is effective, or is that somewhere

18 out there?

19 HR. CUNNINGHAMs If it fits within my

20 responsibilities, it has not been told 'to me. The

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

23 The one thing I didn't mention as I went through,

24 the only other piece of work that we intend to go on to in(,

25 the next few fiscsl years in this area is the improvements

.

!
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1 to MARCH. I would expect that this will run at a level of

2 four to five hundred thousand dollars a year over the next

( 3 few years.

4 HR. KERRs Who is responsible for deciding what it

5 is that one wants MARCH to do? Clearly, HARCH was not

6 originally intended to do what people are now trying to do

7 with it. Improvement, just improvements in the original

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

9 existing code to enable it to do perhaps better what it
.

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

11 well.

12 Who is it that decides what it is that one wants

13 NARCH to do, what group?'

(
14 MR. CUNNINGHANs It has been fairly it.f o rm al .

15 actually. I have been involved in the discussions. Jim

16 Meyer from NRR has been involved in the discussions. Some

17 of the people in Dr. Kelber's division have been involved in

18 the discussions. ,

19 ER. 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. CUNNINGHAMs I don't think there is really

23 anything written yet.

(- 24 MR. KERRa When you go out for an RFP, you are

25 going to have to tell people what it is that you want the

/

k-
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1 code to do.

2 3R. CUNNTNGHAMs Yes.

3 HR. KERBS These RFPs have not been written yet?
g

4 HR. CU5NINGHAM: They have not been formalized

5yet.

6 ER. KERRa That is for Fiscal '827

7 NH. CUNNINGHANs That is correct.

8 ER. KERR Thank you.

9 MR. CUNNINGHAMs That is all I have, sir.

10 MR. KERR4 Are there questions?

*

11 (No response.)

12 MR. KERRa Thank you, sir.

13 HT agenda shows that Mr. Silberberg is next, and
*

14 then Mr. Picklesimer.

15 Let me indicate at this point that I plan to

16cecess this meeting at about 11: 25 in order that we may

17 observe the swearing in of the new Commissioner.

18 3R. SHEWMON The swearing of the next Chairmnn.
'

19 HR. KERR: Is it being sworn in as the Chairman,

20 or as a Commissionor; I want to be complete accurate about

21 this. Anyway, the swearing in of somebody for something. I

I

| 22 don 't know how long that will take, but I would judge 20 to
.

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, which is some piece of a

2 line item called damaged fuel, I presume, in the budget _ ,
|

/ 3 process.

4 NR. SILBERBERG Yes.

5 HR. KERRa Can you give me some idea of what piece
s

6it is you are going to talk about; is it 10 percent of that

71tes, or 50 percent of that item?

8 NH. SI1BERBERG4 All of it.

9 Ny name is Mel Silbergerg, and I am Chief of the

to Fuel Behavior Branch in the Office of Research, Division of

11 Accident Evaluation.

12 I believe Dr. Kelber this morning mentioned to you

13 th a t our work on behavior of damaged fuel, as we refer to
.

14 it , our sewere fuel damage program has* undergone a rather
,

15 extensive review with a special task force to look at the

16 entire progran , itc. component parts, what its focus is, and

17 how it relates to the needs within the NRC. That report

18 will be avsilable, at least we will be able to discuss the

19 essence of it at the meeting on July 7th that we are going

20 to have Dr. Shevmon 's committee. We would hope by that tim e

21 that we would even have a draft available for you fairly

22 close to being final.

23 Let me today just take you through the overall

k. 24 objectives of the program, and an overview of the related

25 inf ormation needs, inf orma tin rela ted to the program, and a

b
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1 very brief outline of the major elements and components of

2 our severe f uel damage program. )

3 Er. Picklesiser will be arriving shortly, and he

4 vill then go on from there and give you more detail on the

5 experiments 1 phssas of the experiments 1 aspects of the

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

7 foreign programs.

8 As we now see the objective or the severe fuel

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

101s developing an int grated program that will provide a data

11 base and analytical methodology for understanding and

12 predicting core behavior under severe accident sequence

13 conditions within the vessel.
"

14 In other words, the focus of the program is to.

15 provide that information which will allow one, working 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 botton line, how does one integrate all
,

22 of this research, although not tha t we will do the

23 integrating, to allow one to prevent a global core melt. In

24 other words, to be able to terminate the accident within the

| 25 vessel.
i

|
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1 A key part of the inforation needed there must

2 come from the severe fuel damage program.

3 HR. WARD: Hel, you are saying that you are not-

4 going to be looking at how fuel melting behaves with regard

5 to core catcher?

6 ER. SI1BERBERG4 Dr. Curtis, who is handling that,

7 vill be discussing that this afternoon.

8 I think that we 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, and the accidant management phase, if you will,

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

13 research changes, and that is the difference that Dr. Curtis
,

14 vill be addressing.* -

,

15 Let's go to the next slide and look at what we

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

17 subset of three products that are noted on the first slido.

18 We feel that the ista and the models that will be evolving

19 from this program are needed for degraded core cooling, and

20 mininum engineered safety feature aspects rulemaking,

2; particularly for rule implementation.

22 After rulemaking, if you will, is done, how does

23 one implement these criteria, how does one confirm that,

(, 24 indeed, the criteria are satisf actory.

25 The progrsa plays a role in relation to the

'w
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I 1 accident management procedures, planning and operations,

2 including man-machine interfaces that relate to being able

3 to terminate the accident.

4 The type of information that one needs:

5 -- What are the core conditions needed to

6 termina te by simple reflood

7 -- What are the coolant flows that are needed for

8 termination, stable termination , that is that the

9 temperature is stable, location, and movement of the fuel

to and its geometry are stable.

11 -- Are the conditions where refloods worsens the

12 accident ? This is one item that we spent some time

,amely, there can be late in a severe accidentN13 discussing.
,

i
14 se'quence, perhaps bringing coolant in. If one is convinced
.

15 o f it , and on,e has evidence for it, that bringing it in too
161 ate could aggrava te the situation, getting into a steam

17 explosion, or what-have-you, that makes management more

18 dif ficult in the later sequences of the accident.

19 Concomittant with the accident 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 snswer is,

23 it may be perfectly fine to do tha t to meet the criteria

24 above in terms of coolant loads and things like that. Buts

25 if it is not, then this will require some improvement in

k
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1 design.

2 I mean to note here that there will be others

3 involved in this. But the informa tion f rom this progras

4 provides an important basis for 5aking those assessments.

5 HR. SHEWHON: Mel, to go back to the last ites in

6that condition whare reflood worsens accident, is it put in

7 thera to cover all possible contingencies, or do you really

8think that there are times when the core is still in the
9 vessel, when you would rather turn off pumps and not put

10 water in?

11 HR. SILBERBERGs That was the intent of my
.

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

13 certainly Dr. Kelber can comment on that.

*

.14 HR. KELBER: I think at this stage the discussion

151s largely based on what might be termed informed

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

17 introduces cooling water in severely over-heated core. One

18 may be better off, the speculation goes, introducing water

19 slowly into the lower portion of the core, using steam

20 cooling at first, then accelerating the rate of flooding.

21 MR. SHEWHON4 Then you won't be inhibited by

22 Appendix K.

23 MR. KELBERs If we are going to do that, we don't

K 24 need to do it in research.

25 MR. SILBERBERG4 That is a good point.

<
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1 HR. KERR E91, help me a little. I heard what

2 rou said and what Mr. Kelber has said. Murh of this part is

3 d riven b y a need for information associated with

4 rulemaking. How do you tell. what information is going to be

5 needed other than, as Charlie said, informed speculation.

6 For example, have you taken the questions that

7 vere raised in the notice f rom the rulemaking, or something

8 lik e that, that said, we need answers to these questions?

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

10 looking for, from what source?

11 NR. SILBERBERG4 At the first level, we are

12 looking at the --

13 NR. KELBER4 Can I answer pa. c of that?

14 That was the function of Degraded Core Cooling

15 Steering Group.

16 MR. KERR Now that we have that o'.. of the way,

17 how do you tell what inf ormation you need?

18 HR. KELBER: The steering group did review the

19 scope of the various rules and the various information

20 needs. Quite frankly, it did not complete the task that I

21 h ad personally hoped it would, which is to address the

22 relationship of the information needs to the research

23 program that we had suggested.

k 24 That function has now been transferred back to the
s

25 0ffice of Research. Basically, the steering ,roupg

t
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' Iassociated with the rules had a very broad scope and

2 objectives, and I think almost any research can be related

3 to that scope and objectives so that we have a very'

4 dif ficult in-house problem.

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

6 Sandia support work that Mark Cunningham referred to starts

7 to bear fruit, that will help us prioritize the work.

8 I must say th a t s t th e pre sen t time the

9 relationship ts bssed largely on what we call informed

to speculation. It is addressed in somewhat more detail in
11 other areas and this particular area, as Mel is about to

12 tell you, but I must confess that there has been no really
.

13 intensive ef fort o,utside the office of research, to review
.

14 the relationship of the research program to the rules. In

15 f act, there has been no really intensive discussion at any

16 high level of what the scope of the rules ought to be.

17 HR. SILBERBERG4 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, and we could get some broad needs. But we came to

22 the conclusion, and I think a very strong conclusion that

23 you will find in the report, that in ef fect says, in order

24 to allow one to have this program pay off and have it do the

25 kinds of things to be sure, I think there is an awf u! lot of

&
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1information that we need.

2 I am not concerned about in terms of its immediate

( 3 application today, but what one needs to seu is the entire

4 process of how one goes from that point through the middle

5 and later stages of the program, so that when you are done,

6 rou cow's out with the information that is useful, and is of

7 utility in rulemaking as well as implementation of the

8 rule.

9 We have recommended strongly that this focusing
.

10 a nd the interfacing of the elements with this program and

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

'o 12 In other words, we are making a recommendation to the

13 management that in effect gets to your point.

14 NR. KERR Thank you.
. .

15 ER. SILBERBERG I see tha t Dr. Picklosimer has

16 arrived, and I feel a lot better knowing that I will socn be

17 o f f .

18 You will be hearing a good portion of what I have

19 here listed as Scope. What you have in front of you now is

20 the scope of the program. These are the principal elements,

21 but taken together they represent an integrated program with

22 the principal components shown here.

23 These components are as follows: We have what we

\ 24 call integral in-pile tests which are basically the PBF

25 test, and other tests that are being planned by the European
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1 community. This is, if you will, the major portion of the
*

.

2 program.

3 Wh'en I say, integral, I mean integrsi in terms of

14 integra ting overall behavior and governing phenomena, not

5 just looking at s specific effect, but where multiple

S phenomena are being looked at, and then being used to either

7 scope behavior or later on verify more advanced analytical

8 understanding and modeling of the situation.

9 Part and parcel with that, and closely coupled,

10 are what va call the separate-effect phenomenological

11 experiments which interact with that, and also interact with

12 the model development where you can, at lower cost, look at

13 special effects in the in-pile, like the ACRR pr,ogram being
14 planned, as well as out-of pile and laboratory experiments

..

15 where 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 7

22 MR. SILBERBERG: With severe accide'nt SCDAP, We

23 ultimately interface with B A, a portion of MARCH, or some

'

t 24 other larger assessment systems code. In other words, where

25 M ARCH is now making certain assumptions that say, as I reach

i

1
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1 this temperature, everything goes through,.if you will, and !

2 ve go to the next phase. This package would allow one to

< 3 handle it.

4 George Marino is here. Do you want to add

5 something to that?

6 MR. MARINO: I can expand a little bit on it. I

7 don 't have a detailed presentation. It will be a bundle

8 size that later on, we think -- We are trying to keep the

9 first version of the code --
. .

to MR. KERR I just wondered if you had in mind this

11 as a replacement for some part of NARCH, or is this a

12 separate development which is aimed at bringing out the

13 reactor before it starts melting.

14 MR. MARINO: It is really a rep *acement to give us
. .

15 sore accuracy. It could be used latet on, and it would be
.

16 quite simple.

17 MR. SHEWMON: One other question on that. Is

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

19 MR. MARINO: It will be handle it with the use of

20 a 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 steam

23 assembly?

(, 24 MR. MARINO: Yes.

25 MR. KERRs Gentlemen, I don't know what the

%.
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.

I schedule f or tha swesring is, but I assume that it is going
.

2 to start on time. I think that we had better recess.

3 MR. SHE'J M ON 4 All the good sea ts will be gone.'

4 HR. SILBERBERGs I have a statement, and I would

5 like to come back and make that statement.

6 HR. KERR That will be fine.

7 (Short recess was taken.)

8

9

10

11

12

13 -

*
14

15

16

17

18

19

20;

21

22

23

( 24

25

(-
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1

1 MR. KERE: Let's get going again. Mr. Silberberg.

2 had a set of concluding remarks he wished to' make.

| r 3 3R. SILBERBERG Thank you. The last item on this

4 last viewgraph on scope is something I wanted to say a few

5words about because I believe it is important. This has to

6 do with the analysis and characterization of the THI-2 core"

7 debris from the THI-2 core examination. And all of our

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

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

to Branch prior to my coming onboard has made it very clear.

11 The information one coula get from this

12 examination is of very high importance and potentially high

13 importance and potentially high impact on everything we do

*

14 in this area. Because first of all, it represents, good or

15 bad , the only whole core experience that we 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 we will be

18 recommending strongly to our management that somehow we get

19 this particular job of f center, and somehow give it more

20 attention na tionally.

21 2e think it has got to be removed from the nominal

22 political concerns and what have you that surround it now,

23 and look at it as an important piece of technical

k 24 information needed in future regulatory research activities

25 and other activities in our program. So I am just

(-
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1 highligh ting the importance of it.

2 NR. SHEWMON: When you say getting it off dead

/ 3 center, are you talking about getting on with the cleanup of

4 THI-2 in general, or questions about what they would do if

5 the core -- .

6 HR. SILBERBERG4 Proceeding in such a way as to

7 get it to the examination; whatever it takes to get it to

8 the examination.

9 NR. SHEWHONs I am still confused. There's a

10 question of cleaning up TMI-2 so you can ge t at it. And

11 then there is the question of what people have other plans,

,

12 or in the rush of things, just want to throw it in a big
!

13 container and ship it off somewhere.
.

'

14 What your concern is precisely from your

15 provincial - .

16 MR. SILBERBERG The concern is to the latter,

17 that when they do get to that it is done right, and we have

18 the best technology.

19 3R. SHEWHON: DOE also has an interest, don't th ey ?

20 ER. SILBERBERGa Yes. A member of our task force

211s f rom DOE and he served as a consultant in this area to
22 provide the latest plans; where they were heading, and a lot

23 of this is sammarized or will be summarized in a task force

\. 24 report.

25 HR. SHEWHON: I believe many of us share your

(._
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1 concern. Are there others who do not, or do you just want'

.

2 to keep it in front of people? -

r 3 HR. SILBERBERG We want to keep it in front of

4 people as loud as we can.

5 HR. KERE: What fraction of your severe core

8 damage budget for 1983 is being allocated for this?

7 HR. SILBERBERG: A small f raction , on the order of

8 -- Dr. Picklesimer?

9 MR. PICKLESIMER: We have scheduled for the T5I-2

10 core exam shout $300,000 dollars for 1983. This is to set

11 up the analytical techniques for analyzing specimens at

i 12 A rgonne. It 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

18about the relationship of the work to the rulemaking and the

17 need to integrate these things. We think that is

181mp o r tan t . I also want to leave with you the important

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

20There is little or no information in this area.
21 There is a lot of work we need to do to get the

22 program up to speed to ge t into the analytical phases; the

23 experimental phases of just being able to get information as

s 24 we start to focus it later. So this phase is important;

25 independent, if you will, f or the moment of the focus.
|

I

f |
\- )
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3 .? a y . Whose sove is it? Is it your1 MR. KER3: t

2 nove or somebody else's move?

3 MR. SILBERBERGs To go to the next phase?g

4 MR. KERRs Yes.

5 MR. SILBERBERG: I believe it is a number of

6 people's moves. We will encourage the speedy arrival of

7 that next phase, but I believe, as Dr. Xelber pointed out,
,

8 that it will be other people's moves to get to the next
,

9 phase. I don't know if he wants to add anything to that.

10 MR. KERR4 Well, someone said this morning that

11 Standards was going to be responsible for rulemaking. Do

12 rou want to add to that or retract the statement?
13 MR. KELBER: Let me just say that in my view, the

14 rulemaking' activity should be a collegial procedure, guided

15 by Commission determinations as to what our ultimate goal

16 with these rules is. We have not had a satisfactory

17 collegial procedure to date, nor have we had any indication

18 of where the Commission, which has at least up to now been

19 significantly divided on many important questions, would

20like to see us going.

21 I believe that there is a chance ttat in the next

22 several months va will get a clearer defini'. ion of our

23 objectives. I, for one, and a number of others I believe

241ed by Mr. Hinogua vill be moving f or a greater collegials.
25 discussion of what the rules ought to be. But I must telli

|

l

|
|
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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 ER. KERRs '' Remind me where th'e idea that there

4 should be a degraded core rule originated.

5 HR. KELBER: It originated with the THI-2 Lessons

- 6 Learned and the task action plan.

7 MR. KERRs Did it come from a committee, a task

8 force?

9 HR. KELBER: The task force that formulated the

10 task action plan. At the time, the concept of the rule was

11 rather ill-defined. And it is only slowly becoming better
s

- 12 defined. I have been drafting my own concept of what the

13 rule should be and so have others, but there is, as I say,
,

'

t "

14 no coherent body of thought within the Commission and its

I15 principal staff as to what this should be.

16 The interim rule discussed in the Federal Register

17 notice is clearly thought to be insufficient to define the

181ss ue .

19 HR. KE?Rs Thsnk you.

20 HR. SILBERBERGs Thank you.

21 HR. KERRs Are there any questions of Mr.

22 511berbe r77

23 MR. SHEWMON: I think with the next speaker we

- ( 24 vill get down to, indeed, what it is we a a talking about in
1

25 a more nuts and bolts fashion. Or, does that come - .

(
!
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1 58. SILBERBERG's Most of the nuts and bolts are on f
2 the 7th, but we start to get down to ehere the wrench is

(' 3 maybe.

4 (Laughter.)

5 HR. SHEWHON: We used to contract someplace.

6 NR. KERR Mr. Picklesimer, you may work from the

7 podium or the table, as you find most comfortable.

8 HR. PICKLESINER: If it is more comfortable to

9 you, I would take the vievgraph proceeding.

10 HR. KERR Is FBB/DAE something like Order of the

11 Guarter or Royal Society or something?

12 HR. PICKLESIMER: DAE is the Division of Accident

13 Evaluation. The division of Reactor Safety Research is no

14 more. .

15 HR. SHEWHON: And FBB is Futi Bundle?
.

16 HR. PICKLESIMER: FBB is Fuel Behavior Branch. We

17 are no longer Fuel Behavior Research Branch; we 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 de tails. The details would require

21 a number of hours like four or five for any significant

22 presenta tion , 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 sbout the experimental program. The overall

severe fuel damage program consists of three major parts;
(,

..

f
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I the experimental program, the analytical program, and I have

2 forgotten what we concluded the other was. But I am talking

( 3 only about the experimental program.

4 Before I go into what our plans are, I would like

5 to define some things foc you. I as going to be talking

6about what we call liquefied fuel and severe fuel damage. I

7 would like to show you a couple of examples of that, so you

8will know where I am coming from when I use them.

9 Ihis photograph was repcfgsd in 1977 by Siegfried*

to Hagen at Karlsrue of the work he was doing with experiments

11 involving the very high temperature interactions of fuel and

12 cla d. He had electrically heated rods, aight of them in

13 configuration. You are looking down on th,e top of the rods
;

i .

14 here. It was an extended three by three bundle, except this

15 bundle was removed so he could site a pyrometer on the

18 center rod to see what its beha vior was.

17 The seven rods in the outer ring are electrically

18 h ea ted. The center rod is not; it is heated only by

19 radiation f rom the surrounding rods.

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

21 about one f oot long. He ran a set of experiments with these

22 f rom dif ferent heating rates with different temperatures.

23 All of them were relatively slow-cooled in steam. In this
o

k 24 particular case, he was heating at 2 C per second. The

25 cladding was not completely oxidized by the time he got to

Y;
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1 the zirconium zirconium oxide eutectic temperature of
o

2 900 Centigrade, so they formed a liquid eutectic between

( 3 the sequendum and the sequendum oxide which went on
'

4 to the UO and started dissolving the UO and these,

2 2
5 fuel pellets you can see right here have what looks like a

6 ceramic glaze on them. It is what we call the liquefied

7 f uel. 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 see the tungsten rods

10 which were his heat source.

11 This is one of the degrees of damage you can have

12 in severe f eel damage. I would like to show you a larger

13 magnification of one of his bundles. This was heated at

14 one-half a degree C per second, and it formed liquefied fuel
.

15 only in the center rod, not in the outer ones. This is a
.

Isblow-up of the bottom region of this section here, and he

17 was trying to disassemble the bundle. In the original

18 photoges phs and in the specimens I have seen in his

19 laboratory in Germany, this wall is very thin zirconium

20 oxide. These are pores through that oxide s they are no t

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

25 subchannels, just like wax on a candle.

.
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1 NR. SHEWHON: Remind me, was there any water or

2 steam going through there?

( 3 HR. PICKlESIMER: Steam only.

4 ER. SHEWHON: And enough power to melt it?

5 HR. PICKlESIMERs Yes. You take it up either to
o

6 2000 or 2050. I as not sure which this experiment was.,

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

8 Later on, we expect and they expect to have bundles like

9 this, only one meter long, which they will water quench, but

10 that is coming op in the next year or two.

11 The point I want to make is this liquefied fuel

12 has run down here and filled these subchannels. Ihis

13 saterial can remelt and drip down further if sufficient heat
.

14 is , not removed. And it will drip down to a freezing.

15 temperature someplace down below in the bundle. But this is

18 wha t I as referring to when I talk about liquefied fuel. It

171s a mixture of circonium, uranium and oxygen of a wide

18 variety of compositions. The lowest melting temperature of
o

19 a ny of these liquids can be about 1700 Centigrade, and by
o

20 2300 Centigrade, the liquid contains 70 mole percent
o

21 UO so most of the fuel is in the liquid ,by 2300,

2
22 Cen tigrade.

23 Now, the philosophy of our experimental approach
4

( 24 for the whole experimental program on this is if we are

25 trying to do a set of experiments looking at scenarios to
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1 get our experimental data, we would have an infinite number

2 of accident sequences to look a t. And no experimental

( 3 program can even examine a moderate number of these; it

4 costs too much and take too much time.

5 Furthermore, we think it is not necessary. So we

8 have, in our examination of what the problem looks like,

7 come to tha conclusion that there are only a few terminal

8 conditions for that core. There are only so many things you

9 can do to a fuel bundle, and there are only so many sta tes

to that fuel bundle will exist in after you have done these

11 things. You can heat it f ast or you can heat it slow. You

12 can heat it in steam, you can heat it at high pressure or

13 low pressure. You can take it up to the melting point of

(
14 the zirconium / irconium oxide eutectic with metal'

,

15 unoxidized, in which case you will form liquid and the

1811guefied f uel.

17 If you heat it slow enough, all of the zirconium

18 vill have been oxidized and you will form no liquid fuel.

19 You will form no liquid until you have reached about 2700 or
o

20 600 Centigrade, auch higher in temperature. If you
o

21 con tinue to heat, you can zelt to UX ; tha t's 2 800
2

22 Cen tigrade.
t

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

( 24 cool it or " st cool it. If you water quench it, you will

25 have a debris bed formed typically by thermal shoci. unto a

(
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1 brittle cladding; the UO pellets and liquefied fuel that
!2
'

2 has been f rozen. We don't know what thermal shock does to

( 3 that liquefied fuel af ter 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 HR. WARD: You ha ve concluded, then, that there is

8 no mechanism for, let's say, once liquid flow is

9 re-established, is there any mechanism for debris in small

10 enough particles to be carried out of the core region?

11 HR. PICKLESIMER I think certainly it. depends on

12 the fragment sizes of the particles you have produced. When

13 I was on the special inquiry group looking into the THI-2

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

15 resember now, I can't be held to the exact number, they

16 concluded that if the UO particles were 100 microns or
2

17 smaller in diameter, they would stream out of the core.

18 They would not -- on natural circulation now.

19 They would not if they were larger than that.

20 That is the only information I have. Whether we could form

21 particles of 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
ER. WARD: Is that one of your six terminal states?

25
3R. PICKLESIMERa When we have debris in the core,

w
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1 yes, which is a mixture of Zr, O and brittle zirconium, i-

J
2

2 frsonent UW pa rticles and liquefied f uel, sure. I am not
2

,' 3 saying what the particle sizes are. People have to find

4 that out.

5 ER. SHEWHON: The last four and five on that list

6 or three and four hata debris bed.

T ER. WARD: But debris bed seems to be a debris bed

8 at the bottom of the core region.

9 HR. PICKLESIMER: Not necessarily. At the bottom,

to the evidence we have f rom THI-2 says we 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 where

14 the feathers came out. Some rose and some stayed. .

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

16 3R. FICKLESIMER: All I can say on this is that in

17 the THI-2, they have never identified particulate UW in
2

18 any of the coolant samples they have taken, and they hav e

191ooked for it. They have never found particulate UO .

2

20 ER. SHEWHON: Which is one of the bases for saying

21 ve had over-estimated the temperature of the core?

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

23 estimating the fragmentaticn of the core.

( 24 MR. SHEWi10N: Come back f rom retirement in a year

|

| 25 and we will discuss it.
I

i \ '
|

i
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-1 NR. PICKLESIMER: As far as we can see, and not

2 only us within the branch, but other people looking at the

( 3 overall problem, people from the dif ferent laboratories

41roking into this, all of the scenarios we can think of that

5 wind up in severe fuel damage will wind up in one of these

8 states.

'7 If we study these states, then, and the processes

8 that lead t.' them we should have a viable experimental

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

to how we can get at predicting , e stima ting the type of damage

11 we would expect for a given accident scenario.

12 Let the systems people tell me which valves will

13 operate and when the pressure will drop to this and when the
.

14 co'olant is going to go. When they tell me what the thermal

15 hydraulic conditions are in the system, I can come back here

16and go to i parti =ular level on fuel rod or a bundle in

17 the core. They will tell me whether I have high, medium or

181ow heating rates, 'because I know what my decay heat level

1gis and my thermal hydraulic conditions are.

20 They will tell me how long it is until coolant

21 gets in to quench the core, so I can go on my heating rates

22 f or a long time to quench or a short time to quench, and

23 then knowing what my maximum temperatures could have been
I

.

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

25 was and wha t my cooling .condit;ons are, I can estimate

A.
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o
1 whether my temperatures got above 1300 Centigrade or

2 not. Then, I can estimate the kinds of damage that could _

t 3 have been done to that, based upon whether or not it went
o

4 above 1300 ; ballooning and bursting, liquidizing and so

5 on.

6 Any of the scenarios I can think of in a system

7 :an vind up taking one of the paths and can be analyzed in

8 this form. This, then, tells us the kind of research we

9 need to do, and this is where we have based our programs.

10 HR. SHEWHON: Why did you pick 1300 C as a number?
o

11 ER. PICKLESIMER: Because 1300 C is a

12 temperature at which the oxidization heat of the zire alloy

13 and steam begins to be a very nignificant fraction of the
*

,

14 decay heat, at Whatever level ydu have of decay heat beyond

1515 minutes in the accident time. If it is as much as 107. of

18 the decay heat level, it can then take over and control the

17 accident rather than decar heat controlling it.

18 Now, this is assuming yo? don 't get coolant in

19 there to stop it on the way. But the oxida tion heat then

20 becomes the controlling f actor.

21 HR. WARD 4 Can you tell me, unless you are going

I 2:on with that point, can you tell me what you mean by the row'

23 of I's in ballooning and burst? In every case, yes?

k. 24 HR. PICKLESIHER: Always take this line right
o

25 here. The temperature is above 1300 , yes, I would expect

|
.

I
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1 it to balloon and burst. And oxidation, yes, because at
o

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 quenched if it
o

6has gotten above 1300 C. Whether we have zirconium plus

7 zirconium oxide uetectic or not will depend on the heating

8 rate. We tar have total oxidation or we may have some metal

9 lef t.

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

.

11 here. I just know if it is above 4 C we will have metal,

12 and if it is two and a half degrees C, I don 't know. There

13 are too many things entering into it. We have to do some
.

,

*'

14 experimental work.

15 So I raise the question. It may or may not. We
,

16 may or may not have liquefied f uel. We may or may not have

17 gotten to U0 melt. Tell me what the quench was, how far
2

18 are we on the dacay heat curve.

19 HH. WABDs You are going 'o say in every case if,

20 the rod uncovers, it is going to ballon and burst?

21 HR. 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 no ballooning and

k 24 bursting .

25 HR. WARDS Okay.

(
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1 MB. PICKLESIMERa If the prassure gets up to 600

2 p'si or 700 psi and the temperature is 1000 C, the chances

3 are that the cladding will have collapsed on the fuel, not>

4 ballooned and burst. It will have collapsed on it.

5 All I am saying is we can take this type of damaqn

8 tree, if you wish, and analyze any of the accident system

7 sequences you want to talk about.

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

9 any detail - .

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

11 your top line you are saying if the maximum temperature
o

12 reaches 1300 C, then all of those X's will happen?
.

13 58. PICKLESIMERs It should be greater than.
,

14 HR. ETHERINGTON: Greater than, yes. But then all
.

~

15 of those -- ?

16 5B. PICKLESIMER: Yes, presuming this high is
o

17 something like 3 or 4 C per second for the high heating

18 rate.

19 Just to give you an idea of what we are calling

20 pacameter space f or the experimental programs, I would just

2111ke to show you this. I will not go into detail, but some

22 o f the things we have to look a t a re the debris bed

23 production, the types of debris that are produced, the

(, 24 kisetics of the debris production, and this will depend upon

25 the maximus temperature reached, the heating range and the

t .
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I 1 bundling. Debris bed perm 3 ability, coolability will depend

2 on flow rates. Hasd removal capabilities, this will depend

3 on 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 way.

6 We also have here some of the types of testing or

7 the facilities where we expect to do experiments. This is

8 just a working diagram we are using at the present time to

9 try to decide what work has to be done first and where is it

to going to be don .

11 Now here are the experimental programs we have

121 aid out. In PBF, our Phase I test, we are depending on

13 five 32-rod bundles. We vill have two heating rates, slow

14 and f ast. These are at the present time chosen to be'

.

15 one-hal,f a degree C per second, and 4 C per second. It

16 could as well be one-quarter and five degrees; it is not

17 tha t important at this time. We want one giving us complete
o

18 oxidiza tion by the time we reach 1900 C, that is our

19 slo w . We want one that will give os some liquid formation
o

20 when we get to 1900 .

21 We will have a slow cool and a water reflood; that

221s f or one - test. The last test we have not decided

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

b 24 simulation of THI-2. The reason for this is in the slow and
,

!

|
25 f ast heating we are trying to control the heating

,

I

(

|
|
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1 independent of the heat introduced by the zirconium

2 oxidation. Therefore, we have to have high power levels for

/
3 fission hea t and we have to have high steam flows. We are

o
4 trTing to keep these two heating rates linear to 1900

5 Centigrade.

6 THI-2 would be what we call free heating. We

7 would put in a constant power and turn the thing loose to go

8 and see what happened.

9 At our present scheduled funding we would have one

to test in FY82, one test in FY83 and three tests in FY84. In

11 the accelerated funding schedule we are asking for we would
.

12 have two tests in FY82 and three in FY83. Phase II tests we
.

13 are discussing st this time. They have not yet been planned
~

i
141n detail. We do know some of the' things we want to' ~

.

,

15 include. Some of that will be melting of UO , high burnup
2,

16 rods and stagnant steam. These are some of the conditions

17 we know now we want to include in Phase II. We don't know

18 whether we will be talking 5, 10 or 20 tests.

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

20 devs.lopment. You heard earlier about SCDAP Hod O. The

21 first version is to be published in June 1981. Mod 1 with

22 improved models will be due in late FY83. We will add

23 improved mods each year to incocporate whatever fuel damage

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

| 25 FY8 2 not FY83.

(.

!
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1 NR. MARINO: The first version in FY82.

2 ER. PICKLESIMER: I didn't check these data; I

( 3 should have. This is 82 and this is 837

4 NR. MARINOs. Yes.

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

6 for fuel relocation experiments. Th e se pa ra te ef f ects

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

8 called few pinsa few being less than 9 pins.

9 NR. SHEWHON: What is ACER?

10 NR. PICK 1ESIMER: The test reactor at Sandia tha t

11 has been used on the f ast breeder program, and these are

12 separate ef fects exp eriments along the lines of those that

13 have been done for the f ast program.
,

14 HR. SHEWHON Do you run steam through tha t, or

15 can you?

16 ER. PICKLESIMER: It will be water and steam both.

17 Those will come la ter. The initial ones will be dry steam

18 only .

19 HR. KERR 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 which have to

b 24 be done in a reactor because we cannot allow any mechanical

25 interf erence with the production of the debris beds or the

(_ -
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1

' 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

4 rods. That was the heat source. We must have some done

5 without this mechanica) support. The only place it can be
4

6done is in test reactors with fission heat.

7 We are looking at the possibility of later on

8 doing some of it with decay heat.

9 NR. KERR4 If you are convinced, having done a few

to of these experiments, that the results are generalizable to

11 all sorts of cores an all ' sorts of radiations, - .

.

12 NR. PICKLESIHER: I hope. Yes, we expect that.

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

14 though, that they are more, generalizable if you don 't ha ve a

15 tungsten rod up the middle of them.

18 HR. KERR I am not sure they are.

17 NR. PICK 1ESIMER: We will have out of pile tests

18 with the tungsten rods, but we must have checks to tell us

19 whether our out of pile tests are valid or not.

20 MR. KERR I guess it depends on how far you take

21 t his.

22 ER. RYE: Er. Chairman, Bob Rye of the Fuel

23 Behavior Branch, and I have the SCDAP effects of the ACR

( 24 expe riments. They break into two parts; one is the question
!

1

25 of the debris f ormation and relocation, and these are few

|

i .(
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I
1 pin experiments with steam cooling and some, monitored, the 1*

"

2 unprotected accident sequence debris formation, and some
,

/ 3 will be done with reflood quenching, which will be examined )

41ater.

5 A separate series of experiments involve the

6 coolability of preformed debris, similar to the work we have

7 been doing in f ast reactor safety. In fact, both of these

8 sets of experiments are carry forwards of techniques we have

9 been developing in fast reactor safety and they are
.

10 analogous to the experiments we have done. But under LWR

11 specific positions -- .

12 MR. KERR: That is in response to my question of

13 which have to be done in reactors?
(

14 NR. RYE: That's right. Also, there are questions
,

15 about steam and wa te r, also. It's a mix that covers the

16 whole sequence of heatup under steam cooling, reflood
~

17 quenching, and separate experiments on coolability limits.

18 HR. PICKLESIMER: Onct we are assured we know what

19 the debris looks like in real f uel bundles in the reactor,

20 then we can construct artificial debris beds for out of pile
t

21 studies and be more confident that our out of pile work can

22 be applied.

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

| ,

( 24 three experiments you then know what debris always looks

2511k e .

(
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1 MR. PICKLESIMERs No, we know a range of it, and

2 wha t we expect to do is cover a range. We are not going to

3 try to hit avary point in it; we will get certain kinds,<

4 certain conditions and terminal states f rom inpile studies.

SIf this spans the range of debris to be produced, we should

6have the data we want.

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

81ooking at, for lack of a better name, we are calling it

9 f uel cladding interaction studies. Really, what we are

10 loo king at is the thermodynamics and kinetics of the

11 reactions between zirconium , Zr, UO and steam and the
2

12 physical properties of these products.

13 We need this for insertion into the codes to be

( 14 able to calculation what the progression of the damage is.

15 A t this time, no one has any information on what the

16 solution of zirconium is in liquefied fuel or molten UO
2

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

18 dissolved zirconium is. We must have that information.

19 Arether out of pile study is what we are calling

20 DECCA for deformed core coolability studies. It is an

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

221ook at the behavior of 8 by 8 bundles, full length; that

23 being 12 or 14 feet, during bc11down in high pressure, small

(. 24 break conditions. Then, we will remove the deformed bundle

25 from the test facility and instrument it for thermal

(

l

' ALDERSoN REPORTING COMPANY,INC.

400 ',1HGINIA AVE, S.W WASHINGTON. O C. 20024 (202) 554-2345



i

54

' Ihydraulic fissions; reinsert it in to. th e test f acility and
,

2 conduct a series of thermodynamic tests looking at the

3 temperatures of 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 would be formed by severe fuel damage occurring at a higher

8 temperatura. We are participsting as one partner in a

9 program underway at Isfra, Italy. It is being supported by

10 the European Economic Committee. It is being conducted in

11 the Essor reactor. They are proposing there vill be 10
i

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 liquefied fuel formation
.

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

16 sure we 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 diameter,

19 and a debris bed f our inches in diameter and six inches long

| 20 does not give us that much confidence. We can extrapolate

|

|
21 1t to a full-sized bundle. We t.eed length and diameter

22 eff ects.
|

23 rhen we have the THI-2 core examination.

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

25 would, where one might be going. For example, do you, in

C
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r 1 your planning f or this sort of thing, foresee something like
r

2 an evaluation model for : ore seit of the kind one now has
3 for ECCS so that one needs very detailed computer codes

4 which describe the behavior of a degraded core? Is tha t the

5 sor ; of ' thing one expects to result from these kinds of

6 studies?

7 NR. PICKLESIMER: We expect to have a code that

8 vill describe the bahavior and the condition of the degraded

9 core, but we don't expect it to be a detailed, long-running

to code. W will keep it as short as we possibly can to make

111t more nearly interactive' with other codes. And with

12 eventually, hopefully, operators. Yes, George?

13 MR. MARIN0s I would.like to expand on tha t a

(
14 bit. The plans for the code are to develop simultaneously'

15 very complex models and simple correlations, to check the

16 correlations against the complex models, to determine how

17 auch 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 we can go into

20 the code with an uneartainty pattern and get the output

21 produce with an uncertainty in the output, because we will

22 never know these things exactly and we know that going in.
.

We will use correlations from complicated models| 23

L 24 and put uncertainties on th o se .

25 5R. KERBS Then these codes will ultimately be

(
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1 used for what? ,

2 dR. MARINO: To snslyze what un should expect in a

3 degraded core cooling accident, given any kind of a

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

5 code should be able to cover the range.

6 MR. KERRs I as not asking a very good question.

'

7 This is a good academic exercise if one wants to find out

8 how cores behave. But is one expecting that this will be

9 used la a licensing exercise, f or example? And I recognize

10 you cannot predict this with auch greater accuracy than you

11 can predict 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 thos'e things. It will

15 be a licensing tool eventually. In.4.tiall y , it will be a

16research tool to help us with these experiments.

17 MR. KER?: But you look at it ultimately as a

18 licensing tool, and one then might have an evaluation model

19 f or degraded core perf ormance.

20 MR. MARINos As we have developed out other codes, f

21 ve have intended to go into evaluation acdels later, and we

f22 will do that with this code but that is later on.
.

23 BR. KERE: How much 1.ater?

24 MB. MARINO I would expect in 1984 we would be

25 doing that sort of thing.

s

|
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1 MR. KERRa Thank you.

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

3It is my personal hope that this code can be made simple

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

5 saf ety shif t supervisor, for example, on plant during an

6 accident, and he can use it to calculate what the results

7 vill be of some of his actions in trying to manage that

8 accident.

9 Now, whether we can ever get there or not is

10 another problem. But that would be one of the ultimate

11 goals as f ar as I personally am concerned.

12 ER. KERRs I must say you have a lot more vision

13 than I do.

14 NR. PICKLESIMERs There was lots of time at THI-2

15 for just such calculations to be made. If they had known

18 enough about interpreting the instrument readings they had'

,

17 a t hand, they could have inserted these things int * 'st we

18 expect SCDAP to be.

19 3R. KERRs That is a fairly big if.
.

20 ER. PICKLESIMER: Yes , certainly , but we have to

21 have some hope down the line if we are going te try to
,

22 sanage accidents while they are occurring, and that is one

23 of our strong goals.

( 24 H3. KERRs Well, as I say, it helps to have vision.

25 ER. SIESS: It helps to have hope, too.
i

|
l \

l

{

ALDERSoN REPORTING COMPANY,INC,

400 VIRGINIA AVE, S.W, WASHINGTON. 0.C. 20024 (202) 554-2345

.-



58

1 MR. PICKLESIMERs The TMI-2 examination we hope to

2 experiment in is a cooperati.ve 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 se on.

6 I 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 we want from it, and our funding is expected to

10 be sp ent on conducting tie analyses of specific interest to

11 us and c.'C, from the standpoint of safety, when these

12 analyses are not of interest to the other partners in the

13 exa mknation. That is why our budo,et level is actually low
(
'

141n terms of total dollars.
,

15 se expect most of the examination crsts to be

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

17 selected samples.

18 MR. SIESS: You would do those tests to determine

19 what the debris beds look like before you examine the TMI-2

20 core?

21 MR. PICKLESIMERs We expect to, ha ve a t least two

22 tests in PBF before the TMI-2 has removed, and we may well

23 have five.

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

25 when you saa the IMI-2 core you are going to wish you had

.
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1 done something different?

2 NR. PICKLESINER Quite high. We will hope to-use

3 the THI-2 examination to guide part of the tests. That is

4 one of the reasons we need that T1I-2 result as early as we

5can get it. It is a very important piece of information.

6 We will have a program on the coolability of the

7 debris produced in light water reactors, both inpile and

8 expile determinations. They will be determinations of the

9 dryout h'est in the bed as a function of debris types,

1c 3 article sizes and so on, and of the depth of the debris.

11 Then we will have a program on the formation and reloca tion

12 of debris.

13 This work is primarily in the ACHR. It is a
*

i
14 separate ef fects study more than the integral tests that

.

15 vill be done in PBF and Essor.
.

16 Now, for my last slide, last May I participated in

17 sn informal meeting in Tokyo, Japan with a Japanese ACRS,

18 and the people from the Japanese Atomic Energy Research, and

153 people from France and Germany on the plans that each of us

20 have for severe fuel damage studies in the near future.

21 These are the major ;onclusions we reached at that meeting.

The Japsnese have no plan to do any experimental22

23 work on severe fuel damage. They have several commit +ees

t 24 that are examining the need for the various types of

25 research work that they need in what they call accidents

,
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1 beyond design basis accidents. They will not use the words

2 severe fuel damage.

3 The French plan no experimental work on severe,

4 fuel. damage beyond participation in the super-SARA program.

5 They are examining the modification that would be required

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

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

athey expect others to pay for the test trains and the test

9 analyses. They would furnish the reactor si.te and the

toneutrons. They axpect to satisf y most of their data needs

11 by information exchange with other nations.

12 The United Kingdom has at this time no active

13 severe fuel damage studies underway except for their

( 14 participation in the super-SABA program. They are examining

15 their need for severe fuel damage data and are expressing an

18 interest in participating with the PBF study at this time.

17 Italy has no active severe fuel damage study

18 und erway except for their super-SARA program. Karlsrue

19 plans no inpi?.e test except for super-S AR A and they are

20 re-institutito research work of Hagen that was stopped in

21 1979. They expect to do that in the coming year. They will

22 have modified the Hagen f acility to take bundles 7 by 7 in
,

23 size with rods one meter long, and will be able to quench

( 24 with water.'

25 the discussions I had with them in May in Tokyo

A
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1 indicate they are planning a rather extensive, long-range,

2 out of pile study that wa need very badly. We need tha t
%

3 inf orma tion . If they don't do it, we will have to.-

4 We are slso continuing the phase diagram and

5 kinetics work that Peter Hofmann nas done on the
6 zirconium / uranium oxygen system, and that also we need

7 badly. They want to exchange their out of pile severe fuel

8 dcmage data with our PBF fuel damage data and SCDAP, and we

9 are interested in exchanging with them. The discussions

to will proceed sometime this fall. Thank you.

11 ER. KERRa Thank you, sir. Are there questions?

12

13

(
14'

15

16

17

18

19

2')

21

22

23

(. 24 |
l
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1 55. KERRs Mr. Silberberg, because of scheduling'

2 we would like to make the presentations scheduled for later

( 3 at this time, and if the designated federal employee has no

4 objection, we will arrange that.

5 HR. SILBERBERG Thank you, Mr. Chairman.

6 This afternoon I was supposed to cover an item on

7 the as anda called coordination with foreign programs, and I

8 have here before you the one vu-graph that summarizes this

9 inf ormation. A lot of it I believe you have been exposed to
.

to bef oge. Some of it is somewhat new.

11 Our two principal countries in Europe 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 Sweden with th.e Studsvik Energiteknik
,

15 group. In the Federal Republic of Germany it pretty much

16 runs the gamut of similar programs to ours, some of which

17 rou will be hearing about from fission product release

18 experiments in a Sascha f acility, 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 Mr.

21 Picklesimer. In the area of fuel melt-concrete

22 interactions , the German program is very active with codes

23 11ke Wechsel, Kavern, and a large-scale melt in terac tion

( 24 f acility that is now under construction which will be

25 operating in late '82 or early '83, which will complement
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1 our own work that is being done at Sandia.
|

| 2 MR. KERR Is the Beta facility?
i

! 3 ER. SILBERBERGs Yes, the Beta facility. There

4,are some details, some distinct differences between that
.

5 f acility, the experiments in that f acility, and our owr, but

6 they are quite complementary. And if one wished to get into

7 the details of that, I am sure Dr. Powers could do that for

8 you.

9 In the trea of aerosol behavior in steam

to atmospheres, we have the NAUA code, which we have which we

11 are setting up in this country to supplement some of our own

i 12 work, to use it if we can in part or whole. In fact, we

:

13 were able to obtain some very valuable calculations with

( 14 N AU A from the Federal Republic of Germany f or our recently
. .

15 completed NUREG-0772 which were quite interesting.
.

16 In the hydrogen sres I am not as familiar with the

17 work as I should be. I believe the principal area ve are

18 coo rdina ting with is the RALOC code which has to do with how

19 hydrogen mixes in containment atmospheros.

20 There is, of course, the work comparable to MARCH,

21 the KESS code whi:h I believe you have heard something

22 about. And in the steam explosion area they are relying

23 heavily on our experimental program, and they are doing

k 24 mostly modeling work in the area of steam explosions, but

25 they have clearly indicated they are looking to us for the

(..
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I 1 lesd.

2 In Sweden, and I think you will hear a little bit

3 more about some of this work f rom Dr. Heyers on the 30th, I(
4 believe, on what is happening in Sweden relative to the

5 filtered vented containment, the project which they call

6FILTHA. The Swadas are moving along very rapidly. What

7 they are doing is they are using the analytical techniques

8 available for other countries, the Federal Republic of

9 Germany as well as the U.S. -- the aerosol codes, the MARCH

10 code, things like that -- to use as a reference for design

11 and for assessment. But in the meanwhile they are

12 specifically working with starting to run tests on various

13 types of gravel bad and sand bed concapts in terms of

( 141oading capabilities, efficiency and things like th a t .
,

15 I might say they are also getting assistance in

16 that area f rom the technology that is ongoing at HEDL having

17 to do with the filter gravel bed-sand bed filter work going

18 on up there in relationship to the filtered vented

19 containment for FFTF.

20 Finally, they are running experiments to see what

21 type of fission product retention, in addition to solid

22 retention, particularly iodine and things like that, one

23 sight expa:t in these beds.

( 24 I was impressed with the progress they are making

251n general, In a very short time they are moving out ve'ry

.
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I 1 nicely, and I would expect if we were to get, as we get more.
'

2 and more involved in filtered vented containment, that we

/ 3 could get a lot of information from their program.

4 ER. ETHERINGTON: In the Beta facilities are ther

5 planning larger scale experiments than those at Sandia?

6 HR. SILBERBERG4 They are about the same scale, a

7 f ew hundred kilograms dif ferent mate ial.

8 MR. KERR4 Is there work complementary to what we

9 are doing, parallel to, duplicative of? How would you
.

10 characterize it?

11 ER. SILBERBERG: Where? The Beta facility?

12 MR. KERR Yes.

Th,re may be some13 ER. SILBERBERG: Complementary. e

( 14 overlap , but I would classify it as largely complementary.
. .

15 You might ask others how they feel about that, but that
.

16 would be my feeling.

17 MR. KERRs Apparently they are to some extent

18 doing complementary research there, whereas in tne steam

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

20 our work.

21 ER. SILBERBERGs I think that is accurate.

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

'

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

k 24 th e y think we are better at doing steam explosion than --
|-

25 MR. SILBERBERG A little of both. I think they

L.
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have, as the data now evolves to this point f rom various~ 1 may

2 work, they may have less concern about steam explosions. I

r 3 say they say. And I think they are also satisfied with the

4 information they can get from us.

5 HR. KERBa Thank you.

6 Mr. Siess.

7 ER. SIESS: What mechanisms do you use to maintain

8 your contact with what foreign countries are doing in

9 coordinatf on?

10 MR. SILBERBERGs In the Federal Republic of

11 Germany right now we have a resident engineer on site.

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

13 HR. SILBERBERG4 Contractors, Drs. Peck and .

(
14 Corvin. And they focus on sersral of these areas, ooviously

15 not all. That 1.5 ene mechanism. Obviously, the exchange of

16 reports, and when we can arrange them properly, the, shall

7 we say, periodic visits of staff to staff.

18 I still think that that is still the best way. In

19 f ac t, we would want to encourage that in the future.

20 MR. SIESS4 Do you f eel that even using the

21 contractor you do maintain research staff awareness of these

22 things in some depth?

23 NR. SILBERBERG I think so, yes. I think it is

( 241mportant that --

25 f.R. SIESSs Does your contractor representative

x
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' I send .you back detailed re po rts? Do they come back from

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

3 HR. SILBERBERGs Yes, yes. Reports are required.(
4 There is a requiremrat that they submit a report, hopefully

5 a detailed report, in order for them to get paid.

0 ER. SIESS: Is thera a corollary requirement that

7 someone read and understand it?

8 MR. SILBERBERGs Yes.

9 HR. ETHERINGTONa Mel, I continue to be concerned

to about the conclusion that melt into concrete will proceed

11 without 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 slab would have. .

15 Ny only experience in the steel business is that

16you do get spoiling where metal penetrates, heavy spoiling.

17 I wonder whether you would find it worthwhile to contact the

18 stael industry and try to get them to make a survey of the

19 occasional accidents that have happened in the steel

20 industry.

21 MR. SILBERBERGs I believe a lot of this has been

22 d on e . Perhaps Dr. Curtis or Dr. Powers would care to
,

i 23 comment.
|

k 24 HR. CURTIS The program manager for our core melt

25 program , Dana Powers, is here. He is scheduled to talk

.
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1 about his program for halt an hour this afternoon.'

1

2 ER. ETHERINGTONs We can leave it until then then.

!
! ( ~ 3 3R. SIlBERBERG: I think tha t is a good

4 suggestion. Thank you.

5 NR. KERRs Other questions or comments?

6 (No response.)

7 ER. KERR: Thank you, Dr. Silberberg.

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

9 accurate evaluation of your presentation?

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

11 NR. KERR Then we vill probably stop for lunch

12 af ter you have finished.

13 3R. CURIISs The decision unit we are talking

14 about has four basic line items. The first wa's fuel'
'

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

16 seit behavior. The third,. fission product release in

17 transport. And the fourth, severe accident mitigation.

18 Nel has already talked about the first one. It is

19 ay understanding snothed subcommittee has examined fission

20 products release and transf er, Dr. Noeller's subcommittee,

21 to the point we will not discuss that during the balance of
i

-

|
22 our presentation.

23 HR. SHEWMON: They studied fission product outside

(. 24 the pressure vessel, I am sure; maybe in containment, and

25 also insida ' the primary circuit?

/

I

.

|
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1 ER. CURTIS: It is (7 understanding that they have

2 discussed that problem to the point -- ..

~

( f, 3R. SHEW 50N: Were you there?

4
,

HR. CURTISa Hel.

5 HR. SILBERBERGs I'm sorry.

6 MR. KERRs Would you repeat the question, please,

7 Er. Shawson.

8 HR. SHEWMON: Well, the statement was that the

9 subcommittee chaired by Dr. Noeller had gone over all there

10 was to say about fission product transport, and my inquiry
,

11 was whether or not that covered outside the containment,

12 inside the containment , and possibly inside the primary
,

13 system. ,

(
14 '5R. SIlBERBERG4 * Dr. Shevmon, 1t was inside the

,

15 primary system, inside the containment but not outside.

16 ER. SHEWMON: Okay, thank you.

17 ER. KERBS Mr. Cunningham told me he wcs talking

18 about ten percent of severe accident mitigation. Are you

19 going to talk about the other 90 percent, or do you subsume

20 his work as well?

21 HR. CURTIS: His work is in fact a part of the

22 budget figure that you see, but I do not intend to repeat

23 an y of his discussion.

k 24 HR. KERR4 You are going to talk about accident

25 evaluation and mitigation of program overview. That's this

C
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1 line item, severe accident mitigation?

2 MR. CURTIS: It includes"both the fuel melt

( 3 program and the severe accident mitigation.

4 HR. KERR Okay. And you are going to talk about

5-- a fuel melt is different from what Mr. Picklesizer talked
6about. He was only talking about while it was trying to

7 melt, is that right?

8 MR. CURTIS: The focus of the things you are going

9to hear about from us are generally after the failure of the

10 pressure vessel.

11 HR. KEHR: Failure of the pressure vessel?

12 HR. CURTIS: Failure of the primary pressure

13 vessel, yes.

(
-

.

14 HR. KERR: Okay. -

15 ER. CURTIS: The' fuel melt behavior program has

16 basically the following components in it. We have a program

17 on hydrogen which will be discussed with you this af ternoon

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 technology, some work on core debris, though not

21 the in pile portion of the core debris coolability work

22 which has been discussed in the fuel behavior program, and a

23 series of three codes which we 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 NARCH 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 HR. KERR What does assessment of the code mean,

6 Mr. Curtis?

7 MR. CURIIS: Assessment of the code is an

8 evaluation of the code and a detailed compilation of user

9 experiences to date to indicate areas of appliability and

10 areas of deficiency, and to identify which of those which
.

11 are labeled deficiencies appear to be amenable to

12 corrections. So I am expecting to get out of that the basis

,

13 for, selecting thos,e issues which we will fix on a near-term
14 basis and those which we will probably d.ef 6r.

.

. 15 NR. KERRa In order to evaluate deficiencies, one

te must have some idea of what the code is supposed to do.

17 Where does that description exist?

18 MR. CURIIS: Cne of the reasons for the assessment

191s to evaluate if there is a data base which would support

20 an improvement.

21 MR. KERR4 But an improvement, does there exist

22 some description that says this is what we would like for

23 the code to be able to do?

( 24 3R. CURIIS: Yes, certainly.

25 NR. KERR4 Where is that?

| % .s
|
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! 1 MB. CURTISs The anticipated scope and the
|

2 potential use of the code is another chapter in the

f 3 assessment document.
'

4 ER. KERRs So this docusent will say what it is,

5 what it would like to do.

6 NB. CURTISa This is what it has been used for,

7 and this is the way it has been pushed into further

8 applications and we believe that there are currently a

91aund ry list of deficiencies. Some of these deficiencies

to srs rela tively 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 we should not try to tackle.

14 ER. KERRa So .there will be one chapter which
,

15 s ay s , in effect, this is what the code ought to be able to

todo.

17 MR. CURTIS4 There will be s chapter which says at

181ea st this is what the NRC is trying to do with the code.

19 3R. KERE: That is completely different, or it

20 seems to me it could be com pletely dif f eren t, because the

21 NRC has just begun to look at the degraded core problr,m. Is
.

22 there someone who is saying if we had a code that would be

'

23 useful to the dagesded ccce problem, this is what we would

k 24 like to have it do?

25 Are these the same thing?
1
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1 NR. CURIIS: I think they're the same thing, and-

.

2 if they're not, we vill have to bring them into a better --
..

(~ 3 MR. KERR I would anticipate, for example, much

4 of the use of the code up to now has been to design end

5 point analysis.

6 ER. CURTIS: That is correct.

7 ER. KERR: I would anticipate the f uture degraded

8 core rule would go beyond that; hence, it's not obvious to

9 se that what the NRC has been doing --

10 MR. CURTISa 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, Limerick.
,

13 Dr. Kelber.
,

, ,

t .

MR. KELBERa I would like to just remind you that-
.

. 14

15 insofar as HARCH and CORRAL are concerned, there is a formal

16 code document that is distributed along with the code.

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

18 HR. KELBER: This is the user's handbook. The use

19 of the code was in the characterization of core melt
20 seq uences , and I forget the exact wording of the acronym.(

| 21 MR. KERR: I guess I'm not asking the question
,

22 vell, Charlie. I mean the code was originally put together
!

! 23 for a purpose.

k 24 HR. KELBER: Yes.

25 ER. KERR My impression is it is now being used

t
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1beyond that original goal.

2 ER. KELBER: That is a correct impression.

( 3 5R. KERE: And indeed, I one had one's deuthers,

4 one right like to have an is ,oved code that would do

5 something or other.

6 MR. KELBERa That's correct.

7 ER. KERRs It's that something or other that it

aseems to me one needs to have in order to assess the code's

9 d eficiencies.

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

11 putting the cart bef ore the horse.

12 HR. KERR I agree. It seems to me that is what

131s being done if one starts improvina the code without

(' 14 kno wing what the goal is

15 ER. KELBER: Let me give you my own views, and Bob

16 Curtis, who has much more intimate knowledge of the details,

17 can take up. But my own view is the followings that the

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

19 least allow us to, as George Marino pointed out, bound with

rasome confidence the order and magnitude of events that occur
[

l

211n core melt accidents from the point where the cooling

22 point is degraded to the point we have significant loads on
|

| 23 the containment with perhaps molten core on the floor of the

l. 24 con tainment.

25 There are three portions to the code. These are

k.
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1 reproduced in M ARCH, but basically they are the portion

2 represented by SCDAP, pronounced SCDAP. As yet unnamed and

| / 3 only in the planning stage, the whole core which would

4 incorporate SCDAP. It might be an enlarged version of

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

6 whatever, that whole core meltdown code and the CONT AIN

7 code, that is our ultimate need. We need it if only because

8 we have to answer questions such as the questions being

9 asked at Zion and Indian Point.

10 But you are right, we will be going beyond that.

II I think we don't have those codes, but we know what we want
.

12 them to do.

13 NR. CURTIS: We have already put M ARCH into
'

(
14 application in such a variety of ways that I believe we-have

15 a first round of improvements which could be focused on

161sproving the quality of the prediction in the places where

17 the code is already in application.

18 HR. KERR Bob, it seems to me there is one

19 possible approach to improving the code, and that is to use

20 it for some thing , and you discover it doesn't do what you

21 v an t to do for that applictcion, and you say what 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 wa y to proceed.

( . 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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1again. Maybe the answer is no, you don't have its but I.

2 just wondered if someone had made an effort to say we think

,- 3 this is the set of general uses to which a code like this

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

5 maybe indeed MARCH cannot ever be fixed up to do that, and

6 you would have to start over completely.

7 HR. CURTIS: I believe that is the answer.

8 MR. KERR4 But if it isn't the answor, it seems to

9 se there ought to be some sort of limited goal if you're
'

to going to invest very much money in improvements. Othervise,

11 I don't see how you know when you've got to where you want

12 to get.

13 HR. CURTIS: I expect the assessment is goi,ng to

14 tell me there are a limited number of short-term
55 improvements which can be made .to the existing structure,

18 which ought to be made to the existing structure; and that

17 the long-term goal should be to rethink the problem and put

18 together a fresh approach.

19 MR. KERR I would guess any organi=a tion in the

20 business of developing codes would come up with that result.
.

21 (laughter.)
,

22 On the other hand, they do need, and I guess they

23 are getting some input from NRC which will ultimately be the

(, 24 user.

25 HR. CURTIS: Oh, yes.
i

!

t |

|
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1 MR. KERR Continue.

2 MR. CURTIS I believe I have --

r 3 MR. KERRs Excuse me. You mentioned this document

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

5 have it identified?

6 HR. CURTIS4 A MARCH code assessment being

7 produced by Sandia.

8 NR. KERRa It will be available?

3 HR. CURTIS: In draft form within the month.

to MR. KERBS Thank you.

11 ER. CURTIS4 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. I would choose to distribute the vu-graphs and not

15 to go through that discussion again.

16 MR. KERRa Would it be a better presentation the

17 second time around?

18 (Laughter.)

19 About the same?

20 ER. CURTIS: No. Better.

21 MR. KERR Ihen we'll just take the vu-graph.

22 MR. SIESS: Could we ask better questions?

$3 (Laughter.)

I (. 24 MR. CURTIS4 Perhaps there would be better

25 questions.

k_.
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1 But for the record, since these are a part of the

2 decision unit, I will provide you with this data support.

' 3 MR. KERRa Thenk you.

4 NR. CURTIS: Our program on severe accident

5 mitigation is rather closely coupled with the other
.

6 decisions, and it in rather closely coupled in the following

7 f ashion. It is closely coupled because the phenomenology

8 associated wit.h severe accident mitigation features is very

9 closely connected with the basic phenomena of the core melt.

10 Let me nahs tnn coint in our core melt program we

11 are investigating the phenomena associated with molten cores
,

!

f 12 on concreta. We use the sa me expe rimenters. We use in many

|

13 cases the same devices but substitute for the concrete
i

14 proposed core-catcher materials, mitigation features.

15 One day it might be a thuris oxide gravel.

16 Another time we will line it with magnesia bricks. Somebody

17 will come up with a castable ceramic. We vill try it out in

18 the same f acility using the same experimenters. We have

19 identified f or budgeta ry purposes two separate 189c. One is

20 in severe accident mitigation; one is in core melt

21 b e h a v .o r . But they 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

k 24 pro blem .

25 58. KERR I'm sorry. You lost me.

(
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1 MR. CURrIS: I as saying for budgetary purposes we

2 have a separate Fin. number to support work on core-catcher

3 materials f rom the one that is looking at the core steel-

4 nelt-concrete interaction.

5 MR. KERRs The same people are doing the work?

6 HR. CURTIsa The same people are doing the work in

7 the same facilities, and I will propose Dana Powers will

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

9 from a funding point of view there is money associated with

10 these in both line items.

i 11 The same is true in teras of hydrogen. We have a

12 basic research in hydrogen program. Associated with that <

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

(
14 survivahtlity of equ'ipment under hydrogen burn conditions

15 and what can be done to develop suitable standards for the

16 survivabi.ity of equipment under hydrogen burn conditions.

17 NH. KERR4 Is that under severe accident

18 mitigation?

!

19 NH. CURTIS: The equipment survivability tests,

20 which again are separately f"'.ded, are under severe accident

21 mitigation. The basic hydrogen program is under core melt.

22 As a part of the fission product release of

|
| 23 transport we intend to do tests ti filters in an aerosol
|

(, 24 environmen t. These filter tests will be part of severe

25 accident sitigation and an integral part of tne

i
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# 1 onsiderstion of f uel bed containment. And again, these

2 tests will be separately funded'as a part of severe accident

/ 3 sitigation.

4 NR. KERRs I got the opinion somewhere that the

5 licensing people aren't that sanguine about f uel bed

6 containment.

7 NR. CURTISs Right. I suspect if we were not

8 doing the aerosol release and transport experiments and

9 could not put that facility to use we might not be so ready

10 to do some filter tests. But right now we are planning to

11 do filter tests if this thing gets turned off.

12 MR. KERR You have a filter facility, sc --

13 ER. CURTISs No. We have an aerosol facility.

(
14 HR. KERRs And you need*something to fi1*ter it.

.

15 NR. CURTISa That's correct. So we might just as

16 well, if filters of a certain concept are proposed, we would
.

17 pref er the test. We have a study at INEL on uitigation

18 f eatures in which we are concentrating on the engineering

19 feasibility of sitigation f eatures across the board with a

20 particular emphasis on what are the problems of backfitting

21 severe accident mitigation f eatures to existing plants.

22 We have work on containment coolant. In

23 particular, va have recently gotten a user request to put

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

25 a part of this. The RFP --

L
t

i

|
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1 HR. KERR4 Who requested that?

2 HR. CURTISs We have an endorsement from NRR. And

/ 3 finally, the analytical part of our severe accident

4 mitigation f eature is the S ASA program, ,which is an

S integrated program being conducted at four laboratories; and

6 I have a half an hour this af ternoon to tell you about the

7 SASA program, and I would be happy to do that.

8 So anyway, those are the basic components of the

9 program. I have Dana Powers to tell you about the fuel melt

10 experizonts, tha :oncrete intaractions, the core-catcher

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

|
| 12 control progrse , the equipment survivability under

13 hyd rogen. Rick Sherry will be telling you about the steam
*

{
.

14 explosion progr,an. And I will talk about the SASA program,
.

15 and then you will have an opportunity to question me shout

16 anything we may have lef t out at the end of the day.

17 HR. KERRs Thank you.

18 Are there questions?

19 (No response.)

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

21 (Whereupon, at is00 p.m., the meeting was recesssd

22 for lunch, to be recenvened at 2400 p.m., the same day.)

U
i

l
24s

25

|

f
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1 AFTERNOON SESSION

2 . (2400 p.m.)

/ 3 ER. KER8: Jur next speaker, which involves a

4 slight rearrangement of the printed agenda, will be Rich

5 Sherry, who is going to talk about steam explosions.

6 HR. SHEWHON: Mr. Chairman, we have Powers and

7 Larkins yet to come, is that right?

8 HR. KERRs that is right.

9 HR. SHEWMONa Okay.

10 ER. SHERRY: My name is Richard Sherry, the

11 program manager for the steam explosion program. The steam

12 explosion prograa was initiated in 1976. The purpose of
.

13 this program was to investigate the phenomena associated
I

14 with the ex, plosive interactions of molten core materials
^ *

15 with reactor coeling and to determine the probability that a4

16 steam explosion can fill the reactor containment building.

17 The elements of the current program include

18 sesil-scala single droplet tests involving droplets on the

19 order of i centimeter to try to determine the basic

20 sechanisms of f ragmentation; intermediate skill tests

21 involving 5,to 25 kilograms of corium and coriums simulants

22 in the f ully instrumented test facility.

23 Several tests are tests to investigate the

( 24 phenomena, nonexplosive phenomena of melt-water
|

25 interactions, primarily to deternine mixing phenomena,
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' 1 breakup and steam generation rates.
.

2 Ihe analyt.: part of the program includesi

3 development of 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 waves

7 and missilas generated by the steam explosion.

8 And the ultimate objective of this program is to

9 provide upda teu estimates on the failure probability of

10 containmen't due to steam explosion. The accomplishments

11 during the past year in this program include we have

12 conducted a series of small-scale experiments to determine

13 the effect of elevated system pressures on the explosivity

(
~

14 of molten 2aterials.
,

15 The first test , series in the intermediate scale

is test included five tests. Two steam spike experim'ents were

17 com pleted. In these experiments where were initiated as a

18 result of the findings of the Zion-Indian Point study which

191n11cated there was a potential for rapid steam generation

20fo11oving the reactor vessel melt-through leading to a steami

21 spike which might have the potential to challenge the

22 integrity of the containment.

23 MR. KERR: When you say that was a finding, it was

( 24 a calculation of the H ARCH code, was it not?

25 MR. SHERRI That is true.

L

ALDERSON REPORTING COMPANY,INC,

400 VIRGINIA AVE., S.W., WASHINGTON, D C. 20024 (202) 554 2345

l



~

.

84
.

I
1 MR. WARD: A qualified finding.

2 HR. SHERRY: A qualified finding, very qualified.

( 3 Duri,ng the past year a one-dimensional transient propagation
4 model and a two-dimensional espirical expansion model have

5 been developed and used to analyze several tests. These

6models are also capable of extrapolating the test results to

7 actual full-scale reactor conditions and have been used to
8 evaluate the loadings on the reactor vessel for several

9 actual reactor designs. -

10 A statistical r+ sam explosion containment f ailure

11 model has been developed and incorporates distributions for

12 such things as the amount of melt and the amount of water

13 which may interact; the energy conversion ratios that may
1

-

14 occur during' a steam explosion Vent; the response of'the
.

15 reactor vessel, et cetera.

16 Using this statistical model new estimates have

17 been developed for the containment failure probability for a

181argo high pressure PWR desisn.

19 I as going 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 j

22 be talking o n -- ,

!

23 HR. KERR: Rich, just a minute.

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

25 read soma place recently that the steam explosions and wha t

( l
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1 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.

4 Did I understand that correctly?

5 ER. SHERRY: That's the current belief, yes, that

6the fine fragmentation would only occur --

7 MR. SHEWMON: In my parlance only solids fragment,

8or in your parlance or when you do these calculations, it's

9 only liquid droplets that fragment.

10 MR. SHERRYs We have only seen the fine

11 fragmentation down to the 1 to 200 micron range with the

1211guid droplete. Solid droplets would fragment through

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

(
14 ER. SHEWMON: Thank you.

15 HR. SHERRY: This slide shows a comparison of the

16 WASH-1400.

17 ER. SHEWMON: Let me stay with that for a minute.

18 If you get down save place fine enough then, they solidify

191nstead of breaking up. Is that actually what would limit

20 things if you studied the steam explosion as a f unction of

21 degree of su perhea ting or temperature difference between the

22 temperature of the bath and the tempera ture at which it's

Z3 solidified.

k 24 HR. SHERRY: Yes, that's true. There is

25 essentially , we believe, two stages to this. There is, of

.-
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Icourse, fragmentation and breakup down to perhaps centimeter'

2 size and then a fine --

3 MR. SHEWdON: \nd that would happen with a solid
f

4 droplet?

5 MR. SHERRY: No. I as saying if this is a liquid.

6 MR. SHEWHONa Okay.

7 HR. SHERRY: And if it breaks up to about 1

8 centimeter sizes. If an event does not occur which leads to
9a fine fragmentation down to the size of perhaps several-

10 hundred microns, it is possible that these droplets will be

11 solidified and become nonexplosive, or these droplets could

12 f all. If they dropped into water, there could be the coarse

13 f raquen tation, .nd then these particles could settle by

(' ' 14 gravity to, let us say, the bottom of the regctor vessel.

15 MR. SHEWHONs But once they have solidified, they

tewill quit.

17 HR. SHERRYs They won't participate in the --

18 MR. SHEWHON4 My point is if this stuff candles

19 out or it won't be auch above the liquid solid temperature

20 for the oxide when it comes out of the core. What I 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, temperature

i 24 dif ference bets?.en the liquid temperature and the

25 solidification tempera ture to keep breaking it up.

!

| (.
|
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1 The relaxation time for losing 100 degrees has to

2 get smaller and smaller as you go down in size.

3 NR. SHERRY: Yes, we are looking at this. In

4 f act, in the past test we used iron aluminum thermites which

5have a lower melting point than the corium mixtures which we

6 are just beginning to test now. It appears the corium

tsixtures are much less explosive than the iron aluminua

8 thermites, even when they drop at the same temperature.

9 MR. KERRa What is the significance of using the

to term " explosive?"

11 ER. SHERRY What's the significance in this case?

12 HR. KERBS Yes.

13 MR. SHERRY: It indicates that the in teraction

(
14 when coriums are dropped ihto the water are much less, j

15 violent, more characteristic of just rapid boiling,than*a

16 shock pressurization.

17 HR. ETHERINGTON: Are the old theories of

18 encapsulization invalid?

19 NR. SHERRY The theories of homogeneous

20 nucleation ?

21 3R. ETHERINGTON: Of a capsule of met,al being

22 f ormed with moisture inside and then exploding. It's an old
*

23 theory. Perhaps it's not valid a t a11. If you haven't

24 heard of it, perhaps --

25 MR. SHERRY: No. I have heard of it. The
1

(

|

|
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1 fragmentation mechanism which we believe actually drives the |

2 process is one of vapor film collapse and then local

3 pressuri stions due to rapid boiling around the surface of

4 the droplet rather than jetting the water inside of the melt

5 droplet and breaking up in that manner.

6 MR. ETHERINGTON: By implication you are
o

7 discrediting the ancapsulization theory then.

8' HR. SHERRY: I wouldn't say that. It may possibly

9 be a mechanism, but I don 't think it is the one preferred

10 now , the one we believe.

11 MR. KERRa You would say it is a bit old-f ashioned?

12 NR. SHERRY: You can say that, I guess.

13 ER. SHEWHON: But he would be too diplomatic to

( 14 say that to the most elderly member on the committee, I,

15 suspect.

16 NR. ETHERINGTON: But I was really leading in that

17 direction. I wanted to know --

18 HR. SHEWHON: Let me come back to my question.

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 encapsu11:ation model,

23 there is no real avidence now that supports it, and the

\ 24 current mechanisms, as Rick has said, that are looked upon

25 with f avor a re this multi-stage pre-breakup and then
|

\

!

ALDERSoN REPORTING CoMPANi,INC,

400 VIRGINIA AVE., S.W WASHINGTON. D.C. 20024 (202) 554 2345

|



_

|

89
.

|

i
1 essentially a. thermal detonation that propagates as a shock 1

2 through the premixture.

3 The actual mechanism 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
8 subject. It's still essentially unknown. It is a subject

7 of controversy. And that procerc requires, in answer to Dr.

8 Shewson 's earlier question, that process requires the

9 aaterial 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 between the intensity of the interaction or

12 explosion and the fineness of fragmentation. A more intense

13 interaction teads to be finer f ragments.

i

1,4 MR. ETHERINGTON: It sounds as if it's getting
,

15 'sim pler .
,

16 MR. RYES No, I don't think it is getting simpler.

17 HB. SHEWHON: I agree. Everyone agrees, I think,

18 that you have to fragment it to get good hast transfer and

19 to get a violent explosion. By concern and interest though

201s whether in modeling 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 tha t is that

Z3 you will have relatively little temperature above the

k 24 selting point of the solid oxide when it falls into the

25 water. And thus, once it breaks into centimeters,

,

ALDERSoN REPORTING COMPANY,INC,

400 VIRGINIA AVE., S.W., WASHINGTON. 0.C. 20024 (202) 554-2345

+



_.

.

90

.

' 1 millimeters or something, it will quench out, solidify, and

2 by your merhanism then stop.

3 MR. HYE My earlier shock work 20 years ago when

4 we didn''t quite understand, it showed tha t essentially the
!

5 peak pressure is buried with the superheater above the

6selting point, and that the energy that is available below I

7 nelting really did not seem to contribute. Certainly we

8 think now that you stop further fragmentation at this point.

9 MH. ETHERINGTONt The thing behind my question was

10 are we looking for a different behavior between a brittle

11 material and a metal like iron? Do you expect them to

12 behave the same way?

13 HH. SHERBY A brittle metal? -

14 HR. ETHERINGTON: UO versus steel'.
2

15 MB. SHERRY: I guess I don't know who to answer

16 tha t question.

17 HR. SHEWHON: Apparently the breakup is only when

18 it's a liquid.

19 MR. ETHERINGTON: But if you pour a metal like

20 zine into s 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

k. 24 explosure.

25 " P. . ETHERINGTON: Then you could not get an

s
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1 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 f urnish a good trigger, is unexposed

5 territory. We don't have the mechanistic model.

6 HR. SHEWMON4 But you do have to keep it liquid

7 apparently.

8 HR. RYEa All indications are you do not get

9 f urther fragmentation in the solid state which contributes

10 to the energy discharge.

11 58. SHERRY: One further comment on Dr. Shevmon's

12 question. Those considerations have been included in these

13 new 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 diff erences in melting

17 tem pera ture .

18 MR. SHEWMONs Is there any particular

19 :orrespondence between the corium temperature you use and

20 the corium temperature you would have good reason to believe

21 would come out of a core or out of a vessel when it fails?

22 MR. SHERRY: The temperatures of the corium

23 mixturer are f airly difficult to de termine, but we believe

k 24 they a re in the temperature range of 3,000 degrees K.
i

25 MR. SHEWHON: Steel melts at about 1,800 degrees

|
1

(-
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1 1 K, and it is a little bit difficult for me to see how you
|

|
2 would have the majority of your corium at 3,000 degrees K

|

3 when the st'sel prassure vessel melted out at 1,800 degrees K.

4 MR. SHERRY: Well, we are basing the temperature

5 of the material may be at a higher temperature than the

6 setting point of steel at the time the reactor vessel f ails.
i

7 HR. SHEWMONs But 1,500 degrees K, have you ever

8 done any heat transfer to say that you could have a pool of

9 that temperature in contact with steel and still hold it

10 there?

11 HR. SHERRYa I ha ven ' t done tha t, but that is only

12 one part of the problem. The most important aspect of the

13 steam explosion _ problem is the time when the molten core.

i ,

14 material f alls from the core region into the lower reactor*

15 vessel head. An assumption is made that there is a pool of

16 material in the core region itself.

17 HR. SHEWMON: In the core region itself it will

18 not be above its selting 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 botton it pools

21 f ur ther. And I guess I will only state this once more and

22 then let it go until next time we get together. But my main

23 point is that if you require superheat to get steam

( 24 explosions, then I think you ought to look very hard at

25 whether it is pliysically possible to get superheat; and I
,

1
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1would be inclined to doubt 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 HR. SHERRY Your point is well taken. There is a

61arge degree of uncertainty as to the mechanisms of the

7 meltdown behavior in the vessel itself, whether a pool forms

81n the region of a core or the material suddenly trickles

9 into the lower reactor vessel plenum is not known.

to This slide showa the current estimates for the

11 steam explosion containment failure probability and the

12 estimates which were developed in the reactor safety study.

13 ER. KERR What significance do those have in your

(
'

*

14 Vie'w?.

.

15 NR. SHERRY: The significance of these I think we

16 :sn show on the next slide, if you will.

17 ER. KERRs Okay.

18 ER. SHERRY: This slide shows the relative

19 con tribution to risk, if you will, of the varjous

20 containment failure sequences identified in the reactor

21 saf ety study. This would be the relative contribution of
1
' 22 steam explosions to risk using the estimates of steam

23 explosion f ailure probability in the reactor safety study.

k. 24 HR. ETHERINGTONs Steam explosion. Are you

25 considering just the static pressure?
.

p
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1 HR. SHERRY: The mechanism by which the steam'

2 explosion was predicted or thought to fail in the

r 3 con tainment 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 HR. ETHERINGTON: Is it static pressure that

8 generates the missile?

9 MR. SHERRY: No. It is an acceleration of a slug

10 of material incide the reactor vessel which impacts oc the

11 upper reactor vessel and generates a missile.'

| 12 AR. KERR: Presumanly the work up to now has
!

13 reduced the contribution by wha t, a couple of orders, three
-.(

14 orders of magnitude?
.

15 HR. SHERRY: Two orders of magnitude for the best

16 estimate.

17 HR. KERE: Do you 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 dif ferent internal containment designs. We

23 are currently doing a similar analysis with BWRs.

'( 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 NR. SHERRY: With th e probability of 10
|

- 2 leading to the contribution of risk on this. I think it

( 3 would say steam explosions are not really even minor

4 centributors to risk at this point. Other sequences totally

5 dominate.

6 MR. KERR4 So we are continuing to explore this

7 because we haven't looked at all kinds of containments or
8 because we are trying to establish further confidence in the

9 result or what? -

10 3R. SHERRY: I will address tcat in the next slide.

11 5H. KERRs All right. I will continue to be your

|

I 12 straight man.
.

13 MR. WARD: Could I ask a question on that? A few

(' 14 zonths ago experts in the Swedish ,te'chnical nuclear

15 community came to the conclusion chat was publicized that

16 steam explosions were so improbable that they should not be

17 considered.

18 Is that the same conclusion you are coming to here?

19 MR. SHERRY: No. I think their conclusion was --

20 MR. WARDS Could you give me a couple of minutes

21 on that in layman's terss?

22 MR. SHERRY 4 Their conclusions were steam

23 explosions are impossible. What we are saying is steam

( 24 explosions are significantly improbable that they are not

25 really contributing to risk.

k
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1 HR. WARD: I am glad Okrent isn't here.

.

2 MR. SHERRY: I think there's a distinction there.

3 MR. WARD: Do you understand their reasoning and

4 dif fer with it or --

5 HR. STSRRY Yes, I do.

6 HR. WARDS To both questions?

7 NR. SHERRY: The experts who were involved in the

8 development of the Swedish study met with almost all of the

9 steam explosion researchers we have in the United States as

10 well as in Germany and a number of other places, and

11 basically they tanded to use information which -- perhaps I

12 shouldn' t say what I was going to say, but in any event, we

13 basically differ with some of their conclusions in the

!
' '

14 report.

15 Some of the effects which they indicate contribute
,

18to the very low probability or impossibility of steam

17 explosions we had technical disagreements with.

18 HR. RYES Hay I add a slight comment? This has

19 been a very controversial subject for many years, and

20 without using any names, I think the homogenous nucleation

21 h ypothesis, that whole area was kind of carried off in this

22 evaluation; and there are many who do not accept this. Th ey

23 had a group of experts which were a one-sided picture.

( 24 MR. KERBS To put it so that I can understand, you

25 disagree with the Swedes.
.

(
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1 MR. RYE 4 Yes.

2 ER. ETHEBINGTON: Does the word " explosion"

( 3 involve an ultrasonic pressura wave?

4 HR. SHEBRY: Yes. There is shock pressurization.
. .

$ Beginning next fiscal year the title of the

6 program will be chenged to molten core-coolant

7 interactions. The reason for this change is to emphasize

8 that we will be investigating nonexplosive core-coolant

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
.

12 or a continuation of the steam explosion research. The

13 experimental programs will be completed in 1982.
~

(
14 The programs we plan to do next year, the -

15 experimental programs are to conduct single droplet tests

te with the metallic and oxidic components of the corium

17 separately to determine which of the components contribute

18 to the explosion. This deals with the question Dr. Shevmon

19 was raising. Since these two components will have videly

20 dif ferent melting points, the one with the higher melting

21 point will not be contributing to the explosion.

22 'Je plan to conduct a number of the intermediate

23 scale tests in the f ully instrumented test series using

k 2dcorium aixtures, and if funding allows we 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 ratios and'

2 sixing phenomena at a larger scale, and to aid us to

f - 3 extrapolate into f ull-scale conditions.

4 NR. KERR: What is an energy conversion ratio?

5 ER. SHERRY 4 The f ractional conversion of the

6 thermal energy in the melt to mechanical energy by the

7 expansion process. You can view it as the conversion of

8 thermal energy into melt through the acceleration of the

9 saterails surrounding the melt.

10 NR. KERE: It seems to me that would be enclosure

11 dependent at least in large measure.

12 HR. SHERRY: It is.

13 ER. RYEa It is extremely dependent.

I

14 NR. WARD: What are typical numbers there?'

15 MR. SHERRY Typical numbers would be on the order

te of 1 to 2 percent. Tha 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

20 application of the 1-D and 2-D models, the continued use and

21 developmerat of the statistical steam explosion containment

22 f ailure methodology with the emphasis on BWB containment

23 designs.

( 24 The second task in this program --

25 MR. KERE: Let me see. I want to make a

k.
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1 transition. If we talk about the '83 budget, which we are
.

2 constrained to do, no experiments in '83.

r' 3 3R. SHERRY No steam explosion experiments.

4 HR. KERR I thought that last slide said the

5 experiments would be or that you said the experiments would

6be ended in '82.

7 HR. SHERRY: I 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

to explosions are not predicted.

11 In task *,vo we will be interested in such events

12 as steam generation rates that break up under debris, debris

13 formation, hydrogen generation, coolant contact. And in
*

(
24 task two we phan to continue experiments.

15 3R. KERR: Okay. So in '83 there will be

16 experiments, but by then steam will no longer be explodings

17 1t will just be formiac.

18 HR. SHERRY: We won't be doing experiments

19 in tending to investigate steam explosion phenomena.

20 MB. KERBS You will not be?

21 HR. SHERRY: We will not be.

22 ER. KERRs Okay.

23 3R. SHERRY: At least we don't plan to at the

( 24 present time.

25 As I indicated, in task two --

i

k

i
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- 1 NR. KERRs The pa rt that you are talking about

2 fits into this, into the pa rt called f uel melt.

3 5R. SHERRY: Yes.
g

4 ER. KERR: And it represents what fraction of that

1 percent, 10 percant?5 roughly --

6 HR. SHERRI I think it's on the order of 4 or 5

7 percent.

8 ER. KERR: Four or five percent, okay. Continue.

9 HR. SHERRY: Haybe someone could quess since I
.

10 don't recall what the total number is there.

11 5B. KERBS The total number is about --

12 ER. CURTIS: Dr. Kerr.

13 HR. KERR: Yes, sir.

l
14 HR. CURTIS At.this time it is more than that.

. .

15 It comes out to about 10. percent.'

16 HR. KERR4 About 10 percent of the FY 83 budget?

17 ER. CURTISs No.

18 (Pause.)

19 In 1981 it represents --

20 HR. KERR4 No. I'm interested in '83.

21 3R. CURIIS: His number then is probably about

22 correc t.

23 HR. KERRs All right. Thank you. -

( 24 HR. SHERRY: That concludes my presentation.

25 3R. KERR4 Are there questions?
|

(_-
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1 (No response.)
, ,

2 HR. KERBS Thank you, sir. 1

( 3 Harold, I want to correct your earlier statement

4 which I assume as a bit of an irony. I don't think things

5 have gotten simpler. I think our misunderstanding is now

6more complicated than it was.

7 (laughter.)

8 MR. KERE: I show Mr. Powers, who has been

9 patient, to talk about fuel melt experiments.

10 MR. POWERS: I will talk to the committee about

11 the two programs dealing with materials interactions that

|
12 can take place outside the reactor pressure vessel that Dr.

.

13 Curtis mentioned bef ore 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 aaterials and concrete, and how these may threaten the

18 con tainment 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
(

22 used as a sitigation device.

23 MR. KERRa Mr. Powers, could you also give me some

j ( 24 indication of what fraction this 83 line iten?
25 MR. POWERS: No, sir, I coul dn 't. I simply don't

k_
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1know.

2 HR. KERR Can someone give me some estimate of

( 3 what fraction tha t Mr. Powers is discussing? I don't have

4 to have it right now, but if you could just give it to me.

5 Please continue, Hr. Powers.

6 HR. POWERS In the course of the presentation I

7 will try to indicate why this work is being done, what I

8think we know about the ex-vessel interactions.

9 HR. CURTIS Fifteen to 20 percent.
.

10 HR. POWERS: And finally, where I think this work

111s going over the course of fiscal year 82 and 83.

12 To illustrate the threat being considered in the

13 ex-vessel interaction, I have here a ra ther idealized sketch
I '

'

14 of a reactor containment. In the course of WASH-1400 it was

15 recognized that once core melt occurred it could progress

16 suf ficiently f ar that the melt could come out of the reactor

17 pressure vessel and f all into the concrete sump.

18 In WASH-1400 there was a great deal 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 of containment integrity.

22 In the course of looking at this work we also

ga recognized there were other mechanisms involved in the

'
t 24 ex-vessel material interactions that threatened!

25 containment. As the high temperature melt attacks concrete,

(

i
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1 it liberates quite a lot of gas, quite a lot of anrosols.

2 It produces hydrogen and a lot of heat comes up which can ]

3 contribute to either overpressurization in the containment

4 or in the case of hydrogen, detonation due to the failure of

5 the containment. And it is ia fact ti.ese factors of

6 ex-vessel interactions that contribute to an above , ground

71evel 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 int eractions first because they are the driving force of the

11 reactor accident once the material hau lef t the vessel. In

12 other words, the phenomena associated with these ex-vessel

13 interactions are what drives the accident forward.
t -

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 con tributing to hydrogen and to a possibility of detona tion

78 that would f ail containment. To a lesser extent one is

| 19 concerned about containment failure due to the basement

20 being eroded. However, this would result in a groundwater

21 release of radioactivity which would probably take place on

22 a much longer time scale than above-ground failure and would

23 be more susceptible to intervention.

\ There is another factor to be concerned with in24

25 the ex-vessel interaction, and that is they do interfere -

\
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1with other mitigation devices. For instance, the-,

2 interactions product quite a lot of aerosols, quite lot of

3 noncondenssble gases. These might interfere with

4 containment filterings, the venting systems cr containment

5 coolers.

6 Finally, the interactions do generate quite a lot

7 of radioactive material in the form of aerosols and to
8 contribute to the release of radioactive inventory into the

9 containment.

10 MR. KERRa 3r. 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 ER. POWERS The information we get is used in at

141 east two distinct ways. Ohe is for just assessing wha t

15 kind of problem you face in the event of a severe accident

16 where you overpressurize containment. Do you have so much

17 hydrogen it tould detonate?

18 The second use is to decide whether you need a

19 mitigation device of some type. And if you do decide you

20need it, how you might go about designing it. It would be

21 concerned about the load. Such a mitigation device might

22have to handle, for instance, a filcered vent system would

23 have to handle filter aerosols thst are radioactive. This

( 24 interaction produces huge quantities of these aerosols. By

25 understanding it you know how to size that filtering
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1 system. For hydrogen igniting systems you need to know what

2 kind of inventory of hydrogen you have to handle.

3 MR. KERR4 Are you attempting to establish a

4 spectrum, an upper bound, what?

5 MR. POWERSa The experimental work concerns itself

6with just establishing the kinds of phenomena taking place

71n sufficient detail that a 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

10 a seltddvn as big as the whole plant, but we can do enough

11 exploration of the phenomena to give qualitative models that

12 can be used to extrapolate onto real accident situations,

13 a nd there they would do a spectrum of accident situations

14 with the modeling.
. .

15 MR. KERR: Again, this is part of my question. Is
.

13 an effort being made to find out what is the highest

17 pressure that could be generated by ex-vessel interactions

18 or what is the largest amount of hydrogen, or is it an

19 ef f ort to find out whether hydrogen will be generated?

20 MR. POWERS: It's the latter category of things

21 tha t are done in these programs. One of the first findings

22 of the experimental work was quite right, hydrogen was
|
|

Z3 generated, as opposed to W ASH-1400.
|

24 MR. KERRa Was that a surprise that hydrogen would

| 25 be generatad ?
|

l

ALDERSoN REPORTING COMPANY. INC,

400 VIRGINIA AVE., S.W., WASHING!oN. D.C. 20024 (202) 554-2345 |



106

,

1 MR. POWERS It was not considered in WASH-:400.

2 MR. KERR: That's not the question I was asking.

3 My question is do' you have to do a new experiment to

4 determine that hydrogen is generated when you drop hot metal

5 on concrete?

8 HR. POWERS: I think what you do, you experimont

7 for us to find out how much hydrogen is generated, not only

8 th e qu alit a tiv e bt ). the quantitative features, different

9 temperature exchanges with diff erent types of material

10 in t era c ting , different types of concrete.

11 HR. KERE: And you can pretty well establish by a

12 few experitents something typical so you can model and get a

13 good idea?

o 14 MR. POWERS: You try in your analysis to be able

15 to first of all recreate the experiment, to predict the

16 exp eriment, and know that experiment well enough that you

17 have some confidence that your extrapolation up to several

18 hundred tons of asterial interacting is in fact reasonably

19 don e.

20 Does tha t answer the question?

21 MR. KERR: I'm not sure, but that is because I'm

i .

l 22 not sure wha t the answer is.

23 MR. WARD: Dana, the last item there, you aren't
, -

24 really make any more curies of anything, but new chemical

25 and physical f orms?

i
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1 HR. POWERS 4 No. I will show you in a few 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 relessa this raactivity, first of all by

5 sparking it out of the core melt and also 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 ,Jae protection to

9 your plant through mitigation devices or not. Here I hava

10 listed the issues f or a plant as it exists now with no

11 aitigation systems, sas generation associated with the

12 ex-vessel interactions, the production of flammable species

13 being transf err,ed up into containment, raising the
14 containment atmosphere temperature and consequently its

. .

' 15 pressure, the generation of aerosols and basement erosion.
,

16 A subset of thase become important if you put a

17 filtered vent system on the reactor. You still worry about

18 how much gas generation has to be contended with, the

19 production of flassable gases, and the production of

20 aerosols. Were you to protect it with a core catcher, you

21 would still be worried about upward heat deflects from the

22 melt aerosol generation and the erosion of that.

23 MR. SHEWHONs Your core-catchers at still dry, is

i 24 that right?

25 MR. POWERS: Core-catchers might or might not be

,

|
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1 dry'.

2 MR. SHEWMON: Here they are dry presumably, but

3 upward heat trrensfer is by steam or radiation.

4 MR. POWERS: It could be either one.

5 MH. SHEWMON: You probably wouldn't generate much

6H CO of CO though if it was by steam, is that right?
2 4

7 HR. POWERS: If it was by steam you could have

8 quite a little H because cf the reaction of water with
2

9 the core seit materials tha t produce hydrogen.

10 MR. SHEUMON: And you think all of that would be

11so cold you wouldn't burn any oxygen, or it would be

12 comple tely depleted in oxygen by then?

13 MR. POWERS If the melt cover was by steac there
<
'

14 would be no oxygen in the interaction ' one. There might be

15 oxygen in the containment a tmosphere, but your steam

16 pressure would be so high you probably would not be within

17 the flammability limits, so it would just probably burn.

18 Steam suppresses burning of hydrogen-oxygen mixtures fairly

19 ef f ectively.

20 To give you some idea of what our understanding in

21 th e 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

k. 24 scale is very nonlinear. The temperature scale is

25 approximately linaar and is mseked by two tempera tures,

>

l

l

!
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<
1 critical temperatures.

2 One is where the core melt material wou'1d be

3 expected to solidif y. The other horizontal line is where-

4 the concrete would no longer be eroded by a core melt.

5 For a particular accident scenario we can

6 hypothesize the salt traveling through five distinct

7 temperature phases. When it first begins to interact with

8 the concrete it could be at what we call the ultra-high

9 temperature phase where it has a substantial amount of

10 superhea t, 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 so

13 superheated?

( .

1-4 MR. POWERSa We have considered how we would get

151nto this particular situation. It is still an area of

16 great uncertainty how melts coming down onto the reactor

17 pressure vessel vill ultimately fail that pressure vessel;

18 but certainlT, one of the considerations is that a melt

19 ca tastrophically fails onto the pressure vessel and forms a

20 crust. You have a substantial --

21 MR. SHEW HON : How hot was it when it failed down

22 onto it?

23 MR. POWERS: It could be anywhere between 1,700

k 24 degrees Centigrade, which is the lowest eutectics

25 temperature Dr. Picklesimer mentioned this morning, and

-

[

!

!

|
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1 somewhere between 2,400 and 2,600. There's not a good

2 estimate on what the highest temperature you can get in the

3 core is prior to f ailure, since we don 't know the mechanisms

4 very well.

5 NR. SHEWHON: It would star solid until 24 and

6 then all of it would collapse at once at 2,400 degrees C.

7 and go straight down to the bottom? Is tha t the model?

8 MR. POWERS: Certainly that model has been

9 presumed. It 4s not staying solid. What happens is a crust

to forms around the parameter of the melt. It crucializes.
+

11 There is enough structural material in there --

12 MR. SHEWHON4 Is that the center part where the

13 heat is ganorated, or do ve, for convenience, including the*

-

(
-

.

14 whole core?

15 311. POWERSs Most meltdown mechanisms have

18 included pretty much all of the core simply out of

17 ignorance. They didn't Know any better.

18 HR. SHEWMON4 Well, out of ignorance of elementary

19 hea t transfer, too, because you know the thing will be

20 radiating to the outside to a core which is pretty cold.

21 ER. POWERS: That's how the crust gets generated.

22 ER. SHEWMON: So now you have only the center part

23 which is coming out.

( 24 MR. POWERS That's a substantial portion of the

25 Cor e .

(
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1 MR. SHEWNON: That hits the bottom of the pressure l

'

2 containment and cools. -

3 MB. POWERS Mechanistically, people -- and again,

4 I think I would class this into what Dr. Kelber called
S informed speculation -- where they hypothesize tha t this

6 amount of molten material collecting within this crust

7- 'es some critical limit where the crust can no longer

d. ad it in place and then fails catastrophically.

9 HR. SHEWHON: And that drops into the puddle of

10 v at er.

11 HR. POWERSa In the lower plenum where there may

12 or may not be water as a liquid pool down there. We have

13 done some experiments on melt streaming onto steel
!

* *

1 14 structures of that type and have found that that streaming

15 operation is extremely aggressive, and in fact, we have

16 observed penetration rates such as the pressure vessel walls

17 would be penetrated in something less than 30 seconds. But

181f one presumes it's not, a crust would form simply because

19 the interf ace temperature is quits low.

20 HR. SHEWHON: It would dribble out. I guess what

21 off end me some is I wonder really to what extent you are

22 ignoring the rudiments of heat transfer to get where you

Z3vant to go, and if you are ignoring all the water that

k 24 people have had in this darned plant beforehand to make
1

25 things active enough to do experiments in a convenient

]

I(,
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1 period of time.
~

2 NR. POWERS: I think not. I think we can come up

3 with mechanisms that are fairly reasonable for having rather

4 high temperatures. I think that is not one of the least

5 justifications ;r the experimental program Mel Silberberg

6 outlined for you earlier today in : hat we don 't know much

7 about melting within the vessel itself and how it eventually
,

8could come out of the pressure vessel.

9 .

10
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1 ER. SHEWMON: I look forward to Wednesday.

- 2 MR. KERRt We do know the likelihood of

| ( 3 simultaneous melt-through around the circumference of the

4 vessel is f airly low, don't we?
i

5 MR. POWERS Simultaneous melt-through around the

6 waist of the vessel?

7 MR. KERRs Yes. Or is thera a fairly high

8 probability of that?

9 HR. POWER: I have an opinion on that mechanism

toof failure but it is just an opinion, and there are many

11 advocates of it. Quite a number, including Zion-Indian

12 Point, advocated that as a failure mechanism and it is

13 included in the German risk assessment as a failure
(

-

.

14 mechanism. I personally feel that melt streaming onto the

15 steel itself will f ail it locally rather than a simultaneous

18 melt-through around the waistline, but that is just an

17 opinion.

18 I will emphasize that this is but one scenario for

19 illustration purposes of how the temperature of the melt

20 would behave in the reactor cavity. The areas where

21 experimental effort have been done, both in the United

22 States and in West Germany where the predominant amount of

23 experimentati3n is done, in those two countries, has been

k 24 pretty much concentrated in what is labeled here the high

25 tesperature phase, progressing, perhaps, into the point

k
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1 where the melt has actually solidified.

2 In this high temperature phase there is a

3 completely liquid f uel pool attacking the concrete and it is'

4 dominated by the gas generation. This influences not only

.

5 how heat transfers from the molten pool to the concrete; it

6 also aff ects the upward hea t release, the amount of hidrogen

7 production and the amount of aerosol production. It

8 progresses into the solidification phase, which could be

9 quite long, because not only do you have internal heat

10 generation, but you have libcration of the heat of fusion.

11 Thero is only a small experimental base.

12 Eventually one would hypothssize the melt to solidify but

13 still be at a temperacute above the concrete ablation-

(
14 temperaturs'. In this what we have labeled here the low

15 tempera ture phase, there is a small experimental data base,
.

16 eostly scoping pipe experiments, and not enough quan tita tive

17 data to extrapolate. It is, in fact, this phase which will

18 indicate whether the basemat is eroded or not.

19 Finally, there is a very low temperature phase at

20 which point the core melt drops below the temperature at

21 which concrete ablation can occur. So there is no longer

22any ercaion taking place but there can still be gas

23 generation taking place.

k. 24 As I indicated, most of the experiments have been

25 done in the high temperature phase up to now, and this is a
|

\
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1 photograph of a particular experiment. I think you can see

2 in it most of the safety-related questions addressed in this

3 type of re se a rch . There is a tremendous amount of aerosol

4 being created. There are gases coming off the melt which in

5 this open air experiment are flammable and promptly ignite,

6and there is certsinly concrete erosion taking place.

7 The experimental program we have seeks to address

ain the next year those areas that have not been addressed up

9 to now.

10 ER. KERRs When you say in the next year, are you

11 talking about fis$ai '82 or '837

12 ER.,PGJEHa I am talking about fiscal year ' 82.

13 In the first item I have culled out here is the attack of
~

( .

We do know this
'

14 the solidified core debris on the concrete. ,

15 erosion continues to take place even when the core debris

16has solidified and temperatures remain above the temperature

17 of concrete melting.

18 ME. KERR Is the assur.ption here there is no

19 we.ter around or will you be doing it with and without?

20 NR. POWER: Yes, sir, we will be doing it with

21and without water. I have culled that out in item 4 where

22 we look at both circumstances. The area of water involved

231n the debris has been categorically neglected in

( 24 experimental programs largely to date. There has been one -

25 scoping experimental series done in Germany, and we have at

( .
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1 Sandia done some sma-11 tests involving sodium coolant, but

2 tha t is cisarly one of the bigger omitted areas on this

3 subject of ex-vessel interactions.<

4 The next area I have culled out is large-scale

5 00 -zirconium melt interactions on concrete. This is an
2

6 area which has, again, been neglected. Predominantly

7 experiments have been done with simulant materials like

8 stainless steel or very small UO melts. We now have a
2

9 capability I will discuss in a few minutes to do

itlarger-scale interactions and we would begin at this

11 relatively high temperature phase here.

12 This work complements the bela experiments Mel

13 Siberberg sectioned to you earlier. The be ta facility has

(
14 the capability cf vocting with only steel and steel-aluminum

15 oxide mixtures.' We will be trying to do some complementary

te experiments involving real f uel ma terials, which is a

17 mix ture of UO and zirconium dioxide in the clad.
2

18 The third ites I have culled out is definition of

to the aerosol source term. There is a growing data base on

20 how aerosols behave once they are released to the

21 containment but some uncertainty about the aersol's source

22 tha t gets injected into the containment. We generate the

23 aerosols in this kind of research whether we want them or
,

k 24 not, and it is part of this program to characterize that

25 aerosol source.
|

(.
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#
1 Aerosols are particularly interesting as far as

"

2 ex-vessel material interactions. They contribute not only

3 to the radioactive release from the fual but they also

4 aff ect the natural or perhaps the designed mitigation

5 systems that might be included to protect the reactor

6 con tainment.

7 Aerosol releare occars predominantly by three

8 sechanismsa just the normal vaporization, which was all tha t

9 was concidered in the WASH-1400 analysis; chemical

to transport, where the chemical species is changed into very

11 volatile materials; and mechanical breakups as gases blow

12 through tha melt.

13 Once these avrosols are released into containment,
'

(
14 they can coat any heat transfer surf aces introduced-

15 passively or deliberstely. They can plug orifices and clog

16 filters that might exist in mitigation systems, and there is

17 some possibility they would alter the atmosphere by

18 condensing steam or interfering in hydrogen burns.

19 A fourth area I have culled out, which we have

20 already mentioned, is the combined interaction of coolant,

21 core dqbris and concrete. It is very likely in a real

22 accident the coolant would either be inadvertently added on

23 to the core melt while it attracts concrete or deliberately

( 24 done so as a mitigation scheme.

25 We intend to do experiments in three general

(

|
I
| A!.DERSCN REPCRTING COMPANY,INC,

400 VIRGINIA AVE., S.W., WASHINGTON. D.C. 20024 (202) 554 2345



118
.

/

1 categories. One category depicted here in the center

2 somewhat schematically is the effect of coolant when a

3 solten mass of material is attacking the concrete. This is

4 clearly a direct fall on where the experimental data base

5 exists today.

6 Another possibility would be the case of

7 fraquented debris drying out in contact with the concrete

8while inundated with water. This would be the situation

9 immedia tely following a steam explosion, which was just

10 discussed. The debris would collect in a pile. It might

11 not be coolable and would begin to re-melt and attack the

12 concrete, which in itself might affect whether it was

13 coolable or not.

('
14 The final * type of experiment we would do would

,

15 involve the hot solid debris attacking the concrete with

16 this liquid concrete flowing around shielding the debris

17 itself f rom an overlying pool of water. Up until now we

18 have talked about th e melt-concrete in te ractions. If one

19 concedes those are not desirable things to allow to occur in

20 a reactor accident, one turns to materials that might be put

211nto a re, actor in place of concrete.

22 There are quite a lot of core retention systems

23 which have been suggested in the literature. As part of

k 24 these programs we have looked in a scoping sense at several

25 of them and identified two that deserve further study. Here

k.

i
i
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1 I have listed some of the more popular schemes which have'

2 been suggested which we have examined.

3 One is to put in a sacrificial pool of borax which-

4 would dissolve and dilute the core materials to t'_ < ;oint.

5 the temperature was low enough to contain by conventional

6aeans. Another core retention concept is simply to put a

71arge steel or copper plate down and cool it with flowing

8 vater. Castible ceramics have been suggested to replace

9 concrete. They are quite similar to concrete. They are cast

to just like concrete but they are very refractory.

11 The combined use ot the sacrificial material to

12 dissolve the core debris and a refractory material to

13 contain it has been suggested, and we have looked at this in

\
14 a scoping sense and find that rather than combining the best '

--15 fea tures of both concepts, you tend to get a magnfication of

16the worst features of both concepts. Rubble bed devices

17 consist of refrictory gravel material that could be put into

18 existing reactors as a retrofitted device, refractory gravel

'9af the type of thor.ium dioxide. This would allow you to

20 inject coolant both under and around the melt as well as

21 over the top as a core retention concept, and it could be

22 easily retrofitted into existing reactors.

23 Finally, magnesium oxide bricks have been

( 24 suggested.

25 HR. KERR Easy to retrofit in what sense?

..

ALDERSoN REPORTING COMPANY. INC.

400 VIRGINIA AVE., S.W. WASHINGTON, D.C. 20024 (202) 554 2345

.---



120

1 MB. POWER: In the sense that one does not have

2 to do a lot of construction work in the radioactive

3 anvironment in the reactor cavity.

4 ER. KERR You could just take wheelbarrows?

5 MR. POWEBs That is right. It also allows you

6 to retrofit because there is not a lot of room in existing

7 reactot cavities, and to avoid having to mine out or with

8 sone other very elaborate kind of construction effort.

9 Our initial thoughts on these gravel bed
.

10 experiments is they would be disrupted by the melt coming

11 out Jf the reactor pressure vessel, particularly when it

12 came out at high pressure. We have got enough scoping

13 experiments to convince ourselves that is not a major

(
14 problea, and where it does occur you could by very simple -

15 construction get rid of it, and simple construction can be

16as simple ss piling the gravel up at the angle of repose so

17 there is simply no place it can move to.

18 At any rate, we have identified the rubble bed

19 device and its potential as a retrofit into existing

20 reactors and magnesium oxide ref ractory meterials because of

21 their esembilities for future plants as areas we can

22 concentrate on next year.

23 MR. KERRa What would the rubble bed be made of?

( 24 HR. POWER: Thorium dioxide, so it is heavier

25 than the core melt material and doesn't float through it is

(

i
,
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1 the idea, and at the same time for a refractory. You get a

2 certain amount of dilution capability because .of the

r 3 miscibility between the UO and the thorium dioxide for
2

4 what fraction of it you do melt.

5 Part of the capabilities we have been developing

6over the last year to investigate these core retention

7 devices is the large melt f acility. We need for this

8 experimental effort to be able to evaluate engineering

9 concepts. That requires fairly big experiments, I think

10 f airly large and prototypir melts. This large melt facility

11 shown in the photograph here would allow us to melt up to

12 about 500 kilograms of this UO -Cr0 mixture.
2 2

13 Some of the elements of the large melt facility

(' 14 are perhaps better seen in this artist's sketch. The upper
.

15 chamber is a furnace region where we can prepare the melts.

16 The lower region is an experimental chamber. Once the melt

171s formed, it is tapped with a tapping projectile here and

18 drained into the lower chamber where it can interact with a
19 core retention device or some engineered structure.

20 We have planned for the immediate future tests

21 with UO -Zr0 mixture melt, and an MGO core retention
2 2

22 device. Again, the emphasis on the test is on the

23 engineering of this device, and here I have listed some of

( 24 th e things we hope to learn from the experiment. .

|

25 First and certainly not least is material

R.
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1 interaction. There does seem to be a strong eutectic

2 reaction between this UO -Zr0 mixture and MG that -

2 2 2

r 3 s ff ects erosion. We havs found in small-scale experinents

4 that bricks are subject to cracking and spalling. We are

5 concerned about this as a failure mechanism and also that
6the melts can flow through the cracks and penetrations.

7 NGO bricks are lighter than the core debris and

8 they might have a tendency to float. This is fairly well

9 avoided by construction techniques since EGO is used

10 routinely for steel melts. The melting, crusting behavior

11 of the melt and the aerosol source term are other things

12 that should come f ron the experiment.

13 I would conclude my presentation with a summary of

( 14 the status of the two' programs. In the area of core

15 debris-concrete interactions, the data base is predominantly

161n the area of liquid melt interacting with concrete, and in

17 this situation was generation is the predominant phenomenon,

18 gas g(aeration both with respect to its mass and the fact

19 that some of it is flammable.

20 The aarosol source term is still not especially

21 well defined and is a part of the future program. The
!

22 program will continue on to expand the data base to include
|

23 hot solid core debris interacting with the concrete, thel

( 24 eff ect of combined coolant, core debris and concrete

| 25 interactions, and a large-scale oxide melt interacting with

%
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i 1 concrete.

2 In the area of core retention devices --

( 3 58. KERR What is the significance of the last

4 one , ultra high temperature oxide, concrete uranium oxide?

5 ER. POWERS Predominantly experiments in the past

6of any kind of scale at all have been done with steel and

7 they have not included the fuel oxide itself.

8 MB. KERRs Is that the significance of the ultra

9 high temperature?

10 MR. POWER: The ultra high temperature is to

111ndicate it is up where the oxide is molten.

12 MR. KERRs Thank you.

13 ER. POWER: In the area of core retention

( 14 de ices, several concepts have been examined in this sco' ping

15 f ashion. In the next year we will be looking at the

16 performance and engineering evaluation of two types of

17 devices, rubble bed devices and the refractory brick devices.

18 MB. SHEWMON: Does the rubble bed device have

19 water in it?
.

20 MR. POWEH4 Yes, sir.

21 HR. KERE: And the next year is fiscal '82?
,

22 3R. POWER: Yes. Yes. The key to the rubble bed

23 device is to have water flowing th ro ugh this gravel below

( 24 the core debris itself, so you have coolant all the var

25 around the debris.

\
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1 MR. ETHERINGTON: I have two questions. The

2 previous subcommittee raised the question of whether there

( 3 pight be any reaction between the UO and iron. If there
2

4 were, of course, it would affect the melt-through of the

5 vessel and it would also have an impact on these nice layers

6 you have in the model of the melt-through.

7 I found oxygen pressures of UO from the Sandia
2

8 publica tion. I couldn 't find oxygen pressures for Fec at

9 high temperatures. I have a very limited library in

to Jupiter, Florida, and I found that hyperstoic eutectic UO
2

11 ought to oxidize iron to Fe0 even with as little UO as
2

| 12 03. I would think that ought to be worth looking at. I got
,

13 a complete blan,k when I raised the question at the meeting
(. *

,14 b ef ore .

15 HR. POWER: There are several studies. They tend

16to fall in the category of do steel and UO wet. That is
2

17 u sually the way the question is posed, but they are asking

18 the same question you have asked here.

19 HR. ETHERINGTON: The answer to that question

20 would have a very important bearing on both those two

21 things, the melt-through of the vessel and the behavior of

22 the layers.

23 ER. POWER: Exactly correct.

k. 24 MR. ETHERINGTON: Where do they stand? It seems

251t should be given a lot of impetus.

( ...

|

i
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1 MR. P3WER There are in the United States two'

2 groups I know of who are definitely looking at it. In

3 Germany there is one group looking at this vetting problem.

4 This is, incidentally, out of the fast breeder context and

5 none of the light water context. This work was funded.

6 Where they stand right now is conf used. They are looking at

7 stainless steel as opposed to pure iron.

8 They find there is perhaps a third phase when you

9 interact those two. There is probably a combination of

10 chromium-sanganese, manganese oxide, which are much stronger

11 oxygen getters than would be the iron itself, and the third

12 phase does definitely wet UO . The metal phase wets it,
2

13 but the metal phase does not seem to ever directly wet the
*t

\

14 UO .

2-

15 HR,. ETHERINGTON: If you had any incipient

16 reaction with Fe0, you would probably get immediate vetting,

17 wouldn 't you?

18 HR. POWER: If you did initially, the chromium

19 takes oxygen preferentially to the Fe0 of stainless steel,

20 and that reaction seems more critical than does the one with
21 hydrogen oxide. Interestingly enough, there seems to be a

22 dif ference between the 316-type stainless steels, which have

23 a little molybdenum oxide in them, and the 304s which do

k 24 not . The 304s are much less susceptible to wetting than 316.

25 HR. ETHERINGTON: I am glad to hear that is being

s

!
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1 looked at.

2 The second question. Are you going to give me

< 3 some kind of an answer on what evidence there is that we

4 don't get spalling in large-scale bores?

5 HR. POWEHs When we have added high temperature

6 melts onto concrete, we have in every case observed

7 sp111ation , spalls tion in a very specialized sense. What we

8 see is the surf ace material spalls off to a depth of 4

9 millimeters in every case, and it seems to occur universally

10 across the surf ace. Once the surface has spalled, we have

11 never observed another spallation event occurring at the
.

12 loca tion tha t has spalled.
.

13 We have on the staff people working on this

14 experimental project whose job it used tio be at one of the

15 specialty steel companies in New Jersey -- it escapes me

16 right now, but his job was when they had a bad pour, he

17 poured it onto the concrete slab and cooled it with a fire

18 hose afterwards.

19 We talked to him quite a bit about the spallation,

20and he said his experience and the experience of everyone he

; 21 had known who had asked about this was yes, there was a

22 sittf ace sosilation that caused the metal to bounce around
23 quite a bit. When they got large chunks of spallation it

1

( 24 was with some part of concrete that was hit that had no

25 reinforcing bar in it at all, like a step or a lip on this

!
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1 trough they poured into. Otherwise all~they saw was local |
!

2 spallation.

3 We speculate what is happening is in the gravel

4 region below the surface layer of concrete there is enough

5 give that stresses don't build up fast enough to beat the

6 fact that the concrete is starting to melt, and it relieves

716.s elf.

8 HR. ETHERINGTON: I as a bit unconvinced,

9 especially steel manuf acturers talking about a few hundred

10 pounds of steel, probably. What I am suggesting is it

11 wouldn 't cost you anything except an airline ticket to go to

12 some f airly high technical individual in U.S. Steel and ask

13 him whether he from the knowledge of any of his people can

' 14 tell you anything about any past experiencos they might Pave

15 had.

16 MR. POWER: As I said, we have relied on the

17 fellow involved in his. His experience is with melts from

18 5 or 6 tons up to 20 tons.

19 MR. ETHERINGTON: That is not a small quantity of

20 steel.

21 MR. POWER: No, not at all.*

22 MR. ETHERINGTON Did he pour 2" tons on concrete ?

23 MR. POWERS I never asked him. He said a huge

(- 24 block, and a typical one would be 5 to 20 tons. -

:

I
25 HR. ETHERINGTON: You don't pour 20 tons of steel

(
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1 deliberately on concrete ever. Sometimes it runs through

2 the bottom of the furnace and then you have a hell of a mess.

| 3 58. POWER: On occasions when they have melts

4 that had gotten disastrously of f chemistry, they have to

5 dump them because there is now way to get back from where

6rou have been.

7 HR. ETHERINGTON: And if you don't like one man's

8 opinion you can get another man's opinion.

9 HR. POWER 4 Yes, yes.

10 HR. ETHERINGTON: I raised the question in a

11 similar context about designing in connection with a nuclear

,

12 plant, the design of the refractory superstructure. I

13 su- ested going ta someone who had designed furnaces, or

.(
'

14 rather the committee made that suggestion, and we got a

15 rather smug reply giving the credentials of the man ther

16had. But it seems to me --

17 58 POWER: It is extremely important.

18 ER. ETHERINGTON: It seems to me there is a pool

19 of poten tial inf orma tion worth tapping. Some of these old

20 practical birds who don't know anything at all about heat

21 transfer may .know more than we do about some of these other

22 things.

23 ER. POWER: Especially in the area Cf designing

b 24 ref ractory brick constructions it is assential.

| 25 HR. ETHERINGTON: If that writer comes back I

| L

|

l
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' I think that question will be raised again because in that

2 particular case there was obviously no expertise brought to

/ 3 bear.

4 ER. POWERS It is foolish to ignore these people

5 because the practical experience wi.th trick does not get

6 docudented. It is not the sort of thing you read about in

7 books.

8 HR. KERRs Are there other questions?

9 Er. Powers, could you tell me how to separate what
.

10 you are talking about that goes in the fiscal '83 program

11 and the rest of it? Because one of our responsibilitier is

12 to try to commant on what you plan to do in fiscal '83.

13 3R. POWER: I think much of this work we are

(
14 going to try to -- we always try to complete as much as we

,

15 can in '82, but some of it will necessarily carry over. The
,

16 area I expect to have the biggest amount of carryover into

17 ' 8 3 will b e this area of combined interactions.

18 MR. KERRs If what you are telling me is that you

19 are going to do in '83 what you don't get around to doing in

20 ' 82 , that is enough.

21 MR. POWER: That is what it is, and I would say

22 here I expect a lot of this to show up in '83, some work in

23 '82 but most in '83. There vill probably be some carryover

k 24 here in the aerosol source term and undoubtedly down here -

25 (indica ting ) .

s
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1 NR. KERB 4 So you are going tc keep on doing what
"

2 you have been doing but do it better?

3 HR. POWER That's right.

4 HR. KERBS Thank you.

5 Hy agenda shows Mr. Larkin, who has been very

6 patient, and I will ask him to be patient for another ten

, minutes because I want to have a b reak. Then Mr. Curtis and

8 that is its is that correct ?

9 NR. CURTIS4 Yes.

10 HR. KERRs If you efl1 bear with us, Mr. Larkin, I
,

11 will declare a ten-minute break.

12 (Recess.)

13 HR. KERBS Mr. La rkin , the floor is yours.
'

(
14 DR. LARKINS: My name is John Larkins. I am in

15 the Division of Accident Evaluation and I am the project

16 manager for those programs and divisions associated with

17 hydrogen. There are three main programs in hydrogen,

18 combustion gas and containment hydrogen burn survival, which

191s actually equipment survival, hydrogen behavior and

20 control program, which is the major program. Information

211s also derived indirectly from programs on molten core

22 interactions, steam explosions and core melt technology,

23 which give us the hydrogen source terms from other areas.

l. 24 All of these programs also impact on the work on

| 25 containment analysis and safety margins for containment.

1

k.

|

ALDERSON REPORTING COMPANY. INC.

400 VIRGINIA AVE., S.W WASHINGTON. D.C. 20024 (202) 554 2345



-. .-

131

1 The equipment survivabili*,y progras is a program which is

2 f unded both by the Office of Research and the Office of

( 3 Nuclear Reactor Regulation, first the experimental portion

4 being fundad by Rasesrch, and the analytical portion being

5 funded by MRR.

8 This program was recently initiated to assess the

7 eff ects of hydrogen burns on equipment, and particularly

8 related to safety-related equipment and equipment associated

9 with the isolation of the containment. Initia11,y the

to program will f ocus on the near-term operating licenses of

115 ARK III types of containment, and we will initially just

121ook at the effects of deflagration as opposed to

13 detona tion.
('

14 Currently we are generating a list of eq:.ipment
. .

15 that will be exposed to the various environments f rom-

tohydrogen deflagrations. The environmental envelope in which

17 this equipment will be exposed will come out of the

18 experimental and analytical program on the hydrogen behavior

19 control.

20 HR. KERR4 Hr. Larkins, if I were trying to fit

21 you into this four-line budget thing I have, are you in

22 Accident Nitigation?

23 DR. LARKINS: Am I in Accident Mitigation?

( 24 DR. CURTISs les. For historical reasons, he is

25 both in Fuel Melt and in Accident Kitigation.

(
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1 MR. KERR Okay. I as trying to get some idea of
.

2 how many bucks he represents. Is there some way I can do

(
3 that or is that indetermina te or a percentage or something?

4 DR. LARKINS: I could give you an indication of

5 the level of each of the elements af ter the presentation if

8 that would help you.

7 NR. KERR All right, good enough.

8 DR. LARKInSa The test will also include the

9 eff ects of multiple burns to assess the effects of turning

10 on and off igniturs at various times, and as I mentioned, we

11 will be using soma of the experimental f acilities f rom the

12 hydrogen behavior and control program for this effort. We

13 are assimilating a list of equipment we will be testing, and

k 14 hopef ully we will initiate testing sometime in the beginning

15 of FY 82, and the program will be continuing through FY 83.

16 ER. KERRs Is this in a sense a kind of an

17 environmental qualification where the environment is burning

18 hydrogen so that you are doing prototypical testing?

19 DR. LARKINS: Yes, to the best of our knowledge we

20 will be trying to simulate the environments initially from

21 deflagrations for diff erent concentrations of hydrogen, and

~2 either simulating or placing the equipment in an actual burn

23 situation or simulating it with radiative heat facilities or
.

( 24 things along tha t line. -

25 MR. KERR: In other areas you are having

(

ALDERSON REPORTING CCMPANY,INC,

400 VIRGINIA AYE., S.W., WASHINGTON, D.C. 20024 s202) 554-2345



.

133
,

1aanufacturers and utilities and things do a lot of-

.

.2 environmental qualification for the things inside

3 containment ,

4 DR. LARKINS: Yes.

5. MR. KERR Why are you not having them do this or

6why are you not doing what you are asking them to do in the

7 others? I as trying to understand how jou decide.

8 DR. LARKINS: There are other programs in the

9 agency which look at an assessment of the qualification

~10 testing program done by the industry. However, the industry

11 right now isn't doing very much in this area at all, and

12 there are some questions which must be answered in a

13 reasonable time.
*

14 NB. KERR: Is the idea you will do scoping studies

15 here so th'at you can know what to require industry to do?

16 DR. LARKINS: That will be part of it. We hope to

17 develop analytical tools so we can do an assessment of the

18 various types of equipment which are in the plant; if there

19 are problems, then require the industry to do further

20 testing themselves.

21 MR. BASSETT Dr. Kerr, we are separately looking

zzat the qualification picture in general. Our engineering

23 division is taking a broad-based look to see how effective

( 24 the qualification procedures that have been used by the

25 industry have been and how much is really being done and how

(.
1
!

|
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1such needs to be done 'urther. This has come up since that

2 started, and we know this has not been addressed in

3 qualification programs. We wanted to see if it falls in-

4 the envelope of normal qualification or if it requires extra

5 testing.

6 MR. KERR Why are you doing this rather than

7 having the industry do it? Because they are too busy or that

8 you don' t trust them or that they cannot do it?

9 HR. BASSETT4 By dividing it first into the normal

10 qualification, we are looking to see whether the industry

11 tests are indeed as represented and if they do represent

12 equipment that will operate under conditions of accident.

13 We have had some insights since THI that we need to look at

( 14 some special things, of which this hydrogen is perhaps the

15 aost important, and we know they have not looked at the

16 eff ects of hydrogen.

17 HR. KERR: I think I recognize and agree with the

18 importance of this. I as trying to get an understanding of

19 how you decide what part of it you do and what part of it

20 industry does. Is this being done on a preliminary basis to

21 sort of establish techniques and approaches and then

22 eventually you are going to require the industry to do

23 qualification testing, assuming you decide a hydrogen burn

( 241s a deaign basis event; they do qualification testing for

25 hydrogen burns, or will your test provide the answers that

k
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1 are needed maybe? j

2 ER. BASSETT I think our program will determine

3 whether this is a problem or not, and it would be our-

4 intention to require industry to do the necessary

5 qualifications. One of the things that we think we.will

8 find out from this program is whether the normal

7 qualification testing fits within the envelope of what would

8 happen with hydrogen. We suspect it will not. That is why

9 we want to "'* this program.

10 HR. KERR: Thank you.

11 MR. SIESS: Temperature being the prime one which

12 would f all outside the normal range?

13 3R. BASSETT I would like Jo,hn to answer that.
t
' ' *

14 DR. LARKINS: It is temperature initially but we

151ook at prassure affects. When we get into detonations we

161ook at localized pressure effects on equipment, but that is

17 a little further on. A separate element of the program is

18 combustible gas and containment.

19 Here we are looking at ~ the source of hydrogen from

20 the corrosion and oxidation of zine and other organi:

| 21 coa tings on containment. There has been some work done in

22 this area. However, it is felt by the regulatory staff tha t

|
23 work needs to be done in a more controlled manner, and also

( 24 to look at other aff ects, possibly synergistic ef fects of -

25 things like boric acid, sodium thiosulfste, additives and

(

,
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1 sprays.

2 What we propose to do is study thase corrosion
,

3 rates and axtend the formation of hydrogen over a series of

4 temperatures associated with post-LOCA conditions.
,

5 58. KEBHs Will this be primarily experimental,

8primarily a collection of information?

7 DH. LARKINSs Early on they did an assessment of

8 the amount of material la a plant which could generate

9 hyd rogen, such as zinc, alurinum and other organic

-; coatings. Hight now what we are doing is they have a small

11 experimental program which is looking at the kinetics for

12 the oxidation of zine with steam to develop baseline

13 kinetics. Then they will move into steam with other
*i

'

14 additives in t i to get other information to develop tables

15 f or the formation of hydrogen at various conditions.

18 MR. KERRs Some of the other activities, did they

17 present or discuss risk production associated with

18 activities ? Have they looked at the risk production

19 associated with this activity?

20 DR. LARKINS: I'm tot sure. I can't answer that. I

21 do n ' t kn,ow whether anyone has or not. I know this

22 particular activity right now, the amoun t of hydrogen that

23 can be foried from thase materials in containment is the
24 basis for the design or specifications for the hydrogen -

25 cecombiners, se it may be something they want to associate

-

I
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1with that.
.

2 MR. KERRa In a sense to determine the capacity

3 requirement of recombiners, do you mean?

4 DR. LARKINS: Yes, the capacity, the amount of gas

5recombiners can handle at some period in time. The main part

6 of the program is called hydrogen behavior and control

7 program, wherein we are attempting to assess the rates from

8 hydrogen deflagrations and deformations f rom several classes

9 of plants and containment types, assessing the adequecy of

10 current equipment and develop.'.nq new, improved mitigation

11 detective systems, developing a manual on proper strategies

12 and training, and also developing information for codes in
.

13 add ressing the transport of hydrogen containment.
,

*

t
14 The experiment is both analytical and technical.

15I will go through the main parts. This is a listing of the

16 accomplishments to date, well, through the end of this

17 fiscal year. We have developed a compendium on hydrogen

18 f ormation handling, combustion limits, how to handle or

19 treat hydrogen. The Hydrogen Detector Report is being

20 published. The Depa rtment of Energy is going to take this

|
21 inf orma tion and ure it to assess or review different types

zz of hydrogen detectors and make recommendations.

! 23 There was a workshop to discuss problems
1

24 associated with hydrogen, which was attended both by people -

s

25 f rom the states and from foreign governments.

(
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1 MB. KEER: War that the one held in Albuquerque?

2 HR. LARKINS: Yes, in January, right. A report

3 has been published on the Sequoyah mitigation which looks at

4 dif ferent sitigative schemes using things like halon, water

5 fogs, inertings. Both of these other items listed here I
6 will discuss briefly as I go through the presentation.

7 The experimental program is designed to develop a

8 technical base to develop models to get a better

9 understanding of the phenomena on which we do not have a

10 good handle right now, on things like accelerated flames, to

11 evaluate the equipment survival evaluation schemes, and

12 lastly to get a handle on the effects of scale in going up

13 f rom the bench type to intermediate and large-scale effects

14 to see how things scale up.

15 MH. KERRs These are earlier analytic and

16 experimental work on what? Hydrogen burning, h yd rogen

17 explosion, hydrogen generation?

18 DR. LARKINS4 Both deflagration and detonation

19 studies, yes. And also things like hydrogen transport.

20 53. KERRs I would have thought, except for some

21 of the quirks of reactor containments like steam, there

22 existed quite a lot of work in that field, but apparently it

23 1s not applicable or is inadequate or something.

24 DR. LARKINS4 Well, there is quite a bit of work

25 tha t is applicable but it doesn 't cover all of the
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1 conditions for sixtures of hydrogen and steam. In the

2 experimental program we use a number of f acilities. We have

3 done laboratory scale tests where we have looked at the

4 effects of things like fogs and sprays and foams on

5 inhibiting both the flase propagation and inhibiting the

6 ef fects of deflagration to detonation.

7 We have available a 16-foot tank which is part of

8 what we call the Variable Geometry Experimental Series. We

9 have done two series of tests, approximately 35 tests where-

10 we vary things like hydrogen concentration. We lenked at

11 the eff ects of turbulence induced by things like fans. We

I 12 looked at the effects of igniter locations, the different

13 types of isn' ters currently, modifying the fully instrument
'

14 test series tank which is currently being used in the steam

15 explosion work to handle both hydrogen, steam and other

16 additives, to study both deflagrations and detonations.

*7 We are putting together a steam / hydrogen jet

18 experimental setup to study auto-ignition, to get a handle

19 on the ignition of gases that cculd be released from things

2011ke high point vents.
l

21 5R. KERR Are you telling me what is going on in

22 fiscal '81 and '82 or what will go on in '837

23 DR. LARKINS: There is a serier of tests we are

( . 24 com plet. ig in here . We are continuing work in the 16-foot -

25 tank in '82 and '83, the fits tank in '82 and '83. I think

.
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1 it will become clear as I go through it.

2 We have completed a series of tests in '81 on the

3 plastic bag setup which allows us to do different geometries.

4 MR. KERR4 I take it since I see McGill down

5 there, not all of this is in one physical location. Is this

61n four laboratories or two or --

7 DR. LARKINS: Hight now all of this work is

8 centered at Sandia. There are some programs which are not

91n place which may be other places, but I will discuss that

10 in the end.

11 The McGill work you point up is to look at the

12 specific problem of accelerated flames. They will be using

,

13 confi ned geometrias and strong and weak igniters to see what

(
14 eff ect this has on accelerated flames;

.

15 This last dot down here which says " plant scale"
.

161s the potential f or looking at things like gas mixing in

17 the plant before the plant starts up, or a plant test using

18 helium to loo't at transport and gas stratification. These.

.

19 two items, the thunder tube and VGES trench, are things we

20 vill assess in '82 as to whetaer or act we need to do
211arge-scale tests on flame acceleration or trench or

221arge-scale tests on gas mixing stratification.

23 Some of the things we have done on the small

( 241aboratory scale are the water f og experiments. Here we

25 were given a strong consideratica for the effects these

(
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1 water droplets have on reducing pressures. In the.these

2 sat 11-scale steps we are atteripting to characterize the

3 types of fogs and foams you would want to inhibit burning or

4 reduce the pressures and temperatures from the burning of

5 hydrogen.

6 HR. KERRt Is this because you think someone may

7 decide he wants to control hydrogen for the spray and fog?

8 DR. LARKINS4 Right.

9.

10

11

12

13
*

.

14- ,

15

16

i

17

18

19

20
!

21

22

1
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/
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1 HR. KERR Does someone propose to do that?

2 NR. LARKINSs I am not sure. I think some of the

3 utilities are looking at sprays, fogs, and foams; and also

4 EPRI.
t

5 ER. KEERt Are they doing some of the work?

6 NR. LARKINS4 They are doing some small-scale

7 tests, yes. Ri.at now, particularly, ther are looking at

8 the water fogs.

9 NR. KERR IF this work complementary to what the
_

10 utilities are doing , confirmatory or --

11 MR. LARKINS: It is really complementary. When I

12 say they are doing work, th ey are really just starting up.

13 EPRI is just starting their program in hydrogen-control, and

14 one of the things they are interested in is what fogs. And*

,

15 we are interacting with them to ensure there is no'
,

16 unnecessary duplication of effort.

17 MR. SIESS: The nornal procedure of the NRC would

18 b e for the applicant to propose and the NRC to ask

19 questions, and, if its tests were not gooe enough, to keep

20 askin g questions until he m de enough tests to satisfy the
.

21SRC.

22 It seems to me I'have seen that procedure in

Z3 application on Mach 1, Each 2 hydrodynamic effects. I mean

k 24 1t was 15 years before we asked the right questions, which

251s worth keeping in mind.

(

ALDERSoN REPORTING COMPANY,INC,

400 VIRGINP4 AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345

_ _ _ _ _ _ _ _ - - - _ _ -



143

.

.

1 Does this represent a change in philosophy within"

2 NRC of runnin tests shared with industry or in running your
1

3 own tests so : ou know what questions to ask without waiting l
,

4 ten years for it or something?

' S 1R. LARKINSs I do not necessarily think so. San

8could elaborate on it.

7 NH. SIESSs I will investigate it at a higher

81evel in management. In fact, I would like to address it to

9 NHH, who presumably sponsors these tests, if they are here.

to MR. KERRs We tried, but they were too busy to

11 eake it today.

I

12 MR. SIESS: I see. They are out licensing, I hope.

13 52. BASSETT: You probably heard Bob Minogue

( 14 address the subject of his desire and the desire of the NRC

15 staff to engage cooperatively with industry and industry

18 organizations in order to assure we do not have unwarranted

17 duplica tion of tests. And perhaps this is a good precursor

18 for that sort of cooperation.

19 We have met with EPBi and discussed with them the

20 sharing of expenses for some tests. We do not have a deal

21 with them yet as to whether we will go forward, but at least'

22 we know wha t they are planning to do and they know what we

Ilhave in mind to do. We have to be extremely aware of the

( 24 f act that we may appear later in hearings, so we intend to .

25 seek this sort of cooperation in the early end of the cycle.

l

w~

,

!
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1 The hydrogen program we are conducting has to do

2 with the various things tha t turned up at Three Mile Island,

l

( 3 in the extent that igniters should be provided or other
'

4 palliative measures should be provided inside the

5 con tainment. This program was well underway before the EPRI

61nterest started up. We do not.know yet how far we are

7 going cooperatively with that, but we are in discussions

Pwith th e m .

9 HR. SIESS: That is a good answer, Sam. But let

10 me put the question in another extreme for you. You are

11 talking about sharing with industry. I know what you are

12 talking about, and I approve of it. But the previous policy

| 13 would have said that not only do we not share with industry|

(
14 but that we do not do any of it; they do it, we just ask -

15 questions, we cialuate results -- which is a procedure which

16 has been followed by the NRC in some cases and nc.? others.

17 0kay ?

18 MR. BASSETT: I understand that.

19 HR. SIESS: Is this a conscicus change in

20diraction to share? I could justify this on the basis I

21 suggested earlier, that instead of waiting 15 years to ask
^

!
22 questions about the results, by doing some research on your

|
23 own you get the questions in earlier, which is an argument

i

I k 24 preconfirmatory -- I do not know what you would call it -- -

25 but what I heard, Bob, was in general terms. When I get

C
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/ 1 dova to specific cases, I want to see what has consciously
,

2 been applied there and what the reasoning is.

3 58. BASSETTa I think the best context to put it
g

41nto, Dr. Siess, is in the idea of the degraded core

5rulemaking operation. We intend to go forward as soon as we

6 can with some proposed rules. We do not find presently

7 available sufficient information on which to base those

8 rules.

9 If I could have perhaps a minute, I would indicate

10 to you the approach we are taking, which would --

11 MR. SIESSa Is the rule, for example, going to say

12 use a fog if your research says a fog does the job?

13 3R. BASSETTa We do not know the answer to that,

( 14 because we do not know the degree of mechanistic solutions

$5 the rule would propose.

16 HR. SIESSs Not propose. Require. A rule does

17 not propose.

18 58. BASSETT: It is a slip. I should have said

19 the proposed rule would state, because it is subject to

20 com ment .

21 MR. SIESS But the idea that the rula may state -

Z2 some prescriptive style solutions --

23 SR. BASSETT4 There is that possibility. And i

( 24 order to avoid a completely deterministic formulation of the
,

25 rule, if we find there are great areas where information 1

(-

|
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t would allow us to be much more intelligent than what ther

2 say in the proposed rule -- Charlie, would you like to -

/ 3 commant?

4 But before I bring Charlie in --

5 MR. SIESSs I think what you just said is

6important, but the more you know, the more intelligent your

7 recommendations are going to be.

8 MR. BASSETTs I have one more thing I would like

9 to indicate to you. It represents the general approach we

10 are taking toward the formulation of this rule. We see

11 there is a need f or informa tion along the line I have just

12 described, and, to that end, John Larkins has an extra

13 assignment as the program manager of the development of the ,

( . .

14 research information for this rule. Ihis goes across our

15 four divisions in research that are interested in developing

16tertain parts of the rule.

17 John will incorporate that. We think Bernero will

18 be a customer for that sort of information, that he will
,

19 take the information we derive and apply risk policies to

20it. And from this accumulation of information and the risk

21 determinations Bernero makes, we will get our first
'

22 formulations of the rule.
V

23 So obviously, it will be a trade-off between

k. 24 making arbitrary, rigid, deterministic requirements and -'

25 trying to have some insight tha t night introduce the

C
|

.
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' 1 dimension of cost effectiveness when Larkins has his program

2 in place and has 'it approved by our NRR f riends.

3 We will go forward and hand the unterial to(

4 Bernero. Bernero will formulate it, with our assistance,

Sinto a preliminary rule. That is the general approach we

6are taking.

7 MR. SIESS: You used the term "de terministic." I

8 did not. I ased " proscriptive" versus " performance." For

9 example, when you became concerned -- and "you" being the

10 staff, not necessarily the research staff -- about main

11 steam line break accidents, as I recall, a letter went out

12 to all the licensees saying , "R ecom pute your main steam line

13 break and then see if your equipment is qualified for the
-

( .

14 new temperatures and pressures you get." -

15 Now, I can visualire the Commission following this
.

16 same procedure, saying, " Recompute the temperatures and

17 pressures f or hydrogen burns and see if your equipment is

18 qualified," and it going out of NRR without any research to

19 speak of.

20 What I see here is a different kind of approach.

'

21 Rig h t?

22 MR. BASSETTs Yes, I think it is.

23 Charlie would like to address, this.

( 24 MR. SIESS4 Charlie. -

25 ER. KELBER: I think there has been a small but

(

,

i
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' 1significant change -- I think Bob Minogue did comment on it

2 a t the initial .aeeting with the committee -- that the
F

3 emphasis on confirmatory aspects --- whatever that means, and<

41t means different things to different people -- has in fact

f5 decreased considerably, and the esphasis now is on meeting

6 the information needs of the Commission.

7 The hydrogen pecgram specifically has, however,

8 both aspects to it. The history is that there was what is

9 called an " interim rule" on degraded cores, degraded core

10 cooling, which called for measures to deal with

11 significantly 1arger amounts of hydrogen than were provided

12 f or under Appendix K. And this did, in fact, result in the

13 proposal ,hy TVA to put the igniters or TV torches, as Bob
(

-

14 3ernero like to call them, into the containment.'.

.

15 This raised a host of questions and a need by NRR

16 to develop a technical basis to deal with the range of

17 answers and the adequacy of the proposed work, and come to

18 some decision on this schedule by which this issue could be

19 resolveds And we were called into the picture along with
.

20 the applicant.

21 The issue also arose in connection with the Zion
~

22 and Indian Point evaluation, and we are still learning what

23 the real scope of the program is.

(._ 24 Nevertheless, the particular application -

25 notwithstanding, there is a clear long-range problem in
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1 connection with the final rule itself. And there the needs

2 are the Commissi.on 's needs and, in some respects, I think

3 rou could sny this is research being developed to enable the,

4 Commission to ask the right questions of the potential

5 applicants.

6 And that brings me to the point of the kind of

7 rule. A degraded core cooling steering group had one

8 experience with an attempt to write a proscriptive rule for

9 degraded core cooling and found that that was a very

10 negative experience. It did not work out well. Not that I

11 think it was necessarily a poor job done. It is just a very

12 difficult job to do proscriptively, partly because we know

13 so little and partly because the scope is so broad.

(.

14 In my view, and I think it is one shared by many,'

.

15 it would be more desirable to write a rule of f unctional or,

16 as you ters it, performance requirement, and to establish

17 these f unctional requirments in a meaningful way and to be

18 able to evaluate the replies that the applicant claims he

19 has a system which performs these functions adequately. You

20 have to have a very substantial technology base, and that is

21 wha t this program is really for.
~

l
1

22 But you are rights There has been a change. And'

i

23 I think the confirmatory na ture is becoming of less

( 24 importance. .

25 HR. SIESS: I think we will probably continue to

| (_ -
!

(
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1 remind you of that and also to remind the Commission of

2 this, because I do not think they have ever given research
'

( 3 that much guidance on what is confirmatory and what is not.

4 Incidentally, that term " confirmatory" starts

5looking better now to me. I never did like it. But whea

6 you look at :your regulatory research as research that

7 enables you to ask the righ t questions, which is the

8 expression I used and which Charlie used, that means the

9 research makes you smart, what you said a minute ago,

10 essentially.

11 And the other aspect of it is to enable you to

12 kno w whenyou are ge tting the right answers. And that is
,

13 confirmatory. That gives you the knowledge, the research
, '

(
,

14 that gives you the knowledge to co'nfirm the validity of what'

-

15 someone else has done or the solutions they have come up

16 with.

17 MR. KERRs Mr. Siess, you are getting very

18 academic.

19 HR. SIESS: You could use the adjective in a

20 pejorative sense, but I am no longer an academician.

21 ER. KERRs far be it from me to use it in a
~

l

|

22 pejorative sense.

23 (Laughter.)

k. 24 Please continue, Mr. Larkins. -

25 MR. LARKINS: As I was pointing out, water force

(
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' 1can have a strong effect on reducing heat temperatures in

2 the hydrogen burn. Part of the risk scale is to determine

.t 3 what kind of fogs can best handle reducing -pressures and

4 temperatures.

5 The next two vuegraphs give a brief illustration

6of that. Here we have a plot of the temperature profiles of

7 hydrogen burns with various concentrations of suspended

8 water droplets.

9 Note for a stoichiometric mixture we can get

10 temperatures exceeding 2500 degrees Kelvin with the

11 suspension of .05 percent water droplets. We can step in

| 12 and reduce that temperature on the order of down to 1000

13 Kelvin. And the effect is proportional and similar for

(
14 pressure . For a stoichiometric mixture we get a factor of 8

15 increase in the pressure over the initial pressure. The

16 introduction of .05 volume percent drop, reduce tha t by a

17 f actor of. 6 final pressure to initial pressure.
;

18 The problem is getting the appropriate-size

19 droplets and having the appropriate density of water

20 suspended, the scheme being that you would introduce your
.

21 water fog, burn, and then have your fog dissipate.

22 I mentiened we had a 16-foot tank as part of a
i

23 variable geometry experimental series. We have done 35

| k. 24 tests of varying hydrogen concentrations and igniter types.

| 25 With the introduction of turbulence using f ans, we are

I (
|
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1 planning to look at water fog, halons and we will also be

2 doing some of the equipment survivability work in this

t 3 vessel.'

4 Ihis is a schematic of the vessel in your

5 handout. I will not put it on unless there are some

6 questions.

7 (Slide.)

8 The next vuegraph gives you an indication of some

9 of the information which has come out 'of these two series of

to tests. The black line represents the pressure calculated

11 from an adiabatic isochoric hydrogen-air burn. The thing I

12 vant to point out in here is the black dots represent a burn

13 with the f ans on. The open dots represent the burn with the
-r

(
14 f ans of f. . ,

15 The trend is, with the fans on and the

16 introduction of tur*,ulence, you approach the adiaba tic

171sochoric limits, you get much higher pressures and

18 tem peratures even with lean air mixtures.

19 MR. KERR: What does isochotic mean?

20 3R. LARKINS Constant volume. I mentioned we are

21 modifying what is called a " FITS tank," or a fully
~

22 instrum ent ed tank , sdding additional diagnostics. This tank

23 would be insulated and heated for steam. We vill be also

k 24 in t roducing water fog supplies, halons, and we will be .31ng -

25 most of our detonation work in the FIIS tank, even though

|

|
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1 tne other facility can withstand pressures up approaching

2100 0. psi. This tank is better instramented.

3 HR. KERR: Did I understand or misunderstand? You
~

4can tell me which. The idea is you are trying to see if one

5 had hydroged in a containment, you could fill it with fog,

6 set it afire, or burn it without detonation, and that would

7 he a way of controlling?

8 ER. LARKINSA Yes.

9 52. KERE: How are you going to decide, when you
-

10 get through with these experiments, whether or not you can

11 do that?

12 MR. LARKINSa Wall, we will essentially do a
|

13 series of tests which f ollow that particular scheme in this
!

14 t a n k .
. .

15 3R. KERBS Yes. But given the data, what process

16 will you follow to determine whether you would recommend

17 that someone use that process in a containment?

18 MR. LARKINS I think this will have to be

19 f actored into some of the other information that comes out

20 o f it . If we determined, f or instance, tha t one can reach

21 temperatures and pressures within the containment system
'

22 f rom burning hydrogen, that will have an effect on the

23 equipment viability.

( 24 One might suggest in addition to installing -

25 Lgniters , one aight want an additional system to inhibit or j

x.. .
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1 cut down on the pressures and temperatures the equipment

2 would see.

3 Does that answer your question?

4 NR. KERRa What I am asking is has someone

5 designed a system and said, "Ah hah, here are some unknowns,

6and we need to run this research program to get the answers

7 before we can undarstand how this system is going to work,"

8 or are you saying, "Let's do some research and see if we

9 cannot get some informa tion x?t of it and maybe having that

10 information we can design a system"?

11 NR. LARKINS: What I think I am saying is, well,

12 igniters have been proposed for a number of plants. There
,

13 are some questions --

(
14 MR. KERE: Narbe I should simplify it. I think

15 what you have been telling me i iou burn hydrogen in the

16 presence of water, it will not get so hot. And that seems

1711ke a reasonable statement.
,

18 Now, suppose we discovered a quantitative behavior

19 of this in a laboratory setup like this. What do you do

20 with the information in terms of something that has to do

21 with a reactor?
"

22 3R. LARKINS: I think you have to factor this into
|

23 the considerations If you can potentially reach high

k 24 temperatures and pressures which e ffect the safe operation -

25 of the plant --

.
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I" 1 HR. KERR: You and I both,know without running

2 experiments that you can get very high temperatures in a

f.
3 hydrogen flame.

4 NR. LARKINS: Even for lean mixtures.

5 ER. KERR: That is right, you can. That is now

6 news. And we could also guess with fairly high confidence

7 that if you sprayed watar into it it would cool it off.

8 HR. LARKINS: Yes.

9 HR. KERR4. You are trying to get something more

to quan'titative than that, and I as trhing to get some idea of

11 what are you going to do with this information, how will it

12 be used ?

13 HR. CURTIS: Dr. Kerr, one conside?ation is

(
- 14 containments right now have sprays designed for that'

.

1 surt'se. If this work were to discover that by changing the

w no . ; on the sprays to produce a different droplet size,

17 tha t the sprays would be far more effective in holding the

18 temperatura of a hydrogen burn down, that would be something

19 I would like to know.

20 MR. LARKINS: One migh t develop procedures for

211gnition with igniters and sprays.
-

22 3R. KERR: Has anyone looked to see whether the

23 present droplet size is better for taking iodine out and

( 24 hence you could not change it? Or do you put in two kinds

25 of sprays?

|

| I

I !

I
.
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I 1 3R. LARKINS: I think both. I

2 HR. KELBER: I happen to know the answer to that
~

/ 3 one. At least the early calculations were that you would

4 not need to convert all of the nozzles. You would have to
1

5 convert about one-third, probably. The supply of water and ;

which isi ncidentally |i6also the mixture of the large spray,

7 better for removing iodine, with the small spray would cause

8 too rapid an agglomeration and sweep-out of the fog.

9 So there is a fairly complex aerosol problem

10 here. The problem is analogous to the rain, the heavy rain

11 which in fact removes fog. Sc that you might want to modify

12 all of the nozzles, some still being fairly large, for

13 ef fective iodine re oval, and some being quite small.

(
14 58. KERRs So th'e possible result is you will know

15 enough so that you can tell people whether to change th e

16 nozzles in their existing spray system, assuming they want

17 to use then for tooling burning h yd rog e n .

18 MR. KELSER: We want to get both uses oat of

19 them. The sprays are veryeffective at cleaning the iodine

20 out of the atmosphere.

21 3R. SHEWMON: You might have an overkill on the
~

22 iodine of only a f actor of' 10 instead of 100 or something if

23 rou did not push so much tnrough, I would guess, with the

| ( 24 additives they have, I have the impression there is a -

|

|
25 tremendous reserve of extra capacity.

|
'

|

{
|
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1 MR. KERR: Of course, what is going to happen

2 after the research gives this information which is useful,

3 someone in licensing will require the applicant to do the
7

4 design assuming that water is not available.

5 (Laughtar.)

6 MR. KElBER: I will not answer that question.

7 MR. SHEWMON: Charlie, in simplistic terms, to

8 remove iodine, you want a lot of water passing through, and

9 to have a fog you want to have this stuff stay there.

10 MR. KElBER: Yes. I micht just say not iodine but

11 fission products and particulates that get in the

12 s tmosphe re . The spray, as you may recall from Al Pasedag's

13 report, NUREG-0771, are very effective at cleaning the

k 14 atmosphere. And I have fall,en into the trap of using iodine

15 generically to refer to all fission products.

16 MR. SHEWHON: Thank you.

17 3R. LARKINS: That is a good point. The larger

18 droplets tend to agglomerate a lot more quickly than the

19 smaller droples;, which is critical. Clearly, constructing

20 a hydrogen steam jet f acility to, say, auto-ignition would

21 have supersteam mixed with hydrogen in various ratios and -

22 various flows to see what mixtures ignite over what range.

23 This will give us information on developing

( 24 controlled flaring for high point vents. It will give us
,

25 information on the needs for flame holders, igniters, and

,

s
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1various itformation along that line.

2 This apparatus should be completed within the next

3 quarter, and work should begin in FY 1982 and continue-

4 through 1983. There is a vuegraph in there which gives you

5the specifics on the steam jet, the experiments, and an

6 indication of the parameters that would be looked at.

7 There is an analytical experimental effort at

8 Magill University under Professar John Lee, where he is

9 studying this phenomenon of accelerated flames. He is doing

10 a number of small-scale experiments with fixed geometries

11 using both strong and weak sources for ignition. He is

12 Looking at the transition f rom deflagra tion to detonation

13 for fine gases and he is looking at lean limits of
~

( .

14 detona tability f or varying degrees of confinement associated

15 with this ef fort.

16 On accelerated flames we are planning on doing

17 some mock-up tests of various parts of the containment

18 building. One of the first thx..;s we want to do is a mockup

19 of the upper plenum region of the ice condenser for Sequoyah

20 to look at the ef f ects of the spacing of the air handlers,

21 the number of air handlers, and the effects of comfined
~

|

22 spaces on flama: acceleration.

23 'de are planning to do this with a simple setup

( 24 which would be made of plywood and plexiglas and would be

25 done in the outdoors. The cost is rela tively low.
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t 1 MR. SIESS: Who will do that?

2 NR. LARKINSs This will be done at Sandis.
;

3 NR. SIESS: Sandia actually does things with

4 plywood and plexiglas?

5 MR. KELBER: But the very best. !

6 MR. LARKINS: I would like to take a few minutes

7 to touch 'on parts of the program. He are doing some

8 analysis to estima* e the quantities and rates of hydrogen

9 generation for various types of reactors. We have completed

to some work on Zion and Sequoyah. The goals of this work are

11 to become f amiliar with NARCH, also to develop models to

12 model the effects of steam and other inerting mediums.

12 ER. KERRs Who is it that has become familiar with
.

14 MARCH in this pro:ess?*

15 HR. LARKINS: This is also Sandia. They will be

16 ide ntif ying weaknesses as part of the assessmen t of MARCH

17 and looking at necessary improvements in the code as it

18 affects the models associated with the generation of

19 hydrogen and investigating the sensitivity to various input

; 20 parameters.

21 We have developed models to handle combustion, -

22 both deflagration and detonation. And the models for

23 deflagration which predict the adiabatic isochoric<

( 24 temperatures, including the eff ects of CO2, CO, and water. .

25 We have also Edded hea t-loss models f or radiation and

(

'
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1 convection and the effects of conduction on surfaces and the

2 evaporation of sprays.
i

3 NR. KERHa Excuse me. How does one contrast this,

4 objective with *'.a capability of M ARCH CORR AL?
'

5 MR. LARKINS& MARCH is a very simple burn model in''

6there which handles only homogeneous gases and just gives

7 you the aliabatic pressures and temperatures and does not

6 count heat losses and things like th at. So we want

9something a little more sophisticated than th a t .

10 MR. KERR: The purpose with this is so that you

11 can make --

12 MR. LARKINS: To better datelop, both get a handle

13 on the pressures and temperatures the containment would see,
t -

i* and to envelcpe the' pressures and temperatures equipment
.

15 would see in the plant.
.

16 MR. KERRa Are we talking now about 1982-837

17 MR. LARI!NS: This is 1982-83, yes.

18 MR. KERRs And this is being done in Sandia?

19 MR. LARKINS4 Yes. All of this work except the
t

20 flame acceleration work at Magill University is currently

21 being done at Sandia.
~

22 MR. KERRs Thank you.

23 MR. LARKINS: Included in your handout is a curve

( 24of the comparison of one of the models, the detonation -
'

i 25 model, with various convective terms in it, simply to show

(_.
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I the agreement between the experimental results with the'

2 model using various convective terms varying from one meter

3 per second to"15 meters per second.

4 Ouring 1982 and 1983 we will make improvements in

f 5 the codes I have mentioned, including not homogeneous gases

6 incorporating the burn model and improving the numerics and

7 algorithms in the code.

8 MR. KERRs This is 19821

9 MR. LARKINSs Yes. .

10 HR. KERR* And you will get to 1983?

11 3R. LARKINS: The last part, as we learn more and

12 get a botter understanding, we probably will improve the
.

13 model system into 1983.

t
-

14 In the area of hydrogn trac 3 port, Sandia recently,

151n the last few months, received the German RALOC Code to

16 handle hydrogen transport. RALOC was originally set up to

171ook at the transport of hydrogen from raolitic

18 decomposition in the containment.

19 We are also assessing or looking at codes like

20 RISS, CONTAIN, and CONTEMPT, to see how applicable they

21 might be for handling the hydrogen transport model. We will-

22 be comparing these.with the experiments done at Battelle,

23 Frankfurt. EPHI is currently intending to do some large gas

( 24 mixing tests at the containment sa f e ty facility at Hed1. We .

,

| 25 would compare these codes with those experimental results
:

i
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Ialso. We should finish this assessment of RALOC and the ]
1

2 other codes in the first pa rt of 1982 and develop

3 requirements for changes or needs for developing a new code.,-

4 HE. KERRs What is that in-situ testing of helium

5before licensing refer tc?

6 3R. LARKINS That is the possibility of getting a

7 utility +o agree to do some helium mixing tests in a,

8 con tainment building prior to startup to get a better handle

9 on the gas stratification problem with things like fans on

10 and f ans of f.

11 Ihere have been a number of detonation studies

12 done using CSQ to look at the loads on containment both for

13 Zion and Sequoyah. These calculations include global
'

O
(

14 detonation, dotonation for various points in the Sequoyah

15 con tainment using different types of coordinate systems.

16 There is currently a report being written on this analysis.

17 It should be available in the next two or three months.

18 Lastly, we are putting together h yd rogen

19 operator 's manual. It is a generic manual, a generic

20 procedures manual for handling hydrogen for various

21 accidents. And the idea is that this could be incorporated ~

22 into plant-specific procedures for handling hydrogen for

23 various accidents.
|
'

( 24 MR. SIESS: Is NRC in the business now of writing
.

25 proceduras?
!

w
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1 ER. CURTISs No, sir. We evaluate procedures.

2 MR. SIESSt But this manual does not sound like an

*

3 evaluation manual. j

4 MR. LARKINS: The idea is that it voit1d be generic

5 for operator actions and that the utilities cotid develop

6 specific procedures from the guidance that was provided in

7 thir manual.j

8 MR. SIESS4 I understand that. I guess if I were
.

91n a position of responsibility in the NRC, I would question.

10 w h at kind of liability this placed on the NRC. I read

11 somewhere that, I guess, the general counsel decided that

12 Three Mile Island did not really have their basis to put

13 their claim for $4 million against the NRC for causing the
(

'

14 acciden t. But I wonder wha t would ,be the liability position

15 of NRC if they put out a manual and the plant writes their

16 procedures based on that manual and they turned out to be

17 wro ng.

18 ER. CURTIS4 My first impression -- and I am not

19 trained in law --

20 ER. SIESS: I am not objecting to this. But I
.

21 think I might do a different kind of research if I were

12 going to take responsibility than if I were not.
i

23 NR. CURIIS: I do not think this puts us in any

k 24 more directly liable position than any other guidelines we .

25 publish for development of specific procedures.
|

|

| %-
|

I

!
~
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1 58. SIESS: Can you give me an example of

2 guidelines for the development of procedures? Would you

3 call Appendix B to Part 50 a guideline ? That is not that,

4 specific; is it? I mean that tells you what the plant has

5 to have, but it does not tell you -- the only guidelines I'

6can think of are reg guides, and they simply say thess are

7 ways we will accept of complying, and they get pretty

8 prascriptive, I admit, but at least they are not mandatory.

9 HH. BASSETTs I think the use of the Jord

10 " envelope" is probably a mistake. It is a frequently ~made

11 one. I would point out when or.e assembles a compendium of

12 knowledge in a field where one is lacking, it is

13 irresistible to try to put it in one pile and say this

(
14 manual is the results of our research.

. .

15 32. KERR: It does not say that. It says this is -

16 going to ba used by plant operators to write a manual on how

17 their people should deal with hydroget.. That is not just

18 putting down the results of research, unless I am misreading

19 the English language..

20 ER. SIESS: And it would not hurt to put up the

, .

! 21 next slide, which has more specific information on it,

22 recommends specific operator actions and timing using

f
23 presently available equipment, recommend specific actions.

k 24 I cannot find any other way of reading that. -

25 - MR. BASSETTs I will not stand behind that 4

\

!
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1 statement. We are in no position to recommend specific'

2setions. We are in the position of providing all the

( 3 information we get to the operator so they can determine the

4 actions, and we are in the position of passing on them.

5 MR. SIESS: No hroblam with that. But be sure you

6 hold your contractors to that philosophy. .

7 MR. BASSETT Yes,we will be sure of that.

8 MR. LARKINS: One last comment. Not included in

9 the prograz now is work on hydrogen formation f rom

10 radiolysis. There is still some question on the amounts and

11 quantities of hydrogen that can be generated from radiolytic

12 decomposition of water. This is something we are discussing

13 with the cagulatory staff to decide whether there is a need

(
14 to do any work in this area or -if there is enough available'

,

15 data to cose up with a sound technical position.

18 Are there any questions?

17 MR. BASSETT: Excuse me, John. You indicated you

18 would indicate the total amount of dollars of the various

I

19 programs.

20 MR. LARKINS: Do you want that on the record or

21 off the record?
~

'

22 MR. BASSETT: I will leave that up to Dr. Siess.

23 MR. KERR Dr. Siess wan ts it on the record.

( 24 MR. SIESS : Money? -

25 MR. BASSETTa Yes.

ks

I

!
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1 HR. SIESS: We don't care. We will take anything.

2 MR. BASSETTs We have no objection.

3 HR. SIESS: If you have got no objection, we have

4 got no objection to hearing it.

5 HR. LARKINS: On the first vuegraph it is broken ;

6down by FIN, the hydrogen behavior control program.

7 bd. KERRa We are talking about fiscal 1983 nows

8 right?

9 HR. LARKINS4 Yes. That is approximately $2

to million. The program on hydrogen from containment or in

11 containment will be phasing down in 1983 and will be less

12 than $150K.

13 3R. SIESS: What one is it? Give us the FIN

( 14 num ber.-
. .

15 ER. LARKINSa I as trying to find it.

16 HR. SIESS: It is on the first slide.

17 MR. LARKINSa A1255.

18 MR. SIESS: That is the $2 million?

19 MR. LARKINS: Just the equipment survival program

20 is somewhat uncertain. One of the approaches we had hoped

21 to take was to see if we could get some of the vendors to
'

!

22 possibly donate equipment.- We are looking at various

23 strategies to procure equipment and the types and needs of l
l

( 24 equipment are still undefined. - |
!

25 I think this number could probably va ry f rom half j

|

k_
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1a million to probably 5800,000 la 1983.'

2 HR. SIESS: 12707

3 HR. LARKINS: Yes.

4 ER. SIESSa Af ter 1.7 7

5 ER. LARKINSs Excuse me?

6 MR. SIESS: You said half a million to --

7 NR. LARKINS4 About 800K. Wait a minute. Let me

8 break this down. This is jointly funded by both research --

9 ER. SIESSt This is for the two of them then?

10 MR. LARKINS: Yes. That is for both. The

11 analysis and the experimental portion.

12 HR. KERR Any other questions?

13 ER. BASSETTs We would like to say these numbers

14 are planning figures only, at this state of development.

15 ER. KERR That is the only way we will use them.

16 MR. SIESS What about the A12467

17 ER. LARKINS: A1246?

18 MR. KERE: Is that not the one you said the

19 hydrogen behavior and control program?

20 MR. LARKINS: No. That is approximately $2

21 million .
-

22 MR. KERR: What is combustible gas and containment?

23 MR. LARKINS: That is 150.

24 MR. KERBS I see. I had them reversed. -

25 MR. LARKINS That program should be completed in

(
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1 1983.- ,

2 MR. KERE: Any other questions? !

3 (No response.)

4 HR. KERR Thank you, Mr. Larkins.

5 Mr. Curtis, the SASA program and other analysis.

6 NR. CURTIS: The severe accident sequence analysis.

7 has the objective of improving understanding of severe

8 reactor accidents and of events beyond the design basis

9 utilizing best-estimate methods and state-of-the-art codes.

10 The participants are INEL and Los Alamos, who are

11 working on the so-called f ront end of the PWR

12 severe-accident cycle. This is the part of the accident

13 prior to the loss of core geometry. Sandia is ' coking at

{
14 the back end of the PWR accident, which is that part*of the

15 accident following disassembly of the core and the nature

16and type of the containment threat up to the point of

17 con tainment breach.

18 The program does not consider in detail the

19 environmental effects of the dispersion of the radioactive

23 material into the atmosphere following the breach of
~

21 con tainm ent . Oak Ridge --

22 NR. KERR Excuse me. I apologize, Mr. Curtis,

23 but I as trying to fit this into the context of our budget.

24 Is this part of severe-accident mitigation?
-

25 MR. CURTIS: Yes, it is.

,
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1 MR. KERR: Is it all of severe-accident mitigation? i
1

2 NR. CURTISs It is no t..

3 NR. KERR What fraction?

4 NR. CURTIS: This program is right now at

5 approximately $2 million. It is projected to continue at
!

6approximately the same level of effort, with some inflation, 1

7 through .1983.

8 NR. KERE: Thank you.

9 MR. CURTISt The utilities that are cooperating

to with the SASA program include TVA, with the Browns Ferry

11 point, working with Oak Ridge and the Zion Westinghouse

12 plant as the typical PWR.

13 To give you an idea of some recent progress, this

*
14 is the product of the INEL program. We had a contractors

15 mee ting in very early June, and, of course, this is the

16 progress reported on that. They have been working on PWR

17 station blackout and have been assisting the BWR on station

18 blackout.

19 The INEL program is largely analysis of the early

20 phases of the accident, using the RELAP Code that was

21 developed there.
~

22 Los Alamos has been looking at LOCAs in the PWR

23 system space and a whole series of interf acing systems LOCAs.

24 MR. KERR What is a PWR system space? -

25 MR. CURTISa These are LOCAs out in steam

\

. *
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1 generatorn in steam lines in the balance of the plant not'

2 immediately associated with the main pressurized lines. One
,

3 of their key interests has been in looking at all sorts of,

4 malfunctions in feedvater systems and auxiliary feedwater

!
5 systems. For example, a U-tube rupture in one steam

6 generator; that is a part of what they have been doing.'

7 3R. KERRs How do they choose these accidents? Do

8 you choose them? Do they choose the m ? What determines the

9 population of those accident studies?

10 HR. CUSTIS4 The accidents are chosen by us after

11 consultation with both risk assessment and NRR. The reason

12 f or the emphasis on station blackout is because of the tash

13 action plan because Mr. Barenovski and risk assessement has,
,

t 14 with resp'ect to station blackout, some of tha other earlier

15 accidents had been selected by consultation with NRR, who
!

16 have asked for some rather specific studies to be done in

17 support of their review of operator guidelines.

18 MR. KERR Thank you.
,

t

19 MR. CURTISs These are recent progress reports

20 that have come out of Sandia. The Zion station blackout,

21 rear end, I guess back end is a better name for it. The
'

22 report is waiting final review and will bepublished shortly.

23 (Slide.) {

h 24 And here is progress which has been reported from -

25 0ak Ridge. Oak Ridge has a close working relationship with

(
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l
1

1 TVA at Browns Ferry. They have had an opportunity to

2 compare their calculations to the same problem run on the

3 TVA simulator, which has been a little unique. This is the

4 only case we have of this close a cooperation.

5 ; Oak Ridge, in addition to being the only one of f

6 the four laboratories to concentrata on the BWE is also

7 concentrating on the details of fission product release in a

8 more comprehensive way than is Sandia in PWR.

9 Some tentative conclusions that have come out ofi

10 these first studies, this is the INE1 small-break without

11 high-pressure injection in Zion. Thc time to core uncovery

12 in a small-break LOCA is quite d oendent on the size of the

13 bre ak . I do not suppose that 1 a surprise.

k 14 But what mah be a surprise is that if you are able*

15 to fully open all of your air duct valve's within ten minutes
.

16 rou can prevent core uncovery f rom this accident.

17 MR. KERBa What is an air duct valve?

18 MR. CURTIS: it dumps steam into the air.

19 nR. SHEWMON: Just for my general education,

20 pursue that one step further. Is it on the secondary side

211n steam generators? -

22 MR. CURTISs Yes.

23 MR. SHEWMON: Okay. So if you have an additional

( 24 heat sink over there for some reason that prevents core

25 uncovery in spite of the fact you still have this leak. Can

k
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,

' you tell me why?

_2 NR. CURIIS: The sequence is you do not open your

7
3 PORY and depressurize the primary except --

4 d2. SIESS: Where does your water come from? I

5 sean ,t to unc6 9r the core you get more water out than you

6put in; so presuasbly this either takes.less out or puts

7 more in. Which does it do?

8 ER. CURIIS: It allows you to depressurize and

9 ultimately use the low-pressure injection system in a

10 controlled way.

11 HR. SHEWMON: Apparently, tha t line that says

12 "high-pressure injection" is not available?

13 NR. CURTIS: Yes.
,

!
'

14 3R. SIESSs But you can depressu'rize down to the
,

151ow pressure?

16 MR. CURIIS: Here is one I copied from a report.

17 It is a little hard to read.

18 ER. KERE: What you are giving us now is things

19 which have already taken place in the program, and we will

20get to 1983 shortly?

21 MR. CURTIS: Yes. let me expedite getting to
'

22 1983. Here is a sample from the Los Alamos report. This is

23 a sequence which starts with the rupture if five tubes in

( 24 the PWR steam generator. I do not think I will read all of .

25 this. But it gives an indication of when the clad excursion

'
.
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1begins and then finally when the core is empty of coolant'

2 water.

3' NR. KEtus Did RELAP calculate the reserves?

4 MR. CURTIS4 This is Los Alamos, and Los Alamoses

6uses '-

8 3R. KERRa I would think they, would know it well
,

7 enough that they would not do that but --

8 (Laughtar.)

9 ER. SIESSt Can I back you up a minute? I read

10 the objective, but I guess it is still not quite clear to me

11 what SASA is all about. What is the question you are trying

12 to answer with the SASA studies?

13 MR. CURTIS: The questions are two-fold: One, we

(- * 14 are trying to understand the saquence of severe accidents;
.

151n other words, what is going on.

18 MR. SIESSs How can you ge t into a severe accident?

17 ER. CURTIS: How can you get into a severe

18 accident; what kind of failures. We presume that all of

19 these are sultiple faults, otherwise.

20 ER. SIESS: Single failures --

21 MR. CURTISs Would be taken care of.
-

22 ER. SIESS Yes.-

23 3R. CURIISs The specific applications, or at

( 24 least one of the specific applications of the early part is .

,

25Ln support of NRR's review of operator guidelines NRR has

(

|

|
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1 required the vendors to provide.

2 MR. SIESSs In taras of the question, then,.it is

7
3 what can we do to prevent it, how can we get in trouble., and

4 what can the operator do to prevent it?

5 EU. CURTISs That is correct. What sort of

6 strategies would be effective. ,

7 MR. SIESSs Is the whole thing deterministic?

3 32. CURIISs No. The base cases are generally the

9 tes lt of an . unassisted f ailure. And then operator

10 strategies are fsetored into the other cases that are being

11 compared to the base case.

12 MR. SIESSs When one of these sequences is
.

13 developed, is any attempt made to look at the probability of
.

.

14 it going th rough tha t parti'cula r scenario?*
,

15 NR. CURIIS: The base-case scenario is a scenario

16which presumably would result if nothing was done.

17 HR. SIESS: And then you look at the probabilities

18 doing the right thing?

19 HR. CURIISs Yes, then you look at the

20 probabilities doing what else you might have done.

21 ER. SIESS: Thank you. That helps.
'

22 MR. CURTISs Here are some selected conclusions

23 that come out of the Sandia program which is looking at the

( 24 back end of the s:cident. And, again, I think I do not have

25 to read all of them to you.

k ..
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1 NR. SIESSs Could- I just read the first one? I

2 see containment isolation valve. Is that some specific out
i

'

3 of the couple of hundred, or should it be plural? I did no t
t

4 know whether it is a typo or whether it means something I do
i

I5 not nr.derstand.

6 NR. CURTIS It-seans the containment isolation
.

7 valves. Yes, very clearly yes.

8 HR. SIESS: That is an interasting conclusion or

9 recommendation thst someone should actually go around and

10 look at all of the containment isolation valves to see that
11 they are closed. Is that it?

12 NR. CURTISt That is one of the recommendations

13 ther made.
i

14 HR. SIESS: That is so logical I cannot quite see

15 how it would come out of this.

16 (laughtar.)

17 Unless it just turns out -- because I really do

18 ao t see how the containment isola tion valve being open

19 contributes so much to a possible corenelt. I can see how

20 it could contribute te an off-site dose, but not a

21 cor enelt. But these are stopping with coremelts; are they
~

22 not?

23 HR. CURTIS: No. Sandia is looking at the ;*

( 24 so-called back end, in which all of the modes of containment .

25 f ai. lure are a principal ingredient of the study : hurogen

L
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1 burns, overpressurization, f ailure to isolate.

2 ER. SIESS: -Okay. Now I understand.

3 MR. CURTIS The inventory you saw during the

4 steam explosion.

i5 MR. SIESS4 Yes. How of ten do they want those

6 valveis checked? At each accident or --
'

7 (Laughter.)

weakly?8 --

9 HR. KERR These are interesting examples, but we

10 have these. So why don't you give us an idea of where you

11 are headed for 19837

12 3R. CURTISs Fine. This program says 1982, but it

13 is going on into 1983. We believe that ehen .the current
.

14 round of publications on. Zion are complete that we will have

15 studied Zion adequately and we should mova on.

16 Our next step -- and the letter has been written

17 by the director of the Division of Licensing to Arkansas
.

18 Nuclear, and we will begin a corresponding analysis of

19 station blackout, small-break LOCA, feedwater transients on

20 the Arkansas Nuclear 1 plant, which is a B&W plant, which is
4

21 significantly diff e rent both in system design and other
~

22 details that it will be interesting to compare it to a large
l

23 dry Westinghouse design. And we expect to begin that in

24 fiscal 1982. .

25 1R. KERRs At this time we have WASH-1400, we have

:

( ._
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1 RSMEP, which I do not quite understand. We have IREP, we

2 have IREP, INREP.
h

3 MR. CURTISa The reason for picking -this is it is
7

4 an IREP plant in which the IREP has been essentially

5 com pleted. This means that we do not d'o the event fault

6 tree. We do not look at the probability of getting into

7 these early initiators. We tak e f ro m them the probabilities

8 of getting in and do detailed plant-specific calculations at

9 a level of detail at least one cut below what was done in.

10 IREP .

11 MR. KERRs Are the results of this meant to be

12 generically useful, plant-specifically useful, or

13 vendor-generic, or what?
( *

'

14 MR. CURTIS: The results should at least be-

,

15 vendor-generic.

18 HR. SIESS Is that true? Are these sequences --

17 HR. CURTIS: Parts of it are true.

18 MR. SIESS: You can tell the sequences. I would

19 expect a Westinghouse or B&W to be different from a GE, but

20are you sute that a Westinghouse with a balance of plant
'

21 from one AE migt t not have diff erences with a Westinghouse
'

22 balance of plant with another AE?

23 HR. CURTIS: I am sure they would.

24 MB. SIESS What do you do with this when they ge t

2* through , since it only applies to te particular plant you

%. |

ALDERSoN REPORTING COMPANY. INC.

400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554 2345

|
- . - - - , . .



__ _

178

'

1look at?

2 MR. SHERMON: Checking the valves in the

( 3 containment aultiply to several AEs.
,

4 MR. SIESS: I would suspect that one might be

t 5 generic. What are you going to do with this when you get
'

6 through with it, as,suming you get through with it in 1983 --

7 back to Bill's question?

- 8 NR. CURTIS: The lead plant for developing

9 operator guidelines for design-basis accidents is Arkansas

10 Nuclear.

11 NR. QUITTSCHREIBER ANO-1 Unit 2 was a Combustion

12 Engineering plant.

13 NR. CURTIS Yes. This one applies contrary to.

14 We have been asked to do some specific review.
.

15 res? .

,

16 MR. KELBER: Let me add a little bit. There is,

17 as Bob Curtis pointed out, a very specific end use, and that

181s in the development of guidelines for the review of

19 emergency procedures. And for this reason the program is

20 keyed to tt.e plants that are coing to be relief plants.

21 I would expect that from the diff erences between
-

22 these various lead plants, both we and the operators will

23 begin to understand types of questions that arise from

i. 24 ha' sing diff erent types of balance of plant installations.

25 As a side remark, I would indicate that the

I

(
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1 recommendation that one check the containment isolation

2 valves, it stems f rom the f act that closing these vrlves in

3 the absence of off-site ' power may be less than well
,

t

4 assured. I think it depends upon the availability of stored i

? 5 air which may not become available if the power is lost. |
l

6 There is a further logic to this program that we

7 ara beginning to explore. It was most succinctly derived

8 from a remark Jesse Ebersole made in a committee meeting I

9think last month, and that is if you have a combination of

to f aults that puts you into an emergency then there are some

11 ten or so systems in any plant where a single active failure

12 can put you into a very severe problem.

13 And it seems to me we can develop a logic of

i
' 14, attacking the multiple f ailure problem from that partition..

15 Ien is a large but manageable number of systems to examine.

16 MR. KERRa Charlie, does the IREP not show this

17 sort of thing up?

18 MR. KELBER: As Bob has mentioned, IREP and INREP

19 will be developing weak points, and we have used that plus

20 the vital-srea rtudy.

21 MR. KERR: But I thought this was something beyond^

*

22 IREP.

23 HR. KELBER: It is.

, 24 ER. KERRs What is the "beyond"? ,

25 3R. KELBERs The corrective action.

k.
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1 MR. SIESS: But if it is p.lant-specific, how do>

2 rou do it on 70 plants?

7-
3 NR. KElBERs We will not be able to do it all.

4 The operators will have to do a great deal.

5 NR. SIESS: You are going to ask the applicants

6 and licensees to, do SASAs on their plants; is that one of

7 the things you will do?

8 MR. KELBER: It is a possibility yet to be

9 explored. I think at this time we have to see what the

to guidelines for emergency procedui es look like. It is a

11 possibility yet to be explared. I would think it would be

12 in the interest of at least some of these to do just that.

13 HR. KERR Is this a user request from NRR or

k 14 somebody?
'

15 5R. CURTIS: Yes, it is.
'

16 MR. KERR: So NRR plans to have emar;ency

17 procedures developed based upon the SASAs?

18 MR. CURTIS: I believe it is the other way

19 aro und. The vendors are charged with providing NE!R with the

20 emergency procedures. NRR has to evaluate these procedures,

21 and they would like --
-

.

22 MR. KERR: When I say "beased on the SASAs," 1

23 sean a S ASA will give you an indication of whether the

( 24 procedures are any good or not.

25 ER. CURTIS: Precisely.

v
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1 HR. KELBER: There is another application going'

2 beyond that, which is the rulemak,ing. The SASA is a key

3 integrating tool Jn judging the adequacy of various(
4 provisions. I have said before that I favor a functional
5cule, and a functional rule may certainly require

8significant amounts of implementation. I find it difficult

7 to conceive of a fully automatic systen that would cover all

8 eventualities in these relatively infrequent and

9 difficult-to predict accidents.

10 HR. KERR& What would be wrong with an approach

11 which asked a licensee to do a SASA and then, on the basis

12 of that, write a procedure?
|

l
'

13 ER. KELBER: That may well be a development

( 14 depending upon NRR's views and the operator's views. That

15 could very well happen.

16 ER. CURTISs They are being required to do a study

17 comparsble to the IREP studies which identifies the dominant

18 sequences but does not do detailed thermohydraulic or other

19 calculations to verify this event tree approach to the

20 sequence. SASA is -- in IREP it is enough to know how the

21 systems interact. In SASA we have to know how big the pipes -
1

| 22 are .
|

23 ER. SIESSs I would like to mention, Charlie, the

24 sta tements you attributed to Mr. Ebersole was indeed made at
, ,

i

'

25 the last meeting. But as I recall, it was also made about

tu
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1 three years ago by Mr. Ebersole, I think, et the second

2 aceting at ACRS he attended. You might have r,aard it for

r 3 the first time last' month but --

4 58. KELBERs It is no t the first time I heard it,

5 but the connection with SASA is becoming clearer in my mind,

8 sad I would lika sn opportunity to think this through,

7 because I do believe we need a rationale for and a rational
8 way to scope the multiple-railure problem.

9 3R. SIESS When he first mentioned that the

10 answer was that is a multiple f ailure and we do not consider

11 multiple f ailures. That has obviously changed, and we all

12 recognize that.

13 MR. KELBER: Yes.

('
14 3H. KERRa I thought the fault tree or event tree

15 pattern was capable of dealing with multiple failures.

18 MB. KELBER4 It deals with them in depicting their

17 relative likelihoods. What it does not deal with is the

18 question of how you recover and what system should you

19 deploy to recover from these, what systems have value.

20 HR. KE2R: It seems to me what you recover from

21 depends upon where you are, not how many failures you had to"

22 get there. So it seems to me when you talk about recovery

23 you do not c. a r e .

( 24 MR. KELBER: No; you have to know what systems you

25 have avsilable as well.

| (
i

!
!
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1 MR. KERR That is a part of where you are.

2 HR. BASSETTL Some of the failures, however,

( 3 eliminate options in recovery.

4 NR. KERRt But that is a part of where you are.

5 MR. KElaEE4 Not in the probabilistic area. In

6the probabilistic area it is always going forward. Once you

7 have gotten to a certain branch, it does not matter.

8 MR. KERRt I am simpl; saying if you are in a

9 particular situation and you know what equipment you have,

10 rou can figure out how to get out of it independently of how

11 rou got there. .

12 NR. SIESS: That is what SASA is doing.

13 MR. KElBER: That is what SASA is doing.
.

( .

14 MR. CURTIS: Let ne give a sample of a rather

15 specific nature. One of the :siculations that has been

16 done, the Los Alamos calculation, in particular, set out to

17 investigate wha t fraction of feedwater espability must be

18 restored in order to allow recovery. And it came out with

19 an answer, say, 30 percent is adequa te. Then you look at

20 the specifies of the auxiliary system and you see how are

21 the ways that 30 percent of the auxiliary feedwater; or the |
,

22 nominal feedwater supply could be supplied with some

23 combination of these components. This is something that a

k 24 probabilistic stud y , an IREP study, would say either the .

| 25 feedwater is on or the feedvater is off and would not
l

v

l
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1 address the quantitative parts of it.

2 I propose to dispense with any summary unless ..

,
3 there are questions the committee would like to ask.

4 NR. KERR4 Are there questions the committee would

5 like to ask? f

8 (No responsc.)

7 MR. KERR: I :ee none. Are there questions anyone

8 else would like to ask ?

9 (No response.)
.

10 3R. KERBS I see none.

11 Let me thank you then for the information.

12 And I declare the meeting adjourned.

13 (Whereupon, at 5:00 p.m., the committee was
.

14 adjourned.) . .

.
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6/24/81

SEVERE ACCIDENT RESEARCH l

DIVISION OF RISK ANALY. Ell

i

8ACKGROUND

RISK ASSESSMENT CODE DEVELOPMENT & APPLICATION-

- MARCH CODE

CORRAL CODE-

REACTOR SAFETY STUDY METHODOLOGY-

APPLICATIONS PROGRAM (RSS-MAP)

UNCERTAINTY ANALYSES-

l IMPROVED REACTOR SAFETY' -
-

,

~

FILTERED-VENT CONTAINMENT CONCEPTS PROGRAM.

ALTERNATE DECAY HEAT REMOVAL CONCEPTS-

PROGRAM

- MOLTEN CORE RETENTION DEVICE PROGRAM

DEGRADED CORE COOLING RULEMAKING RESEARCH SUPPORT-

i
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6/24/81
SEVERE ACCIDENT RESEARCH

DIVISION OF RISx ANALYSIE

,

:

RISK. ASSESSMENT - RELATED CODE DEVELOPMENT-

APPLICATION
,

PRESENT STATUS

MARCH CODE-
.

.

PUB'LIC RELEASE - OCTOBER, 1980 (NUREG/CR-1711)-

FOLLOW-ON EFFORTS TO ASSIST MARCH USER'S ,-

GROUP, ETC.-

.

CORRAL CODE
-

' -
.

UPGRADED VERSION DUE TO BE AVAILABLE LATE-

THIS YEAR

RSS-MAP-

2 PLANT RISK STUDIE0 PUBLISHED (NUREG/CR-1659)-

SEQUOYAH-

OCONEE-

2 ADDITIONAL REPORTS PENDING-

GRAND GULF.-

CALVERT CLIFFS
s

-

UNCERTAINTY ANALYSES-

REPORTS PENDING-

.

e
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6/24/81

SEVERE ACCIDENT RESEARCH
i

DIVISION OF RISK ANALYSISi

RISK ASSESSMENT - RELATED CODE DEVELOPMENT AND-

APPLICATION

,

PLANNED ACTIVITIES

IMPROVEMENTS TO MARCH CODE-

RFP PROCESS UNDERWAY TO OBTAIN CONTRACT FOR-

CODE IMPROVEMENTS

4
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6/24/81

SEVERE ACCIDENT RESEARCH

DIVISION OF RISK ANALYSIS

IMPROVED REACTOR SAFETY-

.

FILTERED-VENT CONTAINMENT CONCEPTS PROGRAM-

PRESENT STATUS

INPUT TO Z/IP CONSIDERATIONS (NUREG/CR-1410)-

BWR MARK I ANALYSES NEARING COMPLETION-

.

( PLANNED ACTIVITIES
-

- .

ANALYSES TO BE PERFORMED-

ICE CONDENSER-

BWR MARK lli-

LARGE DRY CONTAINMENT-

- HERGER UNDER DCC RULEMAKING RESEARCH SUPPORT

PROGRAM

,
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6/24/81

SEVERE ACCIDENT RESEARCH

DIVISION OF RISK ANALYSIS
;

l

l
4

.

ALTERNATE DECAY HEAT REMOVAL CONCEPTS PROGR M-

EFESENT STATUS
_

.

COMPLETION OF STUDY OF EXISTING SYSTEMS AND-

DEVELOPMENT OF SYSTEM OPTIONS (NUREG/CR-1556)

PLANNED ACTIvI m ,

.

- MERGER UNDER DCC RULEMdKING RESEARCH SUPPORT

PROGRAM

4

0

0
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6/24/81'

SEVERE ACCIDENT RESEARCH

DIVISION OF RISx ANALYSIS

MOLTEN CORE RETENTION DEVICE PROGRAM-

4

PRESENT STATUS
s

REPORT IN PREPARATION DESCRIBING INITIAL> -

EVALUATION OF POTENTIAL RI." REDUCTION

VALUE

PLANNED ACTIVITIES

MERGER UNDER DCC RULEMAKING SUPPORT PROGRAM-

l
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e
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6/24/81

SEVERE ACCIDENT RESEARCH ,
,

DIVISION OF RISK ANALYSIS

DEGRADED CORE COOLING RULEMAKING RESEARCH SUPPORT-

OBJECTIVE: TO PROVIDE AN ASSESSMENT OF THEs

VALUES AND IMPAo*3 0F A SET OF

DEGRADED CORE PREVENTION AND

M1TIGATION FEATURES, FOR USE IN

SUPPORT OF THE DEGRADED CORE'

RULEMAKING.

.
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6/24/81
.

SEVERE ACCIDENT RESEARCH

DIVISION OF RISx ANALYSIS

DEGRADED CORE COOLING RULEMAKING RE3EARCH SUPPORT|
-

|

PREVENTION AND MITIGATION OPTIONS

1. ADDITIONAL OR ALTERNATE MEANS OF ACTIVE OR PASSIVE CONTAIN-
,

MENT HEAT REMOVAL;

2. ADDITIONAL OR ALTERNATE MEANS OF CONTAINMENT ATMOSPHERE
PARTICULATE CAPTUREj

3. ADDITIONAL OR ALTERNATE MEANS OF CONTAINMENT ATMOSPHERE
MASS REMOVAL) I .E., FILTERED OR UNFILTERED VENTS, LARGE

AND SMALL VENT AREASJ

4. INCREASED CONTAINMENT VOLUME, PRESSURE CAPABILITY, OR

ADDITIONAL PRESSURE SUPPRESSION FEATURES;

5. CONTAINMENTATMOSPHERECOMBUSTkBLEGASCONTROL, I.E.,
,

DELIBERATE IGNITION, INERTING, OR FIRE SUPPRESSION;

6. CORE RETENTION DEVICES, I .E., WET OR DRY, ACTIVE, PASSIVE,

OR NO ADDITIONAL C00LINGJ

7. MISSILE SHIELDS FOR VESSEL RUPTURE DUE TO STEAM EXPLOSION,

VESSEL THERMAL SHOCK, OR MELT-THROUGH AT ELEVATED PRESSURE,

OR FOR EX-VESSEL STEAM OR COMBUSTIBLE GAS EXPLOSIONSJ

8. BWR CONTAINMENT SPRAY SYSTEMJ

9. PWR PRIMARY SYSTEM DEPRESSURIZATION, E.G., AUTOMATIC OR

MANUAL, WITH OR WITHOUT ADDITIONAL RELIEF CAPACITY, AND
WITH OR WITHOUT ASSOCIATED PRESSURE, SUPPRESSION OR RADIO- 1

ACTIVITY REMOVAL FEATURESJ ,.

( 10. ADD-ON DdCAY HEAT REMOVAL SYSTEMSJ AND
,

11. PREVENTION CONCEPTS TAILORED TO SPECIFIC ACCIDENT SEQUENCE
VULNERABILITY, E.G., FIXES FOR EVENT V AND S C IN SURRY OR2
S HF IN SEQUOYAH.2

(
\

|

,

.

9
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6/24/81

SEVERE ACCIDEtlT RESEARCH

DIVISION OF RISK ANALYSIS

DEGRADED CORE COOLING RULEMAKING RESEARCH SUPPORT-

METHOD OF ANALYSIS -

.

1. USE RSS & RSS-MAP RESULTS TO DEFINE ACCIDENT GROUPINGS.

2. ANALYZE IMPACT OF EACH OPTION (OR COMBINATION OF

OPTIONS} ON EACH ACCIDENT GROUPING TO DEFINE

" /ALUE" 0F OPTION.

3. PERFORM ESTIMATIONS OF COST ("!MPACT") 0F EACH,

OPTION (OR COMBINATION OF OPTIONS) .

4. COMBINE RESULTS INTO VALUE-IMPACT SURVEY. ,

5s vlIERATE
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6/24/81'

l

SEVERE ACCIDENT RESEARCH |

:

DIVISION OF RISK ANALYSIS ;

DEGRADED CORE COOLING RULEKAKING RESEARCH SUPPORT-

.

'

SCHEDULE

PROGRAM LETTER AUTHORIZING Ph0 GRAM INITIATION --

JUNE, 1981

1

COMPLETION OF FIRST ITERATION AND REPORT PUBLICATION --

/ MARCH, 1982
.

.

COMPLETION OF SECOND ITERATION AND REPORT PUBLICATION --

3RD QUARTER, FY 83

:
s

, .

.

e
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BEHAVIOR OF DAMAGED FUEL

OBJECTIVE

. o PROVIDE DATA BASE AND ANALYTICAL METHODOLOGY FOR UNDER-

STANDING AND PREDICTING CORE BEHAVIOR UNDER SEVERE ACCIDENT

SEQUENCE CONDITIONS.

.

- ACCIDENT TERMINATION IN-VESSEL

- ACCIDENT MANAGEMENT

PREVENT GLOBAL CORE MELT-

s.

I
i

A |

|
.

.
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BEHAVIOR OF DAMAGED FUEL

RELATED INFORMATION NEEDS
'

o DATA BASE AND MODELS FOR DCC.AND MESF RULEMAKING AND RULE IMPLEMENTATION.

o SEVERE ACCIDENT MANAGEMENT PLANS /0PERATIONS.

- CORE CONDITIONS FOR TERMINATION BY SIMPLE REFLOOD

COOLANT FLOWS NEEDED FOR TERMINATION-

CONDITIONS WHERE REFLOOD WORSENS ACCIDENT-

o DESIGN OF IMPROVED ENGINEERED SAFETY FEATURES.

- ADEQUACY OF CURRENT DESIGNS FOR SEVERELY DAMAGED CORES

o IN-VESSEL FISSION PRODUCT / HYDROGEN. s,

i

N

! .

.
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BEHAVIOR OF DAMAGED FUEL

SCOPE

o INTEGRAL IN-PILE TESTS (PBF AND ESSOR SUPER-SARA-EEC):

SCOPING TESTS TO DETERMINE OVERALL BEHAVIOR AND GOVERNING PHENOMENA.-

- VERIFICATION TESTS OF THE INTEGRAL CODES DEVELOPED.
,

o SEPARATE-EFFECTS PHENOMEN0 LOGICAL EXPERIMENTS FOR THE DEVELOPMENT AND VERIFICATION

OF MODELS.
1

IN-PILE EXPERIMENTS (DEBRIS FORMATION, RELOCATION, AND C00 LABILITY) - ACRR.-

,

- LABORATORY EXPERIMENTS (0XIDATION, CLAD BALLOONING, AND MELT PROGRESSION).
1

o ANALYTICAL MODEL DEVELOPMENT:

- SEVERE CORE DAMAGE ANALYSIS PACKAGE (SCDAP) FOR USE IN THE ANALYSIS OF ACCIDENTS
'

,

AND INTEGRAL EXPERIMENTS.
s, ,

- PHENOMEN0 LOGICAL MODELS FOR USE AS MODULES IN SCDAP AND ANALYSIS OF SEPARATE
'

EFFECTS EXPERIMENTS.

o ANALYSIS AND CHARACTERIZATION OF THE TMI-2 CORE DEBRIS FROM TMI-2 CORE EXAMINATION

PROGRAM.

:
____ ______________-__ - - - -
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SEVERE FUEL DAMAGE STUDIES IN THE

FUEL BEHAVIOR BRANCH, DAE

.

f

BY
.

.

I

F L. PICKLESIMER, FBB/DAE
.
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JUNE 214, 1981 .
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"PAHAMETER SPACE"
EXPEHIMENTAL SEVERE FUEL DAMAGE STUDIES

Phtnomenon, Facility / Test * Data / Info Needed Variable Hange -

? a
::= 5 E 6 x -

$ $ E E 5
_$_ _a _ _ _

*

_%
-

n. w w a c

1. Debris Bed 7 x % X A. type E mixture 1. max temp A. 1900-2300 C
Production i X X X B. kinetics 2. heating rate B. 0.5-4 C/sec

3. quenching rate C. slow / fast
4. bundle length D. 3 ft-2 meters

-

[ Debris' Bed 7 M f X A. Coolant flow 1. particle size and A. fine / coarse
*

Parmeability, rates
'

distribution '
.

Coolability [ X 2 X, B. heat removal 2. types of particles B. Z5,Z:0 ,00 ' t**
2 2capability

3. pressure differential C. 4.a-ft H O
24. decay heat level D.O.1-10%

5, Liquified Fuel 7 X K % ,2 X A. kinetics of 1. temperature A. 1900-2300 C
formation- 2. ratio of metal liquid B.0.1-1

3.fucko fuelfragement size C.O.1-10 mm |
*

-

4. composition of liquid D. Zr-Zr0 eutectic to
2in contact with fuel equil.with fuel

X X / 7 K B. candling and 1. temp.of liquid A. freezing point to 2300 C*
freezing behavior. 2. temp.of solid : surface B. 1500-2000"C

X viscosity 3. composition of liquid C. Zr to equil.with fuel
-

,( X Y C. fission product retention,1. temperature A.1900-2300 C
X X / rate of release 2. composition of B. ? A.

liquid (Zr/U) **
.

3.f.p. species & conc. C. Iow to high burnup.I 4. time D. ?
X 7 D, 0xidation rates, 1.coseposition(Zr/U/0) A. phase anagram
K 7 thermodynamics of 2. tempt. 9ture B. 1600-2300 C

*

reactions 3.II,,/stev, ratio C. ?,
-

y,HemeltinBeds [ X X A. Kinetics. 1. bed compositic. A. Ze to UO
2. stratification B. ?
3. temperature C. 1500-2300 C
4. blockage D. ?' '

(uundle Blockage x j A. Blockage fraction 1. Burst temp A.700-1000''C
x configuration.coolability 2. bundle size B. 1,-64 rods y| .

, ,

_ - - _ _ _ _ .- _ - . . - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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2. FBB/RES EXPERIMENTAL PROGRAMS ON SEVERE FUEL DAMAGE (SFD) (CONTINUED)

o DECCA (DEFORMED CORE C00 LABILITY) TESTS: BALLOON AND BURST BEHAVIOR OF FULL-
~

LENGTH 8 X 8 BUNDLES OF ELECTRICALLY HEATED FUEL R0D SIMULATORS DURING BOILDOWN
-

IN HIGH-PRESSURE SMALL-BREAK LOCA'S, C00 LABILITY OF DEFORMED BUNDLE REINSTRUMENTED

FOR THERMAL-HYDRAULICS TESTS.

o ESSOR-SUPER-SARA SFD TESTS: TEN TESTS ON SFD IN 32-R0D BUNDLES 2 METERS LONG, DEEPER

DEBRIS BEDS AND CANDLING THAN PBF-SFD TESTS, EVALUATING LENGTH EFFECTS AND ADDED

SMALL BREAK LOCA SCENARIOS. EARLIEST SFD TEST COMPARABLE TO PBF-SFD IS 1986 AT ;

PRESENT SCHEDULE.
.

-

o TMI-2 CORE EXAMINATION: COOPERATIVE PROGRAM GPU/EPRI/NRC/ DOE FOR EXAMINATION OF

CORE, UPPER INTERNALS, DEBRIS ETC. NRC DEVELOPING TECHNIQUES AND EQUIPMENT FOR

ANALYZING SPECIMENS OF SPECIFIC INTEREST TO SAFETY, DOE /EPRI FOR OPERATIONAL AND' :

DESIGN INTEREST. FISSION PRODUCT DISTRIBUTION IN PRIMARY SYSTEM AND CORE OF |

MAJOR INTEREST. s

1
-

f

s
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2. FBB/RES EXPERIMENTAL PROGRAMS ON SEVERE FUEL DAMAGE (SFD) (CONTINUED)

i

3

o LWR DEBRIS C00 LABILITY: IN-PILE AND EX-PILE DETERMINATIONS OF DEBRIS BED

COOLABILITY, DRY-0UT, PERMEABILITY AS FUNCTIONS OF fYPES AND DEPTHS OF

DEBRIS.

.

o LWR DEBRIS FORMATION AND RELOCATION: IN-PILE SEPARATE EFFECTS STUDIES OF

FUEL-CLADDING INTERACTION, CANDLING, LIQUIFIED FUEL FORMATION AND MOVEMENT.

.

e

\.

'
I

.

I

\

. |
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1. FOREIGN PROGRAMS ON SEVERE FUEL DAMAGE (SFD)

o JAPANESE PLAN NO EXPERIMENTAL WORK ON SFD. SEVERAL COMMITTEES ARE EXAMINING NEEDS

FOR RESEARCH WORK ON ACCIDENTS BEYOND DBA'S,

FRENCH PLAN NO EXPERIMENTAL WORK ON SFD AT THIS TIME BEYOND PARTICIPATION IN THEo

SUPER-SARA PROGRAM. THEY ARE EXAMINING THE MODIFICATIONS REQUIRED TO ALLOW SFD

TESTS TO BE DONE IN PHEBUS. PLAN TO OBTAIN NEEDED SFD DATA BY INFORMATION EXCHANGE-

VIA INTER-NATION AGREEMENTS.
1

o UK HAS NO ACTIVE SFD STUDIES UNDERWAY EXCEPT FOR PARTICIPATION IN THE SUPER-SARA
'

PROGRAM. THEY ARE EXAMINING THEIR NEEDS FOR SFD DATA AND MAY BE INTERESTED IN;

PARTICIPATING IN THE PBF-SFD PROGRAM.-

,

!
'

o ITALY HAS N0 ACTIVE SFD WORK UNDERWAY EXCEPT FOR THE SUPER-SARA PROGRAM.
|

o PLANS'NO IN-PILE TESTS EXCEPT FOR PARTICIPATION IN THE SUPER-SARA PROGRAM.

PNS IS REINSTITUTING THE 1977-1979 WORK BY HAGEN WITH MODIFICATIONS TO 7 X 7:

!! BUNDLES l' METER LONG WITH QisENCHING CAPABILITY. ALSO CONTINUING PHASE DIAGRAM AND
'

6 KINETICS WORK ON 0-ZR-0 SYSTEM BY P. H0FMANN. PNS WANTS TO EXCHANGE EX-PILE SFD|.
'

! DAT.A. i-0R PBF-SFD DATA AND SCDAP.
'I '|s

i !
:

; -

,

.
__ _ _ _ _ _ _ _ _ . _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _
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COORDINATION WITH FOREIGN PROGRAMS

9

o FEDERAL REPUBLIC 0F GERMANY
-

- FISSION PRODUCT RELEASE (SASCHA)
'

- SEVERE FUEL DAMAGE (0UT-0F-PILE TESTS, EX-MEL)

- FUEL MELT / CONCRETE INTERACTIONS (WECHSEL, KAVERN, BETA FACILITY)

- AEROSOL BEHAVIOR IN STEAM (NAU,A)

- HYDR 0 GEN (RALOC)

- CORE MELT ACCIDENT SYSTEMS CODES (KESS)

- STEAM EXPLOSION (MODELING)

o SWEDEN (STUDSVIK ENERGITEKNIK)
.

- FILTRA PROJECT

- FILTERED VENTED CONTAINMENT SYSTEM DESIGN
--

GRAVEL BED AND SAND BED LOADING / EFFICIENCYi -

f

- FISSION PRODUCT RETENTION IN BEDS

.

* .

+- _ - _ _ ________.____.-.__m-_ _- _
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CORCON DEVELOPMENT ,

*s
MAJOR ACCOMPLISilHENTS - FY81,

.

'
.

. CORCON - MOD 1 COMPLETED-

DOCUMENTED-

DISTRIBUTED-

INITIATED CODE COMPARIS0N TESTS ANALYSIS.

INITIATE MOD 1 SENSITIVITY STUDY.

~

DEVELOP RUDIENTARY LONG-TERM MODEL
'.
.

SOLID-DEBRIS / CONCRETE INTERACTION
-

,

*

1

|
'

.
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i.

.

.

.

CONCRETE INTERACTIONSM0LTEN CORE -

PROGRAM MANAGER: M. BERMAN
.

.

PROJECT LEADER: R. K. COLE, JR.
-

.

PRINCIPAL INVESTIGATORS: ,
4

*

.

R. K. COLE, JR: MODELLING AND CODING

D. P. KELLY: MODELLING AND APPLICATIONS
,

M. L. CORRADINI: CODE APPLICATIONS

.

~ /

.

. _ . _ _ _ . . _ _,, - ,
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CORCON PRINCIPAL FEATURES
s

.

'
MODO, MOD 1 MOD 2

FEATURE.s

C00LAliT NONE LAYER IN POOL

VARIOUS DEPOSITION>
.

' MODES

"NONE" REACTiltG GAS MIXTURE
ATMOSPHERE ,

MASS AND HEAT TRANSFER
,

*

:

i SURROUNDINGS UNIF0iiM TEMP. UNIFORM TEMP.

BLACK BODY GRAY SURFACE
1

|' TEMP. INPUT ABLATION, MASS AND

I- VS. TIME HEAT TRANS.

!
LONG TERN NONE ' RUDIMENTARY MODELS

'

,

i INTERACTION
-

. ,

,. .

I

e

!
;

.i
,

- _ - = _ _ . = _ _- .
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CORCON CODE DEVELOP.1ENT
"

,

.

FEATURE MODO MODI, M0lg

'\

MELT INTERNAL CONSTANTS MODELS BASED ON
'

HEAT TRANSFER
EMPIRICAL

..

CORRELATIONS
- COEFFICIENTS ,

'

FISS10N PRODUCT METAL AND OXIDE MODEL BASED ON

DECAY HEAT POWER INPUT FISSION PRODUCT

| GENERATION Vs. TIME CONCENTRATIONS

POWER INPUT VS.

' TIME

!

|

|
SOLIDUS, LIQUIDUS SUBROUTINE M001: NEW BUT

.) TEMPERATURES SOLL10 SIMPLE MODEL
,

I FROM INTER MOD 2: IMPROVED
' '

-

MODEL
i

"

. .

a

;

1

._ _ _ _ _ _ _ _ _ _ _ . _ . . _ _ _ _ _
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I

SURROUNDINGS

' VENT

MELT AT/AOSPHERE
T0

CONTAINMENT
( REACTING GAS MIXTURE )

I
I

.

COOLANT /
q COOLANT LAYER |

CONCRETE / LIGHT OXIDI'C LAYER
INTERFACE i

REGION I

METALLIC LAYER
CONCRETE

_

r i

i
HEAVY OXIDIC LAYER

(PRINCIPALLY UO I
'

2

A ! ## ,C
_

|
t

MELTICONCRETE CONCRETE
!

INTERFACE REGION

.

~ /

.

e

GP

~ ~ T * ,-w ,-- -- _ . . , ,
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CORCON N0D2

1. IMPROVEMENTS OVER MOD 1 RESULTING FROM SENSITIVITY STUDIES,

COMPUTATIONAL MODIFICATIONS, INPUT FROM EXTERNAL

. USERS, NEW EXPERIMENTAL RESULTS.

2. ATMOSPHERE / SURROUNDINGS MODEL.
.

3. COOLANT LAYER.

4. IMPR'0VED GAS FILM M0 DEL.
, ,

5. RUDIMENTARY LONG TERM PENETRATION M30EL.

.

~
/

.

- .
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MOLTEN FUEL CONCRETE INTERACTIONS (MFCI) STUDY
s

DEVELOP AND VERIFY A MODEL OF MOLTEN CORE MATERIAL / CONCRETE INTERACTIONS.
-

OBJECTIVE: ,

-s

CAFABLE OF PROVIDING QUANTITATIVE ESTIMATES OF:
- NATURE AND RATE OF GAS EVOLUTION

RATE AND GE0 METRY OF MELT PENETRATION'
-

APPLICATION: SEDSITIVITY STUDIES
,

INTERPRETATION OF EXPERIMENTAL RESULTS
.

PROVIDE EXPERIMENTAL DIRECTION

ANALYSES OF REACTOR FUEL-MELT ACCIDENTS

INCORPORATION IN CONT.AINMENT ANALYSIS MODEL

t

4
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%
STEAM EXPLOSION PliEN0MENA

OBJECTIVE: TO INVESTIGATE Tile PilYSICAL PROCESSES ASSOCIATED WITil THE INTERACTIONS

OF MOLTEN CORE MATERIALS WITil REACTOR COOLANT. TO DETERMINE Tile PROBABILITY

THAT A STEAM EXPL0SION CAN FAIL THE REACTOR CONTAINMENT BUILDING.

El FMENTS OF CURRENT PROGRAM:

- SMALL SCALE SIllGLE MELT DROPLET TESTS

- INTERMEDIATE SCALE (5-25 KG) TESTS IN THE FITS FACILITY

- STEAM " SPIKE" TESTS IN THE FITS FACILITY

- DEVELOPf!ENT OF STEAM EXPLOSION FRAGMENTATION, PROPAGATION AND

EXPANSIO.N MODELS,

ANALYSIS OF REACTOR VESSEL AllD CONTAINMENT RESPONSE TO STEAM-

,

EXPLOSIONS

i - ESTIPATES OF CONTAINMENT FAILURE PROBABILITY
:

'
.

*
.



_ _ _ _ _ . _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __

e

ACCOMPLISilMENT5DURINGPASTYEAR

- SMALL SCALE EXPERIMENTS IIAVE CHARACTERIZED THE MELT EXPLOSITIVITY

AS A FUNCTION OF AMBIENT PRESSURE
-

- FIRST INTERMEDIATE SCALE STEAM EXPLOSION TEST SERIES IN THE FITS
,

FACILITY COMPLETED (5 TESTS)
.

TWO STEAM SPIKE EXPERIMENTS COMPLETED.
-

-

- A 1-D TRANSIENT STEAM EXPLOSION MODEL AND 2-D EMPERICAL MODEL

HAVE BEEN DEVELOPED AND USED TO ANALYZE TESTS

- A STATISTICAL STEAM EXPLOSION CONTAINMENT FAILURE MODEL HAS BEEN

DEVELOPED

- IMPROVED ESTIMATES OF CONTAINMENT FAILURE PROBABILITY HAVE BEEN

DEVELOPED.
-

.

.

%

.

_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _
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STEAM EXPLOSION RESEARCH FACLITY
..,
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IN-VESSEL (FITS) RESULTS

'

Velocity / Shape Effect on Explosivity Observede

FITSIA' -

j ,

'

FITS 2A

i .

Debris Distribution gives an Indication of Degree'

*
.

{
of Reaction

j FITS 1A 2000 pm Partial Reaction .

i FITS 2A 260 pm Surface Trigger
'

FITS 3A 155ym Propagsting Reaction'

| FITS 4A >3800 ym No Explosion

FITS 5A 155 # m Triggered: High Pressure
.

Environment
,

,! High Ambient Pressure may Suppress Spontaneouse
Explosions

FITS 4A: Pamb = 0.94 MPa
FITS 5A: Pamb = 1.01 MPa ,

Explosions can be Triggered at High Ambient Pressureej

l FITS 5A

i

Melt Fragmentation Prior to Explosion (mixing phase)e
is not Affected by Chamber Ambient Pressure

FITS 5A
.

I

e

I
i

'
-

-
.

|

j

"

. .. . -. _
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MONTE-CARLO' SOLUTION TECHNIQUE
i

* -
.

|
|

READ INPUT ;

u
.

PICK SPECIFIC VALUES
1

FOR INITIAL CONDITIONS BASED ON DISTRIBUTION
-

~

-
.

y

|

CALCULATE SLUG MASS

AND SLUG ENERGY'
.

*

.

U .

REPEAT

N TIMES CALCULATE VESSEL

N = 1000 RESPONSE

V

CALCULATE MISSILE i

VELOCITIES (IF ANY)
|

|

| |

| l

,
-

|
*

PLOT OUTPUT
'

'

~
.

e

. . . . .. . . . . . . .(, .
. _ _ .. ._. . _ _ .
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REVISED STEAM EXPLOSION CONTAINMENT

FAILURE ESTIMATES FOR PWR WITH LARGE-

HIGH PRESSURE CONTAINMENT .

.

t

. WASH - 11400 CURREllT ,
-

-

BEST UPPER BEST UPPER

ESTIMATE B0UND ESTIMATE B0UND

,

PA .01 .1 .0001 .01
! .

PFCC 1 1 1 1

|
'

PF 0.1 0.3 0.5 1

'

Pc 0.1 0.3 .0002 .01
.

| t

i N

"'"
P%= PFcc X PF X Pc

;

, .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ . _ _
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MOLTEN CORE - COOLANT INTERACTI0tlS

- NEW PROGRAM TITLE Ill FY-82 EMPilASIZE NON-EXPLOSIVE INTERACTIONS AS WELL -

AS STEAM EXPL0SION EVENTS

WORK SCOPE
-

TASK 1 - STEAM EXPLOSION RESEARCH

e EXPERIMENTAL PROGRAMS (T0 BE COMPLETED IN FY-82)

'

- SMALL SCALE SINGLE DROPLET TESTS TO DETERf11NE EXPLOSITIVITY OF

DIFFERENT COMPONENTS Of CORIUM

- INTERMEDIATE SCALE (1C - 25 KG) FITS TESTS TO INVESTIGATE MIXING

PilEN0MENA, PROPAGATION, ENERGY CONVERSION RATIOS AND EXPANSION

BEHAVIOR IN WELL INSTRAMENTED TEST FACILITY USING CORIUM MELTS
1

LARGE SCALE ( > 100 KG) TEST (s) TO ASSESS ENERGY CONVERSION RATIOS AND-
,

MIXING PHENOMENA AT LARGER SCALE.

s

. .

_ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ __ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _
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M0LTEN CORE-COOLANT INTERACTIONS
.

. .

e ANALYTICAL PROGRAMS (WILL CONTINUE BEYOND FY-82)
-

. DEVELOPMENT AND APPLICATION OF Tile 1-D TRANSIENT EXPLOSION-

MODEL AND 2-D EMPERICAL MODELS WILL CONTINUE
.

- - USE AND DEVELOPMENT OF THE STATISTICAL STEAM EXPLOSION CONTAINMENT

FAILURE AllALYTICAL MODEL WILL CONTINUE,
.

- EMPliASIS 011 ANALYZING BWR MARK I, II, AllD III C0llTAINMENTS',

i

.

f

; -

,

s

1

.

.
.

%
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MOLTEli CORE-COOLANT INTERACTIONS

TASK II NON-EXPLOSIVE DEBRIS / COOLANT INTERACTIONS
'

e EXPERIMENTAL PROGRAM
.

- EXPERIMENTS WILL CONTINUE IN THE FITS FACILITY TO IllVESTIGATE:
'

1) STEAM GENERATION RATES,

2) HYDROGEN GENERATION RATES (AND COMBUSTION),

3) MIXING AND BREAK UP PilEN0MENA,
1

11 ) DEBRIS FORMATION AND MOVEMENT, AND

5) INTERACTIONS WITH THE CilAMBER BASE.

e ANALYTICAL WORK

- THESE TESTS WILL BE COMPARED WITH EXISTING MODELS

(E.G. f!ARCil AND CONTAIN)i

- WilERE CODES ARE INADEQUATE MODEL DEVELOPMENT WILL BE

INITIATED (IN CONJUNCTION llITH OilG0 LNG CODE DEVELOPMENT

PROGRAMS)

9

_ _ _ _ e- - _ _ _ _ _ - _ . _ _ _ _ _ _ _ _ _ _ _ . __.
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STEAM EXPLOSION RESEARCH PROGRAM
.

LONG RANGE PLANNING
.

FY81 FY82 FY83 FY84
,

l

SMALL SCALE a a

EXPERIMENTS
.

.

FITS STEAM , i

' '

EXPLOSION EXPER.

:

FITS STEAM a a

' '
6ENERATION ExPER.

.

'

.

a

FITS INTEGRAL;

EXPERIMENTS
.

a .

' '

|
(STEAM 6EN, HYDROGEN)

MCCI
'

i
,

) *
I

I l

' s
ANALYSl$

,

e ,

|
''

,

i l
'

-
,

: . 1
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STATUS OF l

EX-VESSEL CORE DEBRIS INTERACTIONS

STUDIES

Ex-vessel core debris interactions that pose a threat to
containment integrity are being studied in two-programs. The
Molten Core Containment Program deals with core debris inter-
actions with concrete and material interactions of debris with
candidate core retentien materials. This program provides
quantitative experimental data on basemat erosion, gas genera-
tion, hydrogen production, aerosol generation and heat release
to containment. The second program, Core Retention Concept
Assessment, deals with the engineering core retention struc-
ture to either prevent or mitigate the effects of ex-vessel

i- interactions with concrete.

The interaction of core debris may be broken down into
several_ temperature regimes. The regime where the core debris
is molten has received the most attention. Gas generation
during this phase of the interaction is the predominant safety
concern. Analyses indicate that gas production during the
interaction, when combined with steam generated during the

,

in-vessel portion of an accident may be sufficient to over-
pressurize the containment. Flammable gases, H and CO,9
produced during the interaction also contribute ~to the detona-

* *

tion hazard.

i Aerosols produced dubing ex-vessel interactions have not_-
I 'k| -received much attention. These aerosols not only contribute'-

to radioactive release, they can heighten the threat to con-
tainment by interfering with either passive or active contain-
ment cooling. Aerosols will coat heat transfer surfaces, plug
-filters, and clog orifices. Whereas understanding of aerosol
behavior in containment is good, the definition
of the aerosol source term remains unclear. Obtaining this
definition is an objective of the Molten Core Containment
Program.

Phases of core debris interactions with concrete that
have not been adequately studied are:

(1) attack on concrete by very high temperature
g

(>2600 C) oxide melts
.

(2) attack on concrete by solidified or partially -

solidified core debris s

effects of coolant on core debris \
'

interaction(3) '

with concrete

.

F -

|
.

. - - - . , . . . . - - . .- . -
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These phases of the interaction are now being studied as part
of the Molten Core Containment program. Concrete will be'

using the Large-scale Meltexposed to 200 Kg melts of UO -ZrO7 2
Facility described below. Current analyses show that debris,
even after solidified, will remain hot enough to erodo concrete
and generate gas for many days. A systematic experimental

; analysis of this attack process is now underway. The study ,

will generate the data for modelling this phase of the ex- '

vessel interactions.

Coolant may be inadvertently dumped onto core debris while
it attacks concrete or it may be deliberately added as a miti-
gation measure. Three principal modes of combined coolant-
core debris-concrete interactions may be identified: (1) coolant |4

.

on fully molten debris, (2) coolant and solid, fragmented debris,
[ and (3) coolant on solid debris and liquified concrete. Scoping ,

|experiments with these three modes will be conducted in the
Molten Core Containment program. f

|Core retention schemes to either prevent or mitigate ex-
vessel material interactions have been widely suggested.
Several of these concepts have been investigated in a scoping

,

sense by the Molten Core Containment program and the Core
Retention Concept Assessment program. The rubble bed retention
device seems particularly attractive for retrofitting existing
reactors. Both these concepts will be intensively and systemati-
cally investigated as part of the Core Retention Concept Assess-
. ment program. .

.

A major test of the engineering of refractory brick reten-
tion devices will be conducted with the Large-scale Melt Facility.

,

The facility allows large core debris melts (>200 Kg) to be'
' prepared at temperatures in excess of 2700 C and deposited on

test structures. Questions of core: debris material interactions
,

with Mgo, Mgo brick -stability, floatation and cracking will be;

answered with this test. Aerosol generation and heat partition-
ing will also be addressed.

9#8Y"1I Scoping experiments have shown a rubble bed of Th02
| is a feasible core retention concept. Systematic study of the

performance and engineering of this concept is also part of the
Core Retention Concept Assessment program. This study is
closely coupled with other NRC-sponsored research efforts such
as core debris coolability and the interaction of coolant and
core debris.

Both the Molten Core Containment and Core Retention Concept
,

| Assessment programs are yielding significant data pertinent to
-

~

reactor safety concerns. The results from these efforts are
being produced in close conjunction with the needs of the licen-
sing activities of NRC and the consideration of severe reactor

- accidents.

.

- m
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STATUS OF

EX-VESSEL INTERACTIONS PROGRAMS

OBJECTIVES

.

MOLTEN CORE CONTAINMENT:

; STUDY OF MATERIAL INTERACTIONS OF CORE DEBRIS

WITH CONCRETE AND CANDIDATE RETENTION MATERIALS

- THAT MIGHT THREATEN CONTAINMENT INTEGRITY

CORE RETENTION CONCEPT ~ ASSESSMENT::

DEFINITION OF THE MEANS TO ENGINEER A CORE

RETENTION DEVICE THAT WOULD ELIMINATE OR MITIGATE

CONTAINMENT THREATENING INTERACTIONS OUTSIDE THE

REACTOR VESSEL

.

e

.
.

_ _ . . _ _ _ _
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PRESSURE .

or

DETONATION

L

HEAT-GAS-AEROSOL
-

.

CONCRETE
EROSION

-
,

V
e

CONCRETE SUMP
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1

JEY .EX-VESS EL IN ERACTION STU DIES
.

o DRIVING FORCE FOR THE LATER STAGES OF AN

ACCIDENT.

e THREATEN ABOVE GRADE CONTAINMENT FAILURE.
.

e THREATEN CONTAINMENT INTEGRITY BY BASE MAT

EROSION.

e THREATEN OTHER MITIGATION DEVICES SUCH AS
' '

FILTER AND CONTAINMENT COOLERS.

e PROVIDE A LARGE RADIOACTIVITY SOURCE.

-

|
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D

G

e
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..

TECHNICAL ISSUES RAISED BY EX-VESSEL INTERAC" IONS

.

CORfi CA TCHER UNPROTECTE0 E l!.. C T g o y rg j r
SYST51 ELN!T EE=YT:t

sv- ,v-.

GAS GENERATION ( GAS GENERATION
.

H , CO, CH4 H , CO, CH4 .

*

,
<v- 2 2

PRODUCTION PiiGDUCTION
.

| UPWARD HEAT UPt/ARD HEAT
TRANSFER h TRANSFERI

.
..

AEROSOL . AEROSOL AEiiO30L~,

.
GENERATION M GENERATION b CEi'ERATION

'

,

. ~

- BASEMAT BASEMAT
EROSION D EROSION

| .
-

: .

.

'
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,

|-

i

.

IMPACT OF AEROSOLS SOURCE

TERM DURING EX-VESSEL INTERACTIONS
'

O RADI0 ACTIVE RELEASE FROM FUEL

-- VAPORIZATION,
,

-- CHEM TRANSPORT

-- MECHANICAL

9 AFFECT BOTH NATURAL AND DESIGNED MITIGATION SYSTEMS
.

-- C0AT HEAT TRANSFER SURFACES
' '

-- PLUG ORIFICES .

-- CLOG FILTERS

-- MAY ALTER ATMOSPHERE

.
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ACTIVITIES UNDERWAY FOR

CORE DEBRIS / CONCRETE INTERACTIONS

.

() SUSTAINED, HOT, SOLID CORE DEBRIS ATTACK ON CONCRETE

__
,

() LARGE-SCALE UO -Za0 MELT (200 KG) ATTACK2 2
.

'

ON CONCRETE

(3) DEFINITION OF AEROSOL. SOURCE TERM

(3) COMBINED INTERACTION OF COOLANT-CORE DEBRIS

AND CONCRETE

() EXPERIMENTS TO AID DEVELOPMENT OF THE CORCON MODEL.

,

.

.

.
.

0

.

4
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RETENTION SYSTEMS EXAMINED

;

I

O SACRIFICIAL BORAX |

@ COOLED STEEL PLATE

O CASTABLE CERAMICS

O SACRIFICIAL LAYER OVER Mc0 BRICKS

O RUBBLE BED DEVICES *

O Me0 BRICKS *
.

.

* CONCEPTS THAT WILL RECEIVE INTENSIVE STUDY
. .

.

.

J

4

'

*
.

,

|

i

'

1
.

~

._
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SC4EDULE FOR TESTS AT THE

LARGE MELT FACILITY

@ CHECK 0UT TEST TIO2 MELT - mod CRUCIBLE
JULY, 1981.

0 200 Ka UO -Za02 MELT - Mc0 CRUCIBLE2
AUGUST, 1981

S 200 Ks UO -Za02 MELT - CONCRETE CRUCIBLE2
JANUARY |,1982

.
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e
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WHAT WILL BE LEARNED FROM

THE LMF TEST OF UO -Za022

MELT INTERACTION WITH Mc0

0 MATERIAL INTERACTION WITH POROUS BRICKS

'

9 CRACK AND SPALL OF BRICKS

9 CREVICE PENETRATION BY MELT

9 BRICK FLOATATION

9 MELT CRUSTING AND HEAT PARTITIONING
' '

*

9 AEROSOL SOURCE TERM .

|

.

.

e e

e

.

G
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SUMMARY

CORE DEBRIS / CONCRETE INTERACTIONS:

- O DATA BASE IS FOR MELT / CONCRETE PHASE

O GAS GENERATION IS QUITE IMPORTANT

-O AEROSOL SOURCE TERM NEEDS DEFINITION

O PROGRAM WILL EXTEND DATA BASE

- HOT" SOLID DEBRIS / CONCRETE

- COOLANT / CORE DEBRIS / CONCRETE
'

- ULTRA HIGH TEMP', 0XIDE/ CONCRETE

'

CORE RETENTION DEVICES:,.
-

, .
'

O SEVERAL CONCEPTS EXAMINED

O PERFORMANCE AND ENGINEERING STUDIE'S OF:

- RUBBLE BED DEVICES

- REFRACTORY BRICK DEVICES1

-
.

.

.

-

. _
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Lars
NRC HYDROGEN PROGRAMS

- -

DIRECT:

COMBUSTIBLE GAS IN CONTAINMENT.

RES-A1255

HYDROGEN BURN SURVIVAL.
.

ANALYSIS AND MODELLING - NRR-A130C

EXPERIMENTS - RES-A1270

~

HYDROGEN BEHAVIOR AND CONTROL PROGRAM.

- RES-A1246

INDIRECT:

~

MOLTEN CORE INTERACTIONS.

RES-A1019

STEAM EXPLOSIONS.

RES-A1030

CORE MELT TECHNOLOGY.

RES-A1218

CONTAINMENT ANALYSIS.

RES-A1198

SAFETY MARGINS FOR CONTAINMENT.

RES-A1249
,

/

s

a
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NRC EQUIPMENT SURVIVABILITY PROGRAM

-

OBJECTIVES:
'

* DETERMINE THE THERMAL AND MECHANICAL LOADS WHICH ,

COUI.D BE DELIVERED TO EQUIPMENT DURING HYDROGEN

COMBUSTIONS IN TYPICAL LWR ACCIDENTS.

* DETERMINE THE EFFECTS OF THOSE LOADS ON

EQUIPMENT, I.E., SURVIVAL, DEGRADATION OF FijNCTION,

OR FAILURE.
.

O
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|

'

|
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NRC EQUIPMENT SURVIVABILITY PROGRAM.

'
.

MAJOR END PRODUCTS

~

.

1. A'NALYTICAL TOOLS FOR CALCULATING THE THERMAL AND MECHANICAL.

| ENVIRONMENTS LIKELY TO RESULT FROM HYDROGEN

i DEFLAGRATIONS AND DETONATIONS.

!

2. PREDICTIONS 0F THE EFFECTS OF COMBUSTION ON, EQUIPMENT.
, ,

.
.

3. EXPERIMENTAL INVESTIGATION OF THE EFFECTS OF TRANSIENT

LOADS ON REPRESENTATIVE PIECES OF SENSITIVE EQUIPMENT,
'

;

.
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.
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COMBUSTIBLE GAS IN CONTAINMENT

OBJECTIVE: DETERMINE THE RATES AND QUANTITIES OF HYDR 0 GEN

WHICH CAN BE GENERATED'BY THE CORROSION OF ZINC

AND OTHER C0ATINGS IN CONTAINMENT AFTER A-

HYPOTHETICAL LWR ACCIDENT

.

'

.

_

REASONS FOR PROGRAF 1

. .

e RATES OF H GENERATION ARE NOT WELL CHARACTERIZED2

GENERATED CAN BE SIGNIFICANTe QUANTITY OF THE H2

e NON-DEGRADED CORE ACCIDENTS

l

.

.
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SOURCES OF HYDROGEN
.

.

FROM CORROSION
,

.

.

* ZINC-BASED PAINTS / PRIMERS

* ZlR". GALVANIZING

* ALUMINUM .

* ORGANIC MATERIALS

* OTHER MATERIALS

:

'

QUESTIONS TO BE ANSWERED
.

.

* INVENTORY IN " TYPICAL" CONTAINMENTS

* RATE OF HYDROGEN EVOLUTION

.

k

.

.

4

~ , - - - - -- , , e ,,,,-s - - w -- -



.

- .
.

'
.

_

HYDROGE'l BEHAVI')R AND CONTR01 PROGRAM

OBJECTIVE:
,

QUANTIFY THE THREAT POSED BY HYDROGEN RELEASED DURING
LWR ACCIDENTS AND GENERATE INFORMATION, PROCEDURES

AND EQUIPMENT CONCEPTS WHICH WILL PREVENT OR MITIGATE
' '

THAT THREAT.

MAJOR ENIl PRODUCTS:

1. ASSESSMENT OF THREAT FOR SEVERAL CLASSES OF PLANTS.

2.ASSESSMENTOFADEQUACYOFEXISTINGSAFkTY. SYSTEMS.

AND MITIGATION STRATEGIES.

3. IDENTIFICATION AND CONCEPT DEMONSTRATION OF IMPROVED

MITIGATION AND DETECTION SYSTEMS.

4. PUBLICATION OF OPERATOR STRATEGIES, TRAINING AND

EMERGENCY MANUALS.

5. CODES FOR ADDRESSING THE TRANSPORT AND COMBUSTION

OF HYDROGEN IN CONTAINMENTS.

.

0

4

9

e
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|
I

| HYDROGEN PROGRAM: ACCOMPLISHMENTS THROUGH FY81

COMPENDIUM PUBLISHED..
|

HYDROGEN DETECTOR REPORT TO BE PUBLISHED.
-

.

~

HYDROGEN WORKSHOP HELD, PROCEEDINGS.TO BE PUBLISHED..

SEQUOYAH MITIGATION REPORT PUBLISHED..

COMPREHENSIVE PROGRAM PLAN DEVELOPED..

ACCIDENT ANALYSES FOR VARIOUS LWR CONTAINMENTS INITIATED..

DEFLAGRATION, DETONATION, HEAT TRANSFER CODES TO BE DEVELOPED. !
.

RALOC CODE OBTAINED, EVALUATION BEGUN..

CSQ REPORT ON ZION /SEQUOYAH TO BE PUBLISHED..

'

WORK INITIATED ON HYDROGEN EMERGENCY MANUAL..

EXPERIMENTAL TEST PLAN DEVELOPED, PRESENTED, APPROVED..

LABORATORY EXPERIMENTS INITIATED ON F0GS AND F0AMS.*

VGES 16'-TANK TS #1 AND 2 TO BE COMPLETED AND DRAFT REPORT>

WRITTEN.

H2 STEAM JET FACILITY TO BE DESIGNED, CONSTRUCTED, AND.

TESTING INITIATED.

FITS TANK TO BE MODIFIED, TESTING INITIATED.i .
.

EXPERIMENTS ON ACCELERATED FLAMES INITIATED AT MC GILL.

UNIVERSITY.

.

- . , - . , - - -
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HYDROGEN EXPERIMENTAL PROGRAM

OBJECTIVES:

1. CONFIRM EARLIER ANALYTIC.AND EXPERIMPlTAL WORK.

2. PROVIDE A DATA' BASE FOR MODEL DEVELOPMENT

AND ASSESSMENT.

.

3. ANSWER QUESTIONS T00 COMPLEX TO MODEL ANALYTICALLY.

4. EVALUATE EQUIPMENT SURVIVAL AND MITIGATION

' SCHEMES UNDER CONDITIONS SIMULATING LWR

ACCIDENTS.
. .

.
. ,

5. INDICATE THE EFFECTS OF SCALE TO PERMIT RESULTS

'TO BE EXTRAPOLATED TO REACTOR-SCALE ACCIDENTS.

,

.

e

e
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HYDROGEN EXPERIMENTAL PROGRAM

.

'

,

e LABORATORY-SCALE

* VGES 16-FT TANK

* FITS TANK

i .

e STEAM: HYDROGEN JET
'

.

,

* VGES PLASTIC BAG SETUP
. .

,

.

* VGES ACCELERATED FLAME SETUP

.

* THUNDER TUBE
.

,

* VGES TRENCH (LARGE-SCALE)

e MC GILL TESTS

.

* PLANT-SCALE

*
,

-

1
;

.

!
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WATER F0G LABORATORY EXPERIMENTS

OBJECTIVES:

1 INVESTIGATE THE CHARACTERISTICS AND DENSITIES
'

0F WATER F0GS IN SMALL SCALE F.dDELS OF REACTOR
,

SYSTEMS.

2 DEVELOP AND TEST INSTRUMENTATION TECHNIQUES

FOR MEASURING MEAN F0G DENSITIES AND DROFLET
,

DIAMETER DISTRIBUTIONS.

.

3 CHARACTERIZE F0G DEPENDENCE ON N0ZZLE TYPE,

MANIFOLD CONFIGURATION, FLOW RATE AND HEIGHT

TO COMPARE AGAINST ANALYTIC MODELS AND TO

PROVIDE BENCHMARKS FOR LATER COMBUSTION

EXPERIMENTS IN V6ES AND FITS.

.

e

~ -
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_ NTIAL CONDfTIONS: 000g.

_ T = 298 K = 25'C
2500 - P = 1 ATM = 0.1013 mPa % .

'

I8
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- 00g% pO
-

lI.lyg#
44C7109 ,

;2000 -
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g Op *~
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Figure 5.1. Effect of proplet vaporization on Adiabatic Isochoric
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VGES : 16 (14) - FT TANK4

.

'

SIZE: 14-16 ft. In length

4 ft. In diameter I

175-200 ft' 5.0-5.7 m ) in volume
3

.

.

STRENGTH: 200 PSI (Safety Factor 4) ..

INSTRUMENTATION: Pressure Transducers

Thermocouples
*

Gas Sampling

INFORMATION: Scoping

EXPERIMENTS: Hydrogen Concentration

Igniter Type, Location -
.

,

Turbulence

Water Fogs .

Obstacles, Ducts

Halon

Shock ignition

CO
2

Equipment Survivability

Additional Tests (Foams)

.

O

e

.~ . . . - __ - -- , _ , _ - , . - . . . _ . . . , . - , - - . - . _ .
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VGES : 16 (14) - FT TANK |
l

Detonation Tube

_ _

-

.
.

Gas Supply
' '

Instrumentation 3' Sampilng Tube

Unes Pressure Monitor.

, a s

Thermocouples
-

-

.

J p\

Circulating Fans s s s

s o s

N
k N Igniter

'

( variable position )
s s s

3

1.22 m (4 ft) diameter 4.27 m (14 ft) tall

5.0 m' (175 ft ) volume
3

.
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W ADIABATIC, ISOCHORIC ^U
$ BURN CALCULATION.:

f
CC. O A'

: W. -

,! @ 3 o-

a
M . A a.

i' m
'u a a .

.x. . . .

.-0- 2 o--

;,
O * O ^ o SNLA-FANS OFF:

' W
SNLA-FANS ON

| $
e

a LLL-DRY ESTT*
f < j

_

O A BM(FURNO, ETAL)_

' 2
0 FENWAL-DRYh o TESTS, FANS OFF

I f _q0i I i i i iz
0 i , i i.

0 1 2 34 5 6 7 8 9 10 11 12 13 14 15

PERCENT H2
,
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MODIFIED FITS TANK
.

Steam inlet
Detonation Tube

r'X'] Fog Water Supply
, ,

i
'

Chamber'

Static Pressure and Temperature i I

I I
- i i

J ~'" '

Circulating Fan.
Removable Head

Access Walk '/
Thermocouple\' g

and~ - .. ..

, , ~ , , ,,,,a
.i.,a: Gas Sampling Probes

-

j
Membr'ane Pressure .T Main Containmer.!

,

.

*- 350 psi W.P.a
'

'

'
JThermo- <! ', Dynamic P'trssure=m c'

vision i ~q g--

,_

:=== dy._- - [- ~ Shadowgraph' --

Laser Camera-
_ _. _. _. -

-

1

3| %|4
Igniter-=

.. -

( j^

~ Drain and Purge[ g~/ g
''

Hydrogen inlet 4 #
,

__

,

i V.

.

1.5 !" (4.9 ft) diameter 3.4 m (11.2 ft) length
3

5.6 m (195 ft ) volume
.
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.

-

!

.

FITS TANK

.

SIZE: 11 ft. In length
;

.

5 ft. In diameter |
3'

~200 ft. 5.6 M ) in volume
,

STRENGTH: 'J00 PSI (Safety Factor 4)
!

INSTRUMENTATION: Pressure Transducers
,

Thermocouples

Gas Sampling

Laser Shadowgraphy'

.

Photography
,

.

Infrared Televisioti .~
. Strain Gages

.

INFORMATION: Detailed Data

j EXPERIMENTS: Hydrogen Concentration
, , _

,

initial Temperature

igniter Type, location

Steam

Deflagrations

Detonations

Obstacles, Ducts!

! Shock ignition -

Mitigation Schemes
'

,

Hydrogen Mixing, Transport !

Inhomogeneous Combustion

.. . . .--. -_ . __ _- .. ..
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STEAM : HYDROGEN JET
!

.

SIZE: SMALL ORIFICE (0.3-3CM)INITIAli.Y
.

! ' FLOW 1 CONTINUOUS OR PULSED
'

UP TO 50 LBS/HR' STEAM

SUBSONIC TO SUPERSONIC

.

TEMPERATURE: VARIABLE
-

UP TO 1200 K INITIALLY

.' .

'

' PRESSURE: VARIABLE

.UP TO 100 PSI . INITIALLY .-'

. -
. ,

.

INSTRUMENTATION: THERM 0 COUPLES
-

LASER SHADOWGRAPHY

PHOTOGRAPHY

INFRARED TELEVISION

PIT 0T PROBES

GAS SAMPLING

INFORMATION: SCOPING AND DETAILED DATA

.

EXPERIMENTS: HYDROGEN CONCENTRATION

JET TEMPERATURE

JET M0 MENTUM-

IGNITION THRESHOLDS

AUTOIGNITION
FLAMEHOLDERS, OBSTACLES

~

s, . m h- _ -- . - - . , - - - ,
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|
l

ACCELERATED FLAMES

MCGILL SUPPORT, JOHN LEE kT AL.
'

.

.

* LONG TERM EFFORTS INCLUDE SMALL SCALE EXPERIMENTS AND
-

MODELLING TO ADDRESS

1 THE EFFECTS OF REPEATED OBSTACLES (DIFFERENT

GE0METRIES AND SPACINGS) AND VARYING DEGREES

OF CONFINEMENT ON FLAME ACCELERATION,

2 THE TRANSITION DISTANCE AS A FUNCTION OF OBSTACLE

ENVIRONMENT AND DEGREE OF CONFINEMENT,

3 STRbNG(JET) IGNITION AND DIRECT INITIATION OF. .
DETONATIONS,

4 THE TRANSMISSION OF DETONATIONS THROUGH TUBES AND

OTHER GE0METRIES,

5 THE LEAN LIMITS OF DETONABILITY FOR VARYING DEGREES

OF CONFINEMENT.

|

-
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|
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SCHEMATIC OF ICE CONDENSER UPPER PLENUM REGION )

TOP VIEW: -

, -

57.5 R
'

I
{

.

45 R I
'

.- 7

AIR HANDLER
.

.

. .

.

CROSS SECTION VIEW:
.

=
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,

m ,

"
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~2 R-=

12 R 4
" AIR HANDLIR4R '

t
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.
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VGES : ACCELERATED-FLAME SETUP

II3-SCALE ICE CONDENSER UPPER PLENUM REGION
.

_.sr i_
..

75 i

" AIR HANDLER " H '

2% !-

.

j
--'

j {iT i i i i 1

!j 10 69 IGNITER |
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.
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WALL MATERIALS :
4R = -=-

PLYWOOD,

--------PLASTIC SHEET
-

,

n
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ACCIDENT ANALYSES

, .

.

OBJECTIVE: ESTIMATE THE QUANTITIES AND RATES OF HYDROGEN

GENERATED DURING POSTULATED ACCIDENTS FOR

VARIOUS CONTAINMENTS.
-

* PRESENiLY USING MARCH ,

.

.

. .. .

* CONTAINMENTS
'

~~ '

LARGE, DRY PWR ZION-

ICE CONDENSER SEQUOYAH
-

BWR MARK III GRAND GULF-

.

SUBATMOSPHERIC PWR SURRY

.

;.

;

I
- __ .
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COMBUSTION AND HEAT TRANSFER MODELLING

.

~

OBJECTIVE: DEVEL0P A CAPABILITY TO PREDICT TEMPERATURE AND

PRESSURE HISTORIES IN CONTAINMENT DURING AND

AFTER A HYDR 0 GEN COMBUSTION.

;
-

* DEFLAGRATIONS: CODE TO PREDICT ADIABATIC, ISOCHORIC

Ps AND Ts, INCLUDING CO , CD, AND WATER
2

F0G EVAFORATION.

'
.

* DETONATIONS: CODE TO PREDICT CHAPMAN-JOUGUET Ps AND Ts,

INCLUDING INCREASES AFTER NORMAL REFLECTION.

* HEAT TRANSFER: CODES WHICH ADDRESS RADIATION, CONVECTION

WITH OR WITHOUT CONDENSATION, CONDUCTION INTO

SURFACES, AND EVAPORATION OF SPRAYS,

'

.

I
-

:

.

'

. . . -- . . .-
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PLANNED IMPROVEMENTS TO THE CODE |

:

EXPAND TO TREAT NON-HOMOGENE0US GASES.*
.

DEVELOP AND INCORPORATE A BURN MODEL.
-

*

IMPROVE THE EFFICIENCY OF THE CODE.*

* CONTINUE TO UPGRADE THE VARIOUS MODELS

TOK$EPTHECODEASNEARTHE"STATEOF
'

THE ART" AS POSSIBLE.

,

e

e

O

+

4
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HYDROGEN TRANSPORT MODELLING

1

.

OBJECTIVE: DEVELOP A CAPABILITY TO PREDICT THE CONCENTRATIONS

OF HYDROGEN, AIR AND STEAM IN CONTAINMENT AS FUNCTIONS

OF POSITION AND TIME FOR HYP0THETICAL LWR ACCIDENTS.

-
.

,

* ASSESSMENT OF RALOC
'

.
.

* ASSESSMENT OF OTHER CODES

* TRANSPORT AND MIXING EXPERIMENTS

1. BATTELLE - FRANKFURT

2. EPRI - HEDL ;

3. IN SITU TESTING WITH HELIUM l

BEFORE LICENSING

4. SANDIA EXPERIMENTS
.

1

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



|

.

|

..

:

CSQ CODE MODELLING
.

OBJECTIVE: DETERMINE THE IMPULSIVE LOADS WHICH COULD RESULT

FROM DETONATIONS IN VARIOUS CONTAINMENTS DURING

HYPOTHETICAL LWR ACCIDENTS.

* MODIFICATIONS TO CSQ

* CALCULATIONS OF GLOBAL DETONATIONS IN ZION
~

* CALCULATIONS OF VARIOUS LOCAL DETONATIONS IN
'

SEQUOYAH- .

~

'e REPORT BEING' WRITTEN

:
..

.

l
.

.

L_
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LWR HYDROGEN MANUAL
,

.

.

;-

OBJECTIVE: PREPARE A MANUAL ON THE HANDLING 0F,

'

HYDR 0 GEN DURING AND.AFTER AN ACCIDENT

WHICH CAN BE USED BY REACTOR POWER PLANT .

DESIGNERS AND OPERATORS AS A BASIS FOR.

] PREPARING THEIR OWN PLANT-SPECIFIC

OPERATING AND EMERGENCY MANUALS.

\
-

.

.

. .

|

|

I

1
. I

e

.
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LWR HYDR 0 GEN MANUAL

G0ALS:
,

** ASSESS HYDROGEN-PRODUCING ACCIDENT SCENARIOS

FP0M OPERATOR'S VIEWPOINT (INSTRUMENTATION).

PROVIDE INFORMATION USEFUL IN DEFINING _" GENERIC"et

OPERATOR ACTIONS.

'

** RECOMMEND SPECIFIC OPERATOR ACTIONS (AND TIMING)

USING PRESENTLY AVAILABLE EQUIPMENT.'
~

-

. .

*

* RECOMMEND POST-ACCIDENT ACTIONS TO DISPOSE OF

HYDROGEN CONTAINING FISSION-PRODUCT GASES

(PRIMARY SYSTEM AND CONTAINMENT).
i

SCHEDULE:

1

DRAFT MANUAL AVAILABLE SUMMER 1982.

.

.

|
1

- - , _.- ,
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SASA OBJECTIVE

IMPROVE UNDERSTANDING 0F SEVERE REACTOR ACCIDENTS AND OF EVENTS PEYOND

THE DESIGN BASIS UTILIZING BEST ESTIMATE STATE-0F-THE ART ANALYSES AND

CODES

*

.
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G

4

1
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.
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SASA PARTICIPANTS

.

'

NRC: RES, ASSISTED BY NRR, DRA

CONTRACTORS: INEL, LANL; PWR " FRONT-END" TO CORE DISASSEMBLY

SNL ;' PWR "BACK-END" TO CONTAINMENT BREACH

ORNL ; BWR FRONT-AND BACK-END

i UTILITIES: ,VA.(BROWN'S FERRY, GE) PROVIDE INF0PMATION, REVIEW DRAFT
..

'

REPORTS FOR ACCURACY OF-

.
.

(ZIONI H) PLANT DESCRIPTIVE INPilT |-

i.

,

$

|

|
'

j
'

t
.
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INEL SASA PROGRESS

JANUARY - MAY, 1981

PERFORMED PWR STATION BLACK 0UT ANALYSES-

ASSISTED ORNL IN BWR STATION BLACK 0UT ANALYSES
-

-

-
.

.

STUDIED ACCIDENT MITIGATION FOLLOWING A SMALL BREAK WITH COINCIDENT-

: FAILURE OF CHARGING AND HIGH PRESSURE INJECTION FOR THE ZION-1 PWRS

- - PRODUCED ACCIDENT SIGNATURE CALCULATIONS TO ASSIST OPERATOR IN PLANT

STATE DETERMINATIONS
-

|

i
|

.

+9

33

!
.
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.

LANL SASA PROGRESS "
JANUARY - MAY, 1981

. . -

FOCUS: 1. LOCA'S IN PWR SYSTEM SPACE OF PCS (PV-LOCA)

2. INTERFACING SYSTEM LOCA'S
.

ACCOMPLISHMENTS:

- CALCULATED " HANDS-0FF" ACCIDENT SCENARIOS FOR PV-LOCA ASSUMING

1) FAILURE OF PORV TO RECLOSE AFTER LOSS-0F-FEEDWATER PLUS
,

- 2) FAILURE TO INSERT CONTROL RODS
.

- CALCULATED SCENARICS ASSUMING U-TUBE RUPTURE IN ONE STEAM

GENERATOR (IS-LOCA)

CALCULATED PLANT RESPONSE TO PV-LOCA'S AND IS-LOCA'S-

- DEFINED OPERATIONAL SAFETY QUESTIONS FOR IS-LOCA AND PV-L00A'S

.

,
.
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PROGRESS REPORT - JAN-MAY. 1981

SASA - SANDIA NATIONAL LABORATORIES'
'

1. ZION STATION BLACKOUT -

-DRAFT REPORT SUBMITTED (NUREG/CR-1988, SAND 81-0503)

-CURRENT STATUS - AVAITING FINAL REVIEW COMMENTS
-EXPECTED PUBLICATION - 6/81 -

2. ZION SMALL BREAK SEQUENCES
-LETTER REPORT SUBMITTED

3. OTHER ZION SEQUENCES
-CURRENT STATUS - IN PROCESS
-FINAL ORAFT ZION REPORT - APPROX. 7/81

. .

4. MINIMUM CONTAINMENT COOLING.

-DRAFT REPORT SUBMITTED

5. HIERARCHY 0F PLANT STATES
-CURRENT STATUS - IN PROCESS

6. MARCH CODE MODIFICATIONS

7. ARKANSAS NUCLEAR ONE, UNIT I

-INITIAL DATA DISTRIBUTED
-COMPREHENSIVE PLAN PREPARED

- rol
.

h

5
,

!

.

- - _e
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ORNL S'ASA PROGRESS

JANUARY - MAY, 1981

i
CONTINUED STATION BLACK 0UT ANALYSIS FOR BROWN'S FERRY

DEVELOPED DRYWELL HEATUP MODEL WITH TVA ASSISTANCEo
1

COMPARED TVA SIMULATOR, ORNL CALCULATIONS, AND RELAP-IV RESULTSo

4

o COMPLETED ANALYSES OF DRYWELL FAILURE MODES
~

-

.

INITIATED MODELING OF FISSION PRODUCT RELEASE FROM FUEL AND TRANSPORT
1

o

WITHIN PLANTi

,

4

! 6 .

.

5

:



._ - . ..

.-_.
,,

.

.

x
.

in

SELECTED TENTATIVE CONCLUSIONS
-

SASA - INEL

JANUARY - MAY 1981

SMALL BREAK W/0 HPI (R ZION):

~

| HREAK SIZE DIAMETER TIME TO CORE UNC0VERY

1 INCH 2 HOURS

2 INCH 30 MINUTES
.

FULLY OPENING ALL ADV'S a 10 MIN. PREVENTS CORE UNC0VERY

FOR 1 IN. AND 2 IN BREAKS

'

: 7
,

_ -__.-_ _______ _ - ---- _ - - - - - - - _ _ _ _ _ _ _ _ _ _ _ . _ _ - _ _ . _ _
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[
SELECTED TEN)... .c CONCLUSIONS

SASA - INEL

JANUARY - MAY,1981 g

Loss of offsite power, failure of all diesel generators, turbine driven
auxiliary feedwater operates, primary break starting at zero time and aisolated at a later time, additional 10 gpo technical specification!

ilmit leakage at all times.

199
I I I I

liestinghouse Zion I

-88~

:I!
.

t
*

.
..

-

1 68I -
-

-

. 9 .-
'

,.

t-
'

-
49 ,__(3go, ,,,)-=

T .

4 (100. spm)
-

2
-F 29 -

4 (500 99m).

;

.
'

| | || | -

i 0 -

.

8 2 4 6 8 le
-

.

flee et whleh treek to feelsted INel 8,

'

i .

Westinghouse time to core uncovery as a function of break leak rate and isolation time.

i
,
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SELECTED TENTATIVE CONCLUSIONS

.SASA - LANL-

9

STEAM CENERATOR TueC RUPTURE MODEL
\

'

'..

g taMi
.m gg

.- -

N / |

|

'

{ - ng.,
- .~ __. s

s

my a tenM T sef LES

% INNNNNNN1

%,

r
\

-

.

EVENT SEQUENCE FOR STEAM GENERATOR
TUBE RUPTURE w/0 ECCS

I1E ous".~

(.0 FIVE TueES RUPTultED.

175 s ECC ACTUATED ON LOW PK55URl2ER PRES 5URE:
MACTOR SCRAW5: PUMP COASTDOWN INITI ATED BY '

CPERATOR: $WITCN TO AFW; CLOSE MAIN STEAM
I5CLATION VALVES

180 s SG "S" SECONDARY $10E KGINS FILLING:
ANY SETPolNT REACHED

400 s "ACD" - SEC00 GARY $10C KGINS TO FILL

1850 s PRlWARY FLUID REACMES~ SATURATION: CORE |

( AND UPPER PLENUM KG!N V0lOING: MAJOR |

DEGRADATION OF SGs AS lEAT SINKS: PRIMARY 1, s'
1 I

| PESSURE SLOWLY RISING
~ '

#
| 2800 s WPER PLENUM AS NOT LEGS VOIDED

3300 s CLAD TEMPERATWtt EXCURSION BEGINS (16.3 N/ min)

3800 s CORC EWTY |-

9

_ _ . . . - - .--- a
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SELECTED TENTATIVE CONCLUSIONS

SAS A - L ANL
8

3 .

'
1

EVENT SEQUENCE FOR TRANSIENT WITHOUT SCRAW
AND ONE PORY STUCK OPEN

power
f

MS) M gymf

0 3240 LOSS OF MAIN FEEDWATER.

4 3220 PORY OPEN SETPOINT MACED.

10 2970 SAFETY ELVE SETPOINT KACNED. ,

20 2480 PRIEARY PRESSURE PEAKS. |

39 2410 AFW KGINS.'

.

S4 2180 PRESSURIZER RELIEF TA* DISK RUPTURES.
~

170 1360 STEAM GEERATORS DRY OUT.

i170 - 1360- PRIMARY lRES$URE PEAKS,
2 10 550

213 530 ECC TRIPPED ON SY HIGH CONTAINMENT PRESSURE.
.

1

: !

|
'
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SELECTED TENTATIVE CONCLUSIONS

| 'S ASA - SNL
;

ZIONSTATIONBLACK0UT,KEYFINDINGS f

1. MANUAL ASSURANCE OF CONTAINMENT ISOLATION VALVE

CLOSURE IS REcot1 MENDED.
,

2. REACTOR COOLANT MAKEUP MUST BE RESTORED IN SLIGHTLY

OVER TNO HOURS IF IN-VESSEL TERftINATION IS TO BE

ACHIEVED.

3. FOLLOWING CORE UNCOVERING, MINIMUM CONTAIHitENT ESFS

I. SHOULD BE OPERABLE BEFORE RESTORING REACTOR COOLANT

(' MAKEUP.

-

.

.

4. RELATIVELY SHORT OPERATION OF CONTAINMENT SPRAYS

BEFORE VESSEL BREACH CAN SIGNIFICANTLY REDUCE RADIO-

LOGICAL CONSEQUENCES.

5. CONTAINMEi4T PRESSURE REDULTIONS FOLLOWING VESSEL

BREACH SHOULD BE CAREFULLY CONTROLLED, PREFERABLY

WITH SPRAYS, TO AVOID H BURNS.2

6. PROBABILITY OF CONTAINMENT FAILURE DUE TO OVER-

PRESSURIZATION IS SIGNIFICANTLY LOWER THAN ESTIMATED
7

k. INllASH-1400.
,= ,

11:

4

4
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SELECTEp TENTATIVE CONCLUSIONS
,

ORNL - BROWN'S, FERRY STATION BLACK 0UT

.

NORMAL REC 0VEP.Y: SlJMMA,RY

1, SYSTEM: NORMAL RECOVERY POSSIBLE APTER 5 hours

IF BATTERIES LAST THAT LONG:

LEVEL >200 ABOVE TAF
-

-

VESSEL PRESSURE *100 PSIA-
.

41,500 GAL WATER LEFT IN CSI-

POOL TEMPERATURE BELOW 190*F T-QUENCHER LIMIT-

DRYWELL ATMOSPHET.E TEMPERATURE BELOW 281*F*
.

'[ *

DESIGN TEMPERATURE .

t,

2. OPERATORS: SHOULD DEPRESSURIZE WITHIN 1 HOUR OF

STATION BLACKOUT:

PROTECT VITAL DRYWELL EQUIPMENT-

.

POSTPONE SEVERE DAMAGE-

|-

|

12,-
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'

PRINCIPAL SASA PROGRAM

ASSUMPTIONS - FY 19:~.2

.
(TENTATIVE)

1. COOPERATION WITH ARKANSAS POWER AND LIGHT CO.
'

WILL BE ESTABLISHED TO PERMIT PWR ANALYSES ON

ANO-1, UNIT 2 (B&W) BY INEL, LANL, AND SNL

2. ORNL BWR EFFORTS WILL INCLUDE SMALL BREAK LOCA

OUTSIDE AND INSIDE CONTAINMENT, INCLUDING F. P.

TRANSPORT ANALYSIS

(
(

.

d

53
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